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DEVELOPHENTS IX COETRACT PRICE FORECASTIAG AND BIDDING TECHFIQUES

Martin Skitmore’® and Brendan Patchell=

INTRODUCTION AXD DESCRIPTION OF TECHRIQUES

The cbjective of this chapiar is to describe and demonstrate the use of
four types of design estimating systems that have been developed in

recent years to the point of commercial usse. These consist of;

* standard REGRESSION approach to item identification and pricing
* CPS slmulation for evaluation of item interdependencies
* ELSIE, the expert system for 'front end' item and quantity

generation, and

¥ a prototype BIDDING MODEL DEBIASER developed by the author for

'back end' estinate adjustment for bidder characteristics.

' Benior Lecturer, Dept of Civil Engineering, University of Salford,
Salford Mo 4WT, UK.
¥ Quantity Surveyor, Bucknall Austin ple, § Scotland Street, Birmingham

81 Z2RR, UK.



INTRODUCTION AND DESCRIFPTICN COF TECHNIQUES (continued)

Before considering these systems however, some preliminary observations
are provided concerning the type and nature of some currently available

estimating techaniques,

Designers*' and contractors' approaches

The functional separation of design and conrstruction has been reflected
in the development of:contract price forecasting technigues largely %o
meet the perceived needs of both these sectors of the coastruction
industry. For designers, the need is to inform on the expenditure

impiications (to the client’) of design decisions to help in achieving

financial targets, and

value for money

For contractors, the need is to inform on the income implications (to
the contractor) should the contract be acquired. Although the nature of
the competitive tendering process is such that both designers and
contractors are essentially concerned with the same task - esiimating
the market price of the contract - the potential for contractors to
access production cost information is a determining factor in the type

and reliabillty of technique used.



INTRODUCTION AND DESCRIFPTION OF TECHNIQUES (continued)

Many of the methods used in practice contain & mixture of both market
and production related approaches. [t is common, for instance for
quantity surveyors to build up rates for special items involving new
materials or components from 'first principles' by finding out the
manufacturer's price and making an allowance for installation and other
agsociated costs involved in a similar mamner {o the contractors’
estimator., It is also common for contractors' estimators to use sone
'plack book' method which is more intended to generate a competitive
price than a genuine éstimate of cost., The validity of combining the
two approaches, although a popular debating point, is by no means
established in academic circles. Clearly, the relationship between
market prices and production costs is the determining factor, and

research on this aspect has been inconclusive as yet,

It iz generally accepted however that the contractors' resource based
approach produces very much more reliable estimates than the designers’
equivalent. Unfortunately, theoretical research in this area has until
relatively recently concentrated entirely on the formulation and
solution of a highly simplified mathematical construction of the
contractors' bidding decision. Despite the apparent remoteness of
bidding research from the real world of quantity surveying, there is an
important connection with design estimating as, unlike construction

estimating, bildding is directly concerned with market prices,
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INTRODUCTION AND DESCRIFTICN OF TECHNIQUES (continued)

Strangely, bidding research has been quite opposite in many fundamental
ways to estimating research. Firstly, bidding research is firmly
founded in economic theory with very little empirical support whilst
estimating research has no formal theoretical base at alll As a resultl,
both research fields have run intoc seriocus logistical problems. Bidding
raesearchers are now faced with an unmanageable number of theoretical
extensions, most of which are not appropriate te real world data, and
estimating researchers are now faced with an unmanageable amount of data
with no thecretical 5asi5 for analysis. Secondly, bidding models are
invariably probabilistic in nature whilst estimating has traditionally
peen treated as a deterministic matter. Perhaps the biggest emphasis in
estimating research today is in the reliability of the technigues used,
and statistical probability offers the greatest potential for modelling
reliability. Clearly then the theories and techniques used in bidding
have scme ralevance in estimating especially in the provision cof a

mathematical basis for the analysis and developments in the field.

Mathematical and typological features

Traditional estimating models can be generally represented in the form

of

P = p'a+p::+' "+PN = q1r“ +q-:r:2+ e +quN 9



INTRODUCTION ARD DESCRIFTION OF TECHNIQUES (continued)

or, more succinctly

Where P iz the total estimated price, p is the individual price, q the
guantity of work and r the rate or value multiplier far items 1, Z,

& respectively. So for a bill of quantities based estimate, g: g= stc
would represent the quantities for items 1 2 etc in the bill, v 1z, efc
the rates attached to the respective items, and pr p= etc their
individual products, For example, an item of say concrete in floors may
have a quantity g of 10 m” and rate r of £60/0%, giving an item wrice p
of gr=2600, the sum of all such prices Ip giving the total estimated

price P,

The differences that cccur between traditional estimating meihode ars
usually in the number and type of items and the derivation and degree of

detail invelved in estimeating their respective g and r valuss.

{(insert Table 1 here)

From Table 1 it can be seen that the number of items () may range from
one single item {(UWIT, FUNCTIONAL UNIT, EXPONENT, INTERPOLATION, FLCOR
AREA, CUBE, and STOREY ERCLOSURE) to very many (BQ PRICING, NORXS,

RESCURCE) .



INTRODUCTION AND DESCRIFTIGN OF TECHNIQUES (continuad)

The UNIT method is used on all types of coniracis and involving
any comparable unit such as tonnes of steelwork or metres of

pipeline

The FUNCTIONAL UNIT method being similar but resiricted to use on

buildings with units such as number of beds or number of puplls

The EXPONENT method, used cn process plant coniracis, involves
taking the Cont;act price of an existing contract and multiplying
by the ratioc of scme relevant quantity, such as plant capacity, of
a new to existing contract, raised to a power, r, determired by

previcus aralysis

The I¥TERPOLATION method takes the price per square metre of gross
flpor area of two similar contracts, one more expensive and one

cheaper, and interpclates between them for a new contract

The FLOCR AREA method is less specific in that a price per square
metre flopor area is derived somehow, depending on any information

avalilable

Similarly the CUBE methnd, involves the calculation of a quantity
representing the cubic content of a building for the application

pf a price per cublc metre



INTRODUCTION AND DESCRIFTION COF TECHNIQUES (continued)

Perhaps the most scphisticated single item methad is the STOREY
ENCLOSURE method, involving the aggregation of major building
features such as floor, wall, basements and roof arsas intc a

composite index known as a 'storey enclosure unit!

By PRICING and NORMS methods on the other hand involves the detailed
quantificaticn of a great number of items, usually prescribed by an
external contract controlling institution such as the Joint Contracis

Tribunal (in the UK) or Government (in Bastern Block countries)

Several methods fall between these two extremes using either a few items
(GRAPHICAL, PARAMETRIC, SACTOR, and COMPARITIVE) or a reduced set of BR

PRICING/NORXS type items (APPROXINATE QUANTITIES, ELEMENTAL).

The GRAPHICAL method, used on process plant contracts, lavolves
plotting the quantities of sach of a few items of interest against
the contract sum of previous contracts, for a visual analysis of

possibly non linear relationships

PARAMETRIC methods, alsc used on process plant coniracts, adopt a
multivariate approach in using a function of several process
reiated items such as capacity, temperature, pressure in

combination



INTRODUCTION AND DESCRIFPTION OF TECANIQUES (continued)

FACTOR methods, again used for process plant contracts, involve

pricing only a portion of the contract which is then multiplied by
a factor derived from previous similar contracts, Versions of the
FACTOR method include the Lang method, which uses a single factor;
the Hand method, which uses different factors for different parts
of +the contract: and the Chiltern method, which uses factors given

in ranges

The APPROXIMATE QUANTITIES method, involves the use of composite
groups of BQ PRICING items which have similar guantities, eg.
floors and walls, or similar physical functlions, eg. doors and

windows, with rates being derived from EQ/price bock databases
The ELE¥ENTAL method, perhaps the first of the non traditicnal
approaches, alsc uses items representing thysical functions of
buildings, but with quantities and rates expressed in terms of the

building gross floor area.

The reliability of estimates generated by the traditional model is a

function of several factors
(1) the reliability of each quantity value, ¢

(2> the reliability of each rate value, T



INTREORUCTION AND DESCRIPTION OF TECHENIQUES (continued)
(%) the pumber of items, n, and
(4} the collinearity of the g and r values

This last factor is often overlooked in reliability considerations which

tend to assume that q and r value errors are independent.

Traditional thinking holds that more reliable estimates can be obtained
by more reliable g values (eg by careful measurement’, more reliable r
values (eg by use of bigger data bases) or more items, all else being
equal - a proposition questioned by Fine's (1%80) radical apprcach to EQ
PRICING involving the generation of random values for both q ard ¢
values. More detailed thecretical analyses also support the view that
traditional thinking may be an oversimplification. Barmes (1871), for
example, investigated the implication of the proposition that differaent
r values have different degrees of reliability, specifically that the
reliability of q:r: ic an increasing function of its value, By assuming
a constant coefficient of variation for sach item, he was able to show
that a selective reduction in %he number of low valued items would have
z trivial effect on the overall estimate reliability. The empirical
evidence in favour of Barnes' assumption is quite strong and has

culminated in the SIGNIFICANT ITEMS method now being used by PoA.

Ancther break with tradition has been fto develop entirely new ifems

based on a more conceptual classification of contract characteristics.

-
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INTRODUCTION AND DESCRIPTION OF TECHNIQUES (continued)

ELEMENTAL estimating is perhaps the first sophisticated example of
this, invelving as it does the reorganisation of traditional BQ FRICING
items into composite groups considered to represent mutually exclusive
building functions. (4 development of this using Cost Planning Units
(CPU) provides an altermative.) Most types of approximate estimating
methods fall into this category, the single rate methods such as FLOOR
AREA, FUNCTIOWAL U¥IT, CUBE, and STOREY ENCLOSURE, or the multiple rate
methods such as APPROYIMATE QUANTITIES. A further and most lmporiant
characteristic of all these methods is that they were all developed
{except for Ross', 189483, alternative APPROXIMATE QUANTITIES methods and

the STOREY ENCLOSURE methed) in the abmencs

9]

T oany relizbility measures

v which to asssess their value.

Razearch over the laszt 20 vears has developed wizth dilfsrent empiasis 00
411 of the four factors influencing estimating reliability although

(1) the search for the best set of predictors of tender price

(2) the homogenisation of data base contracts by walghting or

proximity measures

(3) the generation of items and quantities from conftract

characteristics, or
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INTRODUCTICN AND DESCRIFTION OF TECHRIQUES (contiaued)

{4) the quantification of overall estimate reliability from

assumed iftem reliability.

