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T. Wiatr 

Po=nmi University of Technology 

I. Problem outline 

Traditional project planning in construction industry 

focuses on the issues of the production process, high

lighting elements such as rhythm, continuity, and uni

formity. This situation is reflected in an informal and 

unofficial two-stage management structure of many or

ganisations. It assumes the existence of a higher level 

of management, specialising in the issues of economy 

and finance, and a lower (separated) level of manage

ment specialising in the issues of technology and pro

duction. In this arrangement financial planning is high

ly general, with little relationship to the complex issues 

of technology and engineering. Today, in the age of 

integrated information systems, such an approach to ma

nagement of project seems truly obsolete. 

The approach needs changing by integrating the 

production planning and the financial planning into one 

system of management [1]. Looking at it from the the

oretical standpoint, the problem can be presented as 

the question of optimum technological-economic control. 

The article focuses on the relations between what is 

spent and received relation to the value of works and 

project schedule (Fig I). These relations may be a sour

ce of risk. especially in cash flow forecasting [2. 3]. It 

is \'ery important problem because the extent of risk 

and uncertainty associated with construction projects is 

considerable and should not be underestimated (4]. 

2. Decomposition and s,·stematisation 

The project schedule is a basis of the production 

process in construction industry. The financial schedule 

(schedule of payments and cash flows) closely related 

to the schedule of works is a source of integration bet

ween the production planning and the financial plan

ning (Fig 1 ). Cash events (inflows and outflows) 

reflecting receipts and expenditure are elements of the 

financial schedule. These events define the discrete cha

racter of distribution of the receipts and expenditure. 

Discrete form of expenditure is in the opposition to 

actual knowledge [3, 5] because cumulative expenditu

re are not continuous here (only value of works has a 

continued form of an S-curve). Proposed name of the 

model is IVO (Inflow-Value-Outflow) according to these 

features. 
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RF.I"F.IPTS 

Fig I. Ideograph of project control (simplified model) 

A discrete distribution reflects the project cash flow 

and it is a basi~ for financial contrul. The control emb

races four principal quantitathc clements: e\cry sche

duled receipt should be char.tctcriscd by quoting the 

amount receiH!d (Q- l and the time when the amount 

was received IT+). Similarly. every scheduled amount 

spent should be characterised by quoting the amount 

spent (Q-) and the time when the amount was spent 

(T-). Taking the four highlighted parameters into con

sideration, it has been assumed that each one may be 
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known (answer= I). or unknown (answer= 0). Basing 

on the above-defined dichotomy, a systematisation of 

simple cash flows has been worked out (Fig 2) and 

described (Table I). 

The scope of the classification contains fourteen 

cases and two extreme cases. The first occurs when 

the amounts of receipts and expenditure are precisely 

defined and is. therefore, a deterministic case reflected 

in the table by four positive answers ( 1,1 I 1,1 ). The ot

her extreme case refers to the situation whereby the 

dates and amounts of receipts and expenditure are un

known, and it has been reflected in the table by means 

of four negative answers (0,0/0,0). 

T. 

1,1 1,0 0,1 0,0 
1,1 1,1 1,1 1,1 

I ,I 1,0 0,1 0,0 
1,0 1,0 1.0 1,0 

1,1 1,0 D,l 1,0 
D,l 0,1 0,1 0,1 

1,1 1,0 0,1 0,0 
0,0 0,0 0,0 0,0 

Fig 2. Dichotomic systematisation of simple cash flows 

3. Interpretation of the model 

In practical terms, the dates of some payments (cash 

events) may be defined rigidly by appropriate law regu

lations (for example. national terms of taxes - vat and 

so on) or by contract. In such cases, it must be man

datorily assumed that the date is known (answer = I). 

A similar situation occurs in case of amounts which 

may be tixed at a certain level and, therefore, it should 

be assumed that the amounts are known (answer = I). 

