The copyright of this thesis vests in the author. No
quotation from it or information derived from it is to be
published without full acknowledgement of the source.
The thesis is to be used for private study or non-
commercial research purposes only.

Published by the University of Cape Town (UCT) in terms
of the non-exclusive license granted to UCT by the author.



ASPECTS OF PLANNING CIVIL, ENGINEERING CONSTRUCTION

A Thesis presented to the

DEPARTMENT OF CIVIL ENGINEERING

UNIVERSITY OF CAPE TOWN

In partial* fulfilment of the requirements for the

Master of Science in Engineering Degree

by

RONALD P.

1973

103

The copyright of this thesis is held by the
University ¢f - -, L

13
PR

- -1
(o

. ¥ ix er apy part

¢
@ mede jov Ly porpuoses only, and

)

epr

bl 4

3
~
<

Y

not for pubiicstion.

*This candidate has successfully completed 7 postgraduate
courses (24 credit points) in partial fulfilment of the
requirements for the M.Sc.Eng. degree, and therefore this
thesis represents approximately one half of the value of
an M.Sc. thesis submitted in complete fulfilment of the

requirements for the degree,




ACENCOCWLEDGEMENTS

A firm of Civil Engineering contractors provided many forms of as-
sistance and made it possible for the writer to devote a period of
Hill-time study to his M.Se. programme, The writer wishes to ex-

press his sincere gratifude for this anonymous assistance.

Tranks are also due to Miss., 4, Preller and Mrs. Linds Bosman for
typing the script and Mr. Charles Basson for its final production., -
Also to Ebs for her enthusiastic encouragement and the cheeking of

the final copy.

The writer should like to particularly thank Professor A.D. Walsh
Sparks who, at no little trouble to himself, offered many helpful
suggestions, comments and discussions, all of which were so highly

appreciated.

Tne following persons were sources of additional information:-

Mr, A. Frew, Mr, B.W. Glersy, Mr. J. Hollingshead, Mr. H.B. Mills,

Mr. K.E, Pubterill, Mr, M.5. Putterill and Mr. D.G. Steenkamp,

DECLARATION

The writer hereby declares that excepl where otherwise stated, the

content of this thesis is substantially his own work and has nob been

submitied to any other wniversity.

Signed by candidate

ROBALD P, LOS



INDEZX

Acknowledgements

feclaration

PAGE

CHAPTER 1 ASPECTS OF YLANNING 1IN THE CONSTRUCTION INDUSTRY

1.1l Planning and Control in Construction companies

1.1.1 The contractor's resources
1.1.2 Top management in a construction firm

lels3 BSite management in a construction firm

1.1.4 The use of planning models to aid construction

management

1.2 Problems particular to planning in the construction

industry

References - Chaphter I

CHAPTER 2 MODELS FOR PLANNING CONSTRUCTION PROJECTIS -

2ol

2.2

2@3

2.!}«

2n5

A HEVIEW

Inbroduction
{onstructing a nebtwork -~ basic theory
¥odels which consider time as the basic resource

2e3sl The Critical Path Method time analysis
2.3.2 The PERT probabilistic model ‘

Models for planning the allocation of plant, labour
and materials
2.L.1 Resouwrce scheduling models
2.h.2 Solution techniques of resource allocation
models
2.4.3 Combined allocation and levelling models

Models for planning reductions in construction costs

2.5.1 The time-cost optimisation model

2.5,2 Hesource cost models

References - Chapter 2

1/1

11
1/6
1/6

1/6

1/8
1/

273
2/h
2/9

2/9
2/21

2/38
2/ b4,

2/48
2/62

2/65

2/67
2/71

277



PAGE

CHAPTER 3 ASPECTS OF CONSTRUCTION PROJECT CONTROL

3.1 The management contrel function 3/1
3.1.1 The human aspect of control 3/1
3.1.2 The need for information : 3/2
3.1.3 The accounting department 3/2

3.2 Control techniques for site management 3/3
3.2.1 Control of time progress 3/h
3.2.2 Contrel of construction costs . 36
32,3 Control of site earnings 311
3.2.4 Control of wastage on sile 3/13
3.2,5 Control of unit output 3/18

3.3 Cost control systems for construction contracts 3/2L
3:3.1 The wnit costing system 3/36
3.3.2 The standard costing system 3/L0
3.3.3 The combined time and cost control system 3/48

References = Chapter 3 ’ 3/63

CHAFTER L FINANCIAL CONSIDERATIONS IN PLANNING AND
CONTROLLING CONSTRUCTION CONTRACTS

4ol Cash flow forecasts for construction contracts L1
helol Cash flows of construction combracts L/2
hel.2 Models for forecasting cash flows of construc-

tion contracts . L/6
bel.3 Important considerations in making cash flow
forecasts L/1h

L.2 The comstruction contract as an investment to the

contractor LT

L.2.1 The concepts of fixed and working capital in
a firm L/19
5L.2.2 Fixed and working capital required for a contract L/24
Le3 Financial control L/kb,

Ee3.1 Contrel of company turnover L/L5
L.3.2 Controlling the utilisation of capital in a firm L/L7



PAGE

L.k The time value of monay L/LS
hehsl The earning power of money /50
h.h.2 Discounted cash flow techniques L/51

4.5 The Effects of inflation . . L{60

Refsrences -~ Chapter & L/68

CHAPTER 5 A PROPOSED MODEL FOR PLANNING AND CONTROLLING
CIVIL ENGINEFERING CONSTRUCTION CONTRACTS

5.1 Introduction Lo the planning model mentioned in Ap-~

pendix D 5/1
5.2 The incorporation of plamming and progress control
within the planning model 5/2
5.2.1 Pre-construction planning input 5/3
5.2.2 Flanning output 5/16
5.2.3 Progress control 5/33
5.3 Cost control within the proposed planning model 5736
5.3.1 Pre-construction cost conmtrol inpub /7
£,3,2 Qost collection on site 5 /L6
5.3.3 Cost control reports ) 5 /L9
.4 The use of the plaming model for the financial
planning and control of a contract : 5/56
5.4.1 Contract revenue and expenditure report 5/56
5. 4.2 Cash flow forecast for a contract 5/61
‘5,5 Sumsary and Conclusions with respect to the plamning
model 5763
RBeferences - Chapter 5§ 5/69

A, ing and conbrol models

B, IList of Symbols used in this thesis

¢, An iterabive computer algorithm for the Critical Path Method
time analysis for an Arrow network

D, Inputs and Qutpubs of a proposed general planning and control
model for Civil Engineering contracts




CHAPTER 1

ASPECTS OF PLANNING IN THE CONSTRUCTION INDUSTRY

1.1 Planning and Control in Construction Companies

The process of management is a continuous process of planning,
organising, co-ordinating, motivating and controlling according
to Pilcher (Ref. 5), In any competitive construction organi-
sation the objective of the managerial staff is mainly to ensure
that the firm's resources are utilised both effectively and effi~
ciently. In this thesis certain aspects relating to the planning
and control of a contractor's resources on a Civil Engineering

contract are considered.

l1.1.1 The Contractor's Resources

The resources of a contractor which reguire to be planned
and controlled at the variocus management levels of a con-

struction organisation can be grouped into:-

(a) Time
(b) Labour
(e) Materials

(d) FPlant and equipment

(e) Capital
| (f) Managerial and Technical staff

(g) Subcontractor's services

The importance of these resources within a construction or-

ganisation are discussed briefly.
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A) Time ~ On most construction contracts the time withe

B)

in which a contractor is required to complete a project
is stipulated by the client in the tender documents,

A common procedure on Civil Engineering contracis is
also for the client to imposs a penalty clause which
1§gally forces the contractor to pay a certain sum of
money to the client for every day of late completion
(i.e. bevond the stipulated date). In ?ractice clients
frequently find 3t difficult to actually enforce this
penalty clause, since it obviocusly requires a corres-
ponding faultless behaviour from the client (or his re-
presentative), ';ri*;h regard to the timely delivery of
plans, design changes, accuracy of plans, etc, Another
effect of time, which affects a contractort!s financial
resources, is cost escalation (i.e, inflation). The
estimator must make adequate allowance for increasing
costs when preparing a tender fﬂr a contract which has

ne cost escalation clause,

Labour = This includes all weekly paid artisans (e.g.

carpenters), semi-skilled artisans (e.g. handy-men),
labourers, operators and drivers who are normally found
in a construction company. 4 particular problem in
South Africa is the high rate of turnover of artisans
on comstruction sites. Only in rare cases does a par-
ticular artisan stay on a contract during its full
duration. DBecause of the present contract system by
which african labour is usually only empléyed by & par-

tiecular company for one year at a time, most contractors
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do not consider it worth the effort go train unskilled
labourers for skilled tasks., Persons receiving monthly
salary payments (e.g, foremen, engineers, typists) are
included under the headﬁ.ng H for managerial and technical

staff,

Materials - This refers minly to the permanent mate-
rials such as concrete, sted, bricks and earthworks
which actually form part of the permanent work of a
structure., Semi-permanent materials {(such as timber
formwork } which are usu2lly consumed completely on a
particular site_a are often also classed as materials al-
though strictly spesking formwork is usuzlly an expen-
dable item of equipment.. The requirements and sources
of supply of certasin materials often require careful pre-
planning since general shortages in the industry are
known to occur (e.g. steel, cement, bricks), On country
contracts the inadequate capacity of the batching plant
can sometimes be 2 serious restriction on the site pro-
gress, bubt in urban areas premixed concrete can be pur-

chased to cope with extra pek demands for concrete.

Plant and Equipment -~ The term plant is generally

used to describe all items of mjor construction machinery
such as bulldozers, graders, drilling rigs, cranes, site
mixers and dredgers, whiile equipment often refers to
scaffolding, formork supperiwrk, purpese-made formwork,
etc, However, imerican textbooks often use the term

mequipment® to refer to Yplmih, Both plant and
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equipment are major investments by a contractor who re-
covers the purchase cosi through the depreciation
charges which the estimator includes within various
tender Bill items. The hourly "depreciation® charge ;zf
a blﬁldgzer for example, might be obtained by dividing
the total expscted cost of operating and owning this
machine during its lifetime by its total expected working
hours.  When estimating the expected cost of a parti-
culay BiY1 item on which this machine will be used; the
estimator includes a bulldozer plant charge by multi-
plying the expected mumber of bulldozer working hours
for this Bill item with the hourly charge rate of the
machine, Flant overheads such as the costs of frans-
portation to site, insurance, maintenance and spare
parts are also regarded as resources spent on plant and
equipment, The operators of plant and equipment are

regarded as a labour resource.

Managerial and Technicsl Staff . These include conie

tract managers, site engineers, site foremen and general
technicians which the contractor allocates to the various
contracts on which his organisation is engaged. The
managerial resource .does not generally vary rapidly, and
the skills and interests of managers largely determines
the type of contract for which a particular contractor
will tender (e.g. certain firms specialise in road con-

tracts).

Subeontractors - These include all outside firms which

the main contractor engages on a particular contract
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(e.g. steelfixers, ready mixed concrete suppliers,
electriclans, painters; etc.). Subcontractors are

considered to be a rescurce to a conbtractor in that

their availability enables him firstly to tender for con-

tracts which he might not otherwise have considered,
and secondly permits him to accommodate pesk demands
on his own resources (e.g. concrete, steelfixing}.

In the experience of the writer it is @écaai&n&l&y
cheaper for the maln contractor to use subcontractors
on certain portions of work which he normally performs
himself. This particularly applies when the main
contractor is working in a geographical area which is

far from his normal working environment,

Capital -~ This refers to the financial assets of the
contractor which are temporarily tied-up (on site and
in the head office) for the purpose of completing the
contract, This investment (most of which is tempo-
rary) consists firstly of the ancunt of the contrac-
tor!s capital tied-up in plant and equipment on site
and the head office (fixed capital), and secondly,
the capital tied-up as a result of the lag between
the time the contractor pays his interim costs for
plant, labour and materials and the time when payment
is received from the client. The capital tied-up
as a result of the difference in timing of payments
and receipts is generally referred to as working ca-
pital, and includes the awount of retention money
retained by the client during construction and the

maintenance period (see Section h.3).
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Tep Management in a Construction Fim

Senior management in a construction firm performs the task
of control which is necessary to ensure that the company
operates successfully as a commercial undertaking. Hence,
management must carefullly allocate the financial, mecha-
nical and managerial resources of the firm to the variocus
construction contracts. Obviously, only men with the neces-
sary experience and knowledge can be enbtrusbed with such

decisions,

Site Management of a Construction Firm

The site managers of a particular construction contract are
required to ensure the smooth running of a contract and are
directly concerned with the efficient ubilisation of the

site resources (i.e. time, plant, lsbour and materials),

The use of Flanning Models to Aid Construction Management

Hanagerial planning in a comstruction company generally
requires nembers of stalf to make declsions having long
term effects,  For example, a conbract manager might be
required to decide on the best end i:rom which to start the
construction of a bridge, the amount of plant and labour
required to complete a coniract within a given time, or
to determine the effect of delaying a certain section of

a contract until after the rainy season.

This type of decision might be resolved completely sub-
jectively by sound judgement which takes into account past

axperience. In addition the manager might use a model io
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estimate the possible outcome of a particular decision.

A model can be described as “an attempt to imitate 2 real
sitvation®. A typical example of a model might be a |
scale-model concrete beam which is loaded in an attempt
to predict the cracking patiern of a similar full-size
beam. Similarly, an equation (which might be found as

& result of the above physical experiment), for calowlaw
ting the particular load causing cracking in the beam is
a model which imitates a real~life situation (i.e., the

cracking of the full-size beam),

In this thesis a number of models are discussed for plan-
ning certain aspects relating to Civil Engineering cone
struction; e.g. these are models for the utilisation of
resources on site, models for cash flow during construc=

tion, eic.

An important point concerning the use of models by manage-
- ment ds firstly that a2 model is there only to aid a3 ma-
nager in assessing and manipulating the data at his dis-
posal, and secondly the model should never remove from a
manager the opbtion to use his sound judgement in decision
making, If a model is used, the management must firstly
recognise the limitations of the model. Secondly, ma-
nagement interprets the oubtput from the model, and then
the management must make its decisions. Lasily manage~

ment. must also assess the long term consequences of these

decisions.
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1.2 Problems Particular to Planning in the Construction Industry

A number of general planning problems, some of which are unique

to the construction industry, are briefly examined. These pro-

blems illustrate the type of envirommeni within which plans are

made for construction contracts.

A)

B}

Non-repetitive Nature of Construction Contracts - 4 typiecal

characteristic of construction projects is the fact that the
conditions on site, the design approach, and the available ree
sources of the contractor, usually'réquire that a unique work
programe be compiled for each contract.  Although there are
often many activities on sife which are highly repetitive du-
ring construction, the learning processes (whereby artisans,
Jabourers or operators improve thelr work outputs without
greater mental or physical exertions) must usually start anew

once a contract has been completed.

Type of Contract -~ Construction contracts in South Africa

are usually awsprded to contractors elther through competibive
tendering or direct negotiation between the coniractor and the
client (or his representative). In certain instances where
there is urgency {on the part of the client) for early com-
pletion of construction, the contractor is often reqguired to
submit a construction price long before the final design is
completed. On this type of contract the plamner is thus
required to compile a construction programme with incomplete
knowledge concerning certain parts of the structure. T"Designe
and-construct® contracts are usually considered to be very
satisfactory from the conbracior's point of view of construcs=

tion planning. On such contracts the contractor can mateh
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the design approach with his available resources (i.e. plant,

labour, managerial skills, etc.).

The Nature of the Project ~ The method which is used to

prepare a construction programme generally depends on the type
of contract under consideration, The work activities of a
bridge contract for example, are usually highly interdependent
and hence this interdependency is a dominating factor in dew
termining a construction schedule,  Techniques which take
into account only the bime and geographical interdependencies
between activities a}e therefore often suitable for planning
bridge contracts (see Section 2.3). A roadworks contract

on the other hand usually has fewer constraints since work

can be started at various geographical positions along the
length of a road. A technigue for controlling many simul-
taneous activities which are not critically constrained by
geographical concenirations along the length of a road, would

then be more sultable (Ref. 27, Chapter 2).

Unforeseen (ircumstances on Construction Contracts - This

includes weather, subsoil conditions and other natural fac-
tors about which there is a reasonable amount of wncertainty
before the start of comstruction. On contracts involving

large quantities of earthworks unforeseen subsoil conditions
and adverse weather conditions often force the contractor to
frequently review his construction schedule. On such con-
tracts a large provisional item of money is usually provided
by the client in the Bill of (uantities against which the

contractar can claim when certain unforssesn clroumstances

oCcur,
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E) Variations and late Information - According to a project

manager (Oppenheim Ref. L) a survey of a number of large
construction projects showed that approximately 30% of all
construction time delays were due to design changes by the
clients, while 60% of 211 delays were due to late delivery
of plans from the designer, and only 10% of all delays were
due 1o bad performance by the contractor. Design changes
which are made by the client during construction often cause
an uphsaval to the conbractor's original construction plans,
Similarly the late delivery of drawings from the designer
to the contractor usually means that the contractor might be
forced to make unscheduled re-allocations of resources (e.g.

plant, labour and materials) to new parts of the construction

pro ject.
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CHAPTER 2

¥ODELS FCR  PLANNING CONSTRUCTICH PROJECTS -~ A REVIEW

2.1 Introduction

A) Relation between this chapter and Chapter 5

BY

A review is provided in this chapter of a number of techniques
which can be used to model certain of the characteristics of a
consbruction project, such as the ubtilisetion of s conbracior's
resources* on site, The aim in this chapter is to provide an
intreduction and background to the planning aspect of the model
proposed in Chzpter 5. [Fost contractors find it necessary to
use a simplified version of the larger model proposed in Chapter
5 in order to suli their own input and output system, But it
has been thought advisable in this thesis to first develop or
describe a general ideslised model which has as much useful out-
put dzta as possibls, Further investigation might then show the
need to simplily the model to sult practicel limditations dus to
slow or iredesouate feedback of inpub information from the site

or planning staff,

It is assumed that the reader is familiar with basic netvork

theory, Hence the subject is only introduced briefly.

Bar cherts

The bar or Gantt chart is presently one of the most commonly
used methods for cormuniczting construction programmes to
siﬁe staff. Henry Gantt apparently first used these charts
in the early 1900%s for scheduling and controlling the opera-

tions of machine shops, clothing menufacturers and other

*Gefer Section 1.1.1.
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production processes (Wallace Clark, Ref, 8).

Examples of Gantt charts are shown in Figure 2.6(d) and Fi-

gure 3.1,

The procedure for constructing a bar chart manuaily is relae

tively straightforward: The plamner starts by identifying

the project operations and estimating their durations.

Enowing the construction approach he schedules the operations

to a calender time scale taking note of their natural sequen-

ces {e.g. bases must be constructed before columns), resource

constraints such as shortages in labour or plant, other se-

quences (e,g. abutment A before abutment B) and the estimated

duration of all operations. The final schedule is therefore

considerably influenced by the judgement, past experience and

expertise of the planner who is involved in the plar

cess from start to finish,

The maln shortecomings of this approach Lo plaming are:-

1)

(i1)

The planner is required to manipulate mentally a large
amount of relatively fixed information {(e.g. the inter-
dependancies between operations); “various effects
caused by the limited availability of plant and Jlabour
are thevefdre easily overlooked and errors are fre-

crent.,

The pilanner is prevented, by the unseilentific nature
of the technigue, from fully taking into consideration

a1l the information at his disposal and is thus forced

to rely mainly on his judgement; for example, it is
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particularly difficult to take into mental account
all the complex interactions of operations on an invol-

ved bridge contract.

(iii) The process must be carried out by a responsible and
experienced person throughout and cannot at any stage
be delegated to a junior member of staff, This can
quite easily lead to a hastily prepared programme with-

in which some of the pitfalls might have been overlooked.

C) Network-based technigues

The use of networks to represent the interdependancies between
the operations of a project was one of the first steps towards

the development of a scientific planning model.

During 1958 both the United States Navy and E,I. du Pont de
Nemours, a large chemical engineering firm, published details
of a planning technique invelving the use of networks (Lockyer,
Ref. 26). These were known as PERT (Project Evaluation and
Review Technique) and CPM (Critical Path Method) respectively.
Both methods which are extensively described in literature
(Ref. 3, 26, 28) are briefly discussed in various parts of

this chapter.

D) Present developments

A number of models have since been proposed which are geﬁerally
more tailor-made for the construction industry*, Unlike the
early CPM and PERT models which establish a work programme
simply from the durations of the operations and the interde-

pendancies between them, these also take into account the

*Thown ave Aeserrihed in Section 2.3.
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availability of plant and labour on site, Although often
referred to as "network techniques® the influence of the net-
work is considerably reduced and simply serves to describe one
of a number of resirainis on the construction programme, name-
1y the natural sequence of the operations. Hesource alloe
cations on a time basis have become a major factor in these

new methods,

2.2 Constructing a Network - hasic Lheory

A) Networks

B)

The planning network is generally defined as belng a loglcal
flowchart of the project activities which can express some or

all of the fellowing:

(1) The natural interdependancies between the project operag-

tions {e.g. a footing constructed before a column),

(2) External influences (e.g. the delivery of plans, safety
restrictions which prevent two operations from occure

ring simultaneously, etc,),

{(3) A particular construction appreach (e.g. a road construce

tion starting from a specific point).

Because the network is an important statement of construc-
tion policy, particular care should be taken in iis preparg-

tion,

Network methods

The two most common techniques presently in  use are:

(1) The Arrow or activity-on-arrow method,

(i1} ‘The Precedence or activity-on-node method,
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Table 2.1 compares their basic elements.

The arrow diagram origiﬁated from the early CFM model of
Kelley and Walker (1958, Ref. 21); the Precedence method
being an adaptation of a later development by Roy (1961,

Ref, 31). This is extensively described in literature (e.g.
Refs, 28, 29). An example is shown in Figure 2.1 to illu-
strate the application of both techniques to a small bridge

coniract.

There is often controversy among plamners as to the choice
of method., Although the Arrowmethod is used extensively in
literature a number of authors have in the last two years
shown strong support for the Precedence method. The main

advantages of the Precedence method appear to be:

(a) Overlapping operations canbe portrayed more easily,

Figure 2,2 illustrates a case where considerably less items
are required to show the overlap of two activities., The

Mp" 1ink indicates that operation 2 can only starl after 50%
of 1 has been completed, Similarly the "f" 1ink shows that
the second half of operation 2 can start only when 1 has been
completed (i.e. one can do 50%of 2 before-l is finished).

BowDn PLAST CoMPLETE
so% o WALL PLAGSTERIAN s

i—l_J E\J‘L_'D _{5070
WALL R
. Z
[ P s0% PLASTER

WAL,

— -~ Toeteslant ArPawr and Precedence networks.,
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(b) Since each operation on the precedence network is only
given one number it is cldimed to be much easier to add
or remove an activity. This is particularly useful when
a compubter is used to analyse the network as fewer input

cards might be affected by the removal of an activity.

(¢} It has been found by some engineers that the Precedence
method 1s easlsyr Lo Leach., This is probably because it
is basically a descriptive flow chart which is easier to

read than the line diagram of a network.

(d) The final diagram is more presentable and it is easier
for a ssocond party‘t@ extract information. In the ex.
perience of the writer this is particularly true when the
project is complex with many interdependancies and over-
lapping operations which regquire activities to be split

into a number of parts,

It is also often stated that because the Precedence method
uses fewer items to depict the same project there will be a
reduction in computer caleulation time (and hence cost),

The writer has, however, found no exPe¥imenﬁs in the litera-
ture substantiating this claim. It will be seen from Fiw
gure 2.1 that the Precedence method does not necessarily al-

ways use fewer elements than the Arrow network,

The writer considers the choice of technique largely per-
sonal but various authors have expressed the opinion that
because of the advantages discussed above, the Precedence
method will gradually supersede the Arrow network in the

construchion indusiry.
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An example solved by both methods is described later and

shown in Figure 2.6.

2.3 Models which consider Time as the Prime Resource

The schedules derived in this section are based solely on the du-

rations of the project activities and the interdependancies between

them., No consideration is given to the availability of plant,

labour and temporary materials.,

2.3,1 The Critical Path Method time analysis

A)

B)

c)

The CPM model

The network time analysis forms the basis of both the
early CPM and PERT* models and is presently still found

in most network-based planning methods,

Referring to Figure 2.3, it is seen thai': although the
basic input for the CPM model is the same as that for
drawing an ordinary bar chart mwore details relating to
activity times are derived, and the critical paths

within the networks are easily identified.