The first cf these is typified by the REGRESSIOR approach, involving the
collection of data for any number of potential predictors (floor area,

nunber of storeys, geographical location stc) and then by means of

standard statistical techniques fo isclate a best subset of these
predictors which successfully trades coff the costs of colliection against

the level of reliability of estimate. The second 1s typified by the

HCOMCGEFISATICE AIDS provided by the BCIS 'on line' and BICEF systems,

=

and the fuzzy set based automatlic procedure contained in the LU QIAN
system. The third ig typified by the Holes', Calculix and expert
systems approach such as ELSIE. This is essentlially a 'front end' to a
conventional estimating system where iiems and quantities are derived
rom basic project information by either a known or assumed
correspondence between the two. The fourth approach, typified by the
use of probabilistic (statistical) models such as PERT-COST ar
similation medels such as RISK ESTIMATIEG or the Construction Project
Simulator (CPS), goes beyond the standard REGRESSIOY approach by
introducing more complicated relationships than those assumed by the
standard regression method in accommodating some interdependency between
and variability within r values (PERT-COST and RISK ESTIMATINGY and g

values (CPS).



INTRODUCTION AND DESCRIFPTION OF TECHNIQUES (continued)

Bidding models can be represented by

B =Cn (33

where B is the value of the bid to be made by a contractor, € represents
the estimated production costs that would be incurred should the
contract be obtained, and m is a mark up value to be defermined by the

bidder. In bidding thecry the major interest is in estimating a

o]

suitable value of m which will provide the best trade off between the
probability of obtaining the contract and tae anticipated profit should
the contract be cbtained. The model for € is similar to the design
estimate model for P (egqn (2)) in that it consists of the sum of a

series of quantified item and rate products, say

C=1aq'r] (43

where qs;' and r;' represent the quantity and rate respectively for the
jth item, If the same items are used in providing both design and
construction estimates, this simplifies o, in terms of the design

estimate model

as both B and P are essentially estimates of the same value - the market

price of the contract.



INTRODUCTION AND DESCRIFTION OF TECHNIQUES {continued)

The idea that bids and profits can be modelled in a probabilistic way
ie. by treating them as random variables, has a long tradition in
bidding theory, but it is generally assumed that it iz the actual rather
than estimated costs that contain the random component. Like design
estimates however, it is becoming increasingly popular to treat the
estimated costs also as a random component in the model. Also the
similarity of approaches does not end at this point as recent empirical
studies strongly suggest the existence of a close relationship betwesn C

and P.

STANDARD REGRESSIOR

-

Regression, or multiple regression analysis as it is usually called,

e
i

a very powerful statistical tool that can be used as both an analytical
and predictive technique in examining tlhe contrivution of potential new
items to the overall estimate reliability. Perbaps the mosi
concentrated research on the use of regression in estimating was in a
series of post graduate studies at Loughborough University during the
1070's and early 1980's. The earliest of these studies developed
relatively simple models with new items to estimate tender prices of
concrete structures, roads, heating and ventilating installations,
electrical installations and offices. More recent studies at
Loughborough have been aimed at generating rates for stendard bill of
gquantities type items by regressing the rates for similar items against

the quantity values for those items.



STANDARD REGRESSION (continued)

The regression model usually takes the form

Y:a+b'LX1+b:;‘:X‘::+ ool ¥ an‘ 62

Ll

where Y is some cbservation that we which to predict and X1, Xz, .
Y. are measurss on some characteristics that may help in predicting Y.
Thus ¥ could be the value of %the lowest tender for a contract, X: could

be the gross floor area, ¥z the number of storeys, etc. Values of a,

Qn

paa

b1, bz, ... , bn are unknown but are easily estimated by the regrass
technique given the availabllity of scme ralevant data and the adequacy

of some fairly reasonable assumptions abou® the data,

The regressicn model in egn (6) 1s quite similar to the estimate model
in eqn (1), as ¥, &, and b values can be thougnt of as representing the
P, g, and r values. The major differsnce in approach however is that in
applying the regression technique 2o direct pre-estimates are needed of
+he values of item rates, r, as these are autcmatically estimated by the
technique. This then obviates the need for any data bank of item rates
thus freeing the researcher to examine any potential predictor items for
which quantities are available. The implicaticns of this are quite far
reaching for without the need to have an item rate data base the
research task is simply an empirical search for the sex of quantifiable

items which produces the most reliable estimates for Y.



STANDARD REGRESSION {(continued)

Problems and limitations

Although the task appears to be straightforward, several problems have

been encountered. These problems concern the model assumpticns and

limitations, data limitations, and reliability measures.

' ¥odel assymptions

The major assumptions of the basic regression model are that

(1) the values of predicior variables are exact

(?) there is neo correlaticn beiwsen the predictor variables
P

(3) the actual observaticas Y are independent over time, and

(4) the error term is independently, randomly and identically

normally distributed with a zerc mean

In terms of eqn (1) this implies

that the quantities g are exact rather than approximate

guantities



STANDAED REGRESSION (continued)

that quantities for items do not change in tandem, as does floor
area and number of storeys or concrete volume and formwark area

for example

that the tender prices for one contract is not affected by the

tender prices for the previcus contract, and

that the difisrences between the regression predictions and the
actual tenders are purely unaccountable random ‘white noise’,

unrelated in any way to the variables used in the model.

Violation of these assumptions is not necessarily fatal to the
technique. The type and degree of effects of violations depends on the
type and degree of viclation. Unfortunately however this 1§ a rather
specialist area in which statistical theory is not yet fully complete.
The usual pragmatic approach to this is to try to minimise viclations b
a combination of careful selection of variables and tesis cn the degree

of resultiang violaticns.

Although there is no theoretical limit to the number of predictor
variables that may be entered intoc the regression model, at least one

previcus contract is needed for every variable. For reascnably robust

Y

o



STANDARD REGRESSION (continued)

resutts it is often recommended that the number of previous contracts is
at least three times the number of variables in the model. Thus for the
full traditional bill of quantities model of say 2000 items this means
about 6000 bills of quantities would be needed for analysis, even
assuming that each bill contains identical items. Fortunately however
there is a kind of diminishing return involved in the introduction of
each new variable into the model so that there comes a point at which
the addition of a further variable does not significantly contribute to
the reliability of the model. This property of regression analysis is
often utilised by researchers a technigue called forward regression
which involves starting with only one variable in the model. A second
variable iz then added and checked for its contribution. If it is
cignificant, a third variable is aaded, checked and so on until a
variabie is encountered that does nct significantly contribute. This
variable is then left out of the model and the analysis is completed,
An extension of thic metheod is stepwise regression which leaves aut any
non significantly contributing variable already in the model and enters
significantly contributing ones until completion. Although stepwise
regression works fine if the predictor variables are not correlated as
required by model assumpticns 2 above, viclations of this assumption
results in different models depending on the order of variables entered
and removed from the model. This can be overcome by yet another
technique called best subset regressicn, which examines all possible

combinations of predictor variables for their joint contribution,



STANDARD REGRESSION (continued)

selecting the best set of predictor variables which significantly

contribute.

A key issue of course is in specifying a criterion for distinguishing
between significant and non significant coptributions to the model. In
regression formulations it is usual to concentrate on the behaviour of
the error term, ie. the difference heiween the actual wvalues of Y and

those predicted by the regression model. If for example 10 contracis

have been used in the analysis, then there will be 10 actual lowest

tenders (contract values) and 10 model predictions. The differsnces

hetween each of these 10 pairs of values is then squared and added

the minimum total RSS or the minimum decrease in RSS5 as a new variable
iec entered. Clearly if this figure is set at zero, then all variables
will be entered into the model. If on the other hand the minimum is set
at some high level, very few if any variables will be entered into the
model. Another possibility is to use the proportion of RSS to the total
sums of squares that would be obtained it no variables were entered into
the equation (TSS). Most standard regression packages use this latter
method, For construction price-cost estimates this may not be
apprapriate. The decision is ultimately an arbitrary cne. In most
construction price-cost estimating research, the number of variables

entered into the model before cut off using various sensible criteria



STANDARD FEGRESSION (continued?

levels is seldom more than 10, which suggests that data limitations 1

0n

not likely to be a serious problem in practice.

Reliabhilityv measures

his has been perhaps the biggest area for prodlems and

misunderstandings in all of regression based research to dste. The

standard test statistic given by regression packages is the I value

i}

to Ta

)

which is a measure of the proportion of ES mentioned above.

This tests the assumption (null hypothesis) that the predictor variables
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no real predictive abnility
revealed by the regrassion technique being more atiributable fo chanoe
than some underlying correlation. Thus if we use the F value to test a
cne variable model regressing contract value against gross floor area it
iz incomprehensible that the null hypothesis should hold, and There is
no practical advantage in testing against the incomprehensible.
Another very common failing has been to confuse measures of a model’s
fit with measures of the model's predictive ability. Measures of fhe
axtent to which the model fits the data are readily available in most
standard regression packages, the most popular measures baing the F test
mentioned above which offers evidence on whether the model's fit i3 due

to chance, and the multiple correlation coefficient which indicates the

degree to which the model fits the data. However, as the model has been



STANDARD REGRESSION (continued)

derived from the same data by which it is being tested for Tit, it is
not at all surprising that the fit should often be a good one. The real
test of reliability of the regression model is to see how it performs in
predicting scme new data. The cobvicus way of doing this is to obtain
the regression a and b coefficients from the analysis of one data set,
collect some mors X data for some more contracts, apply the old a and Db
values to obtain estimates of Y, and tﬁen use these estimates againsi
the actual values of Y as a means of measuring the models predictive
ability. A mors subtle apprcach, called Jackknife Validation, is to
amit ome contract from the data, calculate the a and b coefficients,

estimate the ¥ value of the cmitted contract, and compare this with the

=l

actuzl ¥ value for that contract. This procedure is then repeated for

all the contracts and then conducting the residual analysis as belcre.

Applications

The regression method involves six operations

(i) data preparation and entry

{ii) selection of mpdel

(i11) selection of predictor variables



STANDARD REGRESSION {continued)

(iv) estimaticn of parameters

(v) application of parameter estimates to specific task

(vi) reliability analysis

In practics, operations (ii) and 1ii) are executed concurrently.
P )

Data are prepared in the form of a matrix in which the rows correspond

=

tg contractz and columns correspond to the lowest tender (contrac

ct

value) and values of potential predictor variables. Most ion

-
b
1l

egres
packages can handle a few missing data whick need to be flagged by ths
use of & special number such as 0 or 699, Contract values are normally
updated by ane the tender price indices although this is not strictly
necessary (the tender price index applicable to each contract cculd be
entered az a predictor variable for instance)., Another possibvility is
to include some approximate or even detailed estimate of the contract

value as a potentilal predictor variable alsog. If the latter is used

then the regression 1s essentially a deblasing rather than estimating

technique {(these are examined later’.



STANDARD REGRESSION (continued)

it iz advisable to carefully check that the data is correctly prepared
and entered before analysis as errars may not be immediately apparent.
If errors do exist in the data, 1t is quite likely that a great deal of
time and effort could be wasted in abortive analysis prior to their
correction. Most regression packages cifer a facility teo repraduce the

data in hard copy form for checking purposes.