Description of the simple cash flows (abbreviations: rec. - receipts, exp. - expenditure) 

Q- T- Q+ T+ Explanation of the simple cash ftows 

group I all parameters known 

I I 1 1 known amounts and dates of receipts and expenditure 

group 2 one parameter unknown 

0 1 1 1 known amounts and dates of receipts and expenditure dates, unknown expenditure amounts 

1 0 1 1 known amounts and dates of receipts and amounts of expenditure, unknown expenditure dates 

1 1 0 I known dates of receipts and amounts and expenditure dates, unknown amounts of receipts 

1 1 1 0 known amounts of receipLo; and amounts and expenditure dates, unknown dates of receipts 

group 3 two parameters unknown 

II () 1 1 known amounts and dates of receipts. unknown amounts and expenditure dates 

II I II I known dates of receipts and expenditure. unknown amounts of receipts and expenditure 

II I I II known amount~ of rec. and exp. dates. unknown amounts of rec. and exp. dates 

I II II I known dates of rec. ;md amounts of exp .. unknown amounts of rec. and exp. d;1tes 

I II I II known amounts of receipts ;md expenditure. unknown d;ate., of receipt., and expenditure 

I I II II known ••mount' and expenditure dates. unknm\ n amount' and d;1te' of rec.:eipt' 

.:ntup .a thn'C.· puraml'ters unlmo"11 

I II II II known amounts of expenditure. unknown expenditure dates ;md amounts and dates of receipts 

II I II II known expenditure dates. unknown amounts and dates of receipts and amounts of expenditure 

II II I II known amounts of rec., unknown amounts of expenditure and dates of receipts and expenditure 

() () () I known dates of receipts, unknown amounts of expenditure and amounts and expenditure dates 

group 5 all parameters unknown 

0 0 0 0 unknown dates and amounts of receipts and expenditure 
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It results from an evident assumption that all 

amounts and dates of receipts and expenditure have been 

defined by a contract and. therefore. in the financial 

schedule (schedule of all payments) which is part of 

the contract. This is a basis of a traditional planning 

practice included in contract regulations (only in solid, 

detailed agreements). In such a case. the contract be

comes a basis for further analyses targeted at the sen

sitivity analysis of the plan to changes of parameters 

during the life cycle of project. In this case sensitivity 

analysis helps finding a searching value in effect of 

change of a single variable within a project by analy

sing that effect on the project plan [4] in day-to-day 

management [6] without probability calculations [7] or 

with them. 

In a wider sense, the simulation may serve the 

purpose of optimisation of the plan before the contract 

is signed (like a decision support system in strategic 

decision-making [6]), like a tool for teaching theoreti

cal concepts [6] or management game. It corresponds 

with all features of simulation in the branch of const

ruction management [8]. Presented problems are inclu

ded in general area of the Project Time Management, 

Project Cost Management and Project Risk Manage

ment [9]. 

4. Simulation and sensitivity analysis 

Normally the knowledge of the four above-men

tioned parameters (amount spent, date of expenditure, 

amount received, date of receipt) gives a determinist 

model. It must be stated that the opposite lack of know

ledge of a certain parameter (answer = 0) does not 

mean that it is completely undefined. In practice. the 

value of each of the listed parameters may differ wit

hin certain limits (in an estimated range) and it defines 

probability of parameters. In this situation we have pro

b:Jblc amounts and dates and a model en:1bling tu cal

culate the exrcctcd risk rd:ucd to financial schedule. 

Morcmcr. in many case:-.. a gi,cn parameter ma~ 

be only rclati\cly constant can:o.\\er - II by way of it:-. 

dependence on other relatively constant parameters 

(technical and organisational in particular). The reason 

is that. in practice. the amounts and dates of receipts 

and expenditure may be directly dependent on the sche

dule of works (in many cases). The variability of pro

duction parameters effects in delays of partial amounts 

and partial terms. and all those factors define indirec

tly the variability of the financial schedule. If many 

technological and organisational factors come into play, 

their influence on the distribution of the cash flows 

may be critical. In this situation we are in need of 

simulation of work's schedule. In such a case, the risk 

related to the schedule of works combines (multiplies) 

with risk of financial schedule according to the proba

bility rules. 