Time estimates

There are a number of sources from which the planner
prepared in conjunction with the members of staff who
will be responsible for carrying out the work and the

original estimator and planner,

Calculations

The basic network calculations are described briefly

to point out the main problems. For a more complete

*The PERT model is described in Section 2.3.2.
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exposition of the procedure the reader is referred to

the various introductory texts by Lockyer (Ref, 26),

Battersby (Ref. 3) and others (Ref. 28, 30).

Afteyr the nebwork and the activity durations have besn

estimated the next step is the calculation of the ac-

tivity boundary times {see equation 2.1 to 2.L):

(1)

(31)

(1ii)

(iv)

Earliest starting time (EST): This denotes the
earliest time by which an activity can start,
within the constraints imposed by interdepenw
dancies between the project activities and their

estimated durations,

Earliest fTinish time (EFT): This is the earliest
time by which an operation can be completed with-

in the constraints described for (i).

Latest start time (LST): This is the latest time
at which an activiby ecan start withoul extending

the required completion date of the project.

Latest finish time (LFT): This indicates the
latest time by which an activitiy can be completed
before extending the project duration beyond its

allowable limii.

The important assumption in definitions (i) to (iv) is

that the duration times of all the activities remain

constant at their estimated durations.

for the Arrow diagram the calculation of the activity

boundary times starts by finding the earliest time (Ta)
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exposition of the procedure the reader is referred to
the various introductory texts by Lockyer (Ref. 26),

Battersby (Ref. 3) and others {Ref. 28, 30).

After the network and the activity dwreiions have been
estimated the next step is the calculation of the ac-

tivity boundary times (see equation 2.1 to Z.4):

(1) Farliest starting time {(EST): This denotes the
earliest time by which an activity can start,
within the constraints imposed by interdepen-
dencies between the project activities and their

gstimated durations.,

(ii) Earliest finish time (EFT): This is the earliest
time by which an operation can be complebted withe

in the constraints described for (1),

(iii) Iatest start time (IST): This is the latest time
at which an activily can start without extending

the required completion date of the project,

(iv) Tlatest finish time (LFT}: This indicates the
latest time by which an activity can be completed
before extending the project duration beyond its

allowable l1imit.

The important assumption in definitions (1) to (iv) is
that- the duration times of all the activities remain

constant at their estimated durations.

For the Arrow diagram the calculation of the activity

boundary times starts by finding the earliest time {Te)
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and the latest time (Tl) for each node or event,

The Tﬁ and T}_ values for a node indicate the earliest
and latest boundary times between which the event may
oceur.  Although the node times correspond to certain
of the activity boundary times (see equations 2.1 to

2.4} the ealeulation of these times is an intermediate

step which has in the past been solved by three methods:

(i) The manual matrix method (Ref. 29),
(ii) Intuitive manusl caleulation,

(iii)} Computer teckmiques {which might include the

manipulation of matrix arrays).

The manual matrix solubtion which is particularly lengthy
and performed after the network is defined, is described
in literature £ill about 1961, after which it appears
to have been superseded by the manual procedure shown

in flow chart form in Figure 2.4,

The computer solution has been used since network tech-
nigues were first proposed. ERarly programmes were
hampered by the fact that nodes had {o be pre-numbered
in such a way that the mmber of the completion node
for an activity could never be less than the number of
the ins.tial node for the same actlviity (e.g. in Figure
2.5, I must be less than J). Programmes which accept
random numbering have since been developed (e.g. ICL

1900 FERT, Ref. 17).



SET Te OF FIRST MODE =0 OR OTHEA
REQUMRED START DATE.

J

CONSIPDER THE SET OF SUBSEQUENT
— P NODES WHOSE., PREDECESSORS

HAVE AlL BEEN ASS(GNED Te VALLVES

!

CALCULATE Te FOR EACH NODE AS THE.

MAXM. (Tg, DF PREVIOUS NODE. + ACTIVITY
DUORATION) FOR ALL ACTITIES ENTERING
THIS MNOPE. . ENTEAR. THIS VALUE. or NOhE 2~

NO

ALl NODES ReEpN
AISSIGERED Te VALWES

SET T, ©OF LAST NODE = Te OF LAST

NODE. COR EQUAL To OTHDR SPECIFIeD
COMPLE.TIon DATE. .

/ I

CONSIOER THE- SET OF BEARLY NODE S
r—-——- wWHoSE  INME DIATE. SOCCESSoRS HAVE ALl

BREEN RASS|ICGCMED T

{

VALLES.

SET 1 FOof EACH RNODE. A THE.

MM, (T OF SUB SEQUEMNT NODE < AC-

TIWITY DURATION) FOR ALL ACHUITIES Lea-
VIS THIS RNoODE . ENTER ora NopE -

AL ACTIIT
BREEN ASSIGRED
T VALLEs

?

CALCOLATE. START &
FINISH TIMES AND FlomT
TIHE.S O ACTUITIES .

FIGURE 2.4: The Manual

Time Analysis (e.g. for Arrow Diagram)



2/1h

FINISH
ﬁg:grop NoDE. OF
AN ACTIVITY ACTWITY AN ACTVITY
-'hDQ&'n:u)
“E" D (E,3) ‘(g"
T
NODE EARLY NODE. Lage.

TIYAE_ TMe

Figure 2.5: Typical notation (in arrow networks)

(Notations for precedence networks are

shown in Figure 2.6)

In Appendix C a computer programme is proposed which
uses an iterative routine and operates independantly
of the node nunbers. As far as the writer is aware
this approach has not been used before, The usual
procedure by other workers is to use a renumbering
routine to achieve the I greater than J requirement
described above, This is not necessary in the new

method (see Appendix C).

From the event times Te and Tl’ which represent the
earliest and latest times for a node, the activity

boundary times are calculated as;

EST (I,J) = T(I) cevernenvenrncncnernes (2.1)

I

EFT (I1,Jd) Te(I) + D(I,J) savevenesvnes (2.2)

il

IST (I,d) T (9) = D(I,3) eenereranrnns (2.3)

LFT (I,0) = T,(J) eeeevreremenenaeennnns (24)

(See definitions in this section).
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Where I and J are the start and finish node numbers

of the activity I,J as shown in Figure 2.5,

The Frecedence diagram is generally analysed either

manually or by computer. Although the programme pre-
sented in Appendix C is suited Lo the Arrow network a
similar approach might also be used for the Precedence

network.

In Figure 2.6 an example of the manual calculation for
both technigues is shown, These are performed on the
network by partitioning the nodes and operations teo allow
the vardious times to be written directly on the diagram.
For the Arrovw network the early start and late finish
times for the various nodes are calculated first as de-
serived in Figure 2.4. From this the activity boum-

dary times are determined using equat:i,onsﬂ 2.1 to 2.4,

One advantage of the Precedence network format is that
within each activity block the activity boundary times
LST and EFT can be seen at a glance for each activity.
In the Arrow network these times are nob usually shown
on the network, bub might be shown in a separate table.
Obvicusly in the Arrow network IST and EFT can be cal-
culated for an activity I,J by using equations 2.3 and

2.2 respectively.

For the Precedence network the time analysis pfocedwe
described by Figure 2.4 can be used if one bears in
mind that the Te and Tl gvent times now correspond to
the BST (early start time) and LFT (late finish time) of

each activity. VWhen operations overlap the writer has
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found from experience that it is best to consider these
as two separate operations uwntil ons is familizr with the
calculation procedure. Figure 2.6 {C) shows an example

to illustrate this.

The "p" overlap indicates the amount of time for the
preceding activity must have been in progress before fhe
succeeding activity can start, The "{" overlap shows
how much may be done on the following acti;vity before the
preceding one has been completed. When an activity has
been suitably split {(see Figure 2.6 {C)) these £ and D
time values are treated simply as delay values which pro-
vide built-in time constraints within the network links

{see Section 2.2 B (a)}).

The shortest duration for the whole project, taking only

time and the interdependancies into consideration, is
found from the EFT (early finish time) of the last acti-
vity,

Float is the amount of time by which an activity can be
delayed without extending the project duration beyond
its required completion. This might be the shortest
duration {described above) or other sultable time,
(Referring to Figure 2.k it is seen that the value of

T

1
duration.) Two types of float are generally defined

for the last node is equated to the required project

for each operation:-

Total float, which is the amount of {ime the actual
completion date of an activity can be extended without

affecting the required duration of ihe whole project,
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and is defined as L3T minus EST or LFT minus EFT (see

Figure 2.6 (d}).

Free float is the delay possible within the boundary
times ¢f an activily calcoulated so that there is ne
effect on the boundary times for any other activity.
This is determined as the difference between the EFT
(early finish time) and the EST (early start time) of
a suceeeding operation or where there is more than one

succeeding operation, the minimun of these,

The critical path is the unbroken sequence of opera-

tions from the beginning to the end of a project which
has no float. A delay in any of these activities will

thereforemean an extension of the project duration.

4 petwork may have more than one critical path exhibi-

ting the same total duration time,

More complex concepts of floats, If a client speci=

fies a completion date which is earlier than the esti-
mated Ti for the final event, it is possible to assume
that negative float values exist aleng the critical
path, In this case the critical path would be defined
as the path along which the float values have the lowsst
algebraic value. Obviously in such a network efforts

mist be made to speed up the activities on the critical

path.

The fleat values along a critical path can become more

negative if the construction work lags behind schedule.
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D) Conclusions

The writer draws the following conclusions concerning

the application of the Critical Path time analysis

technique to a construction project:

1le

2o

The ability of the network time analysis to predict

the construction work programme is based on the

assumption that:

(a)

(b}

the estimates of the durations for the indivi-
dual activities can be assessed with sufficient
accuracy without taking detailed account of the

avaliability of plant and labour on site,

the interdependancies between the acltivities,
as shown on the network, are representative of
those which will occur on site taking into ac-
count both the natural sequences of work and
any restraints imposed by the limited availa-
bility of plant, labour and materials. This
point is illustrated by Figure 2.6 where sub-
jective sequence constraints were used to show
the piers and asbutments in series, The piers
and abutments could have been constructed in
parallel, in vhich case a different nebwork

would have been analysed.

The operations forming the critical path have a

special significance in that they represent a se-

quence to which the contractor should divect par-

ticular attention; for example, an unreliable
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subcontractor should never be engaged on these cri-
tical asctivities. Any delays wight mean that the
main contractor will be forced to bear increased
indirect costs due t0 an extended project duration
or increased direct costs in trving fo recover lost
time. A Uypleal example here is the steelfixing
subcontractor on a reinforced concrete bridge con-

tract who is nearly always on the critical path.

The advantage of the CPH network technigue is its
relative simplicity and the rigorous manner in which
the project can he analysed., Furthermore, there
are the addifional benefits in that the drawing of
the network firstly, leads to a betier understanding
of the work and secondly, it 1s a convenient method
for commnicating and recording the construction
procedure and assumptions on which a work programme
is based., When the network has been drawn and the
durations estimated the time analysis can be dela-

gated to a Junior member of staff,

The main disadvantage is the fact that it does not
directly take into account the actual availability
of plant, labour and materials on site (e.g. bull-
dozers, carpenters, oubpuil capacity of the concrete
batching plant, ete,). This error is probably small
on a bridge contract where the time and geographical
interdependancies between the operations is a domi-

nating factor,
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A roadworks contract at the other extreme usually
has less constraints and the work might be started
at several different geographical positions. In -,
the latlter case the main restriction would be the
plant and labour on site. The Line-of-Balance
method is a sultable planning techmique for con-
trolling different simultanecus activities for road
pavement construction at different gedgr*aphicai
positions alomg the length of the road, (This

method is described in reference 27).

2o3.2 The PERT probabilistic model

The PERT (Project Evaluation and Review Technique) approach,
introduced by the United States Navy about the same time

as the CPM {Critical Path Method) s wWas first used to pro-
gramme and co-ordinate the development of the Polaris

missile (Ref. 28).

The technique, which is in many ways similar to the network
time analysis (see Section 2,3.1), attempts to take into

account the uncertainty which éxi.sts in the estimated dura-
tion of each operation and hence that of the work prozramme

as a whole.

The basic procedure of the PERT model, which is shown in

flow chart form in Figure 2.7, is based on two assumptions:-

{a) If it were possible to repeat any activity of a project
a large number of times under similar conditions, the
frequency of occurrence of the recorded durations if
plotted Lo a time scale (as shown in Figure 2,8) would

follow a Beta statistical distribution,
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(b) The probability distribution of the completion time of
a network event follows the normal distribution curve
if the metwork event has been reached after a series
of activities (for each of which the Beta distribubtion
applies). This assumption permits the use of tables
for normal distribuiion curves when estimating the pro-
bability of completing the whole network by a certain

date,

The justifiecation for (b) is the central limit theorem
which states that, "the statistical distribution of the
sum of a large number of random variables will approach
the normal distribution® {Ref. kL, page 251). Thersfore,
whatever the statistical distribution of the individual
network activities, the distribution of the project com-
pletion date (which is the sum of the distributions of
the critical path operations) will tend to the normal

distribution.

As far as the present writer is aware there is no ex-
perimental Justification for assuming that the Beta

*  statistical distribution applies to the duration of an
operation {see point (a)} sbove). Various authors
(Ref. 3, 25, ) have expressed the opinion that the choice
of the Beta distribution was based madnly on the flexie
ble nature of distribution, which according to Benjamin
and Cornell (Ref, L) can be used to model the observed
frequency of occurrence of virtually any type of ex-

perimental data.
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A) The Beta statistiecal distribution
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Figure 2,8: The general Beta distribution.

In the range L,N of possible values of x (e.g. activity

durations) the equation of the Beta distribution is:-

£x) = ¥ (x = LPW ~ 0 eereeniinnnninnnns (2.5 3)
Vhere K=(p—§_£—q-§_%5 - et (2.50)

p and q are factors which determine the shape of
the Beta distribution curve (see Figure 2.9),
L and N are the extreme limits of the distri-
bution, x is a variable which is free to take

on any value in the interval L,N,

Assuming that the value of f(x) is such that the area
under the curve in Figure 2,8 is unity, then the proba-
bility that x lies in an interval g, h (see .F‘igure 2.8)
is the area under the curve between these limits, and
is given by the equation:-

F[gs_xéh] = f%(x—L)p (I\I—}:)qu eoesees {2.6)

g
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Where L, N, K, p and g are defined as for equation
2.5a; g and h are two values which lie within the

extremes L, N of the Beta distribution.,

Note: When the value of g equals L and h equals N,the
probability of x being within these limits will

be unity (i.e. 100%) according to equation 2,6.

In addition, the mode of x (i.e., the value of x cor-
feSponding to the peak of the Beta distribution curve)

is given by the equation:-

_ + N
MQ = %—'!'—(12 L N N N R N R Y X (2.7&)

Where p and q are the shape factors of the Beta
distribution curve, L and N are the extremes of

the Beta distribution curve, M is the mode,

Also, the mean of the Beta distribution (or the expected
value of x whose vertical ordinate divides the area under

the Beta distribution into two equal parts) is:

+pN+ L+ N
Fl;( = quip‘FLz et eveRTIGIRTOIRARRRTS (2‘7b)

By substituting equation 2,7a into equation 2.7b the value

of the mean becomes:

L+ (pra)M, + N
(p+q+2)

M

L seeesecsescssases (2.8)

The standard deviation of the Beta distribution, which is

a measure of the spread of the distribution is given by:-

S = (N-1) (prlllat1) | (2.9)
(p+qg+2) (p+q+3)

For example, a very flat distribution curve (i.e. a large

spread) will have a high value of 6;1-?’1’15.18 a more peaked
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curve will have a correspondingly reduced standard

deviation,

In Figure 2.9 various shapes of Beta distribution curves
correspondding to different wvalues of the shape factors
p and q are shown, For simplicity the extremes of x
were assumed $0 be zerc and unity (i.e, T =0 and H=1

An dmportant observation which is of relevance to the

next section is
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Figure 2.9: Beta ~ distribution shaves for different

values of p and g (Ref. L).

that for given values of the extremes L, N and given
shape factors p and q the position of the mode M {i.e.
the value of x corresponding to the peak of the curve

can be fixed; see eguation 2.7a).

The PERT assumpiions concerning the probability distri-

bution of an acbivity duration

As described in the introduction to Section 2.3.2 one
of the main assumptions of the PERT probabilistic model

is that the probability distribution of a project



2/27

activity can be approximated by a Beta distribution,
In order to use this assumption practically as part
of a network analysis twe additional assumptions are

hizls I3 T

(1) It is assumed that three parameters a, b and m can

be subjectively estimated, where:-

a is an estimate of L, the lower 1limit of the Beta
-tiistrihutien, and is defined to be an estimate of
the mosi cptimistic duration of an activity cor-
responding to a one in one hundred chance of oc-

curring,

b is an estimate of N, the upper limit of the Beta
distribution curve, and is an estimate of the most
pessimistic duration of an activity with a possie

bility of occurring once in a hundred times,

and m is an estimate of the mode Ev‘ll@ of the Beta
distribution and is defined to be the estimated
most likely duration of an operation (i.e. if it
were possible to repeat the same operation a large
mumber of times under the same conditions this du-

ration would occur most often),

Tt must be noted that although a and b are normally
defined as having 2z probabllity of occcurrence of 1
in 100 in the PERT model (i.e. a 1% probability)
they are in fact estimates of the extreme points
L and N of the Beta distribution (see Figure 2.8)

which theoretically have zero probability of cccur-

ring.
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(2) In addition, the PERT model assumes that the shape
factors p and ¢ of equations 2.5 a to 2.9 take on
the values:=

(@) p = 2425 q=2-J2
or (b) p 2-&; q=2+J2

i

By substituting either of the above sets of values
for p and q into equations 2.8 and 2.9 and by assu~
ming that a, b and m are suitable estimates of L,

N and M@ respectively the following itwo eguations,
which are used in the PERT model to estimate the
mean ¥ and standard deviation 6;01‘ an activity

duration, are found:-

a-+ hm+bh
te = mm'gm FORRERTLOORER R EFE DR R Y S (2.10}
gﬁ by &l @sno«-wsywo.nosaano:uua {2-11.}

Where t;e is the estimated mean value of the dura-

tion of an aciivity,

@tis the estimated standard deviation or
measure of spread of the distribution for

which &, is the estimalted mean,

a and b are estimates of the extreme values
of the Beta distributions L and N and are

defined in point (1) above,

and m is an estimate of the mode M of the Beta

distribution as defined in point (1) above,
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It is seen in Figure 2.7 that the value of t‘e is
calculated for each activity and then used in the
network time analysis to determine the expected
project completion date (T3} and the project work
programme.  The value of @gis used to determine
the probability that Ty (the calculated expected
project completion date) will not exceed a target

required completion date ’I‘s.

C} A discussion of the PERT stetistical assumptions cone-

cerning the activity durations

To review briefly, the PERT model assumes thab the pro-
bability distribution of an activity duration can be
modelled with a Beta statistical funcition with fixed
shape factors p and q (i.e. p = 3,414 and q = 0,586

or p = 0,586 and q = 3,414). Also it is assumed to

be possible to subjectively estimate three points on
the Beta distribution curve from which an estimate of
tbe mean (t_) and stendard deviation oy of an activity

duration can be calculated.

Since it is particularly difficult to delermine experi-
mentally the actual probability distribution of an ac=
tivity the writer considers thai the cholce of ‘"E;,he

Beta distribution is probably as reascnable as using

a Triangular or other suitable distribution.

Assuming therefore that a Beta distribution is an accep—
table choice, the accuracy in estimating the mean and
standard deviation from equations 2.10 and 2.11 is briefly

investigated,
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Referring to the previous section, it will be seen that
the values of L, N and Mé were approximated by the sub-
Jectively estimated values a, b and m, thus giving three
known points on the Beta curve. In order to uniguely
fix the shape of this curve 21l that is then still re-
quired is the value of one of the shape factors (i.e. p
or q}, since there is a relationship between p, u, L,

¥, and N (see equation 2.7a). In the PERT model, howe
ever, fixed values are assumed for both p and q (i.e.

p = 3,414 and q = 0,586 or p = 0,586 and q = 3,414) for
all calculations, Obviously, this assumplion will not
always be compatible with eguation 2.7 a and could lead
to errors when using eguations 2.10 and 2,11 to estimmte
the mean (M ) and standard deviation & . In addition,
as far as the present writer is aware the originators of
the PERT model made no attempt to justily the cholce of
the abowe particular walues for p and g. A possible
explanation might be that the assumed difference between
a and b (according to equation 2.11) is always equal to
six standard deviations. In many statisticsl distribu-
tions almost the whole area of the distribution curve
lies between six standard deviations (e.g. in the normal

distribution this is 99.7%.)

To determine the possible error in the estimated mean
(t,) and estimated standard deviation (&} ) for an acti-
vity MacCrimmon and Ryavec (see Kransdorf, Ref, 2)
determined the value of M (the true value of the mean
of the Beta distribution; see equation 2.8), and &)
{the true value of the standard deviation; see eguation

2,9) for various values of p and q. The authors assumed
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that a, b and m were suitable estimates of L, N and

M (i.e.a=1L, b =N, m=N in equations 2.8 and 2.9)

and varied p and g according to the relationship bee
tween these parameters given by equation 2.7 a. The
values calculated for Hx and @kwere compared with ths
FERT estimates & andes" from equations 2.10 and 2,11.

The avthors found differences of up Lo 33 percent between
M and £, and 17 percent between G:taﬁd 5;.' A range of

0,1 was used {(l.,e. a =L =0, b =N=1),

Similar calcwiations were performed by the present

writer for the following values:-

8 = 2 weecks
b = 6 weeks

m = 2, 4 and 5 weeks "

and various positive values of p and g were used,

For example, by substituting a equals 2, b equals 6 and
m eguals b into equation 2,7 & {i.e. a =1L, b = N,
m = Me) the relationship between p and q is:-
1]’ e M
pt+aq

i.e. p = q for the chosen values of L, N and B

In Table 2.2 the values M and &,(from equations 2.8 and
2.9) for different values of p, g and M, and t_ and g;
from equations 2,10 and 2.11 for different values of m

are compared (?%’O was ssswned equal Lo m).

Te will be seen in Table 2.2 that when the mode 1s st
the extreme of the distribution {i.e. m = M= 2} the

error in t_ {expressed as a percentage of M};} is at its
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Table 2.2: Errors possible in the PERT estimated acti-

vity mean and standard deviation;assuming

maximum, When the mode is located more centrally (i.e.

m=M =4or 5) the error is very small,

The error ine{!was found to be much higher than that cal-
culated by MacCrimmon and Ryavec (Ref. 2L) who reported

variations of 17 percent between G‘,_ and 6.. In Table 2.2
the standard deviations (3,,_ and 8¢) correspond only when

the values for p and q are close to those assumed in the

PERT model (i.e. p = 3,414 and q = 0,586 or p = 0,586

and q = 3,41%).

Although the errors fourd by MacCrimmon and Ryavec

(Ref. 2L) and in Table 2.2 above are significantly large

it must be noted that the values of a and b were assumed
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to be the extreme points L and N of the Beta distribution
(see curve A in Figurel2.10). The values a and b are
actually defined as points on the x-axis for which the
vertical ordinates enclose 98 percent of the total area
under the Beta distribution (see curve B in Figure 2,10),
although for calculation purposes they are equated to L

and N respectively.

)

foo o
L i A.SHAPE OF CUR
4 Novre /‘;\/ MeLIED BY THE.
- TAREAS UNDER | VEE OF THE PERT
J 3 BOTH CURVES 1 EQUATIONS 2-1a,2-1
a 3 .ASAF‘-‘E..‘E I \ B: SHAPE OF CURVE
3.8 } PqpueD Y THE
g9 y, \ PeFRmos oF a Wb b,
ﬁ ARSA =% | \ AREA = 19, oF TOTN_

OF TovAL | Y AcCTivimy
LA Q/ | - DurATIon) X
L & Mo or M b N

Figure 2,10: Beta distributions for the PERT model.