S=lection of model znd vredictor wvariables

These operations are very well documented in many intermediate level
statistics texts and regressiocn package manuals. It is usual to carry
out both operations concurrently, seeking the best model and subset of
predictor variables together. Two fundamentally different approaches
exist that have great significance for academic work. One, called the
deductive approach, invelves the proposition of specific pre analysis (a
prioriy hypotheses based on some theoretical position derived frozm an
examination of extant ideas on the subject. The conssquent modsls and
predictor subsets are then tested against each other for primsecy, any
potential new models and subsets however obvicus from the data being
strictly excluded. The other approach, called inductive, is strictly
empirical in that the intenticn is to find patterns in the data that can
be uged to generate some future hypotheses and, hopefully, thecoretical
foundations., For all practical purposes the separation of these

approaches is hardly relevant except as a stratagem for dealing with the



STANDARD REGRESSION (continued’

logistical problems that are invariably encountered in regression
analysis. Construction price-cost estimation lacking any formal
theoretical base tends to preclude the deductive approach and we are
usually left to lock for patterns in the data. This means trying out
many possible models using not only the simple additive models described
here but those involving transformations of variables {eg log, powers,
reciprocals) together with combinations of several variables (eg
products, powers) in either raw or transformed states. Even with only
two predictor Variabies the number of combinations of transfcrmations
and combinations are guite substantial, with a large number of

variables, some simplification is needed. In the absence of theory such

th

0n

4imreld
impll

fcation is bound to be an arbitrary process. As a result,

h in re

s

esear ression is far from comprehensive and, because of the

0

j=y
o
arbitrary means employed, has not been reported well enough to allow any
incremental prograss to be made, Also, with the confusion over

reliability measures, it has not been possible to properly evaluate suck

progress that has been made.

Experience suggests that the best and easiest starting point is tke
simple regression model with raw (untransformed) values and no
interaction terms (combinations of variables). Then, by using stepwise
or best subset regression, this model can be trimmed down ta significant
predictars. The next stage is to try to find any other variable set or

transformation that will significantly improve the model.
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STANDARD REGRESSION {continued)

aramets stimation

Once a satisfactory model is fitted to the data, the standard regression
package will automatically cazlculate values of the a and b coefficients
for use in estimating. This an extremely simple process by which the
value of the predictor variables for the new contract are just

multiplied by the b coefficien
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contract.
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both kias ie. the average error of the forecast, and variability le. the
spread of the forecast errors. The regressiocon technique is designed to
give unbiased predictions and therefcre the average error of prediction
is assumed to be zero. Two relevant measures of the likely variability
of the forecast are the 95% confidence limlts and the cosfficient of

variation (see Appendix A



STANDARE REGRESSION (continued)

Example

{insert Table 2 here’

Table 2 contains a set of data extracted from the RICE Building Cost

Information Service's Brief Analysis files. A total of 28 contracis are

included for office blocks from a variety of geographical locations i

03

the UK for the period 1982 to 1988. The dependent variabtle contract sum
(CONSUM) was standardised by dividing by the all-in fender price index

igchts.

&8

and lpcation factor to remove inflationary and location e

independent (predictor) variables chosen were the gross fliogor area (Gra)
o (8]

[\

in square metres, the number of storeys (STOREY), air-conditioning
(ACCND) valued at 1 if present and 0 if not present. contraci periocd
(PERICD) irn months, and the number of tenders (BIDDERS) received for the
contract. The contract period and number of tenders received was not

hs 3

known for contract number 15 and these were given & special

value of 99.

The problem now i3 to provide an estimate for a new coniract, not
included in the data set, which has a gross floor area of €000 sguars
metres, 5 storeys, no air-conditioning, an 18 month coutract period and

& tenders

The first task is to fit a suitable model to the data set. From

experience and a few trials a reasopable model was found by (1) using



STANDARD REGRESSION (continued)

the price per square metre value (CONSUM/GPA ratios), and (&) taking the

natural logs of all the variables except ACUHD.

The stepwise procedure was used to enter the independent variables into

the regression model one at a time. The resuliting sequence of

independent variables entering the model was firstly BIDDERS, then GF4,
PERICD, STOREY, and finally ACOND. Table 3 gives the resultz obtalned

as each variable was entered into the model.

{insert Table 3 here)

Up to step 5 the results are very much as expected with the number of

bidders and gross flocr area producing a negative regressicn coefficient
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indicating a drop in pri
due to intensity of competition and economies of scale respectively.
Similarly the contract pericd and number of storeys produce a positive
regressicon coefficient indicating & rise in price per sguare metre as
these variables increase dus ta the effects of complexity of design and
construction. The negative value for air-conditiening at step D however
is not expected, as it indicates that alr-conditioned buildings are

cheaper. This, together with the increass in variability as measured by

in
ot
1=
»
o
ot
j=g
3

the 95% confidence limits and coefficient of variation suggest

<

ACOND effect is spuricus. The best locking model here seems to be that



STANDARD FREGRESSIORK (continued)

obtained at step 3, which has a betier standard error of forecast

and better coefficient of variation than the other nodels.

The model at step 3 is

Log (CONSU¥/GFA)=a+b, log (BIDDERS) +b_log (GFA) +b,log (PERIOD? 7>

where a by bz b are the constart and regression coefficients
respectively. Thus the ferecast of log (CONSUM/GFA) for the new contract

is, from Figure 1{(b)

1og (CORSUM/BIDDERS)

H

1.7040-0.2857x10g(6)-0.3071xlog(G000)+0.8814xicg (18)

1.7040-0.2807(1.79185-0.3071(8.60555+0. 8814(2. 8504

=1.060%

The antilog of 1.060% is 2.8820 which is the standardised pounds per
square metre estimate, and the standardised total estimate is therefore
2,8890x6000=17334. This can now be converted intc a current estimate in
a2 given location by multiplying by the current tender price index and
location facter. If the new contract is for January 1885 (TPI=300) in
Salford (Location Factor=0.903, ihe estimate will be 17334x300x0.90=

£4680180.



STANDARD REGRESSION (cantinved)
The 95% confidence limits of £2565918 and £8538260 (see Appendix A) are
very large - a reflection to some extent on the limited amount of data

uzed in this example.

{insert Figs 1(a) to 1{d) here’

CONSTRUCTION PROJECT SIRULATUR

The Counstruction Project Simulator (CP3) was dave
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1084 at the University of Reading by Jobn Benneti and Richard Orzero
It is a resource type system, but with a unigue facility to model sone
special aspects of uncertainty particularly prevalent in buildiang work -

N

productivity variability and external interfsrences to the construction
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s on site. Data describing a particular project - bar charts,

ot

iract and indirect cosis, resources, weather, znd productivity - is
input and fed to a series of stochastic simulation prograns which
compute cost and time estimates for the project. The result is a
histogram of time and associated costs which can be used as a measure of

reliability of the estimates.



CONSTRUCTION FROJECT SIMULATCR (continued)
The system is based on the model

P=I t,r, +1L u,r, (&8>

rates for converting the gquantities into costs. The actual model used

by the system is rather more sophisticated than this as activities may

automatically rescheduled fo enable dependent items such as

minaries to be costed.

.
4]

prel

Problems and limitations

Although the CFS is undoubtedly superior in many respscts to similar
resource based systems, the basic model contains two particular
limitations at the present fime. Firstly, in assuming stochastic
independence, any actual Iinterdependences between future activity times
are currently incompletely modelled by the system. Thus, under the

model assumptions, any time slippage caused by some future chance delay



CONSTRUCTION FROJECT SIMULATOR {continued)

could only be recovered by some egually chance future hastening event,
whilst it is conceivable that a work team or manager may take direct
remedial action in the live situation. Similarly, and on the other
hand, the model makes no assumption that a chance exceptional
productivity rate on one activity would be accompanied by a similarly
exceptional rate on another activity, although this situation may well
arice in reality due to some common characteristics of the pecple
involved in both activities. BSecondly, the non-stochastic components In
the model -~ material quantities and unit rates - are also xnown to be
variable to scme degree and therefore may be better treated in a

stochastic manner. The research and limited tests on the system to date
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however suggests that neither of these modelling itations
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radictive abilities of ths system.

As with all rescurce based systems, the estimation of likely rescurce
demands requires a knowledge that is usually restricted ta the
constructor. Thus the very nature of design and construct, concerned
with the product and the process respectively, mitigates against the use

of the CFS by designers.

In gathering data on variability it is desirable to compare like with

like. The quantity and quality of work carried cut, and the method of



CONSTRUCTION FROJECT SINULATCOR {continued)

execution should be identical or at least very similar. Eennett and
Ormercd's attempts to quantify variability and differentiate between
different activities however have been plagued by a dearth of relevant
information. Their major source is the Bullding Research Establishment
although even this has limitations on the ftype of building (traditicnal

housing? and accuracy.

Relevant data on interference

1]

is also severely restricted at present
mazinly due to the reiatively recent recognition of interference as a
major contributor factor. The exient of subconiractor non-attendance or
labour supply problsems for instance has not beern accurately recorded by
contractors, although some information on this is, somewhat

surprisingly, available frcm designer sources and the management of

Perhaps the best and most reliable source of data is that issued by the
Metscorological Office on the seasonal frequency of weather conditions.
These can be obtained in the form of frequency distributions, an ideal

representation for stochastic simeulation.

e 3111 = 5

This is certainly the strongest feature of the CPS system. The system's

3

faciiities include an excellent graphical display of both histogramic

a



CONSTRUCTION PROJECT SINULATOR (continued)

and cumulative frequencies of time and costs, enabling the probability

pf a particular cost being exceeded to be obtained at a glance.

Applications
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The main applications features concern the entry of appropriate bar

charts, unit costs, rescurcing and freguency distributions, and the
3 fak} 'y )

The CPS bar charts are arrangsd as a hierarchy consisting of a primary
level in which the user defines separate activities or Primary Work
Packages (PWP) such as substruciure, external envelope, interaal
subdivisions etc., and a secondary level or Secondary Work Packages
(SWVP) defining constituent activities of PVP's such as excavate over

site, excavate bases, mass fill bases etc.

The bar charts are created directly on the computer screen by modifying
charts for previous projects - mainly the start and end dates - up o a

maximum of 39 bars esach for PWP's and S¥WP's.



CONSTRUCTION FROJECT SIMULATOR (continued)

The logical links (maximum 2500 acting as constralints to progress are

next entered by the user and drawn on the scCreen as thin lines,

Holiday periods (maximum ©) can also be entered in much the same manner

as the bars are entered.

Following entry or correcticn, the bars and links are automatically

rescheduled before any further processing COWEERCES.