If. on top of this. there is some influence of fac

tors which are external to a given project organisation 

(instability on the construction industry market, infla

tion etc), the analysis of the variability may be crucial 

from the point of view of the project success (for exam

ple. in lump sum contracts or BOT projects and in 

developing firms). In these most complex cases value 

of work may be in a probabilistic form but value of 

works has a continuous form (cash events are discre

te). This case is a combination of discrete-event simu

lation and continuous simulation. 

5. Computers and software 

Four cash flow parameters have been discussed abo

ve. constituting a basis of a common denominator for 

individual cases, and presenting them as simple cash 

flows. Although their number (16 cases) is not big, it 

must be stated that, in practice, they never occur in 

pure form. In modelling the complex cases. we must 

associate (combine) simple cases, using the principle of 

superposition and (in such a situation) the number of 

existing parameters in the simulation will grow very 

fast. Specialist software and a fast computer. with tech

nical characteristics reflecting the complexity of the mo

delled 1 simulated l projects. are necessary for analyses -

espcciall~ in l"onnection with complex risk analysis. 

At rrescnt there is nu single software on the mar

ket. whid1 might serve the purpose of carrying out such 

an:1lyses. and therefore. it is necessary to join together 

:1 number uf srccialist soti\\arc packages. Good exam

ric is the Jlroposition of computer (lrllgr.ml rrcparcd 

by ~a\ on II 0) but the discussed product is directed 

only to contracts based on the detailed bills of quan

tities (BOQ) [10] and this software is not available. 

Similar specialised systems in Poland are used in prac

tice with the database of cost calculation software. They 

are too rigid (not flexible) for general research (in all 
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aspects of modelling projects and contracts) because 

these systems focuse on automatic integration of the 

cost items with the schedule items [I 0]. [II]. not on 

complex analyses. These systems are very usetul tor 

practical cases of particular contracts but less universal 

in all aspects of the research. 

In the practice of all types of building and engi

neering projects (and in the process of real modelling 

these projects). the recommended software is the world

famous Primavera Project Planner+Monte Carlo for Pri

mavera. What can be used both for theoretical and pntc

tical purposes, is difficult CA SuperProject+Predict. or 

popular MS Project+@Risk for Project packages. 

A possible alternative for special cases is Polish 

program Planista and modules prepared with adoption 

of genetic algorithms (GA). Taking into account the 

analyses of test schedules/model schedules for research 

purposes the recommended software packages is MS 

Excei+@Risk in dynamic connection with the latest sof

tware listed above (and not listed older Pertmaster Ad

vance) or with the optional usage of the software writ

ten individually. 
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KAPITALO I~LAIDI) IR JPLAUKI) AI'\ALIZtS 
VALDAI'\T STATYBOS PROJEKTUS MODELIO 
APRA~YMAS 

T. Wiatr 

Santrauka 

Aprasytas bendrasis projektq valdymo modelis piniginiq 
srautq ir gamybos bei finansiniq planq priklausomybes poziii
riu. Siame modelyje grynieji pinigai yra diskretaus pobiidzio. 
bet darbq verte yra t~stines S-kreives formos. Nuomone, kad 
islaidos yra diskretaus pobiidzio. prie5tarauja nusistovejusiai 
nuomonei. Pagal si~t savy~ siiilomas ir modelio pavadinimas 
- IVO (angl. b!llow-Value-Ou~flow). Modelis leidZia anali
zuoti problemas naudojant speciali~t programin~ irang~t. Mo
delis gali biiti pagrindu jautrumo analizei atlikti, atsiZvelgiant 
i pavienius projektq kintamuosius dydZius. Antra vertus, mo
delis gali biiti modeliavimo ir galimos rizikos vertinimo iran
kis. Straipsnyjc isryskintas gamybos ir finansq planavimo in
tegravimas i vien~t valdymo sistem~t. Si sistema tiesiogiai su
konccntruota i projektlt. bet netiesiogiai i statybinc: firm~t (pro
jcktq ronfclis). 
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