However, it is expected that if one assumes that the end
areas of the Beta distribution- between points a and L
and points b and N are each always equal to 1 percent of
the total arez under the whole curve, the number of
possible values for p and g (and hence possible shapes
of curves) will be reduced (see conclisions in Section
2.3.2 D). Cbviously, a and b are now no longer equal
to L and N whose values are variable and depend on the

shape of the Beta curve used.

To determine whether the above assumption significantly
affects the errors in Table 2.2 the writer calculated
the values of L and N from standard statistical tables
for the Beta distribution and substituted these into

equations 2.7 a, 2.8 and 2.9.
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For example g

a = 2 weeks pe=0, 2

b = 6 weeks a=1, 4

From statisticsl tables for the Beta distribution (Ref,
%) it is found that for a 99% probability x occurring

in the interval L to b and the above values p and qiw

N-a‘L NWL =1 @$9G PR EECDREPR B (2'1,2 @;}

Simdlarly for 2 1% probability of x occurring in the

interval L to a and the above values of p and q:=

E- W == @5@19 BPECEIR LD (2012 b}

From ecuations 2,12 a and 2,12 b it was found. that L =
0,94 and N = 6,66,  Substituting these values into

equation 2.7 as

_ 0,9hx1
Mc - 1

+ 6,66 x 0,6
5

é”+ o = 2,66 weeks

2

The values of Mx andGLwere determined from ecquations
2.8 and 2,9 using calculated values of L, Nand M, and
the values of te and ggwere calculated from equations
2.10 and 2,11 using the given values for a and b and the

calculated wvalue of Mo'

Moo= 3,2k weeks by ¥ 352 weeks

é’x = 1,25 weeks 6;,== 0,67 weeks

If one assumes that a equals L and b equals N as in

Table 2.2, it is found that M = 3,3} and &,= 0,875,
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There is thus a reduction in the difference between

t, and M _and an increase in the difference between &e
amdﬁiy@en a and b are considered as points on the X~
axis (see Figure 2.10) which correspond to a 1 percent
probability of occurying (rather than by equating these

to the extreme limits L and N as in Table 2.2),

Furthermore, the writer found that when thg mode MS is
close to a or b (i.e. ¥ £2a or b) there is no diffe-
rence in the calculated value of M, andwﬁiwhether one
assumes a equal to L and b equal to N, or if one assu-
mes & and b o correspond to the one percent end aress
of the Beta curve (see curve B in Figure 2,10), The
errors in hoth case were then as shown in Table 2.2 for

m equals a,

It was also found that since the value of M, in the

above approach is a function of N and L {which were
caleulated from a, b, p and q) it was possible to de-
termine only one Beta distribution curve {i.e. one set
of p and q) for a particular combination of a, b and m,
(Mﬁ was assumed to be egual to m,) Since only a limited
range of p and g values were investigated more extensive
experimentation would be required to verify this con-

clusion,

Conclusions by the present writer

The main controversies concerning the application of the
PERT model approach to the planning of a project seem to
concern accuracy of assuming the Beta distribution to de-

scribe the probability distribution of an activity, the
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accuracy of the simplified equations used by the PERT
model to estimate the mean ﬂx and standard deviation.éﬁl
of an activity and the accuracy possible in estimating

the three subjective values a, b and m.

As stated previously no experimental data seems to exist
to determine the actual probability distribution of an

activity duration., The choice of the Beta distribution
thus appears to be based amongst others on the fact that
even if the mode and the extreme limits of this curve on

the x-axis are estimated independantly of each other the

shape of the whole curve can be determined,

From experimentation with various shapes of Bets curves
{as described in Section 2.3.2 C) MacCrimmon and Ryavec
{Kransdorf, Hef. 24) concluded that the knowledze of the
three points N, M and L on the Beta distribution curve
{ivee a =L, b=Nandm #=He} is not sufficient to
uniquely establish the shape of this curve. Also the
authors found that large errors were possible if one
compared the PERT estimated activiiy mean and standard
deviations (equations 2.10 and 2.,11) with the same valuss
obtained from the exact Beta distribution equations (2.8
and 2,9} for various different shapes of curves, {Notes
the FERT model assumes that only one shape of curve and
hence only one set of shape factors p and q applies for

all activities.)

Investigations by the present writer, however, tend io
indicate that if one treated the subjectively estimated

values 5 and b according to their definition {i.e.
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optimistic and pessimistic activity durations with a
1 percent probability of occurring) an additional con-
straint 1s Imposed for which only one Beta distribution

exists (see Section C above).

Farthermore, the writer also found that even if the above
assumption is made for & and b large errors can still
result when using the FERT equations 2,10 and 2,11 to
estimate the true mean M, and standard deviatione)of

an activity.

The writer therefore suggests that a possible extension
to the PERT model might be the development of a simpli-
fied procedure to determine the parameters p znd q (and
hence the values M_ and &) for a particular set of a,
b and m; where 2 and b are defined to be the walues on
the x-axis of the Beta function as shown for curve B in
Fighra 2410, The method desceribed in Section 2,3.2 €
could be used by varying the parameters p and q (for
glven values of a and b) to find different sets of vae
lues for N and L (see equations 2.12 a and 2.12 b).
These could then be substituted into equation 2.7 a to
find the values of p and q for which Hb equals the given
valve of m. However, unless a computer is used this
calculation would be completely impracticaljas can be

seen from the example caleulation,

It is expected that many of the errors in estimating the
activity times a, b and m will cancel out over the whole
project unless the estimator is consistently over- or

urder-estimating,
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The writer 1s of the opinion that if wore accourate bob
still practicsl methods can be devised to estimate the
Mmean EJEX and standard devicbion @ of an activity (or

if if can be verified experimentally that the errors
caused by the éppr&ximate FERT ecuations 2,10 and 2,11
cancel out over the whole project) the IPERT model can
be used to derive useful additional informetion from the

network time analvysis.
¥

For exammle, if a large stendard deviation walue 6{;»&
for the final completion date of the whole project is
celeulated (see Figure 2.7), this indicates that a
large uncertainﬁy exdistec with respect to the probable
completion date of the project. {Extra plant and
labour will be reguired to shorten the activity dura-
tions if the scheduled farsget completion date Ts is
not considerably greater than the estimated value of
g

indicates grester certainty with resard to completion

for the completion event,) i small velue for &

dote estimtes, Under these circumstances over-
contidence can result and problems can arise if the
scheduled target date TS is too close to the calculated

expected date Tp even vhen the value of d_ is small,
.

The need to consider rescources other then time is discus-
sed in the next section; and the incdecuzcles of plain

network time znalysis are described in Section 2.4 C,

“lanning the &locetion of Mant, Labour and lMaterials

A} Introduction

Two factors which usuzlly impose an important restriction on

the construction programme of a civil engineering project are:



and

2/39

(a} The availability of plant (including equipment} and labour

on site,

(b) The suprly of materials required for the permanent work of

the structure (e.g. concretel,

The relative importance of these depends on the type of contract,
i.e. roadworks, pipeline, bridge construction, ete, and external
influences such as temporary shortages in cement, the distance

from a city and the availability of labour in the industry.

Heavy plant {e.g. drill rigs, bulldozers, excavators) are a
major investment for the comtractor whose purchase must be
carefully planned to ensure that encugh work will be available
to warrant the expenditure, It is not uncomwon for conbrac—
tors in large cities to hire plant during short-term peak periods
or when special items are required (e.g. a 60 tonne crane).
Country contracts‘ara usually planned in much greater detail to
avoid beinz delayed by a critical item of machinery which must

come from elsewhere,

Bridges, retaining walls and other concrete constructions are
highly dependant on the amount of equipment in staging and forme
work available., In the writer's experience the construction
time for a prestressed concrste bridge of 6 independant' cast
in-situ spans has been reduced by up to 30% using two (instead
of one) spans of shuitering and suppert. Very little increase
in the actual number of carpenters was necessary as these could
now start on a new span while steelfixing and ceble draping

was taking place on the previous one,

The shortage of skilled artisans is a particular problem of

the South African industry. The rate of absenteelsm and
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turnover of labour on a consbtruction project is high, Trained
or skilled supervisory staff is also in great demand and the
amount of work which can be tackled on a job often depends on

<

the capability of the foremen on site.

The capacity of the concrete mixer or the batching plant is a
common restriction on construction sites. As the size of
meonerete pours® on most Givil Engineering contryacts are large
but infrequent it is usually more economical té use ready mixed
gonerete, On country sites mixing facilities are often small
and structures (e.g. bridge decks) are therefore divided into

a nunber of sections of sazy 100 cubic metre batches which can

be handled in one day.

The basic resource-duration ecuation

For a single operation where only cne type of labour or plant
is required the relationship between resource and duration can

generally be expressed as:

? = %ﬁ? ooo;eoewan-uaa#wocln@ss@oo.ca@awo»ta@aas (2.13}

Where T is the expected duration of the operation (e.g. days),

G is the guantity of work involved (e.g. e formmork,

3

m” excavation),

¥ is the amount (or teams) of plant or labour applied

(e.gs 2 carpenters),

and W is the average rate of working of ome unit of the
resource team {e.g. mg per carpenter-dey); nee-
glecting possible effects of overcrowding, under-
staffing, ete, It is generally assumed that Wis
constant between certain limits x and ¥ as shown by

Figore 2,11 a.
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Thls equation is sometimes used by construction managers Lo
assess roughly the duration of a whole project (e.g. earth-
works ) or set of operations by assuming an expected working
rate () under the conditions prevailing and the type of plant

or labomr avallable,

For example, a common assumption made in tendering is that a
caypenter should be able to erect 1 sguare metre of formwork
per hour at ground level. Assuming that nc loss of efficiency
is caused by overcrowding the durabion for shubttering a 5,000 m?
reservoir wall should therefore take & carpenters approximately;

CcCo

= 625 hours

or aboul 73 eight-hour days.

Figure 2.11 b shows various factors which might influence the
duration of an operation. ‘hen plant is involved the output

4 will be decided by the type of machine, access, slope of the
ground, type of material, etc. For operations involving main-
1y labour one must consider the tvve of material (e.g. column
formwork, beam formwork), the height from the ground, com-

plexity of the operatién, ete, before estimating the walue of W,

2} Inadecuacy of the network time analysis

Figure 2.12 shows a typical labour demend* predicted by a nor-
mal critical path time analysis with all operations starting

at their eardiest duration, Should this be unacceptable to

*This is often referred to as resource aggregation in liilerature znd is

found by cumidatively summing the resource requirements {e.g. labour)

of a1l the operations at each point in time over the contract duration,
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tre contractor, certain of the operations will have to be delayed
to reduce this early peak.  Similar confiicis can also ocour

for plant and must similarly be corrected by shifting operations,
With regard to materials, it is often found on bridge projects
that the size of certain "concrete pours® {e.g. for the deck)

exceeds the capacity of the site mixer for a normel working

dey. A8 these pours are infreguent they can simply be comple-
ted during overtime hours. Lhen concrete is, however, placed

continuousiy cuch as for dame, vecervolrs and similar conbtracts
this would be 2n uneconomical proposition, The capzeity of
the bateching plant will then have a significant influence on
the work programae. Cfigure 2,13 shows a typleal cumddative
conerete regquirement curve which is found in the same way as
that for labour and vlani; the mazdmum slovne of the curve de-
termines the maximum quantity rate required {(e.g. 100 mS/ﬁay}

and must be checked azainst the capacity of the site mixer.

for small nrojects it Is usually possible te adjust the criti-
col path time analysis manually to take into sccount the effects
of any limitations on the amount of plant, labour or materials
available on site. Various models héve, however, been developed
which cllow the construction manager to perform these caleulgm
tions for almost any size of project using data processing fa-
cilities, The operation of these models and their limitations

are discussed in the remainder of this section,

2.4.1 Hesource schedulins models

A} 'The two basic tynes of models Tor resource scheduling

The models which have been zpplied with the most success

to the project rescource allocation problem are those which
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were originally developed as an extension to the network
time analysis*, This is probably becaunse the network
was the first adequate method for describing graphically -

the interrelationships between the various operations.

The structure of the early models was determined largely
by two schools of thought who formulated the problem in

different ways:

(1) Galbreath (Ref. 14), de Witte (Ref., 11) and other
authoré considered the problem to be one of levelling
the resource demand of the schedule determined by the
network time analysis*; without extending the pro-
jecﬁ duration, This was achieved by shifting the
network activities within their total float to re~
duce fluctuations in the plant, labour and materials
demand over the project duration., Cther terms used
to describe this technique are resource smoothing

and time-limited scheduling.

(2) Xelley (Ref. 22), ‘iest (Ref. 35) and others (e.g.
Ref. 5) assumed that the project manager would be
more interested in determining the effect of a par-
ticular resource application to a project (e.g. 2
carpenters, 6 bulldozers, etc.,) This is generally
referred to as resource allocation or resource-
limited scheduling in literature. 1In this latter
approach the total project duration would not neces-

sarily be constrained to a fixed value. The basic

*Described in Section 2.3.1 which deals with the C.P.L. method.
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inpubts and outputs of the two approaches are sume

marised in Figures 2.1, and 2.15,

B) Examples

To illustrate the techniques of rescurce aggregation,
levelling and allocation a number of simple examples are
shown in Figure 2,16, In the resource allocation model
the project duration is invarisbly extendedp when the re-
source availability is low.  An important point here
also is that the critical peth as defined in Section 2.3.1
{(i.e. the path along which no delays are permitted) now
loses its meaning as the operations no longer form an
ubroken chain because the start of z Yeritical? activiiy
might have to be delayed until the nscessary resources

beeome available, The term Yeritical secuence®™ which

refers to the secuence (or sequences} of operations with

zero fiocat is sometimes used,

Un its own the resource allocation model is generally fa-
voured by contractors.  This is orobably more easily
uderstood 1f one considers that the conbtractor's resource
constraints are not only a2 limited suoply of plant, labour
and materials but alsce that of hawving to meet & certain
nroject completion date,  elerring to Figure Z.14 it
“211 be seen that in the case of the levellling model

cne can only do this by menuelly adjusting the network
mtil the project durztion is acceptable, The same
effect (i.e. zcoentable project Guration) is achieved in

the alloecation model by simnly varving the rescurce levels,
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A more recent development is 2 combined allocation and
levelling medel (e.g. Bef. 17) which zllows the planner
to set limits to both the project duratlion and project
resource levels (see Seetion 2.L.3). In this case the
resource allocation process operates until the project
duration has been extended to its permitted 1imit. After
this the levelling model continues and attempts to flatten
the high resource demsnd peaks in the prwjéeﬁ without
necessarily lowering the veaks below the specified re-

source level.

For the remainde; of this section the writer will concen-
trate mainly on the resource allocation model zs this
appears Lo be more suited to the nproblems of the contrac-
tor. It will then be shown how the resource levelling
apnroach can be included as 2 useful extenslon to this

technime,

2.4.2 Solution technicuss of resource sllocation models

A) Inkroduction

As stated previously a manual solution ol the resource
scheduling problen is possible'when the project is esmzll
or when only one or tuo rescurces are avalilable, Fop
more complex projects it has, however, become generally
zccepted thet some form of electronic data-processing
feeility is recuired to perform the large numbér of cal-
culations involved., Some consideration ds given in this
section to the type of solution techniques which have becn

developed for this purpose.
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B} Linecr “ropremming and other mathematicsl solutions

- It hes been shown by various authors {e.g. iest and Levy;

Yef. 3k, Conpuet; Hef, 15) thait the inverrelationships
betwesn the project operatlons, their resource reouire-
ments, the resource availebiliiy ond the objective of
comnleting the nroject :s soon £5 ~ozsible con he ex-
sressed in line2y programdns form®, This cnn be solved
by computer to yield =n ontimel ansvuer to the rhove re-
source cllocotlon rroblem, ferious other ratrenciiesl
nrozrormdns bechnioves such o8 brinch snd hound methods
=nd cynemle programrdng have also veen used in attennts
to find cact solﬁtiona.

The development and prosress of thess techknioucs, up to

about the middlie of 1972, has been extensively investi-

zated by Ferroelen (Ref. 1%,  The author was, however,
forced to concliude thei becsuss of certrin compubstlional
nrobloms no mothermatically eiinct solution vechnimes

suited to present commercisol recudrements vere available,

Investigetions by the rresent writer Lend to confim thet

*inesr srogracing methods are used o solve sets of linear ecuations
vith constrainis in the form of emualities and ineruzlities (e.z. a
Jjobmay not stert belore its logiczl rredecesssr ie completed) cnd an
objective function wlhichk rust be optimiced (e.g. rinimize projuct

duration).
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this is still the case., Personal discussions with

Dr. Barnes* have shown that he is presently using linear
programming technicues to solve certain practical pro-
blems, but beczuse of the expertise reguired to set up
the Input datz and the computational costs the programme

is limited in its application,

Zxcessive computation time (and hence cost) appears to

be mainly due to the large number of variables reauired
to express the problem and the large nmumber of possible
combinations of activity positions, which the programue

must investigate,

Lost research is nresently concentrated in using opera-

tions research technicues to estimate a speedy solution,

C) Heuristic nrograrmes

As far as the writer is aware all present commercially
aveilable computer programnes which can be used to plan
the zllocation of plant, labour and material resources

to consiruction projects are of this type.

According to the .lorld Beok dictionary the term heuristic
has been derived from '"heuriskein", the Greek word
meaning "o discover"”, It is used extensively in 1i-
terature to describe solﬁtion vecnninues wnich can lead
to aprroximate or suboptimal ansuers. These range

from comnletely mathematiczl calculations to methods
which are simply based on a number of skillful guesses.

#Feldman (Ref. 13) for exemple, uses the term 'heuristic!

*(f iartin B3zrnes and Fartners, London.
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to describe a solution found by the simplex algorithm,
which because of certain assumptions made for the input
data, will not always provide an exact answer, Wiest
(Ref. 35) on the other hand points out that the rule:
"When the sky is clouded, take an umbrella" is a per-
feetly good example of a heuristic solution. In
other words this is a rule of thumb method which dis-
places the impossible direet method of conﬂacting the

creator of the weather.

In its present sense a heuristic programme incorporates
a set of décision rules which operate in a manner very
similar to the procedure followed by a site foreman when
he decides ezch day to which operstions he should allo-
cate his limited supply of plant, labour and materials,
Although these rules are known to provide reasonable
answers no guarantee can be given that these rules will

provide the optimum answer.

From an examination of six* different heuristic resource
allocation programmes, of which details have been pu-
blished, the writer found the following points of simila-

rity between the solution techniques.

Three main types of decision rules could be identified

as follows:-

(i) The scheduling heuristic rules; These rules de-
termine that a computer programme uses either a
parallel or serial activity scheduling procedure.

The concepts of parallel and serial scheduling are

Py

m_1™ _ N
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described below and in Figures 2,17 and 2,18,

(i1} The priority heuristic rule: This rule decides
which operations should receive priority in being

allocated rescurces,

(iii} A subroutine of Yschedule - or-delay" heuristie
rules; These become operative only when an ope-
ration is eligible to start on a particular day
but insufficlent resources are available to

achieve this.

The basic procedures of serial and parallel programmes
are sumnarised in Figures 2.17 and 2,18 for a project
with only one resource, The writer found that once the
workings of these simplified diagrams were understood it
was relatively easy to predict the workings of commer
cial computer programmes, simply from the deseription of

the input and oubtput data in the users'® manual,

Both the serial and parallel aprroaches were proposed
by Kelley (Ref. 22, 1961) in what appears to be the

first paper on network-besed resouwrce allocation,

The serial and parallel methods

The serial method (Figure 2,17) focuses on the activity,
These are arranged in a certain order of priority and
schedules one by one at their EST {early start time)

if sufficient resources are available over their complete

duration. Otherwise these activities are delayed to a

later date.



é\lPUT AS IN
FIGURE 2.[S

PERFORINM TIME ANALYSI(S

}

RANK ACTIVITIES ACCOR ~ RE—~ORDER RANK

DiNGg TO A PREDETERMI- R?_UJE__ OF REMAINING

NED PRIORITY CRITERIR ACTIVITES
I

(E.¢. LST RANDOM  LFT |

ETC.) I - —L _

(SEE SECTION 2.43.2 F') l:ELETE mr'v'-ryj
| | PROM LIST }
| A
" RouTE 2|

CONSIDER FIRST ACTIVITY REPLACE

RouTE 4.|

NORMAL ROUTE 4.
— N\ T_ -

NEXT ACTIVITY

THIS BE

SCHEDULED AT
XTTS EST.

?

YES

SCHEDULE ACTIWTY TO
START AT ITS EST.

SUBPROGRAMME OF J
SCHEDULE — OR —~ DELAY ADTUST PROTECT
’ RESOURCES
HEURISTICS TFOR FINDING REMAINING
THE BEST ALTERNATIVE ADTUST START ]
PosiTION TIVES OF ALL
DELAYED
OPERATIONS NO|

*

YeS
e THIS 1S AN ALTERNA—

TWE ROUTE LusED RA&Y

CERTAIN MODPELS.

FIGURE 2.17: The Basic "Serial®” Resource Allocation Procedure




INPUT AS [N

Fig. 2.18

PERFORM TIME ANALYSIS

!

consiwer 15T DAy

!

LisT ALL OPERATIONS WhICH

ARE ELIGABLE TO RECEIVE
RECOURLES ON THIS DAY

#

SORT OFPERATIONS ALCORDING
st e TO A- PRECETERMINED PRIOR)-

TY (EG. LST EST, BTC J(SEE SEC-
{ TiIoN 2.4,2 F)

; |

ConsIDER 1°T OPERATION

NEXT YES
OFPERAT ION

OPERATION BFE

SCHEDULED O©ON

A

DAY

CORRECT RESOURCES A- SUBPROSRAMME OoF

SCHEDULE —OR — DELAY

VAILIBLE FOR THIS DAY

HEURISTICS FoOR FINDING
AN ALTEERNATIVE POSITION

4

ADTUST START TIMES oF ALL
DELAYED ODPERATIONS




INPUT AS N

Fi16. 2.18

PERFORM TIME ANALYSIS

'

consiper |ST pay

'

LisT ALL OPERATIONS wHICH
’ ARE ELIGRELE TO RECEIVE
RECOURLCES ON THIS DAY

#

SORT QOPERATIONS ACCOROING

r———'— TO A - PREDETERMINED PRIORI-

TY (E.G. LST esT, ETC J(SEE SeC-
TION 2.4.2 F)

Y

OPERATION

consiper 157

NEXT YES
OPERATION

\

OFPERATION BF
SCHEDULED ON
THIS DAY

CORRECT RESCOURCLES A-
VAILIBLE FOR THIS DAY

SUBPROGR AMME oF
SCHEDULE —OR — DELAY

HEURISTICS FOR FINDING
AN ALTERENATIVE POSITION

4

ADTUST START TIMES OF ALL
DELAYED DPERATIONS

FIGURE 2.18: The Basic "Farallel" Resource Allocation Procedure




E)

2/55

In the parallel approach {Figure 2.18) the allocation is
performed day by day over the project duration., For
each day those operations which are eligible to start,

or which are already In progress, are listed in a given
order of priority. The programme then attempts to
schedule as many of these operations with their rescurce
requirements for the day under consideration and delays
the rest of the activities for consideratian for the next

day.

The serial-narallel model

It is generally regarded that the parallel procedure will
result in a more precise allocation of resources, For
example, at the time of planning the model examines the
operationson a daily basis and it can, if necessary more
easily allocate resources to the operations such that
these resources vary over the activity duration {e.g. 2
carpenters on first day building up to 4 as they are
freed from other operations which have been completed),
This type of solution is also possible with the serial

method, but it is more difficult to program for this
facility.

Pascoe (Ref. 30) statistically compared the schedules and
durations of 32 different projects by each method and
fournd the parallel methed to be betier ninety nine out
of & hundred times, It must, however, be noted here
that the avthor used the originsl Kelley serial model

shown in Figure 2,17 . It is the opinion of the writer
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that had the modification of re-ordering the data after
each allocation been used in the serial model, the dif-
ference might not have been so great. It is interes-
ting to note that this modification (shown dotted in
Figure 2.17) in fact almost makes the serial method e-
quivalent to the parallel method and is sometimes re-

ferred to as the serial-parallel model,

F) Pricrity heuristic rules

The priority heuristic rules decide to which of the ope~

rations resources should be allocated first.