”r"{'ﬁ Q‘_CtS

On completion of the bar charting, the user iz presented with a

(o

tahulated versien of the activities against which unit costs ars
displayed for labour and naterials separately. Temporary wcrk

activities (preliminaries) and their assoclated costs are entered

separately by a special program facility.

Rescurces are entered in a way common to most resource estimating
packages by means of a resgurce library or data base. Typical trades and
upnit costs are contained in 100 categories. Gang compositions are built

up in a separate file and these are then attached to the activities

4



CONSTRUCTIOF PROJECT SIMULATOR (continued?

contained in the SWP's with the aild of a further progranm for the
purpose. Variocus displays are available to enable the user to
experiment with different combinations and quantities of resources to

obtain the best mix.

) Freguency distribuiions

p—
A wide variety of theoretical distributions (uniform, triangular,
nor=al, beta, etc.) and empirical distributicns derived from live data
are avalilable through onme of the CPS data bases. The usar selecis gne
of thece distributions and enters it agalnst each activity together with
the appropriate parameters for the theoretical distribuzicns.
Interference factors are dealt with in a similar manner bty entering a
number between 0 and 89 to define the percentage chance that an
jnierference will occur at any link position on an activity bar
Twalve locationn spscific histograms for the weather for each month of
the year are entersd intc a saeparate preogran.

o \"\_‘

S

The simulation procedurs

Simulation can be carried out at varicus stages, SO that data input can

nave different degrees of detail and simulations still performed. A




CONSTRUCTION PEOJFECT SIMULATOR (continued)

similation of the primary level only may be carried out after the
primary bar chart and weather data, and opticnally the preliminary
schedule and primary cost table, have been entored. This allows a quick
scsessment of schemes at an early stage in their development, ©F at

tandering stage.
()

A simulation of one Or more secondary plans BRY ba carried out after a

cocondary bar chart, and optionally the cecondary cast table and

o

rescurces details have peern entered. This zallows the assezsment of

single PYE'S when degign detaills becope available as the sScheme

L

zvelops, ©T allows the re—agsegsnent of a PWP after some change to the
P= A

caonstructicon method.

4 full scale simulaticn of all the secondary plans, fotlowsd By 2
cimulation of the primary level can be carried out automatically. This
allows the assessnment of the whole scheme, at a level cansistent with &

ood contract pre TAMES .
preg

The manner in which this is achieved is via the use of pssudo randon
npumbers (REs) generated by the computer to the freguency digtritutions
specified. The procedure used by the program Cn cne simulation
steration is to take each bar segment defined by logical 1ipks in turn
and to choose an actual -duraticn via RNs, the assigned digstribution and
the variability amount. Each link positicon is +then examined to S8€ if

an interference occurs there and the duration of the interference is



CONSTRUCTION FROJECT SIMULATOR (continued)

chosen by an RN if an assigned interference distribution is present.
This process is repeated for each bar and the whole chart is then
rescheduled by the logical restraints. The cost of sach bar is then
calculated from the ratic of the actual bar duration to the original bar
duraticn multiplied by the labour cost and added to the material cost,
or if rescurces are involved the labour cost is calculated fram the
resgurce costs. The final duration and cost are then rscorded.  The

program allows up to 200 such iteraticns, and the resu
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displaved at the end.
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and the effecis of weather and preliminaries processing to be fed inte
the primary level to allow the fine detall to affect the overall result.

Example

Figure 2(a) shows the primary bar chart withk 17 PW¥P bars for a coniract
extending over a period frem 1980 to 1982, Figure Z(b) shows the
secondary level bar chart for P¥WP 2 (substructure’) conftaining 33 SWP
bars. Figure 2{c) shows the cost screen for PWP Z with the labour,
material and total costs. TFigure 2(d) shows the preliminaries schedule
superimposed on the primary bar chart, the heavy dashed lines
representing the duration of each preliminary category. Figure Z(e’

shows part of the resnpurce library which is used to indicate the man and



CONSTRUCTION FROJECT SIMULATOR {continued)

simulation of the primary level only may be carried out after the
primary bar chart and weather data, and cptiocnally the preliminary
schedule and primary cost table, have been entered. This allows a quick
assessment of schemes at an early stage in their development, or at

tendering stage,

4 simulation of one or more sscondary plans may be carried out after a

econdary bar chart, and opticnally the secondary cost table and

]

recpurces details have besn enteradé. This zllows the assezzment of
single PWP's when design details become available as the schene

low

n

the re-assessment of a PWP aftsr some change to the

m
ot

develops, or

2
o

construction method,

4 full scale simulation of all the secondary plans, followsd by a

U}

simulation of the primary level can be carried out automatically. Thi

2llows the assessment of the whole scheme, at a level coansistent with

w

cod contract programme,
g Breg

Ths manner in which this is achieved is via the use of pseudo random
numbers (RNs) generated by the computer to the frequency distributions
specified. The procedure used by the program On one simulation
iteration is to take each bar segment defined by logical links in furn
and to choose an actual ‘duration via RN¥s, the assigned distribution and
the variability amount. Each link position is then examined to see if

an interference occurs there and the duration of the interference is



CONSTRUCTION FROJECT SIMULATOR (continued)

machine power types needed for each activity, and Figurs 2{f) shows the
resources allocation scresn which is used to indicate the guantity of
each man or machine power type needed for each secondary level activity.
Thus activity & (mass fill bases? requires three of rescurce set 24
(concreting only) which happens to comprise rescurce code Z8 (concrefor)

at a unit cost of 100 {from Figure 2(£)). In other words the mass fill

ot

bases activity P¥WP © reguires three concrsiors at 100 cost units sach,

ie. 300 units.

Figure 2{g) shows the results obiained affer 200 iteraticns of the

simulation procedure. The average estimated cost and 95% confidence
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If the cumulative frequency curve at the appropriate

50 ,2.5 and 97.% percentage points, in thiz case £5710600 averags wit

2
o

range of 48551000 to £5352500, or 0710800 -2.1% +2.5%.

{insert Figs 2(a) ta 2(g) hsre)

LEAD CUESULTANT EXPERT SYSTEH (ELSIE)

In 1982, a government committee under the chairmanship of John Alvey
iszued a report concerning Japanese research into 'Fifth Generation'
computers, a general term covering several new computer technologles
cuch as artificial intelligence and expert systems. As a result, the

government created the Alvey Directorate, with a budget of £350 million,



LEAD CONSULTANT EXPERT SYSTEM (coniinued)

to operate a five year ccllaborative research programme for the UK.  One
of the ensuing collaborative activities within the Intelligent Knowledge
Based Systems (IKES) sector was a 'community club', formed in 18886,
comprising the members of the Roval Instituticon of Chartered Surveyvors'
Quantity Surveying Division (represented by a small group of practising

chartered guantity surveyors) and a research team frowm the University of
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Saliord {(consisting of two snowledge enginesers and & quanitity

e
1

he original intention of the club was to examine the potential of
Expert Systems in quanvlbv surveying and this rapidiy developed intc an

estimates. Une of the majior achievemenis of the 18 month research was

the initial btudget estimating facility o
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essentially a conventional approximate guantities
estimating system. This is done by means of a knowledge based expert
computer program which acte upon information more normalily found in a
project brief and automatically converts it into approximate quanitizy
tvpe information by making some reascnably inislligent assumptions.

Like all expert systems, an important feature of ELSIE is that it can be
interrogated about the assumpticns it bhas made and these can be checked
and z2mended where mneeded.

The major cbjective of the initial budgeting facility of ELSIE is to

w

allow & budget to be set for the development of an office building, at
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LEAD CONSULTANT EXPERT SYSTEN (comntinued?

an early stage in the project. [n particular, it is designed 10 be used
before Scheme Design drawings are available, but information such as
sketch drawings can be utilised if available, It is designed to be used
by semi-experi personnel, rather than novices, and in & way which will

witen complement rather than raplace their activitlies.

Problems and limitations

< |

In general the problems and limitations of fthe estimating part ol

el
b
0

system are no different to those associated with any approximate

is overcoms by restriciting present applications to office contracts
only). The unicue front end featurs of the sysiem however dos2s involvs
some special considerations concerning the validity of the Enowlaedge

base.

[

The major problem concerning the validity of the knowledge base is
whether and to what extent the design assunpiions generated vy the

system correctiy anticipate those of the designer. Innovative design or

just simply changing fashions for example cannot bhe adequately handled

et

by the system at present without intervention of the user. In genera
however the systenm is claimed to make design decisions of a kind that
will be made up to 5 years after the start of the research, ie. 1891

Uhviously the validity of this claim remainz to be zeen.



LEAD CONSULTANT EXPERT SYSTEN (continued?

Although in many cases the fashion element of design assumptions is made
explicit so as to isclate the pertinent bits of knowledge base when
modification is necessary, the facilities for user modifications are at
present limited to unit costs and some certain default values within the
data base. Changes to the knowledge base generally can be made only by

the software support team

{me further limitation of the system as a means of obtaining early stage
estimates is thet no informetion is produced to enable any kind of

documented claim that has been made in this respect is that the

estimates produced in testing the sysiem (on about 40 tulliding projects?

52
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within about f

+

of that predicted by the expers:

quantity surveyor" (EBrandon et al, 1988, pSl), and in a number of cases
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better than the human expert. This figur
caution however as it is likely that ssveral of these tests were used in
order to fine tune the program, and therefore are equivalant tc the

ession model derivation data. It is guite possible though, with
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this type of systenm, that the combination of human and computer
expertiss' working in tandem may well be greater than each working in

isolation.
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LEAR CONSULTENT EXFERT SYSTEN (continued)

Applications

The initial budget facility of the ELSIE system, like most expert
systems, operates in an interrogative manner asking the user a series of
gquestions concerning the basic characteristics of the project from which

the system can deduce & set of element type unit quantities and thence

likely building cost-price.

given to previous questions,

UNCe an L=
~+  + - =yt e, P lRa Ty
O Lie ASZUNED TS Thatn gaave

— ! Ll + e —
e WAL LR VE A X AT HOwW TOLITY

Two basic options are available at the What-How poinit, (12 make changes

ot

(in up to 150 items), (2 obtain reporis. The facility to change the
assumptions made, or the answers originally given to the gquestions,
gives a comprehensive 'Whai-if' procedure, allowing the user to
investigate the cost-price implications of various options and enabling
the user to eain an impression of the sensitivity to design variavion.

E 7 z
The reports contain in varving degrees of detail - cost breakdowns,

J o ]

explanations, and graphical representaticns of relationships such as

quality with cost-price.
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LEAD CONSULTANT EXFERT SYSTEX (continued)
Example
This example illustrates the procadure uzed to produce a November 1586
estimate for a five storey speculative insurance company oifice building
in the UK South East regicn for which the following information is

availabhle

342 w= gross floor area, 100% lettabdle

.