As the objective* of the allocation model has generally
been to complete the project as soon** as possible with
the resources available, it was often argued that criti-
cal operations should receive priority. Verhines (Ref.
33) and Kochanski (Ref. 23) both proved ma;hematically
for a smell project that this does not always lead to
the shortest project duration and suggest that priority
be determined by the minimum LFT (late finish time),
After extensive experimentation, in which 32 different

pro jects were each evaluated by 10 different sorting

*The thinking behind this objective and other possible épproaches are

discussed in a later part of this section.

**Gesource allocation generally starts with a time analysis; one

exception is the model by Bennet (Ref. 4, Chapter 5).



2/57

criteria*, Pascoe concluded that on average both LFT
(late finish time) and EST (late start time) would give
the best result; i.e. the shortest project duration.
From the results of these tests it was, however, clear
that one could not state categorically which priority

would give the best solution for every type of project.

An interesting finding by Campbell (Ref. 7) who compared
the schedules of 5 commercial resource allécation model s
for the same project, was that the resulting project
durations differed by about 15 - 20¥., This could pro-
bably be attributed partly to different priorities used
and the basic differences in the structures of their

solution routines,

Table 2.3 shows some of the priority rules which have
been suggested by various authors. A further conclu-
sion drawn by Pascoe (Ref. 30) was that if activities
have been sorted according to EST values, then there is
no advantage in further ordering those activities with

identical EST wvalues,

G) Schedule-or-delay subroutines

The subprogramme of schedule—or-delay heuristics differs

from programme to programme and only comes into working
when an activity cannot be scheduled at its early start

time (or revised start time if it has been delayed)

*This included minimum EST, 1ST, EFT, LfT, TF, FF, Rancem sorting and three

based on the amount of resource remaining in an operation,
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(Ref. Figures 2,17 and 2,18). The programme then ate
terpts to find an alternative start time for the activity
rather than extend the project duration, which is the

last resort,

Typical alternatives are:-

(i) Delaying an operation within its free or total
float,

(ii) splitting an operation and scheduling a portion at
a later date (it is usually specified in the input

dats whether this is allowed),

(iii) some programmes accept varicus resource levels for
each operation (as shown in Table 2,.3). This
takes into account cases where an activity can
also be equally started with a lower resource
allocation: the duration being adjusted propore

tionately,

(iv} in Teble 2,73 it is alsc seen that some models
allow one to specify a project "overtime" resource
level which can be used before the project dura-

tion time is extended,

In Figure 2,19 an example}of a parallel resource alloca-
tion model for projecis with more than one resource type
is showm. This has been adapted from the model described
by Dike (Ref. 12) to illustrate the operation of a mumber

of schedule~or-delay heuristic rules,

An interesting approeach is used in this regard by the ICL
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1900 PERT system* (Ref., 17), 2z commercially available
planning and control programme containing a resource
allocation model. From the description provided in the
user's manual it is clear that this has a parallel rou-
tine of the type shown in Figure 2.18. Yo indication
is given of the initial sorting routine but the schedule-
or—delay heuristics are described in detail. These have
been arranged in the form of a decision matfix, which
rates each operation according to whether resources are
available, its criticality** (i.e. how much total float
remaining), whether it may be split and what its criti-
cality would be if it were delayed. From this rating
the model decides whether to schedule, delay or split an
operation. Although the approach is basically similar
to the questioning routine shown in Figure 2.19 it is
expected that it will lead to a somewhat quicker answer
due to the apparent simplification of the éalculation
procedure., Tests would, however, have to be performed

to substantiate this conclusion,

H) Objective functions of resource allocation models

The structures of the resource-limited scheduling models
described up to now in this section are all centred

around the objective of minimising project duration;

(i.e. each decision rule is designed to schedule an

*The nain features of this system are summarised in Appendix A,

*%35 determined by the time analysis (Section 2.3.1) and any delays im~

posed during resource allocation,
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operation within a given resource availability with

if possible, no extension of the project duration).

There appear to be various reasons for this. By mini-
mising the project duration one is probably also maxi-
mising the resource utilisation (i.e., minimusing "idle®
time or dips in the resource demand curve). This would
then in turn minimise the direct cost of the scheduled
project which could be evaluated from the'tatal area
under the regquired and idle resource curves, The
third argument here might be that since 3 large portion
of project indirect costs are related to the project
duration (Figuré 2.,21) these will also be minimised,
Another advantage is the relative ease with which the
minimisation of contract duration can be bullt into a
model since it does not require an additional calcula-
tion routine as would for example, the objective of

minimising fiuctuations in resource utilisation,

Under certain conditions the above time based objective

might not lead to the cheapest schedule®, For example,
when a project overtime resource level is specified the

model might use this to avoid extending the project du-~

ration. A project scheduled for a longef period at

the lower normal resource levels might provide a cheaper

alternative.

Various extensions related to cost have been proposed.

Tn the ICL 1900 FPERT system (Ref, 17) for example, the

*Neglecting the fact that there will almost always be some form of error

in a schedule because of the approximate nature of the solution pro-

%t v
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omus 1s placed on the planner who may specify whether
overtime resources should be used first or the project
duration extended, In Section 2.5.2 the technique by
Wiest (Ref. 35) is described which does not use overtime
resources in the scheduling prozsedure bubt attempts to
find a cheaper solution by succescively lowering the re-

source availability line on the final schedule.

With reference Lo Figure 2,25, it can be ssen that if
the normel resource level {plant or labour) is reduced
from B, to R, {(vhile the orojsct complebion time re
mains ccnstaﬁt} then the nezks zbove level Rg can be
considered as overtime peaks, znd the unused trouzhs

below level R, are considered a3 paid idle time, The

2
total productive and idle cost is now enmuivalent to the
total area below R, {using normal rates) plus the peak
areas ahove Rz {usinz overtime rates]). This total cost
might be less than the total cost usingz the resource

Jevel Hla The labtter cosb is e-aivalent to the total
arez below level R, {using normel rates),

Tn Section 2.5.2 the resource allocation models by
iest (Ref. 35) and Barnes (Ref. 2) which attempt to
similate the relationship between total cost and pro-

ject duration are also discussed.

Combinad allocation and levelling rodels

41thouzh the resource allocation model is generally regarded

= =1

25 heinz more suited to the reguirements of the contractor
ging ¥

one disadvantage is the lack of eombrol which one has over

the project duration chosen by the medel. The plannsr is
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sometlimes required to try a nuwber of project resource

levels before the project duration is considered acceptable,

A possible solution here would be to use a model which can
perform both a time-limited and resource-limited analysis,
For a purely mathematical solution procedure (e,g. linear
programme) the required project duration would simply be
ancther comstraint In the form of an inequality., Ina
heuristic programme this requires a complete redesign of

the solution procedure,

Figure 2,20 illwstrates a similar feature of the ICL 1900
YERT model (Ref. 17). Here the planner can first specify
whether he prefers the model to sxceed the available re-
source level (4) or the stipulated project duration (2). When
during the course of the normal rescurce-limited scheduling
(allocation) procedure the project duration as determined

by the time analysis (1) has bsen sxtended to the 2llowable
duration {2) the planner can programme the medel to now
either exceed this time duration (2) to point (3) or to
atart to use overtime resources to level (5) to avoid
having to extend the project duration any further than point
(2}, In other words the planneé at this stage indicates
his priorities by specifying instructions in the following
priority form A-B-C or A-C-B .(see Figure 2,20), lhen
necessary, areas cuch as D,E and F will be subsequently
used in the order specified. If portions of the alloca~
tion diagram are permitied to move into zone E, there is no

respurce 1imit o these pesks in zone E.
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It is clear that the procedure above is not a true "levelm
Ting" technique in the sense that mcsg levelling techniques
reduce fluctuatiené in the resource demand and they do not
necessarily 1imit the height of the maximum peak., The
method in Figure 2.20 is simply anocther “schedule-or-delay®
decision rule of & resource zlleocation model and the cora=
responding heuristic rules can be specified by the planner
(see also Figures 2,18 and 2.19). It is therefore expected
that once the reguired project duration has been reached the
resource demand schedule will stard to increase from left

to right as shown in Figure 2.20,  From this the planner
can then simply deduce new resource levels for those resours
ces where this excessive late demand occurs, and he can re-
analyse the project to try to obtain a smoother demand
pattern; ) For example if the reqai‘red duration must remain
constant one divides the project duration into the approxi-
rmate ares of the excessive peaks and increases the reéource
level by this value. Using a nermal resource allocation

model one would have to try successive resource levels until

the project duration is accentable,
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It is the opinion of the writer that this will help to

considerably reduce computation itime.

Models for Planning Reductlions in Construction Costs

The total cost to the contractor of a construction project can be

divided into:

{a) Direct costs,

(b} Indirect costs or overheads.

Literature iz often vague on how to distinguish between the twog
for example, the ICWA* (Ref, 19} define indirect costs to be
expenditures not easily related to a cost centre (such as an
activity, a person, a machine or item against which costs can be

collected),

For the purpose of this thesis the writer prefers the definition

by Barnes (Ref., 1), that indirect costs include all costs not
directly proportional to the amount of permanent and semi-per-
manent work produced during construction (e.g. the costs of sala-
ries of site staff, transportation of plant, contract insurance,
site and head office buildings, plant maintenance, etc.). Direct
costs then comprise only of labour wages,- plant charges and ma.
terial costs which can be directly related to the quantity of work

performed on site.

A more detailed classified description of construction costs is
given in Section 3.3 (4) (Table 3.2 A). The important peint is
that site overheads are generally either proportional to time (e.g.

foreman's salary) or occur as lump sums during construction (e.g.

site esbablishment costs).

*Institute of Cost and Works Accountamts, London.
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The typical relationship commonly assumed to exist between the
various types of construction costs and the project duration is

shown in Figure 2,21.
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Figure 2,21: Construction costs and project duration (Creasy, '

Ref, 9).

The materials cost element 1s expected to be reasonably constant

at different durations although a contractor might for example,
use a higher strength (and thus more expensive) concrete to re-
duce curing time, Flant cost will be progressively higher as

the site becomes more mechanised to reduce construction time

and additional transportation overheads w111 occur, Also shown
are the penalty costs which the contractor will theoretically
incur should the project duration stretch beyond that specified
in the tender documents (plus any extensions); clients invariably

mzke changes during construction for which the contractor can claim
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additionsl time. The project duration corresponding to the mim
nimum totzl cost is then the construction time for which the con-
tractor should almy assuming that he has the resources available

to do 80,

Tt is important alsc to note that the costs in Flgure 2.21 are
based on cwrrent costs at the Lire when the evaluation is mads,
In Chapter § the effect of time on the costs of the contractor
will be examined, namely the effects of the earning power of

money {Section 4.h) and the effects of inflaticn {Section 4.5).

In the remainder of this section 4w weodels are desceribed which
attempt to simulate the cost charecteristics shown dn Plgure 2,20
the objective in both cases being to find the minimum time-related

cost of a construction centrach.

2,51 The time~-cost opticisation model

This technioue which is also known by other names such as
ginimm cost expediting™ and "timewcost trade-off proce.
dures” wes originally developed by Kelley (Ref. 21) im 1958
2% an exbension to the Criticsl Tatb Letbod® The auther
assumed that for most of the nroject operations there exists
o relationship belween time and direct cost as shown in
Figure 2.22, It was then argued that by sterting with a
time analysis of all operations at thelr meximun duration

{minimm cost) one can find the project direct cost versus

*The nther part of this model which wos developed by the seme author

is tre network time anclysis described in Section 2.2.1.
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project duration curve (Figure 2,19) by systematically
shortening those operations for which the reduction per
unit time is the cheapest. The complete procedure is

shown in flowchart form in Figure 2.23.

MINIOM
s M DURATION @RASH) '
ADEASED RELATIONIWIP

Actiy
Y KELLEY S ASSUMED LIMEAR
DRECT ReLATIONSHIM
CosT

MINIMom
427 Cost (NORMAL)

P
Actw Ty TURATION

Figure 2,22: Kelley's assumed relationship between activity

time and cost

In the original model by Kelley (Ref., 21) the activity cost
curve was approximeted by a straight line (x -y, Figure
2.22}. The overall problem of time analysis and cost op-
timisation was then expressed in lineer programmipg form
and solved by computer, Various extensions have since
been prorosed for taking into consideration other shapes of
curves, Feldman (Gef. 13), for example, has developed a
computer programme which can handle any shape of activity

time-cost curve consisting of ur to four continuous straight-
line segments,

The approach appears to have found very little successful
application in the construction industry. Ina survey
by Campbell {Ref. 7) of eleven comercially-available com-
puter progremmes using the critical path tecknique only
one was able to perform this calculation.  The writer has
also noticed that the method is appeering less frequently

in later publications on this subject.
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The main shortcomings of this method are briefly;

(1) Since the model will independently choose points on

(2)

(3)

each activity time-cost diagram corresponding to either
plant, labour, subcontractors or corbinations of these,
the resulting utilisation might be too erratic for
effective site control (e.g. the model might suggest
that trench A might be excavated by mackine, B by

hand, C by subcontractor, etec.).

The assumption that the total direct cost equals the
sum of the activity direct costs is not generally
correct.  Kochanski (Ref. 23) has proved this in-
equality mathemztically for a small project; di.e,
that the idle cost of plant or labour (i.e, valleys
in the resource demand curve) should alsc be taken
into consideration (see Figure 2.24). This should
not impoze too serious an error as this is the as-

sumption gererally made for compiling a tender,

A
3
83 .
3 3 h Meo&;,a PAEOICTED
85 Y Mope
:‘J a PROBABLE. Acruat- ol SiTa
2 [ ]
+ < IOLE vime
Ul
u
§ 4a
(.

e

Figure 2.24: Idle time in 2 resource schedule.

Contractors generally find it difficult to estimate
the two extreres of Pcrash" and "normz2l® and are there-

fore often reluctant to perform these calcvlations,
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A possible solution to point (1) would be to use only one
type of resource team for each type of operation (e.g.

labour gangs for hand excavation). The "normal" and "crash®
points would then correspond to different sizes of this team
and any peaks in the resource demand schedule could be re~
duced either by manual calculations or by using a resource
allocation model. It 1s expected, however, that this
levelling will in many cases increase the project duration
and cancel out any reductions made by using the time-cost

model,

It is the opinion of the writer that this technique will not
yield significant benefits for a construction contract,

Here savings are more readily made when the contract is con-
sidered as a whole rather than by finding only local eco-

nomies for the individual operations,

The whole contract is considered in the next model.

Resource cost models

Wiest (Ref. 35, 1966) who appears to be one of the first
authors to make this proposal, suggested that the total di-
rect cost of a project should not Be evaluated as the sum
of the individual activity costs but rather as the total

cost of all resources employed used or left idle over the

project duration.

According to iiest these should include:-

(1) normal costs (e.g. normal iages),
(2) overtime costs,

(3) idle time costs (e.g. plant standing),
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and (1) set-ﬁ§ costs (e.g. transporting plant to site).

Figure 2.25 illustrates Wiest'!s {Ref. 35) approach to

evaluating this cost for plant and labour., From the re-

source demand curve predicted by the resource allocation

prograzrmxe-(see Section 2.4.1) the total cost of each type i

of plant or labour was caleculated as being either:

"g\ ASSuMeED RESOVURLE

us AVAILAmILITY O SITE (R‘)

U 1 " M RRSGURLE -PEMARD

o IDLE TIME PLeEOKTE D =Y THE MODE L.

> g //{ /,1/ T [

§ s — L —r——13

A | | lf [ A |

® 5 'y ' l l -t

L '2( | | | REVISED R,

3 g ] LeJeEL (Ry) R

53 Re E e

o A

(10
\ Y 3
+ TiMe.

Figure 2,25: Istimated vproject nlant or labour demand.

(i) P\l.T.CC ....I......;..............l......l.... (2.11&)

or (ii) a new level R, is found and any peaks above this

evaluated as overtime,

. T .
LeCs RZ.T-C +§ (Rt - H-z) ColisEKe  saecomsvses (2.15)

where K = O when Rt - R2¢; 0

K=1vhen R ~R2:>C)

t
H.l is the arount of plant or labour allocated

to the project,
T is the project duration,

W is the ritio of overtime to normel unit cost
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G is the normal unit cost,

RQ is the improved rescurce level which minimises
equation 2.15 (Rz~< Rl},

Rt is the original resource demand curve predicted

by the resource allocation medel.

Equation 2.14 and 2.15 both assume that "idle" time is paid
for while 2.1%5 also attempts to f{ind out whether a small
reduction in R, {to Rg} will not be cheaper when any peaks
above EQ

hovever, thal when contractors chorge plant costs according

are evaluated al overtime cost., It is dmportant,

to operating hours, only the area under the resource demand
curve must be considered:; i.e.

IT!
Plant direct cost = h, = Rt cesesssssvsca (2016)
=]

Where h is the plant hourly cost,

Rt the daily plant recuirements in hours,

and T is the profect duration.

It might be interesting to nolte that the ICL 190C FERT proe-
gromme (Ref. 17) does not take into account idle time but

does include overtime costs; 1.e.,.

Resource cost = C.Rl.? - C_;gg (Rl - Rt)
t=

£ (1) CK, = (R, -Ry) .. (2.17)
=1

vhere K = 0 vhen Rt - R2=5(}

1 hen Rt_RZ‘-?O

i

K

and all other varisbles are a2s for eguation 2.15.
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Wiest's model (Ref. 35) also finds the plant and lshour
direct cost curve (of Figure 2,21) by the procedure shown
in FPigure 2.26. Starting with an unlimited availability
of plant and labour resources for the project these levels
are progressively reduced to find for each resource level
a new resource total dirsecit cost and project duration.

The cost of each set of schedules is evaluated by using
eguations 2,14 or 2,15 to find a new point on the direct
cost versus project duration curve, {Curve % = ¥ in Fi-

gure 2,21, )

The author also s'nggested that start-up costs (e.g. trans-
portation of plant) be added but the author does not show
how this is dons. It is expected that this will have to
be done manually by examining the predicted resource de~
mand curve to detemdne when plant is 1o be moved on and
off the site and the amount to be moved. (ther indirect
costs might be added by using cost-only activities as de-
seribed in 3ection 3.73.3, or determined separately for each

schedule and plotied 2s 2 ourve {see Figure 2,21,

Although the rescurce-cost approach is more realistic than
the time-cost model, in the form ab;:Jve it will only be able
to simnlate a2 limited portion of the totzl direct cost
curve {e.g. curve a -= b; Figure 2.27). This is because
only one method of working is azssumed for each operation
and no consideration is given to jncreased mechanisation,
other construction methods, ete. (e.g. curve ¢ - d; Figure
2.27)e These will have to be investigaled serarately to

£ind the com=lete curve,
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It is interesting to note the model by Barnes and Ellespie
(Ref, 2) also finds a total cost versus project duration
curve apparently without using either of the simlation
techniques described in this section (e.g, in Figures 2,25
and 2,26)., lo description is provided by the authors but
the writer suspects that the model in fact performs the same
resource allocation procedure using different sorting priori-
ties, Since this is known to often produce ngﬁely differing
schedules {see Section 2.4.2 F) and different project dura-
tions it is expected that a fair portion of a project total
cost versus time curve may be obialined in this manner.

This is then also a convenient method for improving the sche-
dule found from the resource allocation model providing the

resource level remains the same for 2131 schedules,

By evaluating the cost of a particular schedule over the pro-
ject duration a labour and plant expenditure (incurred cost)
curve can be obtain (see Figure 2.27) vhich cen be used for

control purposes as described in Section 3.3.3.
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CHAPTER 3

ASPECTS (OF CONSTRUCTION PROJECT CONTROL

3ol The Management Control funection

Anthony (Ref. 1) defines management control to be "the process by
which managers ensure thai resources are obtained and used effi-

ciently in the accomplishment of an organisation's objectives?,

Onee construction has started, the emphasis changes from plamnin
to control and any changes to the original or recently revised
construction programme are made in the light of what has happened

to date,

In most construction firms menagement can be separated into two
levels - by virtue of their geographical differences and the type

of rescurces on which they focus their attention:

(a) Site Management - Which is concerned with the efficient uti-

lisation of site resources (plant, labour, time and material)
and hence the performance {e.g. profitability, progress, etc.)

of the site as a whole,

(b) Top Menagement - Which must ensure that their allocations of

company, [inancial, mechanical and managerial resources on
several sites and contracts are yielding the required returns

{profit).

Although it is beyond the scope of this thesis to deal with point
(b} in any great detail, a mmber of financial factors which could
influence the choice of a particular course of action are dis-

cussed in Chapter k.

3,1.1 The Human Aspect of Control

As the manpager does not perform the work himself, control
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becomes largely the control of people - who are doing the
work and incurring the cost., For this reason the princi-
ples of management were derived from studies in Inman be-

haviour rather than science or economics.

Site management* in South Africa in particular must be
versatile to deal with the various ethnic groups found on
construction sites. The success of a project often de-
pends on the ability of site staff in mmtivating workers 1o

proeduce the necessary service within suitable time limits,

Study programmes into these problems have been initiated by the
CSIR and other bcdieé_but, as far as the writer is aware,
very little has been published on the motivation and pro-
duction of Coloured and Bantu labour on Civil Engineering

contracts,

3.1.2 The Need for Information

The information which signals the need for managerial in-
tervention reaches the construction manager in a nuwber of
ways. He might make the observation persomally; for
example, he might notice trucks using an access road vhen
they could be helping to compact earthworks. At the other
extreme he might receive information via a formal control
system operated within a company {(e.g. cost information to
the effect that earthwork costs are exceeding the allowable

estimates),

3.1.3 The Accounting Department

The main control system of most firms is centred here.

*This includes site engineers, site agents and foremen.
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The accounting function can be divided into two parts:

{a) Financial Accounting - This is regquired by law and is

responsible for providing shareholders, the Recelver
of Revenue, bankers and other outside parties with fi=
nancial informetion about a firm. This information
is summarised on the balance sheet and income state~

ment,

{b} Menapement Accounting - Which provides information

useful to management for planning and control (e.g.
cost data, estimated profits). As this is not a
compulsory record system it is quite possible for a
firm to survive with only a rudimentary management

accounting system.

Although management accounting information is generally re-
ported in monetary terms, it is often first collected in
terms of manpower hours, operating hours and quanéities.
This is then converted into costs {(e.g. averape cost per

cubic metre of excavation).

The remainder of this chapter will be concerned with various
techniques for collecting and manipulating control infor-
mation during construction, to aid management decision-

making and construction planning,.

3.2 Control Techniques for Site Management

In this section a mumber of parameters are investigated through
which management can exercise control over the various operations

of a construction contract. The techniques described might be
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used both manually or as part of a more formal control system de-

seribed in Section 5.2,

3.2.1 Control of Time Progress

A) Bar charts

This is one of the most commonly used methods for con-
trolling progress on a construction site. For each
operation on the work programme bar chart, an estimate
is made of the completed proportion of the operation
and this is coloured in to show actual progress, A
vertical line aé the review date indicates the expected

Progress.,

Figure 3.1 shows a conventional bar chart which has

been updated in this fashion. One disadvantage here is
that unless the critical path has been identified it is
difficult to tell whether progress is actually shead or
behind schedule. A better method would be to draw

the network to a time scale and then update it as shoun
in Figure 3.2. Frequent updating in this fashion (e.g.
weekly) will ensure a permanent record of the project
progress and might be used to substantiate claims for
extensions of time when critical operations are held

up by design changes. Since the above technique can
only be used with the Arrow network an alternative
diagram known as the cascade chart has been developed
for use with the overlapping activities shown in Pre-
cedence networks (see Figure 5.3). To show the cri-

tical path one could simply emphasise the critical
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operations on the conventional bar chart {see Figure

543

Care in interpreting bar charts

In a resource allocated schedule the critical operations
will not necessarily form an unbroken sequence of ope-
rations. Care must therefore be taken that gaps in the

eritical path are not mistaken for float,

When reviewing progress the critical operations should
be examined first, Since these can directly affect the
completion date of a contract every effort must be made
to catch up on lost time (e.g. by working overtime, by
moving additional plant or labcur from non-critiecal

activities, etc.).

One must also consider operations whose total float has
been exceeded, As these are now in effect critical they
also warrant the same treatment (i.e. additional re-
sources), Other non-critical operations are simply
examined to ensure that no serious delays are occurring
which might affect the project at a later stage, and if
progress is ahead then plant or labour rescurces might

be diverted to more critiecal operations.