(ivy 15 months coniract peried

SIS

st

(w3 960 n~ level town site with access prob

(vis VAV air-comnditioning in offlices aonly

(viiil)B3 car parking spaces

Figures 3{a’- (e} shows sume 0f the screens involving the question and

answer Brief elicitation phase. Figure 3{f) gives the resulting cost-

price estimate generated by the system {(£Z.38m) at the 'What now' stag

L

Figuras 3{(g)-{i) shows the firsi 3 pages of the explanaitions report (I

o

breakdown of the

—

pages in total were produced’, including an elementa

estimate.

{insert Figs 3{a) to 3{i) here)
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o BIDDING HODEL DEBIASER
™

Although not strictly estimating techniques, estimate deblasers

constitute a collection of very new 'back end' techniques,
research phase, aimed at improving or fine tuning estimates generated by
other technigues., Three types of deblasers are under current

development

b3
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{1) REGRESEZION deviasers,
regreszicon estimating

specifically included

(3y PIDDING ¥ODEL debiamsers, which utilise bidding theory to
assess bias and reliability in estimates

This section describes cone of the bidding model debiasers besing

developed by the author,

=ess the best

i

The purpose of bidding models is to emable a bldder to a
mark up value to use in an auction given some information concerning the
likely bids to be entered by his competitors. This information can
“range from a knowledge of the identity and past bids of all the
competitors in the auction through to virtually no information at all,
model

Many formulations have been proposed to model this situasion. The



(continued)

BIDDING MODEL DEBIASER

adopted here is the multivariate model (Appendix E). As the probability
of entering the lowest bid with a given bid is exactly the same as the
probability that the lowest bid will be less than an esti

lowest bid, the model can be applied without modification.

AN
3}) Problems and limitations
R
The problems and limitations are similar o those of the regresssion
estimating aponroach in concerning model assumptions and data
limitations
{2 Hodel assumptions
L _ .
p
Three major assumptions concerning the wvalidity of eagn (E.1) nead to
addressad

(1) the log normal assumption

independence assumption, and

umption

[§)]

tency as

o

[N
0

(2) the cons

=
j=

The first of these assuunptions is dealt with in Appendix
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BIDDING M(OPEL DEBIASER (contlnued)

Violations of the independence assumptions may have much more severe

consequences. Independence is however very difficult to establishk with
data of thess kind, and possible violations tend to be igncred for this
reason. It is probably now a truism that possible lack of independence

is the reason for many models of this kind failing to achieve commercial

status,
The consistency assumpiion, le. that bidders behave in much the same way
irrespective of the type, size and other characteristics of contracits,

is a reflection on thes simplicity of the model (of which the

P

9]
[}
il
N

indszpendence assumption is a spscial Some research is curresntly

- 12 D= e
bata limitavicns

Although most bidding modsls have very heavy demands on data,
particularly on the frequency with which certain specified bidders
compete against each other, the multivariate model is relatively

undemanding in this respect.

The data consist of any previous designer's estimates together with
contractors' bids. It is not necessary that designer's estimates are
available for all the contracts in the data, nor that the designer's

estimates and the specified coatractors' bids are recorded for the same



BIDDING MODEL DEBIASER (continued)

contract. All that is necessary is an indirect link between the
designer and the specified bidders. For example, if contractors &, B,
and C are bidding for a new contract, it is not important that the
designer has praoduced estimates for previous centracts on which A, B,
and C have entered bids, nor that any of the people involved have bid

against each other before. All that is required is that all the peaple

involved have bid at least once against another bidder wha has bid

o

against at least once against the current competiters, or kave bid at

o

least once against another bidder who has bid at least once against

another bidder who has bid at least once againsi the current compstitors

etc.

There is a price io pay however for the relative lack of data

restricticn, reflected in the independence and consisiency assumptions

mentioned avove.

Applications

The bidding model debiaser involves three stages

data preparation and entry

estimation of parameters, and
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BIDDING MODEL DEBIASER {(caontinued)

calculation of probability of lowest bid values

at hof 00 & t

The data consists of all available designer's estimates, bids and
aszociated bpidder' names for a szt of historical comstructicn cantract
aucticns These are entersd into an zuction data hase in the form of

contract number, designer's estimate value/designer code, and bid

value/bidder code

Estimation of parameters

v3

5
o

omputer program automatically calculates the requirzd modsl

[41]
9]

n
b
s
fu

parameters from eqns {(B.2) and (B.3) and stores the result
computer file. This operation is only necessary when new historical
auction data is entered into the aucticn data base, and takes a few

szconds of computer time.

Thz computer program automatically calculates the unbilased estimated

probability values for each of a sequence of m values and plots the

fAil
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BIDDING MODEL DEBIASER (continued)

resulting curve in terms of P', Further probability estimates are then
obtained via estimates of p and ¢~ obtained by stochastic simulation,
each lteration generating a different probability value. These
additicnal values provide an indication of the variability cf the
probability estimates and are plotied as points on the graph. The

resulting graph therefore enables the user to gain an impression not

Example
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auctigned during 2 12 month pericd in the early 1980's (Table 4). For
the purposes of this example, the bids entered by bldder 304 are treated

as designer's estimates.

{insert Table 4 here’

The program requests the value of the estimate for the new contract
together with the identity of the bidders. 1In this example the estimate
of the new contract is £3m and the bidders are code 55, 73, 134, 150-and

154. The program then automatically proceeds as follows



BIDDING MODEL DEBIASER (continued)

(i3 transforms the data to the log values yw=leg(xiw—iXcrow?, 1o this

case »=0.6

(iiy calculates the required model parameter estimates, oi, Bw, and

574
(iiiy ealculates the probability of cods 304 'underbidding' the other
bidders with m=-0.70,-0.89, etc. by substituting o and s. for

ny and oo in eqn (B.§?

(iv) generates a value for p=oa, ¢Frga, MHen, 0%E5, Hvm, 0%va, Misa,
¥Pima, Mimo, ¥Timo, Hisa, 0Fima, by stochastic simulaticn
{72 czleulates the probability of code 304 ‘underbidding' the cther

{(vi) repeats (iv) and {(v) €00 times

~
<

[
fomter
'

detransforms the m values to P' by eqn (B.1i0) and plots ths
curve resulting from step (iii} and peints resulting from steps

{iv)y to (vis

The resulting graph is shown in Figure 4. The graph is interpreted by
drawing a horizontal lipe at the 30, 2.5 and 97.5 percentage probability

points across to the curve and thence down to the estimate axis as shown

A



BIPDING HODEL DERTASER {continued?

to obtain the unbizsed estimate (£2827300) and 65% confidence limits
(£2666700 to £3138000, ie., £2827300 +10,99% -9.22%) dus to the
variability of ihe designer's estimates and coniractors' bids as

predicted by the model.

The surrounding points indicate the effect of fhe size of the data base
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on the reliabilify of ithe parameter estimates rue

-

curve will be contained scmevwhere within these points.,  With the small
amount of data used in this example, the points are quite widespread.

e N
L

e existence of & larger data base should have the effec
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this spread,

CORCLUSION — THE FUTURE?

Contract price forecasting techniques clearly ccmprise a large topic
area worthy of a book in its own right. As Table 1 Indicates, the field
is rapidly developing out of the clder deterministic approaches into
methods which specifically accommodate the inherent variability and
uncertainties involved in forecasting the price of construction work,
One result of this is that the traditional distinction between 'early

stage' or 'conceptual’ estimating and "later stage' or 'detailed’

estimating i3 being replaced by the more fundamental distinctions



concerning the reliability of forecasts and their componrents - items,
guantities and rates, This has focussed atfention on the means of
modelling and predicting reliability - statistically for simplicity and
stochastically for complexity. The CONSTRUCTIOHN FPROJECT SINULATOR, for
instance, contains stochastic elements for item gquantities, whilst RISK
STIXATING utilises both statistical and stochastical technigues.

Little has been done to treat the items themselves in this way, although
sonme relatively new QUANTITY GENERATION svystems, such as ELEIE, are

clearly capavle of extension., The logical conclusion of these

g prosnect for practitioners, the development
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tic rate. Also the 'best guess' of 2 non deterministic systenm
is a deterministic answer. nus the range of forecasts provided by a
non deterninistiic system can be regarded as secondary information to the
deterministic forecast, to be divulged or not as the user wishes.
Secondly, NDIQR systems will allow forecasts to be made at any stage of
the design process, Treating the ltems themselves as random variables,

for example, means that the standard deviation =imply reduces as we

become more certain that the item will be appropriate.  Thus a BQ




PRICING NDIQR system will commence with a nctional bill of quantities

that will gradually firm up as the design progresses.

perhaps

systems will enable comparisons

to be made between alternative systems,

Thirdly and

most importantly, the reliability measures provided by NDIQK

For egample, if a practice uses several systems to provide price

forecasts for the same contract

System Foracast
A £3.2m to
B £3.5m to
C £3.7m to

we may select the in

£3.9m, tc be the bast range of

£3.9m
£4.0m
£4.5m

and obtains the following results

~1
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Appendix A Reliability of Regression Forecasts
Lay 95% confidence limits
This is obtained from the standard error cf the forecast SE(Y) where

k da =l 15

SECY) = ST(I+1/M+ I (xR 8T+ I I 24x,-%,0(x,~%,8 "’ (4.1
ERL iwnl g i

where 5% is the mean sguare of the residuals, ¥ iz the number of
previous cases, %, Rz, ¥» etc, are the mean values of the independent
variables xv %= Xz et¢, and S7¢*d agre the variance-covariances of the
regression coefficiants.

B

fhe 20% confidence limits are then approzimated by

:tcu 9251<N—n—1xSE<f’ (8,27
where tco,ozsrcn—mn—12 1S obtained from the Students t distribution
tabulated in most elementary statistical texts,

$o7 Cosificient of variation

The cosfficient of variation, ¢v, can be gbtainsd from the distrivution
of Jackknife dsletszd residuals as follows

cv = 1008 /(z_ -2 ) (A, 3
WwheTs Xa and Ba repressent the mean and standard deviation of the deleted
residuals and ¥, represents the mean prediction. 7This statistic, though
noh conventionally ussd Iin regression applicationz, has the advantage of
being directly comparable with the variability measures asscciated with
other technigues and studies

4y Reliabilliy of forecast for Salford Offices example

The standard error of forecast 1s cbtained from eqn {(A.1) as

e

SE(T) =S" (1+1/M +¢x,~F, )y "s ¢ "+ (%,

55T H e ~E 0 ¥8 YT 2 (x, - F ) (e

T8 Fe2 (e, -R, ) (.~ 8 e TR (- HL) (x v, 85T (A &
where x» Xz X» represent the log values of BIDDEES GFA and PERICD

raspectively. The regression output (Figures 1(a) and (b)) at stap 3
shows that

5==0, 07648, N=27, 703, ¥==7.103, ®==2.336, SRc¢}1=0.01211,
S=c===0, 00858, S° 07333, B#c'==-0.00390, S¥c'®=0,01126,
EEcH=-0, 02226,




Substituting into the above equation gives

8E(Y)3=O,O?648(1+1/27)+(1og@*1.703)20.01211+{lmg6000"7.103)30.00859+
(loglé-2.336)70.07333-2(1ogb-1.703) (10g6000~7. 10320, 00390+2 (1ogh-
1.703) (loglf-2.336)0.01126-2 (Logh000-7. 103) (1ogi8~2,336)0. 02226 .
=0, 0753+0.0001+0. 021840, 0225-0.0011+0.0011-0, 0137
=0. (344
s BE(Tr=0.2005

The 5% confidence limits for the standardised log forecast is then,
from egn (4,20

Yiteo , ommscnv—m—y 20, 2608

=1, 060912.069x0.2905

=1.080%+£0.6010 1e, 0.4T6C to 1.6616

which is 1.383% tc $.2893 for the standardised forecast, and £2565818 to

£2E536266 for the Selfcrd January 1939 contract

The coefficient of variation is obiained by dividing the standard

deviation of the forecasi error ratios by their mean. 4As a log model

has besn used, the antileg of the deleted residual will give the

required ratin. At step 3 the standard deviation is 0.333% and the mean

1,0410, giving a coefificient of variation of 32.05%,

Some statistical packages make the calculations easier by providing a

direct forecast for the new contract. In this example we have eniered

the new contract into the data base with 2 dummy value of £0.01 ut

excluding it from the model by a 1 s cti

1{c) shows, the corrsct forecast ¢ 860

also gives the standardisesd dele e

deleted residual DRESID divided

error of the forecast can theref

SE(Y)=DRESID/SDFESID (3.8)
14,3606/-48,4444=0,2208

The residual statistics (Figure 1(d)) also enable a guick approximation
of the ceoefficient of variation to be made by

cv=100xstd dev DRESID/ (mean PRED-mean DRESIDD {
=100x0.3751/7 (1. 0880-0.0187)»=35,08

!
N
~

Although this figure is the coefficient of variation of the log values,
it is proportional to the raw coefficient of variation and therefuore
indicative of the relative valuss. Also, as the nodel hecomes more
reliable, then the coefficient of variation of the logs values becomes
closer to the coefficient of variation of the raw values
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Appendix B The Multivariate Bidding Model Debiaser

The multivariate bidding meodel is

loglx, ) = ¥, ~ Ny +u 0% (B. 1O
where xi. is bidder i's bid (i=1,2,...,r) entered for auction k
(k=1,2,...,¢>, the log of which is normally distributed with mean pi, a

bidder lccation paramster, plus ju., an auction size datum parameter, and
with a unlique variance parameter o¥; for each bidder. These parameters
can be estimated quite easily by an iterative procedure sclving

'Bl-c = M Z S, (Y‘H-\;—-ai)/ni (B.2)

3o
" =

T L 51‘; CYis-;_Bn)/nz (8,37
o ow= ) ’

and thence

g7 = ?f =3 &, (y, o, =B ) {{n -1 - ¢c-13 for n, o1 (B, 4)
be = ) ' - K-r
=L &, (y,.—a-B 2/ F-—cr+l) for n, =1 (B. 9

where Kronecker's §,, = 1 if bidder i bid= for auction k
= ¢ if bidder i dees not bid for avction k

ot ]
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=% =, the total numbar of bids by all bidders

The probability of & bidder, say i=1, underbidding a set of specified
competitors on a contract is then given by

Pr(y, oy, , 1#28) =

e} -y
n ]

S {EmRITY exp(-%y?), T (@mwr—) expi-%ys) dy, dy, (B.B)
—w ' VERAS AN ARIITR Sind i FRL S

where m is & ‘decision' constant used by bidder 1 to bring about a
desired probability state {(the usual approach is o use hidder 1's cost
estimates in the analysis in preference to his bids on the assumption
that the m value will reasonably approximate his likely profit should he
acquire the contract). To observe the effects of the limited accuracy
of the parameter estimates dus to the sample size, values for p and ¢
are obtained from o and s* from their sampling distributions

g, ~ F (e, s5/n0.0 (B.7)
~



rFin,-Ligy ~ ¥y¥i{n, -1}
rE(H-c-r+l)/s¥ ~ yF(N-g-r+l)

How if we subsiitute the designer's estimator for bidder 1 in

the above

formulaticon, the value of m which results in a probability of 0.5
reprezents the bias in his (log) estimate and thus the amount that needs
to added fto his estimates to give an unbiased estimate of the lowest
bid. Alzc the values of m which result in probabilities of 0.02%5 and
0.975, will give the 95% confidence limits.
The log normal assumption has been tested with three sets of UK
construction coniract bidding datz indicating that a three paramster log
normal medel may bz more appropriate than the general two parameter
modsl proposed here. The modifications nscessary to convert the
formulaticn are quite straightiorward however, involving a pricr
transiormeticn of tine data before apyp 1% the lterative procedurs The
rasylting m value ever to be detransiormed before plctting the
final probability hug, foar data transformed by Ve = loglsin-
Axciswl), the unbi P' is given by

= — i
PUo=afenlize?) | oo (w=ml Pr=0.5) (B. 10)



¢ dais 1e 1ndino uoissauday (e) T 24nSi4

ig = SFS5E] 4o N
ggn C0L*T "= }suz001e
FER* FLE*E (mJOOIHIL
gEh*" EEE* it Sl
Sog- Zgo*1 AZwOLs
alE® § EOTYL g Tawrway
SRE” el A3Idd

T=GET AT pIS uzay
gorge 37T OWESYD HALUR Jof E525R] A3us Bupydsag
vied Guissid §0 uoijayag B EM3ISET

L NDITESF g 39 I - T O A B L

JELITLE AR SEan Sl g Bdoiges 1o Ly psaangan SMIEGIED
SSILIL0 913G Jof BuUpjempisa SEEAFUE woLEs3ufad 30 a1 due xa 59 MyH 2



¢ dais 1e 1ndino uolssauday (q) T 24n3i4

O AR IUd SETIGELAEA pajeanne g ¥

T JanEnyg 420713 PUs

o000 TLL®k 9T IGE" PEOPOL®T  (whiIWEISUDD)
DEOD*  9TEtE- IZDGEE"-  CZI9Za0* ZTTLOE "= (rq) VEL
GEOn®  S52° L ZOaYLE" gurLLLs® ETlvieE " (Fqg) COIWEG
E¥TD* ZE9tE- ELTERE"= 65 0LTT® £83 682 "~ L'g) su500I8
i Frg L eiag g 3s 2] Fyaepden
s sem s mmme emme BOL RO @41 UL SEJGEEAE) = ==--sosmossmmms——s
BCencte3s 92220° furd 068007 ¥ 45
EGL A" - EELL 0% g5 FELI0° (a7 ool ¥3d
LyZEcTt- Gol LE® TIETO" {,25) Se3001
48 GOTudd SHIQATH
Unp3Tresann  ramogy SIluTLIE ADY PR UOLELE KOTEE
(g} =iuiajaLppacy uvolpSsadfay 40 WILIEH JEACT-JER
Zueo® = & shufis PEDEE" 6 = 4
e 9L0* (o5 OTEGL"T £z jEnpLsay
mEIL” CHEAEHI"E [ ual ssaabay
ajenbs UEdy seJdenbg 40 Ang 4%
IDUELEER 40 SESANRUY
_ﬂlhn_ i...ﬂ.
Qold=d S
SHIAGETA vep gagEnk ds3s Wl PR JAITUG (533 1OELJER
Quidad y45  SHITOIE 4alds  :pDuISN  *T  sRgEIy 320ty Bujuupbed
g afiod UG pajulJdd BJ4E SIEIFLIEIT antidyJosag
Foivd #*RJGELIER JUBpL 20D ¢ daquny Lo 3enb3

. x ¥ Mo ISS3He 2H 21741 L TNHHA L ]

SEGA WL 44 PEG 1Y RS 30 AL EEJBALIN T ]
40 PupjEwizss spsdiTue uopssdaliad jo 8y dB2ua 458 WYH 1IE

ErIo0E ASd
SarLspd srag



&
o
®
5
3
[
@

O3ddJrav =

GO0F0*1
ELL -
LEs1*1
PILE*T
ETaR*
LEazel
Zeo9*
P56
L
EZLo=L
FEIR*L
BwEa*
Bala*l

aloEf
.

aRFE "
LEER”
SHLI®T
THTG”
LIED T
BROTE"E
Cadl®T
aiZacl
LiwR™
SLA5°1
TEL A"
LHETeT
SlER"
ARG LT

03sdardy=

LI

¢ dais 1e 1ndino uolssauday (2) T a4n3i4

. oK o*o GrE=

CIESu0 013 3=0s. 43 THd GLFe+rsaasasraner st sdstadansdnzy & szed
G580 41~ PRRATRE-  GEE- - . Y en
LR Rt RERI*- 0&* - " e - HE
2pare pEES ageT . . . e
SREVT"— A9TE" - LT"L + " - T
SWEE" BAET T GE*L 4 " - - 114
ThHE" - fHwg®= ig® - - L] - LT
zzeg L Th e . . - T
5T8L-= FE55T= EL" " = - " EL
fU-3W{2Ee§¢  [2I0° T . . T
QEEL"= BAT "= 1 - L 2 Lz
{955 . HBLYEn gt . . . . Bl
ERGR " SARIT [T . L] = - 1
2170 - BTAG = sar . © . Y
LTl PLTN A8 & B&" s - - - a1

. . BL . - S
SREN - (4 1T ] 18" " Tw " L34
BEEET GIrGeE" F3 I | * - - - T
L3 w23IE= L8*7 - e ¥ T
L87%- agEg - ot . ‘. o
LLFL" 0FEC"T HE®R " T - - ot
LE=3Ler %= ITTD"= el = L] = ]
TogEa"- T L1 - - . - w
EOEE T = UESE 5= T . - " - 1
CERG" = TR 1= oa™ - "% ® L
LT LETOcE ERES N
BEEQ* TEQE* Lk - L]
IEeT=- whaT"- hE" - - T
foiee Lngre T D
EZfe = FIAs"= aR" " L] 1
Q153u0. Q15 Iu0% 33tud TessswesesraTIin g oasED

hel 0=

EEFS T IM BUS Sld W PAIIIT fa

VENRLEEY PETPIRPERLE §O 3814 IE[RIED]

ERIEF] ARG LARR U P 203 L s3nefy uajjenty

MO 1S53 893 I1T41 11NN L ]