When using this approach the contractor can tell which
part of the contract is behind schedule. This was not
always possible with the conventional bar chart (Figure
3.1) and unnecessary overtime (e.gz. Saturdays) was

frequently worked on activitiss even where this was un-

necessary.
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C) A record progress for top management

A technique which is sometimes used to review and re-
cord progress for top management {Ref. 8) is shown in

Figure 3.3, The duration of every operation is ex-
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- figure 3.3: Froject 'mercentage progress" chart

pressed as a percentage of the sum of the durations of
all the operations {(including those which do not lie on
the critical path). Assuming this percentage to be uni-
formly soread over the operation a project "percentage
progress chart can be drawm, by swmming the above per-
centages or proportional part of these percentages for
all the operations completed or partially completed at
various points over the construction period. In Figure
3.3 two curves A3 are shown corresponding to all opera-

1-:ions either at their early or late start times.
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During consiruction, progress is evaluated by multi-
plying the actual propertion of each operation completed
by the percentage the operation represents of the pro-
ject as a whole. The sum of these is then the project
percentage completed (point € in Figure 3.3) which is

compared with the expected progress.

It is generally assumed that as Jong as point © {Pigure
3.73) falls within the vertical intercept between the two
curves, the average progress is satisfactory. This is,
however, not always so, particularly if there is a se-
rious delay of a critical path operation even though

other work is ahead of schedule,

The writer considers it better in this case to plot a
separate diagram for the critical operations (see curve
AD in Figure 3.3). This should be drawn as the per-
centage of the total of all the critical activities?
durations {i.e. point D in Figure 3.3 corresponds to

100% for the critical operations).

From the progress evaluated for the critical operations
(point E, Figure 3.3) it will be easy to determine both
the percentage and actual time by which the project is
ahead or behind schedule (from the horizontal and
vertical intercepts between curves AR and AD}); irre-

spective of how many critical paths are present,

3,2.2 Control of Construction Costs

Through cost control the construction manager attempts to

keep in touch with the actual expenditure of a contract,
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the objective being to identify areas where costs might be
reduced in order to improve the eventual profits. Top
management is similarly interested in the profitability of

the various contracts on which the firm is engaged,

Ideally, the functions of a complete cost control system

which satisfies hoth these levels of management would be:

{1} To draw attention during construction to any opera-
tion or section of work which could be performed more
economiecally: i.e. 2 detailed cost analysis for part

or all of a contract (e.g. weekly),

{2) A regular evaluation of the interim total allowable

cost of a project and a comparison with the actual,

{3) Regular forecasts (e,g. monthly) of a contract's

expacted final cost and a comparison with the final

allowable cost,

(L) An evaluation of the contract interim profit (expec~
ted revenue less incurred cost to date) and a forecast

of the expected profit (or loss) at completion,

(5) In addition, to supply the estimator with data con-
cerning the actual performance during construction;
either in the form of costs (e.g. cost per square metre

of formwork) or output (e.g. sguare metres of form-

work per carpenter-hour}.

It is unfortunately not always economically feasible to
derive such detailed information in practice, 4 particular

handicap in South Africa for example, appears 1o be the
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shortage of trained clerical staff for collecting the

necessary data on the site,

In Section 3.3 the workings and merits of three cost cone
trol systems applicable to construction sites are discussed;

3

lega,

{a) The UInit Cost Control System,
(b) The Standard Costing System,

(c) The Combined Time and Cost Control System.

With regard to point (5} Civil Fnginsering contractors, as
opposed to Bullding Contractors, generally regard historical
costs o0 be relatively valueless for estimating purposes be-
cause of the tLremendous varlations which can occur from one
site to the next. One exception here might be when tende-
ring for a project which is adjacent to cne under construc-
tion. The supplying of the estimator with pr@d&cticn fiw
gures (e.g. cubic metres of excavation per loader-hours)

is usually preferred, but has the disadvantage that infor-
mation mst be collected with partieular care. For
example, whereas the unit cost of excavated fill for a D
bulldozer might be almost the same as that for the larger
but much more expensive U7, thelr actual outpud will be
vastly different. COther factors such as the type of
materdsl, the slope of the ground, access, ete,, will all
affect the figures and must be recorded. In Section 3,2,5
a practical example is described where the productive oube

put of labour was recorded during construction.  Besides
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shortage of trained clerical staff for collecting the

necessary data on the site,

In Section 3.3 ths workings and merits of three cost con-
trol systems applicable to construction sites are discussed;

i.e.,

(a) The Unit Cost Control System,
{b} The Standard Costing System,

(¢c) The Combined Time and Cost Control System.

With regard to point (5) Civil Enginsering contractors, as
opposed to Building Contractors, generally regard historical
costs to be relatively valueless for estimating purposes be-
cause of the tremendous variations which can occur from one
site to the next. One exception here might be when tende-
ring for a project which is adjacent to one under construc
tion. The supplying of the estimator with production fi-
gures (e.g. cubic metres of excavation per loader-hours)

is usually preferred, but has the disadvantage that infor-
maticn must be collected with particular care, For
example, whereas the unit cost of excavated fill for a D4
bulldozer might be almost the same as that for the larger
but much more expensive D7, their actual output will be
vastly different. Other factors such as the type of
material, the slope of the ground, access, etc., will all
affect the figures and must be recorded. In Section 3.2,5
a practical example is described where the productive out-

put of labour was recorded during construction. Besides
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the actual quantitative data concerning the rate of pro-
duction, various interesting conclusions could be drawn in
retrospect about the actual method of construction for

which the estimator had made no allowance in the tender.

Control of Site Earnings*

On certain contracts, e.g. those with relatively few inter-
dependancies between the operations but involving large
quantities of work such as a roadworks contract, it is
often difficult to evaluate progress from the time schedule
alone, In such cases the contractor might draw a curve
showing the expected earnings plotted cumulatively over the
project duration., This he obtains by sumning cumulatively
the money due from the client for the various operations of
the construction work programme, according to the Bill of

Quantity items contained in each operation.

In Figure 3.4 an example of a hypothetical earnings curve

AB for the "measured" worx of a project is shown., In this
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the actual quantitative data concerning the rate of pro-
duction, various interesting conclusions could be drawn in
retrospect about the actual method of construction for

which the estimator had made no allowance in the tender.

3.2.3 Control of Site Earnings*

Cn certain contracts, e.g. those with relatively few inter-
dependancies between the operations but involving large
quantities of work such as a roadworks contract, it is
often difficult to evaluate progress from the time schedule
alone., In such cases the contractor might draw a curve
showing the expected eérnings plotted cumulatively over the
project duration. This he obtains by summing cumilatively
the money due from the client for the various operations of
the construction work programme, according to the Bill of

Quantity items contained in each operatien,

In Figure 3.4 an example of a hypothetical earnings curve

AB for the ™measured” work of a project is shown. 1In this
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Figure 3.4: Contract expected earnings curve

*Defined as money due to the contractor (refer Section 3.3 B).
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case the actual* earnings are less than expected. To
achieve the completion date (point B) the actual curve
must at least attain the slope CB, which is greater than
anything achieved to date. From the performance to date,
it could be concluded that project will finish late (e.g.
point D if the steepest slope to date is drawn from point

C).

When the above occurs the contractor must coenclude that

either one or more of the following are true:

(i) This present method of working is inefficient or

ineffective,

(ii) his present plant and labour on site are insuffi-

cient to maintain the required rate of progress,

(iii) he is behind schedule because of bad weather and
other delays (plant breakdown, delivery delays,

ete.)

The shortcoming of this approach is therefore that it
does not localise the exact area where progress is behind,
One possibility for a large contract might be to divide
the earnings curve into smaller curves representing dif-
ferent sections of a contract which could be updated
separately to pinpoint the exact area where progress is

behind schedule,

in alternative procedure is to determine curves as above

*Actual earnings are defined as the total money due from the monthly
certificate (including retention) less payments for materials on site,

In this example only the measured word is considered.
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for the cumiative productive culput of those quantities
which are on the crilbicsl path or known to be critiezel to the
completion of a contract {e.g. cubic metre concrete, @xXm
cavation,kilogram of steel, square metre formwork, etc.).
From this one might then be able to pinpoint more exactly

the region where progress is behind schedule {i.e. by come
paring the asctusl and expected guantities completed at a

particular point in time).

It must, however, bes remesbered thait the progress of cepre
tain guantities is dependant on others., For example, if
the area {m?} of formwork already placed in position is be—
hind schedule, then there will alsc be a delay in the tomnes
%)

of steel fixed and the volume (m”) of concrete placed,

Control of YWastage on Site

Wastage manifests itself in a number of ways on a consiruce
tion site, Materdial wastage is the form most comnonly
thought of, but pessibly more important is that of plant

and labour. While it is easy, for example, o recognise

careless handling which reduces the expected life of forme
work, the underutilisation of labour and plant is nob so

gasily identified.

Although the cost control system is useful in ldentifying
cost overruns, the information is often not specific
enough to pinpoint the actuzl cause. It is then still
up to the manager to decide whether this is due to actual

inefficiency, bad weather, under-estimated cost or other

CAUSEE,
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A mmber of technigues are examined which could assist

the site manager in making such decisiouns,

A) Wastaze of material

Contractors generally consider that precise control
over material cost is not warranted because of the large
amount of paperwork involved, This may be a valid
conclusion on some contracts bub on other contracts
precise controls may save extra costs., The issue is
also complicated by geperal rises in the prices of mae
terials and the contractor might regard savings due fo
minindzing westage as being small compared with the
genersl rise in prices. The main areas of interest
are to control wastage, to ensure that gquotes on which
the tender prices were based are nob exceseded, and to
determine the effect of actual msterial cost on the pro-
ject total cost. {The latter aspect will be enlarged

on in Section 3.3.2)

Figare 3.6 shows a method which might be used to control
the wastage of certain bulk materdals dellvered to siie
in identifiable quantities and which-are easlly related
to the amount required in the structure {e.g. cement,

bricks, aggregate, ste.).

A&t the end of each control pericd {e.g. weekly) the
allowable amount in the structure and the quantity on
site are subtracted from the total delivered to deters

mine the wastage; (obviously corrections due io

3.6,

bulking of aggregates mist be made) see Figure
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When wastage exceeds a certain level it might be neces-

sary to investigate the reason for this wastage,

The writer is aware that contractors engaged on earth-
works contracts often operate a system of carting-
tickets on which the truck drivers state the source,

size and destination of each load,

Figure 3.7(a) shows a schematic representation of the
possible movements of cut and fill on site. On a con-
tract where virtually all the fill material is brought
by trucks, and onlyanegligiblevolume is bulldozed di-
rectly from cut to fill regions the contractor might de-
termine the fill wastage as shown in Figure 3.7(b).
Curve L is found from the total number of loads carted
for fill, while curve B (Figure 3.7(b)) is the fill
determined from cross-sections and for which the con-
tractor is paid. (Material wastage is then calculated

as;

% Wastage W = (JL’-{ - F) %............... (3.1)

Where L is the volume of fi11 carted by truck

(quantity is measured on the truck),

F is the measured fill in the monthly certi-

ficate for which payment is received,

and X is the soil bulk factor which is the average
ratio of the volume of uncompacted (i.e. as
measured on the truck) to compacted soil,

for the material under consideration,
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& similar procedure cowld be applied to seil volumes
from cuts (X is now equal to one) but since material is
here very often bulldozed to one side it is doubtiull

whether the above technique will find application here.

It is expected that equation 3.1 will be more suited to
the construction of subbases and basecourses of roads
where the material is almost always imported from out-
side and brought to site by truck. In this cass L will
be the volume of material delivered (as measured on the
truck), less the voiume of material stockpiled, and F

the guantity for which payment is claimed,

Information concerning the wastage of material will alseo

be useful for fubure estimating purposes,

B) Plant idle time

It is equally important that plant is operated at a
reasonable level of its capacity. In Figure 3.8 the
gperating, waiting*, breakdown and service time of a
certain plant item (e.g. trucks, graders, bulldozers)
has been plotted as a percentage of the total cperating
hours available (e.g. weekly, monthly, ete.). The
available operatipng hours include the normal working
hours of each day plus any additional scheduled over-
time. From this the contractor might be able to deduce

the inefficiency of his workshop (high breskdown time),

*iocording to & local contractor this type of informeticn to the detail

of waiting time is only accurate when recorded by a built-in tachometer.
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excessive carting plant (excessive waiting time) and
the general under-utilisation of certain machines,
This type of graph is naturally influenced by various
factors and simply indicates to the site manager that
further investigation is required. For example,
excessive waiting time for carting plant might be due

to the unavoidable breakdown of certain important items

of loading plant.
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Figure 3.8: Analysis of plant operatingz hours

3.2.5 Control of Unit Cutput

Figure 3.9(a) shows a number of observations recorded by
the writer, of a team of carpenters, apprentice carpen-

ters and labourers erecting formwork and staging* for the

*Staging denotes the supportwork on which the soffit formwork rests.
The average height above ground level for the above structure was

approximately 8 metres.
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soffit of a pre-stressed concrete bridge deck, in the Cape
Town region., The deck formwork had been tendered for at

a particularly keen price and since this Bill item accounted
for a large portion of the contract cost it was decided that
the actual production output should be regularly checked

against the allowable production rate,

The Bill item representing the above work was divided into
the three operations of erecting the supportwork, fixing the
formwork and the dismantling of both, after the stressing

of the concrete deck.

During construction the actual number of hours worked by
each of the three labour trade groups were recorded daily
and the actual number of formwork and staging units proces-
sed were plotted at the end of each week against the number
of carpenter-hours. The resulting curves could then be
compared with the required output which was plotted as a
straight line on the same diagram (Figure 3.9(a), curve D,
for formwork). Since the estimator's assumed output was in
two cases based on different combinations of the three labour
groups new target output rates had to be calculated for
these. For example, in case of the removal of formwork
and staging the allowable cost* of RO,70 per square yard of

formwork removed was based on the following data;

1 handyman @ R1,20 per hour, assisted by
L labourers @ R1,20 per hour (total)

combined output: 3.50 square yards per nour.

*See also definition of allowable cost given as footnote in Section

3.3.1.
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From this the allowable cost of vemowving the formwork and

R2.40
3.50

muber of square yards of formwork removed.

staging was caleulated as = RO.T0 in terms of the

Since it was found on site that labourers were incapable of
removing the intricate formwork system under the bridge deck,
the actual team was altered to one labourer for each carpen-
ter. A new target output was then caleulated as;

Rl.L5 + RO,30
R0,70

= 2,80 square yards of formwork re-

moved per hour.

Where RO.’?nyd'?’ is the allowsble formwork removal cost ace
cording to the tender, and Rl1.45 and RO.30 is the hourly wage

rate for carpenters and labourers respectively.

Table 3.1 shows a summary of the final outcome, It is seen
that all three operations excesded thelir allowable unit cost,
From a closer examination of the data collected on site the

writer suggests the following reasons for these discrepancies,

In the ecz2se of the erection of. the supportwork excessive costs
might have been due to the time talen to fix the cross-bracing
of the staging (shown as & flat portion at the end of curve 4,
Figure 3.9(a)), Fixing cross-bracing, k‘or which no addi-
tional allowance was mede in the tender estimate, accounted
for about 307 of the cost of operation A and should be taken

inio consideration for fubure estinmstes,.

The difference between the actual and the allowable cost of
fixing the formwork {aprproximetely 37) is considered to be
nezligible and is probably within the average range of va~

riations nermally found in cost estimates,
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carpenters because of certain difficulties in dismantling
the timber formwork system used, Figure 3.9(b) shows that
the muber of carpenters were reduced (and the lahourers
increased) near the end of the operation. Once the timber
soffit panels had been removed from under the bridge deck,
only labourers were then required to dismantle the steel
supportwork, This problem probably accounted for the ine
crease in cost (see Table 3.1) for which an allowance
should be made in the tenders for future contracts of a

similar nature.

It is the opinion of the writer that this is a useful coh-
trol technique for construction sites. It is, however,
clear that the targel cubtput depends on the cost of the
team allocated to an operation (i.e., if one wants to stay
within the cost allowed for in the tender). TWhen there is
the possibility that the ratio between the various trade
groups will vary over the ;’iur'ation of an operation {(as was
the case in Figure 3.9{b)) a better approach might be to
calenlate the unit cost in addition to the cublpul each week

(see Figure 3.9(c) and Section 3.3.1).

3.3 Cost Control Systems for Construction Contracts

Prom 1iterature and discussions wiith varlous local coniraciors

the main factors which contribute to the success of a cost control

system appear to bes

(i) Simplicity - A problem particular to the construction industry

is the lack of educated site staff. Foremen and charge hands
are generally shy of paperwork and the collection of labour

and plant working hours on site is usually left to semi-trained



(ii)

(i)

(iv)
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Bantu or Coloured staff, This is then converted to cost at

the contractors head office and compiled into reports. The

gystem should therefore be relatively simple, and clear pre-

printed formé, preferably in different colours for plant and

Jabour should be used to collect cost information on site,

An explanatory site office manual will ensure that a standard

procedure is followed on all contracts.

Timing of informstion -~ Historical cost information is usually

of little value for site control. A certain amount of ac-
curacy (e.g. + 3%) might have to be sacrificed if it means
that reports will be timely. This is also part of the reason
why materdial costs are nob subject to regular cost control as

invoices are often received long after the costs are incurred.

Monagement support - Unless those members of staffl who are

in a position to affect construction costs, actively make use
of cost information the system will sinmply become a "paper
shuffling routine® which provides work for a large nuber of

clerks,

Flexibility - Small conbracts usually do not require the same
detailed cost control as a large contraét. It will there-
fore be a serious handicap if the cost control system cannot
be adjusted to suit the size and iype of contract. A parti-
eular example here is the use of a company-wlde cost collec.
tion sheet with fixed cost headings which have to be used
regardless of the type of job;. this approach is common to

the unit-cost control approach (Section 3.3.1).
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A} Constyuction Costs

Costs are traditionally divided into direct and indireet costs,
As mentioned in Section 2.5 indirect costs or overheads are
defined as being all expenditures not directly propertional te
the amount of permanent or temporary material required in a
structure (e.g. The site engineer's salary, transportation
costs, insurance), Direct costs are then directly jiae]vel o
tional to the quantity of work (e.g. the volume of concrete on

site, labour wages and the cost of materials).

Table 3.2 shows a classified breakdown of the various types of
costs which the contractor might incur during construction,
It will be seen from colum four that for the purpose of cost

contrel these can be grouped into:

(1) Direct labour costs {e.g. hourly wages),

(2) Direct plant costs {e.g. internal plant charges or out-
side hire costs},

(3) Direct cost of material (e.g. for cement},

{}) Site overheads; these usually cccur either as lump sums
{e.g. plant set-up) or as time related costs such as
the szlaries of professional site staff,

{5) Subcontractor payments,

{(6) 4 proportion of the head office costs {e.g. design office

costs ).

Of these only direct lzbour, direct plant and site overhead
costs are generally subject to frequent review by management

as most cost overruns occur in these items. Contractors
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usually do not regard it worth the effort to control material
costs to the same detail gs plant and labour costs and rather
concentrate on ensuring that tender quotes are not exceeded,

and on minimising the physical wastage on site; e.g. using a

graphical technique as described in Section 3.2.4 A.

The quantity of material required for a contract is mainly
specifled by the deslgoer’s drawings, whersas the efficlency
of plant and labour utilisation is a variable factor of major
importaence which is under the control of the contractor, If
a delay occurs in the use of material on site, this consti~
tutes a cost equivalent to the cost of storage and the interest
of unused capital with a reduction correction if prices of
material are rising. This type of cost due to the delay in
the use of materials is small compared with the possible cost
fluctuations due to the variation in idle time and the effi-
ciency of use of plant and labour. 1In the ideal system the

costs and wastages of material would alsco be considered,

The costs of the subcontractor (to the main contractor) are
relatively fixed by the tender agreement and need less con-
trol, and need only be taken into consideration when the in-

terim or final profit of a contract is caleulated.

Head office costs are difficult to determine exactly for each
contract and are therefore generally added as a percentage of
the total contract value {e.g. 5%) or are allocated on a pro

rata basis depending on the value of a particular contract

in relation +o the total value of all contracts.
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An important point regarding cost control is that one ususlly

considers a cost to have been incurred when work has been per-

formed rather than when the actual payment is made. In other

words costs are matched with work completed.

Construction Revenue (Barnings)

The two most common types of civil engineering contracts in

South Africa are:

(a)

(&)

Lump sum contracts - In these the contractor is paid a

fixed sum of money for the completion of a contract ac-
cording to his tender based on the original drawings and
specifications., Any variations which might be made by
the client during construction are valued separately.
Typical examples of civil engineering contracts which have
been awarded in this form include townships, basements
for high rise buildings, smll roadwork contracts and con-

crete headgears for mine shafts,

A& Bill of Cuantities is not wsually provided and a {fre-
quently used method of paying the contractor is often
according the time progress of the contract. For example,
if a contract is scheduled to take ten montks then the
contractor will receive the total sum as ten equal pay-
ments spread evenly over this period. Other methods such
as paying according to sections of completed work have al-

so been used.

Unit price contracts - In these contracts the contractor

is paid a fixed tendered rate for each unit of permanent
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work constructed. Information concerning the breakdown

of a structure into basic units of work as well as an es-
timate of the final* quantities of each, is contained in a
"Bill of Quantities" which accompanies the tender docu-
ments., Agreement of the rates to be paid to a contractor
is usually either through competitive tendering or direct
negotiation with a clientl(or his representative). Typical
examples of this type of contract include mos£ types of

road construction, harbour works and bridge contracts.

The earnings of a contractor from a unit price contract
generally fall into some or all of the following cate-

gories:

(i) For measured work according to the unit rates in the

"Bill" and the quantities completed,

(ii) Preliminary and General** (for site and head office
overheads); usually paid as lump sums at various
steges specified by the client's tender document

(see Section 4.1.1),

(iii) Prime cost payments for special material, machinery,
etc. specified in the tender documents (or subse-
quently) by the client and which the contractor must

include in the structure,

*lhen a project is still in its design stage at the time of tendering very

approximate "provisional" quantities are supplied.

*+1{th reference to the "Standard Method of Measurement of Civil Engi-
neering Contracts" (Jen. 1960} there seems to be no standard method of
describing this item. In certain Bills of Cuantity this item is re-
ferred to as "Establishment of plant on site” while in others the latter
description appears as a sub-section of "Freliminary and General", As
far as the writer is aware all Bills of Cuantity presently used in South

_Afriea inelude a section for overheads.
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{iv) Deyworks and additional measurable works which are
performed due to circumstances which are unforeseen

in the tender document, or wvariations by the client,

{v) Time related price increases: "Rise and Fall clauses®
often apply to Civil Engineering contracts which al-
low the contractor to adjust the unit rates of cerw
tain items according to increases or decreases in
matefial.suppliers? prices and labour wage rates,

The present tendency is to use a price adjustment
factor (see Section L.5) which corrects a certain
proportion (e.g. 85%) of each monthly certificate to
reimburse the contractor for the effects of infla-

tion,

Most of the above subdivisions are only permitted by vir-
tue of the wording of the tender documents as drafted by
the client's agents, or because of subsequent variations
mede by a client., One does not therefore automatgcally
find that every Bill of CQuantities permits the above sube-
divisions. In the case of (ii), for example, the writer
could find no reference to a standard method of specifying
this item in the "Standard Method of Measurement! for

givil Engineering contracts in South Africa (Ist edition,

1960).

Contractors normally play a large role in trying to frame
new forms of tender documents for acceptance by client
bodies, especially in relation to time related price
elauses and the new proposed method related bills {see

Barnes, Ref. L}.
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An important point in connection with method related
Bills of fmantities is that there is often a difference
between the way in which the contractor earns revenue
and the mamner in vhich 1t is received; for example,
site overheads are combinuous expenditures for which the
contractor is only reimbursed at one or more stages du-
ring construction. A certain percentage of the monthly
certificate is also usually withheld (e.g. 5Y) till the
end of the maintenance period (e.g. one year after pro-
ject completion) against possible default by the cone

“ tractor,

C) Profit

The interim or final profit of a contract is almost always
evaluated in an accounting sense rather than in terms of actual

cash payments and receipis;
i.e. Profit = Revenue - Expenditure .eeececeoccccess(3e2)

Where Hevenue describes the total money due for the measured
work which has been completed (a2 portion of which can be
claimed for in the certificate and the rest in the subsequent
retention payment) plus a proportion of the money due from
the Prelimdnary item {for overheads), plus money due for day-
works earned to date and the benefits of any price increases
and Expenditure is the sum of all costs incurred during the
séme period though they have not necessarily yet been paid

by the contractor {i.e. labour wages, plant charges, material

costs due, etc.).
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One of the main problems in evaluating interim profit is en-
suring that expenditures and revenue must both refer to the
same work or time period (i.e. they are matched), For
example, whereas the revenue due for the measured Bill items
can easily be derived from the monthly certificates an es-
timate will have to be made of the corresponding proportion
of Preliminary and General money due, as the latter is only
paid by the client at prearranged stages during construction
(eeg. half of the Preliminary and General money might be re-
ceived when about 50% of the tender sum is claimed)., It is
similarly often difficult to evaluate certain costs accurate-
ly in a2 given time peried. Invoices for materials and claims
from subcontractors generally arrive long after work has been
performed. Material costs can be assessed from delivery
notes collected on site in which case the cost of unused ma-
terial on site must be assessed and subtracted to find the cost

of the used material to which the earned revenue refers,

Interim profits are therefore regarded as approximations and
often referred to as "expected” or "possible" profits on ac-

counting statements (see Table 3.2 B {a)).

"Cost Cenbres” for cost conirol systems

The phrase "cost centre” is analogous to the name of an ac-
counting ledzer in which costs are listed (i.e. pertaining to
a certain aspect of the project).

Cost centres denote any item, activity or section of work

for which costs can be collected with the object of cost con-

trol {e.g. & contract as a whole, excavation work, ehta Ja
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To decide on the necessary cost centres for a particular cone

tract, the contractor might use the following sources:

{a)

(b)

()

The Bill of Quantities - The description of items in

the "3Bill¥ presently used in South Africa are usually
too specific to be used for this purpose., Particular
attention has been paid to this point in designing the
new Bill of fumantities recently introduced in Britain

(Ref, L).

Standard cost collection form -~ This is a preprinted

dally report sheet with general cost headings: e.g.
excavation, formwork, base course, etec, This is often
used in unit costiné (Section 3.3.1) where all costs
are converted to unit costs from the quantity completed
{e.g. using Rand / cubic metre of excavation). Only
limited control is possible with this system. For
example, in the case of formwork several rates apply to
different portions of a contract and therefore the cum-
lative eost bobal 1s a general average and mist be in-
terpreted correctly (see Section 3.3.1). Within a
certain firm the same standard form might be used on

several different sites.

4 coded clzssification - In this methed more subdivie

sions of cost details is possible than in the above stan-
dard cost collection form., A number code is used to
indicate a certain item. For example, the code 2.3

might represent formwork (code 2) in columns (Code 0.3).
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From a set of standard work descriptions the necessary

items required for a particular contract are compiled

into a cost collection form, In other words, the major
cost, centres used might vary from contract to contract,

but the code would be standard throughout the firm,

This ensures that there is sufficient cost detail for
management and at the same time this provides standard
des;riptions and codes for electronic processing of the data,

An example of this is shown in Section 3.3.2 B.

{d) HNetwork activities - Alternatively one can use network

activities as cost centres. A number of commercial
compuber programnes are marketed which allow the contrac-
tor to control costs by estimating and recording both this
allowable and actual costs for each network activity

{see Section 3.3.3).

3,3,] The Unit Costine System (i.e. keeping retrospective records

for present evaluation)

This is an approach comronly used by the smaller conbrac-—
tors for recording incurred costs., In this method all
costs are related to certain items of permanent and tem-
porary materials, and a cost per unit quantity is determined
from the amount of work completed,

Total expenditure to date

Total guantity completed eeeees(3.3)

i.e. Unit cost to date
2
(e,g. Rand/m"™ of formwork)
Because of certain difficulties associated with collecting

material costs, only plant charges and labour wages are

generally considered, except where material costs form a
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major portion of the cost centre,

& variation of wnlt costing is fto use plant or labour working
hours rather than cost., This would be more significant to
the estimator, but requires accurate reporting as, for ex-
ample, the performance of a front-end loader of 10 m3 ca-

pacity will be different to one of § m3 capacity.

Cost centres are generally defined to include only the large
value items on a contract as these are the cause of most

cost overruns; for example,

Formwork:
{a) o slabs

(b) in bases

Execavation:
() bhard material
{b} soft material

{c) for pipes -
etc,

Barnes (Ref. 6) examined a large muber of Civil Engineering
contracts in the United Kingdom from which it was found that
on average 90% of the consiruction costs were contained in
orly 207 of the "Bill" items; alsc, 99% of the increases

in total cost (from that estimated in the tendsr) were caused
by those large value items which make up about 50% of all
811" items, The significance of this fact is that by
concentrating only on these large items, a contractor can
sti1l exert & reasonable measure of cost control over a

contract.
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A typical example of how unit costs could be used as a

control tool is shown in Figure 3.10,

A comparison between the unit cost to date and the allowa-
ble cost* derived from the tender estimates will give an
indication of whether the expected profit margin for an
item is being maintained. The monthly (or weekly) fi-
gure is expected to fluctuate but will show an increasing
cost trend more quickly than the curve showing average
unit cost to date,

In other words the monthly unit cost E}_ will show a varia-

% Ci Vi

tion more quickly than (—-1—,:—-'1,—) the average unit cost

= i

i=1
to date, Vhere, C; and Vi are the total costs and volume

of concrete for a particular month i (n is the number of

‘months which have elapsed since the start of construction).

The cumlative quantity produced (e.g. concrete volure in
Figure 3.10) can also be drawn and might help to explain

why a certain cost increase occurrs, For example, during
periods where smaller batches of concrete are placed unit
costs might be higher since the labour used on a 100 cubic
meter "pour! will not differ significantly from that when
150 cubic meters are placed and the time involved for the

larger "pour" will probably be less than 1,5 times the

*MAllowable cost™ in this sentence means portion of the tendered rate
in the signed tender documents, e.g. in Table 3.1 the allowable cost
for stripping formwork is RO.70 per square meter although the ten-
dered price for erection, fixing and stripping formwork is R3.65 plus

overheads plus profit plus unbzlancing adjustments,
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Figure 3.10: Example of cost contrel with unit costs

Advantages

The main advantage of the unit cost approach is iis sime
plicity. Only operations which are known to be prone to
cost overruns are considered (e.g. concrete, Tormwork,

exvavabion) and uwsually in this control system only planmt

and labour costs are collected,.

Disadvantages

Unit costs are parbticularly sensitive to weather, sile
conditions and aceuracy in measuring quantities., Yhen a
contractor sterts on 2 relatively easy part of & contract

unit costs might be low and create the impression that
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efficiency is high,

When many items of a similar nature such as various types
of formwork are considered as a single cost centre the
actual unit cost caleulated will depend very much on the
rart of the structure being constructed, For example the
unit cost of column formwork will be considerably higher

than that for a large szlab.

If production Plgures {e.g. plant bmursfmg} are reported
instead of expenditure within a certain costing period, a
great deal more work will be involved to ensure that infor-

mation is collected accurately (e.g. types of plant, etc.).

Furthermore, as only a part of the site costs are considered,
the actual cost data is easily adjusted to the advantage of
site staff by under allocating costs to the items wuder re-
view, This causes false records which are useless for in=-

terpretetion purposes,

Indirect costs which are often the cause of cost overruns

are not considered.

The Standard Costing System (i.e. the use of tarpet costs

for continuous evaluations)

In a Stendzard Cost control system management compares actual
costs with a predetermined standard target cost for the

same amount of work to decide if intervention is necessary,

4) Tarret Costs

Gobourne {Hef. 10} lists four different stendards which

might be used for measurable work:



3/11

(1) Historical costs - These often vary from site to

site depending on conditions such as weather, type
of labour or location and are generally regarded as
heving more relevance to Building rother than Civil

Engineering contracts,

(2) Estimetor's cost - These are not always completely

representabive because the evenbual method used for
construction might be different from the method

initially envisaged by the estimator.

(3) Vork study standards - Unless the conditions ap-

plying dufing the study are recorded, the same dis-
advantages as in {1) apply. {i.e. They cannct be
used for accurate predictions of conditions on future

£ivil Engineering contracts.)

{4) Fstimators® handbocks - Such date would only apply

e the countyy for which it is compiled. In South
Africa, where the type of labour might differ tre-
mendously depending on the ethnic area where a con-
tract is located, it will be difficult to accept
the general walidity of a standard of this type
with respect to labour c&téaﬁ@ Part of the varia
bility of labour outpul may be due to difficuliies
in language cormunications or lack of education in

industrialised techniques.

The present writer is of the opinion that the estimator's
cost will give the best and rost useful tzrget cost for

two ressons; firstly, a standard relevant to the work
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under consideration will always be available, and se-
condly, all cost comparisons particularly those for the
site as a whole will show directly how a particular

cost over- or underrun affects the contractor's profit.
Two problems might arise here, namely:

(a) Which portion of the estimator's cost to use,

(b) W%What if his cost was under—estimated.

In Figure 3.11 it will be seen that the original cost
estim;te passes through various stages of adjustment
during the preparation of a tender and the final bill
rate might be completely different from the initial
estimate. It is therefore important that the cost
standa;d used for the cost centre should usually be the
original* cost estimate prepared by the estimator prior
to the addition of overheads (e.g. head office costs),
profit, and umbalancing adjustments (plus any subsequent
reasonable corrections of estimator's error ﬁhich might
have been discovered by management during or after ten-

dering).

Since the estimator must make certain assumptions as to
the eventual construction method-some errors might occur
(e.g. a cormon problem is having to use plant where
labour was allowed for). When costs are under-estimated
the writer considers it best to leave the target costs as
they are rather than to re-estimate these to suit the

method of construction on site. This is partly a

*In Section 5.3.1 B) an example is shown on how the allowable cost

(i.e. target cost) of a cost centre can be determined from the esti-

—matar!s calculations..
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psychological problem as site management might now tend
to blame any avoidable cost overruns on under-estimating.
Also if site staff see that the cost standard (i.e. target
cost) can be adjusted, they might be less inclined to

try and reduce costs in other ways.

B) Cost centres

As most comprehensive cost control systems are of the
standard costing type (Section 3.3,2), cost centres are
usually defined in such a way that all costs which are

incurred on site can be allocated to them,

A typical approééh might be to use a system consisting
of a coded classification list* from which the necessary

cost centres can be chosen (Pilcher, Ref. 17); for

example,

1. Excavation .1 bases

2. Formwork +2 abutments -
3. Steelfixing «3 columns

L. Concrete
The cost centres for abutments could then be taken as:

1.2 Excavation for abutments.
2.2 Formwork to abutments

3.2 Steelfixing abutments

(Concrete is often usually considered as a general item
for the whole contract hence the subdivision 4.2 might

- not be used.)

*In Section 5.3.1 A) an alternative form of such a list is discussed.
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In this way & complete 1ist can be complled for the
whole contract., On site;, cost data is collected ace
cording to the descriptions in the sbove 1ist while in
the office the data might be processed according to

the codes which are standard throughout the flva,

Collection of actual cosis

The flowechart in Figure 3.12 illustrates how a typical
standard costing system might operate. (This system

was introduced in Section 3.3.2.)

The procedure freguently employed on Soubh African
construction sites for collecting labour costs, is to
use a timekeeper who visits a conbract once or twice a
day and notes down a description of the activity and the
corresponding labour hours for each trade. These times
he must balance with the total hours entered on the wage
sheets., An altermablve would be to derive this Infor-
mation from the foreman®s report which is more or less
the same as that of the timekeeper.  The wrilter preflers
the use of a foreman's report which should yield a bet-
ter distribution of costs, because the foreman is more
knowledgeable about the history of each activity and
its labour usage. Since supevrvisory stalfl are not
particuiarly fond of paperwork the wriier suggesis that
a small incentive bonus be paid when the foreman’s ree
port is presented on time, A1l labour hours listed
in<§he report are then converted to costs by multiplying
these with an hourly charge rate for each corresponding

trade,
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Flant costs are allocated to the varicus cost centres
in a gimilar manner by using the descriptions of the
work and the operating hours noted in the operatorts
machine book,  An hourly operating charge rate for
each type of plant converts plant and operator hours

to costs,

Material costs are generally nobt considersd in detall
and are only evaluated for the site as a whole in block
A in PFigure 3,12 using the involces received or the de

livery notes collected on site.

Probhlems with indirect costs

With dindirect costs the main problem is matching the

ing of aetual costs and sllowable coshs, It wilil

be seen from Table 3.2 that indirect costs are elther:

{1}  proportional to time and incurred over 11 or
part of the project duration {e.g. staff sala-

ries, mixer on site, crusher, small plant, ete.),

(i1) lump sums which oceur at various times during
construction {e.g. site set-up, transportations

of plant to and from site, etc.).

Various approaches are possible heve. Gobourne {Ref.
10), for example, suggests that an equivalent monthly
sllowsble rate be caleulated by sweuing (i) and (3%)

and dividing by the construction period, Tetal allowsble
overheads since start of construction are then deter

mined from the number of months construction has been



3/48

in progress. The writer considers that the best re-
sults will be obtained if indirect cosis are split
into subbeadings mentioned in the groups (i) and (i1},
and standard barget costs {&llowables) for these sube
headings avre derived from the thinking behind the
tender estimate; for example, transportation Y"allowa.
bles® {i.e. target costs) might be caleulated in pro-
portion to the construction time period, while the
allowable site set-up cosis are assumed te be a lump

sun cost immediately erection is completed.

103e3 The Combined Time and Cost Control System

activity.

This approach, which is sometimes referred to as

costing, integrates project planning and cost control by
using the nebwork activities or groups of activities as

cost centres. {See definition of cost centre in Section

3.3 0.}

A} Basic procedure

The first model of this type, known as PERT/COST was
developed as an extension teo the PERT probabilistle

planning model described in Section 2.3.4. PERT/COST

was used extensively by the National Aeronautics and
Space Administrabion in the U.5.A, to control military
development projects (Ref. 3,1k). Contractors whe
were engaged on these contracts were often forced to
use the system, but did so with reluctance because of
the changes requived to thelir existing cost accounting

systems., Whersas previously costs were budgeted and
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collected by organisational units (e.g, mechanical
engineering, assembly department, etc.) it was now
necessary to do this for the various operations of
every project even though several different departments
were concerned with a particular activity. Despi;c.e
this complication, the system has certain advantages

(see Section 3.3.3 E).

A similar approach has been suggested for use on con-
struction projects., Various commercial programmes

have been developed for this purpose and are presently
available to t_hg contractor, Figure 3.13 shows dia-

grammatically how this model operates,

1f one compares this to a normal cost-only standard
costing system (Section 3.3.2) the following main dif-

ferences will be found;

(1) Allowable target construction costs (e.g. for plant,
labour and possibly materials) are expressed in

terms of the individual network operations,

(2) A1l actual construction costs are collected for
operations or groups of operations (cost centres)

for the purpose of cost confrol,

(3) Project progress is measured simultaneously against
two standards, namely the allowable target cost
and time progress which are measured together (e.g.

Figure 3,15, point B),

(4) The system must be operated in conjunction with a
network planning model from which the time standard

is derived,
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{(5) Alse, these models must be used in conjunction with
electronic data-processing facilities because of

the large mumber of caleulations Involwved,

Befors discussing variocus refivements and lmplements-
tion problems the general philosephy for using this

model as a project

cost and progress control deviee

is described.

In Figurs 3.14 the two cumuylative zllowable cost curves
JZ corresponding to the early and late start schedules
of a network time analysis are shown {(Ref. Section 2.3.1).
In each case tﬁe vallowable target costs of the nebwork
operations {assumed to be spread over their durations)
were summed cumulatively for the whole projest, Va-
rious authors {e.g. Ref. 9, 17) have used this graph

in the sense that as long as the projsct actual cost
{i.e. point ¥} stays within these limits the project

is on schedule, both with respect to time and cost.

The present writer Is not entirely in agreement with this
approach wvhdch will hold only 1T the costs of the varicus
operations are directly proportional to thelir durations,
For example, if all activities were performed at their
expected durations and complebed at the latest finish
times but at excessive cost, then the fotal actual cost
{point ¥ in Figure .04} would still f211 within the
envelope. 1f would therefore seem better to svaluate
periodically ap updated allowable target cost curve QX
from the operations completed and paritially completed

to date, In this case the curve 4 could he caloulated
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by assuming the allowable cost to date of each opergm

tion to be incurred in relation to the proporiion by

which it has Deen completed,

Figure 3.15 shows a more extensive application of the
same principle., Here a single curve GF from one
particular time-activity schedule is used. At each
control date the actual and target project cosis

{points B and B) are plotied as shown in Flgure 3,15.
Allowable costs are caleulated as above, from the pro-
gress to date {point B). For the uncompleted work

the model can now prepare a forecast of both the actual
and allowable cost' to completion of the project (seg-
ments AC and BD) to show the expected final cost overrun.
Actual costs might have been revised to tzke into ac-
count, expected increases in cost due 4o a revised ac-
tivity network, increases in unit cost, ete., Allowable
target costs might similarly be periodically revised

to take into account increased quantities for the va-
ricus activities, Should the new project duration be
unacceptable this duration might have to be corrected
by revising the previous plan (see curve AE in Figure

3.15),

For more precise cost control the actual and allowable
target costs of the individual operations or groups of

operations might be examined.

From an examination of a nusber of models based on the
activity costing approach the writer identifies the fol-

lowing three aspects where problems are expected to
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oceur in applying this technique to a contractorts

organisation:

{1} The allowsble target cost to be used for the ac-

tivitles, and the detail to which this is specified,

{2} The marmer in which indirect costs are treated,

{3} 'The method of gost allocation and the preparation

of reports.

These aspects are discussed in the next section.

Allowsble activity ftarsel costs

Tt seems that the alloweble costs for the network

activities have been modelled in two ways;

{a} Expected costs - These are the costs reguired for

the completion of an activity and depend wpon the
actual construction method used (i.e. they are
estimated according to the resources which will
be used, and these costs may be altered during
construction because the method of construction

is changed or the quantity of work is changed).

{6} Estimated costs - These are determined by the

estimator at the time of tendering and are assumed
to be constant allowsble targel costs whieh will
vary only if the actual measured quantiiies are
different from the stipwlated quantities in the
Bill of Quantities {(i.e. these estimated costs

are vegarded as allowable target costs which do

not vary with the type of plant or labour used
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to complete the activity).

Expected costs

For type (a) the typical procedure is to determine the
plant and labour costs for the activity from the re-
quired units of resource specified for each operation
(e.g. carpenter-days, loader-hours) and their cor-
responding unit costs., Material and other items for
example subcontractor might be allocated as lump sums
which are spread over the activity duration or treated
separately for the project as a whole. An example

is shown in Figure 3.16 of the ‘procedure followed by
the ICL-1900 PERT programme to determine the activity
allowable target cost., This uses a particularly so-
phisticated resource allocation programme which can
amongst other things evaluate the overtime required to
complete a project within a given time, The impor-
tant point about the approach is that should conditions
change during construction (e.g. should the un«it. cost

of labour rise, or the plant is changed) then altera-

tions are mde to take this into account,

For example;

Activity: Excavate basement 800 m3

Expected labour 60 hours @ 50c/hr, =R 30
Expected Excavator 20 hours @ R5/hr. = R100

Expected cost for activity = R130

If instead an BB 22 dragline is to be used on its own
for 30 hours @ R6,00 per hour then the new total ex-

pected cost for the activity will be R180,00.



",

uNiTS (NORMAL AND
OVERTIME )

-
MATERIAL AND OTHER
Lump 9SUM CosSTS FOR,

EACHA AcTwviTY

FIGURE 3.16:

ACTIVITIES FROM
NET\IORK
PLANT AND LABSOUR - RESOURCE ALLOCATION
TIME-— LINITS REQUIRED MODEL OF THE PRO""
FOR BACH ACTIVITY COMBINING- GRAMME (SEE SECTION
(NORMAL AND OVER= — gEsouRrcE 2-14-)
TIME) UNITS -
AND
CosT
—~co = —
::::T CA::sL:e.ouR — RATES | ACTIVITY EXPECTED

CosST FOR EACH RESOURCE

TypE C(EB.G. PLANT, LA~

BOUR). SEE SECTION
3.3.3 B,

Activity Allowsble Target Cost (i.e. expected cost) from

the Txpected Resource Utilisation (fief. 13)

ACTIMITIES FROM THE
NETWORK

ESTIMATORS uNniT CosT

ESTIMATES FOR "BiLL OF

QuaNTmEs" TTEMS .

CForR ESTIMATED QUAN-—
TITIES )

ALLOCATE ESTIMATED
cosT T THE ACTIVITES

USING THE QTYS. oF
THE VARIOUS “sn"
ITEMS CONTAINED IN
EACH ACTWITY.

FTGURE 3.17:

ACTIVITY ESTIMATED CosST.
(CTo THE DRETAIL OF THE

H o

ESTIMATE ' BREAKDOWN.
E.6. PLANT, LABOUR e:'rc;

SEE SECTION 3.3.3 B.

Activity Allowable Cost irom Tender istimate (i.e.

estimated cost)

(Ref. 11, 18)




3/57

Estimated costs

When estimated costs (type (b)) are used the achivity
allowable target costs will change only when there is
an increase or decrease in one of the measured guanti-

ties of the Bill items contained in each activity.

For example;

Activity: Concrete column base 50 m3

From Bill: Estimated labour cost R%/mg
From Bill: Estimated material cost Rzng

Total unit cost Bﬁl{}/m?

Estimated cost = R500 total cost for the activity

Should the guantity have to be increased to 60 m3 to

deepen the foundation then the new allowable cost will
be R600. Any other change such as an increase in du-
ration will simply result in the allowable total ifarget

cost being spread proportionately over the new time,

As a oost control tool the estimated cost approach
(Ref. 11, 18), shown diagramatically in Figure 3.17,
has certain advantages. Firstly, a target cost stan-
dard is always available and cannot be manipulated to
suit management, and secondly, any cost overruns show
the effect on the final profit. This will have an
additional benefit in that the estimator will be made
aware of the items which he might be consistentlj

over- or uwder-estimating.

The advantags of the previous sxpected cost approach

(a), however is that a construction manager can at any
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stage investigate the cost outcome of various construc-
tion methods, numbers of plant, the effect of delays,
etc, before deciding on the best course of further
action, since all expected costs are now representative
of an actual situation. As in the case of the stan-
dard costing system (see Section 3.3.2) an allowable
target cost which is open to adjustment will never have
the same effect of motivating site staff to reduce costs

as a target cost which remains fixed.

Network indirect costs

It will be seen from Table 3.2 that indirect costs or

overheads are generally of two types:

(i) proportional to time; e.g. staff salaries,

insurance, survey,

(ii) as lump sums, e.g. transportation of plant, site

establishment, close-down costs, etc.

In activity costing the method for treating indirect
costs is through "hammocks" or "cost-only operations".

Figﬁre 3.18 shows a cost hammock for a workshop which

is on site

~®

*HAMMow" o
CoST- oMLY ACTIUITY

(c.&. Fowm wWoRK SHoP
or &\r'e)

Figure 3.18: Example of an indirect cost activity
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between the events (or nodes) 2 and 6.  The “hammock™
is pever actually drawn in practice but only the nodes
between which it occurs and the charge rate for the

particular indirect cost {e.g. Fand/week) are specified,

The indirect cost of the cost hammock at some stage be-
tween the events 2 and & is calculated from the time
which has elapsed between these events and the hammock

cost rate per period of time.

Barnes {Ref. 5) has included an additional extension
in his programme which allows 2 lump sum to be atbached
to the beginning and end of a hammock to take into
account the set-up and dismantling cost of the worle

shop in the above example.

As in the case of the direct costs (see Section 3.3.3 &)
there is again the choice of whether to use expected
cost (i.e. according to the eventual construction method)
or estimated cost (i.e. from the tender estimate) as
the standard apainst which to measure acitval indirect

costs.