JTRE AL SCLh g DAGpIRE J0 A jEIdALUN [R-H 131
FEDRHLP 943 Jop DupyEm) s SREL(RUR UoySEddlidd jo By duBTs bH HYW 12



RS

a000”
00"
oodaa®
ooog®
i
aone”
o000’
aogn”
ogo”
ooga
oooa
onon*

EL N R

EERO"
LA b
SELH°T
LALL L
GRet el=
(L e
EekE"16=
FEIL L
Bl rrh
TEHTT
Lis0"=
S39I°T

[CLETT

€ dais 1e 1ndino uolssaa3ay (p) T 24n814

frigog rsod *Bigy LERO0TL = 1EIL UDSICM-ULG

Bz = EIAED )
Eenat et g [f RH1® et EIES” LRI HIATT.
wal W3 15" O WOWDe LT wiwe* S cECEE as 0y° 0 HEOde
GTLIL Erige[ R4 L FIES'E AR "% BEEZFRT b dw® IVHV K"
whbEc B LT QIS3IWI5. L8 9eal™i 5HEIT [ T4 s ELe 1= LS L FLLETS
BEHE “H1= RIL R T= a1sTe LT TRLET et ISR Al 1991 = OIEFM0.
LTI A Wl b b= 152G L2 dWieg*1  2E20C SENECE 2T I- a153dEs
Bkl ® 15= BwkE* 5= GIS3ET+ LY GLWE" fooer ER1GE BEBE = a15 3l
LR - SRAE AT [ N L LT pope" YEET® FwELT = a5 dE=
ROFE"1 Egustl QAT e Lz &9 60T WEFE"T EG a9 LIEdirgy =
TRHI" LT A2 g LZ  WEROT LT wETEY [E1 1g OdHddEs=
TLGT*- Plae"- O Hdd = LT EIDETH agaat TeiM e Wi BN T HEET R
T T 1.1 W] LEFED L3 EEEEF 2980T 2BIZTE % ¥ OFdde

ELES til 4 R BYS URBy TN viW

LA 19 pNIs¥a  i8aEel gAiIdLaLUn S0BE 37 ONISER  FeResd paaay b

LEIL IFEAPIE B ENQ|EIY

FEILT ] segygEpdrA JUaps sde] £ A3QEfAl HE | IeRD3

woa ow o WEe1S5E538S Jd 3341 470 W & a #

GriroE sl H-TT A R ] pAw iR 40 Ay pRJEAFAN ICIERIAT
223344 TFag Jof Fullewp)dd SpEdjoUR g s aabas p3 @) SETiR hE WFH IZ



JUHLL AUG SEP DCT HOY J0H £ EB MAR APR MAY A UL
611 15 19 20 20 2 6 1117 22 28 11

Weeks Ho

Construztion Prajsct Sieulator - Project: Case § = Haspilzl

SEPOCT MOV DEC JWHFER AFRHAY M AN &G SEP

0% 41 1 22 % Zlgali 1620 84 29 3 71t 18 22 27 |

OCTDEL JPMFEB HrR PR MaY K2,

981 1981
I6 11 16 1 26 31 36 41 45 51 56 61 €6 73 76 81 8§ 91 3610010811116 128 126131 136 141 146 155 135 151

Site prelins (3l1)

Substruetuee (4B)

Supersirug ture (WG
Externad Envelope( it
Internal Subdiv (1B
Isi<Concealed FixtV
Sut face Finsshes(iB
endsExposed Fix ({8
{ecs 4 Final Fix{yg
Substructure (k83

Superstruciure (k8)
Externsl Epuvelope( xR
interpal Subdiy (KB)
IxlConcesled FintXH
Sur face Finishes(rB!
end-Exposed Fix (KB

Decs & Final Fix(¥D;

e

L

]

1Y
l

|

2

AT

v
el e

T

:!/

s




Construction Project Simulator - Case 8 - Kospital Aetivity ~ Substructure (w8)

ALY A PG ALE AU SEP SEP SEF SEPOCT OCT OCT OCT DCT HOY HOV MOV SOV DEC DEC DEL CEC AN AR JAK JCH JONFERFEBFERFERMR MR .
b 815222 512192 310172340 742028 52192 2 91623320 1322 613

half-seeksHe. 16 18 20 22 24 26 20 30 32 34 36 I8 40 42 44 4§ 48 30 S2 54 56 58 60 62 64 45 5B V0 U2 4 X R oW

Lxe al} site Lo RL
€xc Basestitd' stBlindd
xe Basewent

Exc Bases

Hass Fill Bases

cone Lift Pit

Excodrains & A s
Bacxfrl! & Blind
Hariz. Bitulhene

Protecljve Screed

Corcrete (B) Sl

5

Conc Relain WL Stair =

8Y

h

!

=

Bi tulhene Refarn ¥4t

e

¥
e

fiite 82

4

Dilto i

ex e

-
Gitin H

Fibrepak L Screed ' mrem g SE Y ul
Backfill & Deain RY 51 : \_,
Compiele Backill! ; g
Cols (LG-G) I i ';ﬁ‘ :
Conc (C) susp Slab o ;§

Raax Fil} DesesGid Y = 2

Corc $tuty Colsk Uall e

Exc L w5 Services

Bacxfill L Blind

Coc Grd Brem & Basy BT

Shutler Glab Edoe 31

Dilte w2

Diltg (X

batte L2}

Giile 5

Bitte L

Rern b Conc (5) Slay

-

L A A
% i {\._’mﬂu’., A ( i \} i
3 -

e




PP Ho.

Sn_qbs tructure (W)

; L] iteris
o oall site Lo ki ? [SIRD ’
Txe BasezBNl 5801 1nd (BOAS i {GAIN >
Exc Baseweni <54925 > (12a75 )
Exc Bases <6635 3 (G365 3
Hass Fill Bases {520 K <1360 )
Conc Lift Fit e6ls H (3565 ? ;
Exc.drains & Mi¥ (W) 00 ] ¢S ) l":f‘T}ﬁii”ﬁ%
Backlitl 4 Blind {ICAS » (4631 ) S tdnei?
Horiz. Bituthene 775 > <1590 )
frolective Screcd 440 ¥ {9C% pnRTERINL:TOTAL: |
Cumerete (B) Slab {35040 > (7735 bl 4 (IR
Cone Retain UB Stair <4140 ¥ (0920 b
Bituthene Retain U1} <280 ¥ (455 ) fgjff'ﬂiig lm
flitlo 12 {245 > (455 ] [ A
Pitto 13 <215 > {455 )
Ditio 14 {245 > {155 3
Fibrepah 8 Sereed {5445 > (2955 )
Bachfifl 8§ Broin RM 1eeén ? {10725 >
Cosplete Backfiiltl {3510 > {2945 )
Cols {LG-G? (2150 b {4755 »
x"-_—.' -~ -~
4 Bl R (€ \) e B deds

S



0s1¢
U

SRU CLE

sjELBIT

$91
39
099
S0
S8F
0ee
068
65T
0o
et
6o
gt

OBFT

noqo

uusalof Junjsiung
Peyees

TOpN FUTID 1PMe ]
1agde vonsdwo)

‘ON [ uawaiej 3uiysiulg
JOITUIPIOOD SADIAIDG
pjegess

'ON T Sislol
usisse + Jasuidug

Aoy winyd + 320urduy JumIsissy
[ 'ON 2uel)) Jamo]

'ON 7 UBWAIO} [RINIDNNG
oud ‘lzyie ‘ueap
Jamod “Funminy ‘yoig

vondiosac]

(o1}
{re)
{rs)
ts1n)
(S1)
(s11}
(18]
o1l
(09}
{tzel
169)
{13)

{sit)

{83) x14 fouL o ss9¢] 0)

(g ) 2dojeauy juuiaixg o}
(g3} adojsauy ruiaixy ol
(g xtd pasodyg/pug o)

() %14 pasodxg/pug ol

(gm) ¥1 pesedxg/puz o)

(. a\) 2dofaauy jeuwaaxyg ol
(M} X1 {eulf g siaq o)
(ga) sinjonnsiedng o1

(G AL) X1 pajEaausoAst o)
(H1M) atmannsiadng o)

L AL) 2dojaruy [Rwiixg O}

{am) x1q pasodxzp/pug o)

puz Yoo

(35)
()
(e1)
(1)
(79}
(Tr)
(2}
(09}
%

(8

(91)
Q)

)]

b Aﬂ./. :__..r,.ea I ER) M.Ju,..». L

it

(@24} seystutyg aoeping
(g ) sanomsiadng
(g ) s1mdnnsgng
(gA\) X14 pasedx3/pug

(1iA0) sausg 9oe)ng -

(4. ¥Td pP[E22UCD/IS]
(AL 2anwnnsiadng

(g a4) mnsiadng
{g A 2AmIDnAsYng
[AAL) 22iznsqng

{gm) mennsqng
{112 swyaad ang

£
el
11

ol

[=n}

ciem o v o o

{112} swinaid ang |

17815 4334

51503 pue uenduossp ssueuiwialg - Joje[nuss oefoad vonoruisuoy

B

) :
¥ 1 3.

<

s ateny (@) aamiansans
EHEy,

¥ esd jeuty y £33
KHA) K14 PIsOdn pu3
Y ERS 1] AR jursg
Foi 4 PATeaueyn s
LE1) AHNS [rusiu]
KX 3349303 TRUI3} X3
() 2oy sadog

(BN S4033NU35008
GAP1 [ruty 3 S3eg
) X014 Pasadaapuz

B SUSTELY 228405

Mig paead s

/
gAY A0S [RwRju]
£ 0 [ 93 [nid)xg

(AR) 30000533005

oM e set{aud g

19135 ISISPE LRI SCTECESRTIRIGH FEIQQT 0136 16 98 18 9¢ ¢ 99 19 95 IS 9 W 5C IL 92 12 81 11 9 1 '®N 53334

£85}
1)

[LaR = A )

9

T

1Badsoy — gase)

286]

1841

ez Al PTOT G 1T G 1291 21 ¢ £ & 20 IME ST
T M o WA F3 M D30 A0S of23 T8 T O AV Bt Mo N T30 AOH L0 o138 DV HT Ak e MM B34 MO 330 100 d35 D6 T Y

¢ 2 Bl +1 6

s3)40uswialg 393losg - Jo1ojnwIg 133f0a4 vonzANISUL)
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Froject: 9 ELSTFE Tesr

Can you say what treatment the designers will give te the ‘main’ ar
2laevation?

Lf not absoclutely sure, enter <U> (for Unknown at this stage! and vou will
be asces about the image or guality recuired. Howewver, i+ vou do happen to
Krnow what is required, then entor one of the nunbers below,

i Z. FYC coatec meka
rick/Stamne mix &. Enposed aggregate pC

Natural Steone 7. BRF/BREC
Frestigious Stone 8, Glazed Curtain Wall

o LLE) e

e note that stipulating one of S..8 wil:? automatically mean s framed
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BUDEET MODULE Project: [a* LSIE Tesx

gt
o

CMNiITS: Can you spacify the Number of Storsys the designers will give tgo the
building?