If estimated costs are used for direct costs, then one
is obvicusly forced to use the estimateé; cost approach
for indirect costs. The advantages and disadvantages
of using estimated costs instead of expected costs have

been discussed in the previous section of this thesis,

Allocation of acbivity aclual costs

Since the detail of the network operations ofien exceeds

the detail in which costs can be collected on site, the
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network activities can be groupsd to form more manage-
able cost centres (e.g. 21l formwork activities),
Target and actual costs for the activity can then be
compared on the same basis as for the project as a
whole (i.e. allowsble costs to date are evaluated from
the operations completed and partially completed for

gach cost cenbre, See Section 3.3.7 A.)

A particular problem in South Africa is the lack of
suitably educated clerks for collecting costs on site,
It is therefore expected that fewer and larger cost
centres (each involving many network operations) will
have to be used wﬁefe there is a shortage of clerks,
This then partly cpposes the cobjective of this system
which is to obtain more detailed information to in-
crease the sensitlivity ol the system for managerial

analysis.

Conclusions

(ne of the main advantages of the combined time and cost
control approach is the relative ease with which allow-
able target costs can be evaluated for a cost centre
{i.e. one or more activities) or the project as a
whole, A1l that is required is information concerning
the proportions of the various operations completed

{see Section 3.3.% A).  Although the allowable target
cost is based on the assumption that the cost of an
cperation is incwrred uniformly over its duration it

is expected that many of the errors will cancel out

when a group of operations are consldered together,
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Forecasts of estimated allowable or expected allow-
able costs for the remainder of the project (or cost

centre) can be easily determined (see Section 3.3.3 A),

The main disadvantage is the fact that the activity-time
progress c;f the plan must be constantly updated and the
network mmst be revised when there are changes in the
method of construction., This should be done by the
construction manager who does not always ha.'ve the ne-
cessary time at his disposal to make these alterations,
The preparation of a standard cost report (see Section
3.3.2) on the other hand is not activity related and
can be left to an office clerk who simply evaluates the
cost of each cost centre from the quantity of work com=
pleted and the unit cost standard; for example as de-

seribed in Section 5.3.3 A,

In addition to this both the determination of the ac-
tivity allowable target costs and the preparation of
activity cost reports are lengthy procedures to per-
form manually and ideally require the aid of a com-

puter,

The writer is of the opinion that for a small or me-
dium size Civil Engineering contract the benefits to
be derived from the activity costing technique wiil
not warrant the additional clerical effort by site
managers and the probable increased cost required to
implement it. It is, however, expected that on a

very large contract the reverse will be true and
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definite aﬁrantages exist in the actifity costing
technique, Since data processing for any costing
system will in any case be by computer on a large
contract, the activity costing technique will proba-
bly prepare cost control reports and cost forecasts
more rapidly than by the standard costing approach

in which the quantities of work completed must first
be collected. Activity costing does no£ require this
type of input since allowable target costs are evalua-
ted from the elapsed times of the activities. Activity
costing might be used for making weekly cost checks
while more acéufate monthly reports are prepared from

the actual units completed, as described in Section

5.3.3 A,
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CHAPTER k

FINANCIAL CONSIDERATIONS IN PLANNING AND CONTROLIING

CONSTRUCTION PROJECTS

Introduction

Gontractors, whether large or smell, are required to devote a "working
portion® of their capital teo a comtract during its constriction period.
This takes the form of cash 1qckedmup because cost payments must be
made before receipls are received from the client, and also consists of

the walue of plant and egquipment tied-up on the site.

Besides planning and controlling)his application of plant and labour on
site as described in the previcus chapters, a contractor is equally con-
cerned with msking an adeguate return (profit) on this temporary invest-
ment. To do this he must ensure that a contract fits inte an overall

financial plan, at all stages during its execution.

In this chapter the writer discusses a mumber of models for evaluating
and forecasting the effect which a decision taken with regard to 2 par-

ticular contract might have on the financial resources of a contractor,

hel Cash Flow Forecasts for Consiruction Contracts

The imporitance of cash in a firm is very effectively pointed out

by Jones (Ref. 7) who states that "a business can survive in the

short term without profit, but not without cash".

In most firms (i.e., including Civil Fngineering contractors) possible
periods of cash shortage (or cash surplus) are premexgmined'bf iR
king a forecast of the expected payments and receipts of the whole
business for a certain pericd in the fature {e.g. one year}., This

enzbles a firm's financial manager to estimate the amount of free
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cash which a business will need at different times, The difference
between the cumilative expected cash payments and cash receipts is
the nett cash balance from which management mmst decide the amount

and timing of any additional financing which might be required.

Contractors generally prepare separate cash flow analysis for their
various contracts and then sum these to determine the expected over-

all cash position of the whole firm for some pericd in the future.

4.1, Cash flows of construction contracts

*

In Figure 4.l the types of payments (cash outflows) and re-
ceipts (cash inflows) which might contribute to the flow of
cash on a constructidn contract are shown. It is seen that
the receipts from the client consist of payments for "Measured"
work, for "Preliminary and General", "Retention" money and
possible additional payments to reimburse the contractor for
the effects of cost escalation to his plant, labour and ma-

terials costs -(not all clients make a provision for the latter).

For those items of work which are measurable on a contract
the usual procedure in South Africa is for the contractor to
claim monthly payments from the client according to the

units of work which have been completed. A minimm time
within which the client is required to -pay for such claims is
generally agreed in the tender documents, This delay is

usually about one month from the time the contractor submits

his certificate.

The payment of Preliminary and General* money in South Africa

*Which the contractor includes in his tender bid to cover his head office

. and site overhead costs.
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at present depends completely én the procedure of payment
set oubt by the client in the "Conditions of Conbract?
which accompany the tender documents. The present writer
could find mo officially suggested procedure for making
these Preliminary and General payments, A typical pro-
cedure on conbtracts with the Cape Provineial Administra-
tion is to pay Preliminary and CGeneral sums in four equal'
payments, each one quarter of the total lump sum tendered
by the contractor for the Preliminary and General item,

By pre-arrangement the first payment is made with the first
certificate, the next two when the contractor has success-
fully claimed one third and two thirds respectively of the
total original tender value, and the fourth with the cer-
tificate paid at the completion of construction (see

Figure 4.2). The Cape Town City Council on the other hand
do not have a fixed time schedule for paying Preliminary
and General sums and usually leave this to the discretion
of the sontractor who is expected to make reasonable
monthly claims against his tendered sum for this Prelimi-

nary and General item which appears in the Bill of Quantie

ties.

The amount of soney retained by the cli%nt against possible
default by the contractor also seems Lo depend on the per-
sonal preferences of the various clientg, and is set out in
the "Conditions of Contract® which accompany the tender
documents. In the recently revised SAICE standard condie
tions of contract the percentage is agreed separately for
every contract. One half of this retained sum becomes

payable to the contractor at the end of the contract and
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one hali at the end of the maintenance pericd. On certain
contracts the retention money might be invested by pre-
arrangement by the elient on behalf of the contractor so
that the contractor eventually receives retention money

plus interest.

Contractors are also usually required fo provide the client
with an acceptable security in the form of a performance
Bond from an insurance company or bank, the value of which
is paid to the ciient shouwld the contractor go bankrupt,.

In the SAICE copditions of contract the suggested value of
this Bond is ten percent of the total sum tendered by the
contractor. On some contracts this takes the form of an
actual down-payment which the contractor must make to the

elient and which is retained £il1l completion of construction,

Cash payments for a contract are made by the contractor when
he pays his bills for plant, labour, materials, ete. The
timing and value of most of these cash outflows can be
azssessed from the work programme as described in Section
hele.2, Certain payments such as for head office overheads,
interest on capital borrowed and income tax are often dif-
ficult to asscciate with a particular conbract and are genem
rally determined for the firm as a whole, and added to the
overall company cash flow forecast. These overheads are
only'allsgatedAto separate contracts for the purpose of
cost control {see Chapter 3) but in cash flow purposes tﬁe

company is usually considered as a whole,

Since the rate of construction on a contract is influenced
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by many external factors such as weather, soil conditions
and the reliability of subconiractors the cash flows are

diffienit to predict with aceuracy for long periods into

the future. For this reason contractors sometimes pro-

pare these as often as once every two months, for say,

twelve months in advance.

Figure 4.3 shows typical cash flow curves which might be
obtained from a cash flow analysis for a particular cone-

tract.

The vertical difference between the curves in Figure £.3
represents the nett cash balance or amount of free cash re-
gquired by a contractor as interim finance for a particuiar
construction contract (see Figure L.4). This negative
cash balance is the direct result of the fact that the con-
tractor's cost payments for a certain section of work are
usually made before the corresponding reimbursenents are
received from the elient. This interim cash lock-up must

be financed by the contractor’s financial asseis as described

in Section L.2.

Models for forecasting ecash flows of construction contracts

As described previously the objective of preparing a cash
flow forecast for a particular contract is to determine

the timing and value of the contractor®s paymenis and re-
ceipts during construction. This forecast is then used in
an overall company-wide cash flow analysis which is useé by

financial management for cash budgeting purposes.

In this section two models are described for analysing only
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those cash inflows and outflows of a contract whose timing
can be easily related to the timing of the construction
work on site. In thesé models the varlous cash flows are
assumed to take place at a known time after (or before) a
section of work has been constructed on site. Other cash
flows, such as purchase payments of plant and equipment,
income tax and head office overheads, are then added (for
the company as a whole) when the cash flow forecasts of the
various contracls are summed to determine am overall com—

pany-wide cash flow forecast.

In Section L.2.2 A a more rigorous procedure is described
for determining the total cash ecapital of the contractor

tied-up on & particular contract during construction. Here

all cash flows of the contract are taken into consideration,

including plant purchase payments, income tax, ete.

A) Conventional manual contract cash flow forecasts

Figure L.5 shows a manual procedure which can be used
by accountants in construction firms for preparing a

cash flow analysis of a construction contract,

Starting with a forecast of the expected contract earnings
.(m@asured work only), as determined by the contract ma-
nager from the comstruction work programmé (see Section
3.2.3), the accountant prepares & breakdown of cost and
revenue as shown in Figure 4.5. The proportions of
plant, labour and materials deéend on the Lype of contract

and are usually determined from past experience. For
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example, typleal percentages of plant, lsbour and mate-

rials on & roadworks contract might be 30% plant, 15%
labour and 45% material costs, Similarly the expected
delay between incurred costs and actual payments are

determined from experience.

Further refinements to the procedure shown in Figure 4.5
might be to split material costs into different propor-
tions of delay categories (e.g. 30 day, 60 day and 90

day payments ).

Various errors are possible 1f the procedure in Figure

Leo% is used. E;irstly it is assumed that the propor-
tion of the monthly costs devoted to plant, labour and
material are constant throughout the construction pericd.
Secondly, since costs are determined from the construc-
tion revenue (by subtracting the gross profit margin)
some correction would have to be made either to the
current profit margin or cash flow when it is known that
costs have increased due to inflation.  Also, when a
tender has besn unbalanced the payments from the client
will be affected by the amount of unbalancing, but the
contractor's expected costs are those estimted before
unbalancing and hence the contractor's costs at some stage
of the contract can therefore not be determined simply
by subtracting the gross profit margin from the expected
edarnings.,

In the case of an unbalanced contract, the final costs

might be equal to the expected earnings minus the gross

profit margin, but this is less likely to be true at
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interim pericds during the contracth.

If the final measured quantities are different from
the initial quantities in the Bill, the expected

costs and expected earnings for the coniract will be
altered, irrespective of whether the tender is a ba-

lanced or wnbalanced tender.

The method described in Figure 4.5 is never ihe less
a ugseful technicue which can be easily performed by

hand.

Cash flow forecasts from network analysis

The second apﬁmach to be described is an extension
to the network planming model in Chapter 2. Figure
L.6 shows the basic inputs and outputs of this cash

flow forecasting model.

This model is not based on the assumption that labour,
plant or materials form specific fixed proportions of
the current costs of the contract. Instead the pre-
dicted cost proportions of labour, plant and materdals
are caleulated from knowledge based on the activiiy-
time network, and hence these cost proportions will

vary throughout the time of the contract.

It will be seen that this model is similar to the
activity costing procedure described in Section 3.3.3
where the expected expenditure pattern of a contract

was modelled using the network planning model. In

the present model the timing of the activity costs

{and the expected reverme from these) 3s also determined

from the network planning model. Additional time delay
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values are added to the separate plant costs, labour

costs, material costs, and to the revenue expected

from each activity.

Hence the timing of the actual

cash outflows and inflows is determined,

Although the calculations of the model in Figure 4.6

are similar to those for the manual procedure de-

scribed in the previous section greater accuracy is

expected from cash flow forecasts prepared by the
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technigue described in Figure h.6. This is because
the propertions of plant, Ilabour and material costs
are determined from the actual work in progress rather
than as fixed proportions over the whole construction

period,

Athough both the manual procedure (Figure 4.5) and the
network cash flow forecasting model (Figure L.6) could
be computerised, the second model has the advantage of
being integrated with the planning model. ¥When changes
are made Lo the construction methed a new cash flow fore-

cast is wore easily prepaved.

The main disadvantages of the second model are the
fact that the costs must be determined for each net-
work activity and alsc their expected revenue must
be extracted from the tender rates which might not

be activity related.

The new activity-related or method-related Bills of
Quantities provide greater assistance Lo the contrac-
tor for estimating cash flows which are activity re

lated (Figure 4.6).

In Section §.2.2 A a more rigora&s analysis #ill be
described to determine the total cash capital of the
contractor tied-up on a particular contract during
its construction pericd. The objective here being
to isolate the cash requirements of a particular con-
tract rather than to aid the contractor in preparing

a general company-wide cash flow forecast,
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Trrortant considerstions in makineg contracht cash

flow forscasts

Four problems, relating to the preparation of cash flow

analysis for consiruction contracts snd ofien nsglected

in literature, are discussed briefly:-

{a) Materials on site - A% the =nd of sach month there

(b)

is generally a certain proporiion of material in stock
on a contract site, vhich will be consumed in a sub-
sequent period (e.g. cement, pipes, bricks, efc.).
This expenditure is offset by the fact that the client
usually agrees-to pay abt least a fixed proporiion of
thelr delivery cost (e.g. 75%) on the earliesl cer-
tificate after the material delivery, Some correc—
tion should therefore be made to the contract cash
forecast to make allowance for the proportion of ma-

terials on site which are not paid for by the client.

For example one might add a fixed proportion {e.g.
87} of the total material cost for a month to the
cash paymenits of that month. The actual percentage
depends on the type of gontract and could be detep.

o

amining records of past conbracts of 3 si-

mine by ex

milar nature.

Material payments in general «~ The timing of mate-

rigl peyments is sompebimes difficult to estimate as

contractors often buy in bulk at the start of a cone
tract to obtain discounts, and to decrease the eifect
of price escalation in contracts where no variations

are permitted for price increases, As cash flow
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forecasts generally assume that material is bought
at the same rate as the corresponding work is pere
formed and that there is no stockpiling, some error
might result. If necessary, some correction might
have to be made to the cash flow forecast to deter—
mine the sxact timing of material paymenis. In
general, however, it will probably be sufficiently
acourate Lo assume that the corresponding material

costs are incurred as the work is performed.

Depreciabion of plant and equioment - In Section

3.3 it was mentioned that the purchase cost of plant
and equipment is added as a depreciation charge to

a particular Bill item to determine the item's total
cost, Although certain plant costs such as for re-
pairs, fuel and maintenance are cash flows, depre-
ciation is not. Cash flow occurs when plgpt is
originally purchased and the estimator's concept of
depreciation is simply an attempt fo allocate z charge

rate for the machine to varicus work itens.

Various authors seem to have assumed that the timing
of plant cash payments are always at some known

time interval after the plant incurred costs. How-
ever, when a contractor uses his own plant on a con-
tract this plant has often been paid for already but
has not yet "earned its keep”. The contractor now
allocates a portion of this previous payment to the
Various ca%tracts by using a depreciation charge rate

{e.z. R/hr) which the estimator uses to caleoulate the
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plant cost of the Bill items on which this plant is

used,

These depreciation charges are not actual cash flows
and therefore they should be deducted from the ecash
costs in order to estimate the actual cash ocutflow
{see Figuwre L.5)., This has apparently not been

done by certain authors.

Referring to Figure 4,1 it is seen that plant purchase
payments can be added either fo the project cash flows
or included in the overall company cash flow analysis.
The writer prefers the latier approach since plant
and equipment are most often bought for the firm as

a whole.

When plant is hired, either externally or from a sister
plant hire company depreciation is not considered, as
the total hire charges are representative of the ac-
tual cash flow which will take place, In this case

one can determine the timing of plant cash {lows from

the time abt which work ls performed, since payment for
plant hire will usually occcur at an approximtely

known duration after the time the work is done.

Taxation - Taxes are generally assessed for a year
and are paid for the company as a whole, They arse
calculated on normal accounting profit and not on
cash flow. The present income tax rate (1973) is
LO cents in the Rand on taxable income for a company

{Ref. 17}
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The caleulation to determine the taxable income of a
company is generally lengthy and specialist advice
is often required. For example, various allowances
for plant and equipment are possible (e.g. the con-
tractor may make a 15% deduction of the purchase
cost of a machine from his taxable income for each

item of plant bought).

When preparing a cash flow forecast for a particuiar

conhract one would not normal

by dnclude income Lax,
gince this is wore easily added to the overall come
pany cash flow forecast by assessing the tax for the
firm as a whole. When an exact forecast is, how-
ever, required, for example to determine the total
tied-up capital of a contract (see Section 4.2.2),
some allowance would have to be made for income tax.
Since income tax is usually paid some time after a

contract has been compleied one might consider income

bax to be 404 of final profit which becomes a cash

flow some time after completion of contract {depen-

ding on where the taxable period ends).

he2 The Construction Contract as an Investment .tc the Contractor

Ballard (Ref. 3) stated that the service which the contractor

rvenders to the client can be divided into:-

(1)

(i1)

{111}

The temporary tying-up of capital during construction,

The provision of the necessary managerial and techniecal

skill to complete a contract,

The taking of the risks which accompany construction word,
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Referring to point (i), the financial assets* of the contractor,
some of which are temporarily allocated to the various comtracts
on which he is engaged, are generally expressed in monetary terms

as:-

(a) Fixed Capital** - This describes all fixed investments in

plant (e.g. bulldozers, graders, trucks, etc.) and equipment.-
(e.g. staging, special formwork, power tools) as well as
buildings (e.g. the contractor's head office, plant work
shops, stores, etc.) and land (e.g. on which new offices are
to be built in the near future), Table 3.2 B(c) shows where
these items are normally fournd on a company balance sheet.,
Obviously, head office buildings and land are not physically
transferred to a particular contract (as is the case with
plant and equipment) but are nevertheless an important part
of the contractor's assets which are needed in the operation

of his business {see Section 4.2.1 A).

{b) Working Capital - This is the constantly cireculating pool

of capital which is used by the contractor to finance the
interim costs of the various contracts (such as wages, ma-
terials, plant hire, plant maintenance, site overheads,

administrative costs, etc,)} before payments are received

*The term asset is used in accounting to denote resources purchased

at a certain monetary cost. This paturally also includes cash.

**Capital is defined as funds locked-up in investments (e.g. plant,

buildings, cash in the bank, etc.)
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from the client for work which has been completed (see

Section 4.2.1 B).

In Figure 4.7 a simplified diagram is shown which illustrates
the application and circulation of capital within a con-
struction company. The diagram should be read in conjunc-
tion with the balance sheet and income statement in Table
3.2 B, It is interesting to note that the contractor uses
the owners' equity* as well as any profits retained from the
previous years'® trading (i.e. profit not paid out to the
owner or as dividends to the shareholders) and also long
tem loans (e.g. mortgages on land, bonds, etc.) to finance
both fixed capital and working capital. During construction,
fixed assets in plant and equipment are used to do work for
which revenue is earned from the client. Working capital
provides the necessary short-term finance from which mate-~
rials suppliers, labour wages, subcontracters and other
short—term debtors are paid before payment is received from
the client. The profits (if any) which are generated by
the various contracts and which have not been paid out to
the contractor (or to the shareholders) are retained in the
business (as retained earnings) for possible future expan-
sion {(growth) and serve to increase owners! equity (i.e. the
shareholders! or alternatively the proprietor's claim in the

business),

L.2.1 The concepts of Fixed and VWorking Capital jin a firm

In this section the concept of Fixed capital and Working

*In a private firm this is the contractor's own capital originally in-
vested in the business, For a public firm owners' equity refers to

the finance provided by the shareholders.
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capital with respect to an overall construction firm will
be discussed briefly. In Secticon L.2.2 consideration
is given to the evaluabtion of Lhe Fixed and Working capital

required for a particular contract.

A) Fixed capital in a firm

An important difference between the contractor’s ca-
pital in fixed assets {(i.e. plant, equipment, buile
dings, ete.) and that in working capital is that Tized
capital is often subject to a decline in value {(i.e.
depreciation). This is generally true in the case of
the contractor's plant and equipment, but fixed asseis
such as buildings and land usually increase their mar=
ket value with time. Vhen considering the aspect of
depreciation a distinction must be made beiween the

following two types:-

(1) Accountants'® depreciation -~ At the end of each

acceounting period the accountant avtomatically
reduces the value of a fixed asset on the balance
sheet (see Table 3.2 B) in order to gradually
convert its original expenditure to expenses,

It will be seen in Table B.é B that this expense
is then charged to the "total incurred costs®
section of the Income Statement for the cor-
responding accounting period in order to deter-

mine the profit of this particular period.

(i1) Wear and tear depreciation - This is the con~

tractorts concept of depreciation and refers to
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the natural reduction in value of an item of
plant or equipment due to normal wear and tear
on site and the fact that more modern machines
are being developed which reduces the market
price of the older models. As mentioned pre-
viously, certain fixed assets actually increase
their value (e.g. buildings, land and even cer-

tain items of plant).

In order to recover the loss in value of plant and
equipment the coniractor adds depreciation charges

to the rates of the items in the Bill of (Quantities
when preparing a tender (e.g. 2 common procedure for
plant 1is to use an equivalent hourly charge rate which
is caleculated from the total expected cost of opera-
ting and owning a machine during its lifetime and the

total number of working hours expected from it).

Referring to Figure 4.7, it is interesting to note

that the cwners' equity and long term lisbilities are
used to finance fixed capital (in plant and equipment).
These costs are then recovered from the various clients
through the depreciation charges allocated to tender
rates of the items in the Bills of Quantities of the

contracts on which the contractor is engaged.

Working capital in fim

In an accounting sense working capital in a firm is de-
fined as the difference between current assets (e.g.
work complsted on various contyacts bub not yeb paid
for or certified by the clients, inventory, cash, etc.)
and current liabilities (e.g. bills payable to materials

suppliers, for wages, for plant hire and also bank
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overdrafts), Both current assets and current lia- -

bilities appear on the company balance sheet (see
Table 3.2 B(c)).

The significance of subtracting current liabilities
from current assets to determine working capital is as

follows:-

Current assets describe the amount of capital
of the contractor in shori-berm investments
such as material in stock, work completed on

a contract but not yet paid for by the client
(work in progress) and also cash in the bank,

A contractor is, however, required to physi-
cally finance only part of these current as-
sets because of the fact that he can defer cer~
tain of their payments through the temporary
time credit extended by materials suppliers
{e.g. sixty days), subcontractors {e.g. two
months ), plant hire firms (e.g. two months),
etc, By subtracting from current assets the
current liabilities (the money due to the short=-
term creditors described above) the true value
of the current assets which are actually fi-
nanced by the owners? equity (i.e. the money
invested in a fimm by iis owner or sharsholders
plus any long-term loans)is found, This dif-

ference is then referred to as working capital.
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L.2.2 Fixed and Working Capital required for a contract

Cn a contract fixed capital refers to the money of a con-
tractor which has been invested in plant (e.g. bulldozers,
graders, compressors, etc.) and equipment (e.g. scaffol-
ding, purpose-mide formwork, etc.) allocated to this con-
tract. The manner in which the amount of capital thus
tied-up during construction can be evaluated will be dis-
cussed in the next section. When plant is hired (e.g.
from an outside plant hire company) these hire charges will

be included under working capital described below,

Working capital on a contract is the contractor's money
which is tied-up during construction as a direct result
of the fact that he is required to pay his interim costs
(for materials, plant hire, professional salaries, es-
tablishment of site, etc.) before being reimbursed by the

client,

A large portion of working capital is also locked-up in
Retention money which is money due to the contractor but
retained by the client against possible default by the
contractor. On certain* contracts the client is allowed
to retain as much as ten percent of the value of each
certificate during construction, Fifty percent of the
retained amount is then repaid at the end of construction

and the remainder at the end of the maintenance period.

*The amount of retention money depends largely on the "Conditions of

Contract®” in use on a contract. The quoted example is common of

contracts with the Cape Town City Council.
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A) Evaluation of the contractor's tied-up ecapital on

a contract during construction

Referring to Table 3.2 B(c), it will be seen that
fixed and working capital {current assets less cur-
rent liabilities} can be identified as two separate
items on the company balance sheet. For a particu-
lar contract, however, the two items do not need to

be separatsd since both ere financed by the same source
{i.e, owners' equity, retained earnings and long-berm
loans (if any): see Figure L.7). The contractor is
mainly interested in determining the total amount of
this temporary investment. Fixed and working capital

required by a contract can thus be evaluated together.

It might be inconvenient for a contractor to allocate
certain tax costs or head office overheads to specific
projects, However, the theoretical temporary invest.
ment carried at any specific time by a contractor on
one particular conbract as suggested by Prolessor

A.D.W. Sparks (verbal communication) is shown in Fie
gure L.8,

Referring to Section 4.1.2, it will be seen that the
above approach is similar to the preparation of a
cash flow forecast. In both techniques (i.e. a cash
flow analysis and the equation in Figure L.8) the
cash deficit (or amount of capital tied-up) during
construction is evaluated, with regard te both the

amount and the time at which this amount is locked-up.
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However, many of the items considered in Figure 5.8

would nob normelly be taken into consideralion when
preparing & contract cash flow forecast., Project
cash flow analysis ave usually prepared with the ob-
Jective of finding an overall company cash flow fore-
cast and hence many cash flows such as plant purchass
payments and dncome tax payments would pormslly be
considered for the firm as a whole, Iﬁ addition,
head office overhead costs (e.g. for buildings, office
administration, drawing office, eic.) are allocabed
costs which are not always actual cash flows ccouwre
ying as a result of a particular conbraclt, such as
pavment for weekly labour wages. Instead these ave
often general charges based on a percentage {e.g. 5%)
on total contraclt costs. Howsver, in order to make

a complete evaluaticn of the conbractor's capital
tied-up due to his involvement on a particular conbtract
it is considered necessary to include also these allo-
cated coets which are difficull to identify with a

particular coniraci.

In the remainder of this section two examples are
shown to illustrate the calﬁulagion of the expected

tied-up capital on a construction contract.

Example T: Contractorfs capital tied.up on a simple

conbract

Table L.l shows the expected cash flows of a simple
imaginary combract in which there are no establishmend

costs (e.g. site sst-up cosits), no retention money, no
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income tax,and all the plant is hired. The cumula-
tive cash payments of the contractor for plant hire,
materials, monthly staff salaries, weekly labour
wages and subcontractors have been plotted to a time
scale in Figure 4.9. In Figure 4.10 the total cu-~
mulative cash payments are given together with three
cumilative cash inflow curves each corresponding to

a different way in which the contractof receives pay-
ment from the client; namely, for a contract with
no profit, for a contract with profit, and a contract
with profit and whose payment pattern has been un-
balanced*. The cash balance (i.e. the cash lock-
up or cash surplus) was determined as the difference
between the cumulative contractor's payments and his
receipts (from the client). This cash lock-up was
considered to be the capital tied-up during construc-

tion (see Figure 4.11).

It will be seen from the stepped curves in Figure 4.11
that the tied-up capital for the no-profit contract is
higher than for the contract with profit. For the un-
balanced contract, where the profit of the second
half of the contract was added t§ the receipts of the
first half, the value of the tied-up capital is con-
siderably reduced when compared with that of the pre-

vious two cases.

*Unbalancing is a technique used by contractors to increase the money
received from the client near the begimning of a contract. Vhen pre-
paring a tender the rates of the Bill items which will occur near the
start of a contract are increased and the rates for the work which will

occur towards the end of the contract are reduced by an equivalent amount.
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It is interesting to note that the changes in the
tied-up capital (for the contracts with profit and
the contracts with both profit and unbalancing) are
zero during the first two months of the comtract,
and then the reductions in tied.up capital increase
in magnitude towards the end as more payments are

received from the client.

Figure 4.11 also shows the predicted value of the
contractor's tied-up capital using an approximate
technigue which plots the value of z weeks of money
received or paid-out; where z is defined to be the
time delay between the centre of gravity of all the
contractor's payments for the costs incurred on work
done during a certain period of time (e.g. during a
month) and the time when the corresponding payment

is received from the client for this work. The value

of 2z may be determined from the following equation:-

Z = dr - 1= ] . AP SIS EPEPEIERbae S (1&.2)

VWhere dr is the expected average delay between the start
of the month during which the work will be done
and the time when payment is received from the

client for this work (e.g. 2 months in Table L.1),

C. is the total cost of a certain cost category i

(e.g. plant hire, labour wages, etc.),
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d. is the expected average time delay belween
the start of the month during which the cost
of cost category i will be incurred and the
time when the corresponding payment is made

by the contractor (ses example below),
and n 1is the number of cost categories considered.
The second term of equation 4.6 is %;henume gverags
time delay betwsen the start of the month during which

the costs were incurred and the payment of these costs

by the contractor,

FPor example described in this section (see Table 4.1)

the value of z was calculated as:-

$x86-+30x1492x1 , 75+2x58+2x1 2

278
= 0,65 months .

In this caleuwlation the tolsl costs for each category
were considered to occur at time delays measured [rom
the start of a typleal reference month {for example,
the centre of gravity of material payments is approxi-
mately 1,75 months after the beg:{nning of the reference
month; hence the total material costs of 92 units is
miltiplied by 1,75). Client payments were assumed to
be received 2 months after the start of a particular

month in which work is done,

In Figure L.ll curves are shown which represent 2 weeks
of earnings {(i.e. money due from the client) for the

no-profit, with profit and unbalanced contracts. In
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addition z weeks of conbractor's cash paymenis were

alsc plotied.

The method described above is similar to a technique
used by Ballard (Ref. 4) although it is not clear from
the text whether the author plotted z weeks of earnings

or cash payments,

Referring to Figure 4,11 it is seen that for the no-
profit contract both the curve of 0,65 months of

earnings and 0,65 months of cash payments have failed
to take into account two large peaks near the end of

months four and five.

This is mainly due to the faet that the technique of
plotting z weeks of earnings or payments is an ave-
raging technigue which is not intended to take into

account local peaks.

For the contract with profit (curve B in Figure 4.11)
the curve of 0,65 earnings {curve B} over-estimies
the capital tiedeup predicted by the cash {low method
in Figure 4.8, This is mainly due to the fact that
the earnings now include profits which cumulatively
reduce the tied-up capital. Foxl the contract with
profit a better approximation therefore seems to be
obtained when 0,65 months of no-profit earnings or
actual cash payment curve (see Figure 4.10) are

plotted.

For the contract with unbalanced earnings neither curve

F nor G are very accurate in estimeting the capital
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tled-up and some correction for profit and unbalancing
effects might have to be applied to the cash payment
curve approximate technique described above is to be

used,

When the client's payrents fo the conbractor are
slightly delayed at the end of a month (e.g. by one
week ) excessive temporary peaks in the tied-up capi-
tal can result (see Figure L.11) which the contractor
is required to finance with his working capital (or

as a temporary bank overdraft),

From the simple contract examined in this section it
might be concluded that for a contract with profit but
no unbalancing a reasonable estimate of the tied-up
capital during construction can be obtained by plot-
ting z weeks (equation L.2) of contractorfs actual cash
receipts (client payments to the contractor), as shown
by curve G in Figure L.1l. When the earnings curve is
used instead a poorer it is obtained but which is still
close to the tied.up capiial curve determined from
equation 4.1 (curve E in Figure 4.11). It also appears
from Figure 4.1l that this estimate can be further im-
proved if one subtracts the gross profit margin from
the earnings curve (i.e. this is equivalent to the no-

profit curve D in Figure 4.11).

The advantage of using the approximate technique de-
seribed above is that the earnings curve can be found
relatively quickly for a contract from the work pro.
gramme and the expected revenue of the various construc.

tion operations. Similar contracts often have similar
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earnings patterns., Henee approximate standard sar—

nings curves can be established as shown in Figure 4.18.

Example IT: Contractor's capital tied-up on a more

complicated contract

In Table 4.2 the contractor's tied.up capital, on a
contract with retention money, establishment costs (i.e.
head office and site costs), income tax and owned plank,
was determined using the technique shown in Figure 4.8,
The caleulated values of capitel tiede-up at wvarious
stages during construction are shown plotted to a time
scale in Figure 4.12. The figure also shows local peaks
in tied-up capital which can occur if the client pays

a few days later than expected (e.g. a week later).
These additional short term demands in cash will not
cause the contractor undue concern if he has a large
cash reserve or overdraft facilities in a banking
account. If the contractor, however, is operating his
business near the 1imit of his avallable capibtal it is

expeched that any excessive shori-term peaks in cash

demand will be of particular interest to him,

Figure 4.13 shows the contractor's cumulative éost pay-
ments for plant hire, materials, labour wages and sub-

contractors and also the cumilative tolal payments

from client to contractor {plus retention money).

The difference belween the vertical ordinates of these

two curves (see Figure L.1L (2)) is then the excess

{or deficit) of the client receipts over the direct

cost payments of the contractor (i.e. excluding planb
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purchase payments)., VWhen this curve {shown in Fie
gure L.lk {a}} is added to curves showing retention
money retained by client (Figure L.14 (b)), capital
invested in plant {Figure L.14 {c)} and tolal pay-
ments mads for overheads such as establishment of
site, monthly staff salaries and insurence (see Fi-
gure h.lh {d)}, the same curve of ta‘tgl capital tied.
up duriﬁg construction will be found as described
previously by using the method in Figure 4.8 (see

curve E in Figure 4,12},

By plotting on Figure 4.12 the tied-up fixed capital
of the contract {(as shown in Figure L.14 {c}) the

ameunt and timing of the short-term financing which

the contractor’®s working capital most provide during

construction is found., Any point on the total tied-
up capital curve above {Figure 4.12) represents the
amount of money tied-up in retention, work completed
but not yeb pald for, materials paid for, ete.; over
and above the money tled-up in plant and equipment

{fixed assets),

In Figure 4.15 the cumilative client payments for
measured work are plotted (i.e. plus retention but
excluding Preliminary and General receipts) and also
the eumulative payments of the contractor for plant
hire, subcontractors, materials and weekly labour wages.
The difference between these two curves is then the
excess (or deficit) of receipts from client for mea-

sured work over the payments by the contracter for
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his divect cost (including hired plant costs bub exe
cluding purchase payments for owned plant}, as shown
in Figure 4.16 {a). An attewpt was made Lo approxi-
mate the latler curve by plotiing z weeks of contrac—
h torts earnings for measured work {ecurve 1 in Figure
.16 (a}) and 2 weeks of contractor cost payments
{curve 2 in Figure 4.16 (3}); where 2z was calculated

to be 0,75 months {see equation 4.2).

Referring te Figure 4.16 {a) it is seen that there is
a large difference bebween curve 3 and the approximate
curves 1 and 2. In the case of cwrve I {0,75 months
of "measured” earnings) the discrepancy is probably
also due to the fact that the earnings from which
curve 1 was calculated include a provision for deprem
ciation which the contractor attaches to the Bill rates
to recover the cost of his Tixed assets (i.e. plant
and eguipment) used on site and due Lo profit-effects.
In Figure k.16 (¢} the portion of plant investment
{(i.e. Pixed assets) which is depreciated on site is
determined from the difference between the curve show-
ing total cash invested in plant and equipment {see
Figure L.14 {c}) and that showinghthe depreciated va-
Jue of plant and equipment on site. The latter curve

{curve 5 in Figure L.16 {(c¢})) was determined by valuing

all items of plant as shown in Figure 4.17. The
latter figure shows the value of an item of plant
purchased at the start of the contract (see Table 4.2},
A down payment of 10 uniis was made at the start of

the conbract with four subsequent payments of five
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Figure 4.17: "Depreciated“va.lue of fixed assets

(plant and equipment).

units each. 'Assuming straight line depreciation of
two units per month the depreciated value of the plant
item is shown in Figure 4.17. 1In the example in
Figure 4.16 (c¢) a depreciation of five units per month
is assumed. The other main lump sum purchase of 20
units at the end of month 3 in Table .2 can be trea-
ted simrilarly and the two curves summed to find the
totzl depreciated fixed asset curve (curve 5 in Fi-~

gure L.16 (c)).

If the depreciated shaded portion of the fixed assets
(see Figure L.16 {(c)) is added t; curve 3 in Figure

4.16 (a) the cormbined curve will be closer to the curves
1 and 2 in Figure 4.16 (2) than to the curve 3 in this

figure .

Referring to Figures 4.16 (a) to {d) it will be seen
that if one adds together the curve 3 (client receipts
for measured work plus retenticn less contractor's

payments for direct costs, excluding plant purchases),
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plus curve 4 (money retained by client, plus curve 6
capital invested in planﬁ and eqguipment , less cash
from r@salé} and plus curve 7 {overhead cost payments
«less specific R,ﬁnd G.Eill item reinbursements from
the client) the project total tied-up capital curve

will be found {ecurve B in Fipgure L.12).

If instead the approximate curve 1 showing 0,75 weeks
of earnings (representing the contractor's capital
tied-up in direct costs) plus curve ) {(money retained
by client) plus curve 5 {the total depreciated value

of plant on site) and curve 7 {the contractor's capi-~
tal tied-up in overheads such as site sst-up costs)

2 reasonable approximation {curve F} to the total tiedw

up capital curve E in Figure L.12 is obtained,

Although the approximate curve F of total tied-up
cepital dees not evaluate the local peaks which wight
occur if the client pays a few days later than ex—
pected, it has the advantage that it is easier to
determine than the more rigorous cash flow analysis
using the esquation in Figure 4.8, Further experi-
mentation would, héwevarp be reguired to determine
whether the approximate curve F will always be suf-

ficiently accurate.

Le? Financial Control

The objective of Financial Management 1s to ensure thal the wone.
tary resources of a business are plamned and conirolled to esarn

the best returyn on thelr investment,
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Anthony (Ref, 1) very effectively peints out that although it
may seem to be the case, this cobjective is never simply one of

maximising profit bub rather to do what is best for the growth and

well-being of a firm in the long run. For example, money will
rarely be invested in an undertalcing with excessive risk or in

something which ds against certaln ethical principles of a fimm,

Although it is beyond the scope of this thesis to discuss com-
pany financial control to any great detail brief consideration
is given to two Lechnigues which are used by contractors to cone

trol thelir financial resources.

heZed Control of company burnover

It is uwsually the policy in construcbion firms to maintain

a target level of company turnover {i.e. rate of earning

e.ge REL50 000 per month), This target is then steadily
increased with time as the firm grows, and to allow for
inflation {(il.e. a reduction in the purchasing power of
money ),  when deciding to tender for new contracts cone
sideration is given to the effect which these contracts

will have on a Timm's tobal twnover,

The thinking behind maintainin

z a target company rate of
eayning is Pirstly the assumption tha£ it will ensure
that sufficient work is available to keep the fixed as.
sets of a firm (i.e. plant and equipment ) fully employed,
and secondly, this may ensure that full use is made of

the total assets of the company Obviously, it is also

hoped that sufficient profits will be generated.

The advantage of the above technique is its relative
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simplicity if compared with a technique which first re-
quires the total tied-up capital of a contract to be e~
valuated to determine its suitability as a new contract
{as described in the next section). From past experience
contractors generally'knOW'appraximately'the time-pattern
of earnings on a particular type of contract., Figure
4.18 for example, shows the standard earnings curve used

building contractor to determine approximately

by & local

the expected earnings of a contract at various stages du-
ring construction (the curve in Figure 4.18 was determined
from the actual earnings of a large number of completed
contracts), It is expected that similar standard curves
could also be determined for the variocus types of con-
tracts on which Civil Engineering contractors are engaged

(e.g. roadworks, bridges, pipe-lines, etc.).

An additional factor which musit be taken into considera-
tion when using the technique of tendering for conitracis

to maintain a constant level of company turnover is that
the relationship between turnover (i.e. earnings) and the
contractor's total tied-up capital during construction is
not the same for the wvarious types of Civil Engineering
contracts. IL was seen in the previcﬁé section that a
labour intensive contract {e.g. a structure such as a bridge)
has a lower level of tied-up capital than for example a
plant intensive contract, such as a road surfacing con-
struction, The effect of unbalancing a2 tender alsc usual-
1y has the effect of reducing the capital tied-up on a

contract during construction.
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4.3.2 Contreolling the utilisation of capital ina fim

The importance of cash in 2 firm was pointed out in Sec-
tion L.l of this chapter. According to Zilly and OfBrien
(Ref. 20) one of the main reasons for bankruptcy in Ame-
rican construction firms is the loss of liquidity, caused
by inadeguate pre-planming of company cash utilisation,
The term liguidiiy is usuwally used in connection with the
ability of & firm to meet its immediate bills from mate
rials suppliers, subcontractor’s claims, elc. at a certain
point in time., Heferring to the balance sheet in Table
3.2 B (¢) it is seen that the current liabilities must be
ccvéred by a firm's current asseils of which cash is an

important item.

The company cash flow forecast, consists of the sum of
the individual contract cash flow forecasts plus all
other expected future company cash flows for capital
assets {e.g. bulldings) and other expendiiures. " This
company cash flow forecast is an important financial
planning tool of the financial manager of a construction

firm,

In Section L.l.2 two techniques for the preparation of

a company cash flow forecast were described. These two
techniques were designed to aid the accountant mainly in
determining the amount and timing of cash flows which

could be directly related to the timing of the construction
work. Other cash flows such as for plant purchases could
then be added for the whole firm to provide the overall

company cash flow forecast.



CUMULATIVE. COMPANY EARNINGS

COMPANY TIED-UP
CAPITAL.

~ |
8
L FE :
3 2 o} AVERAGE EARNINGS (Revenve.
w Do AND RECEIVED) OF A
e .| LARGE NUMBEAR OF BUILDING
% . 80 ComTRACTS
id
u\ﬁ’ én o
g 2 i
s *r
BQ i
20
o - R . . . -—

o 10 20 30 40 50 60 70 go 80 oo

% OF TOTAL TIME OF CONTRACT
COMAETED —

FIGURF 4.18: Standard earnings curve used by a iocal
Building Contractor

| |
CUOMNATIVE
EARN NG S
. CONTRACT 2 ) OF conmaur 3
(1N PROGRESS —
-_/—/ /
7 EFFECT OrF
ConTRACT ¥ ANTICIP
ATE. D
2 (PAST) //‘V CONTRAG on

e FiM/
W CUMULATIVE - EARM lC)sCrS
EARNINGS OF

i ~oNTR ,
/ W l Ex:::'ab s
EARNINGS

ConstracT 4 (PAST) ARTICPATED

——

\// CONSTRACT
H I TARKE T
E EARMING
A | RATE o%° '

CARM TIED~VUP CAPITAL
g OF ARNTICIPATED
g | C ONTRACT
fan 197z a¥3 % s s 19% ¥
" 2 ] i . ¢
1. 2. _a

—

E ALlowamie

Level. oF TED-UP CAPITAL
Tep-vP OF ANTICIPATED CaNTRALT
CAMTRL ON

CoMITRACTS

FIGURE A4.19: Tied—up Capital and karnings of a Number

of Contracts



L/89

In Section 4.2.2 3 complete analysis was made of all the
capital of a contractor tied-up on a conbract during colim
struction., For a particular contract the curve showing
tied-up capital (for example, Figure 4.12) could be used
in conjunction with the earnings curve of the same coniract

ag shown in Figure 4.19.

In Figure £.19 the total earnings and total itied.up capi-
tal {see Section £.2.2) of a construction firm for its vaw
rious construction contracts are examined together to de-
termine the effect of an anticipated fubture contract.

It is seen that for the given level of tied-up capital
and target rate of earnings the firm has enough work till
the middle of 19Y5. Taking into account only earnings
and tied-up capital the anticipated contract seems to re-
store the overall company earning rate to its target va-
lue, without exceeding the allowable limit for tied-up

capital.
Notesths target earning rate (including profits) for
the whole company can be expressed as a function of the
tied-up capital of the whole company. This function
varies with the type of contract (e.g. building, road-

works, etc. ).

L. The Time Value of Money

When a contractor decides to commit a portion of his capital to
a contract which stretches over a number of years, it becomes
important for him to take into account the effect which time has

on the value of money.
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In Section he2.2 a complete analysis was made of all the
capital of a contractor tied-up on a comiract during cone-
struction, For a particular contract the curve showing
tied-up capital (for example, Figure 4.12) could be used
in_conjunction'with the earnings curve of the same contract

as shown in Figure 4.19.

In Figure 4,19 the total earnings and total tied-up capi-
tal (see Section £.2.2) of a construction firm for its vow

ricus consiruction coniracis are examined together to de-

termine the effech of an anticipated fulure conbracht,

It is seen that for the given level of tied-up capital
and target rate of earnings the firm has enough work till
the middle of 1975. Taking into account only earnings
and tied-up capital the anticipated contract seems to re-
store the overall company earning rate to its target va-
lue, without exceeding the allowable limit for tied-up
capitals

Note:the target earning rate (including profits) for

the whole company can be expressed as a function of the
tied-up capital of the whole company. This function
varies with the type of contract (e.g. building, road-

works, ete.).

Lol The Time Value of Money

When a contractor decides to commit a portion of his eapital to
a contract which stretches over a number of years, it becomes
important for him to take into account the effect which time has

on bhe value of money.
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This effect can be divided into:-
(a) The eaming power of money i.e. the ability of money to
earn interest,

(b) The decrease in the buying power of money; namely, the
effect of inflation (i.e. rising prices). (This aspect

will be discussed later in Section 4.5.)

L.hsl The earning power of money

Curve 1 in Figure 4.20 shows the compounded interest va-
lue of a sum of money at various points in time. It is
invested at compound interest and is thus governed by

the equation:

= A(l+i)n LA E N RN ENEREEREELNERNERNNENENN] (ll-.3)

=3

Where A 1is the value of F at the initial time,
F is the value of A after n years, -

and i is the yearly interest rate.

F= A(H—i—)n
{(toraL sum IBVESTED AT

VALLE OF A % interest, YeAr zefo 1w THE CmquN\S
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A Mo inflation ~NO Lpt::..n.-nouj
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Figure 4.20: The value of a sum of money at various points

in time,
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Because of the interesi earning powsr of money it is not

cnly the amount of money which is imporbant but also the

time at which it is received, In other words, a sum of

money recelved today is worth more to the contractor than
the same sum at some point in the future. Since the

former sum could have been invested in the meantime,

By the same argument the longer an expenditure is defer-

red, bthe betlter it will be for the contractor,

it is interesting to note the significance of this to
routine management decisions. VWhen a manager for eXame
ple, decides to buy in bulk at the start of a contract
to secure a discount, he does this in the hope of having
made the least cost choice.  Taking into account the
effect of time he might find that by spreading his pay-
ments he could have earned more if he invests this money

as lonz as possible in the business.

Disgounted cash flow technicues

Because a Hand earned foday can eam interest if invested,
some method must be used to compare future cash values at
the same point in time. This can be done by expressing
all future sums of money at their present value via the

following equation:

_ F
A — 1'{"_-1 B EEBEDCEEP I EPEPELRGERREEF (I‘-!*)
there A is the equivalenﬁ present value of a

future sum F paid oul or received n

periods from the present date,

i is the equivalent target interest rate which

shouwld be earned per period of time.
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Eguation L.h describes the interest earning capacity of
money {(if lent) and applies even if the purchasing va-

Iue of Wl remains the same {e.g. FL per kilogram of beef),

Two techniques which are based on eguation 4.4 and which
are often used to compare capital investments and other
problems (e.g. when to replace a machine) involving cash
inflows and outfliows over a number of time periods are

discussed brieflly.

{i) The discounted cash flow Present Value method,

{ii) The discounied cash flow Yield method,

The basic difference between these two methods is as fol-

Jows e

In the present value method an interest value is as-
sumed and hence an equivalent present value of future

profits is calculated,

In the discounted cash flow yield method the interest
value {(i.e. rate of return) is regarded as the unknown
value which is calculated