It not, then enter <U> for Unknown at this point, and a value will he
calaoulates from siz= of building or site. 1¥ so0. enter the number.

NCOTE: This is the numcer o+ stareys at ar abave ground level, and daes not
include basement lavels,

Flegase acte that if you give a figure, any height restriction or plat ratic
limitations will be ignorecd. .

{1 ..80 or U i+ not known,?..

-
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BUDGET MODULE Progject: 0 ELSIE Test

is the 2a of the site (sg metras) 7
# for Unkmown, if the client:
15 putiing the burlding on amn eui ing large site, or

does not yer knaw the size oF
can obisin more lasc 14 neeg

as much sits arsa as is

or U if not known,).. 994G




ELSIE BUDGET MODULE Fraject:

CNFLl: For what date would you tike the estimats=?

Y

It is intended that this be the month in which Tenders are received, but it
could be the end of Construetion, However the latter option creates problems
with projects on subsequent consultation with the DEVELOFMENT ASFRAISAL
Module. The budget month will be ussd salely to work out the Time I[ndes with
which to multiply the ¢ost estimate. The Time Inde: i= based upon the Tender
Frice Indicss stored in the Projects Database file.

{ This must be entered as months aftaer January 1984. A nagative figure
means & date betore then. The following is offered as a guide:

Jan 1985, =& = Jums 1993, ¢ = Dec 1985,
Jan 1F8&, & Jun S 12 Dec 19E&,
Jan 1%¥87, 18 Jun g 24 Dec 1987,
Jan 1988, 1] Jun e Dec 1988,
Jam 1969, g2 Jun 7 . 48 Dec 1989,
Jan 1990, S4 = Jun 19%0, &40 = Dec 1990.

dates frcm (74 to Dae 1990 can be accepted. )

(=144 .60, 11
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BUDBET MODULE Froject: O EL

Do you wizh to specify the amount of Air Conditiening in the building.
or shall I make an assumption acout 1t7?

If you wizh me to make an aszumption, please anter (Ur for Unknown.

1§ you wish to spesify the amourt, please enter the approgriate number
helaow:

Mo Air Conditianing

Only in Sgeecral areas, eg. Eourpment, Daaling aresas
Also in Exec Suite office space

In all g++ice spac=

The whole building

1{ some other arrangement is needed. then you can override th= arza that
air—canditicned latsr on; this guesticn only gives an inittial idea ct¥ your
nesds. i

The assumption., if you entsr <U», will be fer eitner 2,3 or 4, depending on
such things as need for ventilation and the demanc or posularity of AC in zhe
reglon. ' )

(1 55 gr W A7 nat Endwnplee. B
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gL S1E BUDGET MODULE

Projects ]

Bl

IE Test

Reports:
{. Cost Ereakdown

-

2. Assumptions Repart

Changing and Overriding:
11. Site ang Leocation
12, Funchronal Needs
17, Func+ional Spaces
14. Mazcr ltems
1S. Size and Shape

Cther

13t

L ét
0. Stop.

W

mate {=xcl. DR+CD)

Cost (inmcl. DR+CCY = £2.58 M
£5467 /ml of
£944 /m2 of

3. Grapnhs

£ WHAT-NOW FOINT:  Wnat would you like to do aow? {See Helo No.

4. Send reports for printing

14, Enternpal Appearance®, Image
17, Building Struccurs=

1§, Fitting QOut
19. Services
=3, Other

are project information in database

0. Start a new

0

L1000

rur

ALl FIBURES ARE AFFPROXIMATE

F43 zgft, GBIFA
lLettaols Aresa.

)




REPORT CON PROJECT

INFUT INFORMATION:

(% s

No. Ttem
1. type of client
2. sector
3. office status
4,

office function

10, size derivation

11. office staff needed
13. office space wanted
170. GIFA wanted

175. no of storeys

l4. max storeys

21. basement needed?
176. basement area

20. no of cars

30. wall appearance
181. wall detailing
32. idimage

50. 1level of fitting out
51. open plan %

52. mneed fer large spaces
33. column free ?

54. airtightness

53. AC where ?

150. AC type

70. region

71. type of locality
72. neighbour distance
73. noise level

179, site area

81. site known 7

82. site diffjculty

83. state of site

84. ground bearing capcty
85. special foundation 7
86. amount of rock

87. water problems

88. slope
89. can build on rock

0. constrn months
91l. start month

Y' below means the information was not asked for.)

Value

4 Speculative

4 Insurance

1 ..5 Scle 0Office to Main KQ
1..3

3
10 ..10000
100 .. 5000000 m2
3342 m2
5
0 ..80
False
0 m2
5
1: Brick
1
T, 457
2
1067
G
False
0 ..10
4: Office Space
5: VAV
6 South-East region (excl. London)
1 ..5 City centre to Rural/village
4 :
10
SGC m2
True
7
2
g LR
True
0
0
1
Unknown
15 months
Nov 18986



SIZE DERIVATION

The size of the building (GIFA) was directly specified.
The Height of the building was specified as 5 storeys.
The size of the site was specified directly.

MAIN RESULTS

Approximately, the cens

cvucrion costs will be £2.38 M, including
Design Reserve and Consti

.crion Contingencies of 6.5 Z.

wimately £2230463,

Without thesa contingencies the cost is-appro
he Cres rnal Floor Area of:

and gives average ratas over the LTCSS Inte
£ 667 per sq metze over 3342 m2
£ 62 per sqg foot 3336G scit

This price is bassd on Conventicnal Procurement Path with
Competitive Tendering. IT includes Preliminaries of around 17 Z.
These have been incressad above a typical of 127 to take into
aceount limitations eon the construction process due to Site
Constraints.
Location and Tender Price Indices have been included as follows:

Location: 1.00 for South-East region (excl. London)

(1.0 = South East region)

Budget Date: 1.03 for Nov 1986 (1.0 = Jan 1986)
You can alter the Budgst Date to be start or end of construction
period, or at any other time, to suit your requirements.

ELEMESNTAL BREASRDTCWN ¥ £l am o4 oo R Ermz
{ Cubstrugture 4 7 i v s =
azemant G g 4 [
oA Frame = gﬁ. . Ec
5 Upper fioors = a3 - " ZE
L Hegr A U - YN Sl
0 Erairs Toro. " 7 bl
E External Walling 7 ég. L 5 G
F Windows + Eut Dacrs T orm oo 47
5 Imternal walls/docrs 2 ?a. % 11
I Finisnes & ;53 X =1
4 Fitting and Furnignings T o4 ow - w & =
©F Hasting ana VYentilazicn 1 ¥ 114 DIV 2
H Electrical e . Be SESLT
J Lifts T3 i & @ bB B &TLET
M Epexzial Installations 1. 5% 4 14411
Otrer Szrvices and EWID 4 a - =5 VEBES
& Entzrnal servicEsswerhe o - s % 15 441745
7 Freiims 17 L . L1 ITFIET
Total (less contincencies) il LHET 188
P - : v 4 s ~
Y - : LR T R e /\ P S el ™



SITE USAGE

Metric Acres
Landscaped Area 122 0.0
Hard Arez (eg. Car Park 110 .0
External site area 232
Building foctprint 6638
Site fit 0 4
Site area 300 0.2
Total Car Parking Area needed 110 c.aQ

Ne. of Car Spaces . 5

(The assumed Paved Area dces not allow for any paved concourses
nor approach roads; if you wish to include these then override
the Paved Area.)

 SIZE AND SHAPE

The building is reckoned to be simple rectangle in Plan Shape, 5
No. storeys high. The major areas are as follows:

Metric Imperial
Ground Floor Area 668 7192
Upper Floor Area 2674 28768
Basement Area 0 0
Atrium Area 0 0
Gross Internal Floor Area 3342 35960
Average Floor-floor height 3.8 12.6
Width of building 13.6 45
Overall Length 49 163
Wall/Floor ratio 0.72

The average plan area for upper floors is 668 m2.

EXTERNAL APPEARANCE

The AA Quality and external complexity factors are:

Geothetic/Amend By Gaality i
Complexrity of Form :
ot Walls :
ot Roof L

The 'Main' elevation may be something like Brick on frame, with a
Window-to-Wall ratio of 0.33.
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Itema (1) Quentitiea (q) Rates {r}
Estimate Relevant General Det/ Huad i i
S e Type Derivation Det/Prob| Derivation  Koighting Current Gusntity, Dutf
echinique Hadel ;I;;I:rwct ?:-;ncy Prob Dot Baie treadsd Prob
1 UNIT P=aqr Al 25-30% det. ningle any coaparabiio Briel dat averaged ? direct nane det
wluit.l n:kl.unm: pricecant
ateelwork, matre unit
pipeline.
2 GRAPHICAL Pat . :
r{qa} :{ﬁ:’l 15-30% dat, few ditte Brief det tr?ndni i T interpolated abfective det
Brice-con
3 FMCTIONAL URIT P = qr Buildings 25-30% det single  ditts Brief det avornged/ 7 dizect none dat
of mmber of hedn rula price-
susher of pupils coat unit
4 PARMMETRIC Py a3 a3 .a0d g{nun 15-30% det few procesn parnmetersl Briaf det avaraged/ 7 direct noae det.
st g capacity, rule price
grosmice, coat paraaster
materisls, tost
index
5 EXPONENT Pya P gy ¥ Proceas 15~30% det. single size of plant Brief det wveraged/ crude diregt/ det
a Plant or equipment rule s ob,
ef capanity price-cost
exponcat
6 FACTOR 3 2
N =E fact T e :::::n 10-15% dot. feu any Briof/ det avernged/ 7 fuctored a)nana det
5] ; i ) Bepgure rule price- bynone drt
2) @ = 1 (Lang method) wat c)subjective  det
b) m 3 1, fact ¥ facts etc
{Hand sethed)
< factj = Ulaj, By)
(Chiitefn nathod)
7 COMPARATIVE P2 = Py ¢ T (pag - i) A 26%-30% dat. few depends o Brief dot. price-cost  crude adjunted dats
i differences items b fective
8 INTERPOLATION Prar RBuiidings 25%-30% det single grosa floor aren | Brief det. price/n? crude interpointed - dat
9 CONFRRNNCA P = e, peiietiv -
(P Py H i{:{u ? det any any :-::3 det = = hegotinted & det
-
I FLOOR ARER P=aqr Bulidings 20-30% dat single grons floor aren | Brfef/ det uv;rqggg erude direct sibfrctive dat
Bensure price/n’ subfective
1l cusE P i
ar Buildings z:g::i: s det single  volume meanure dot "7"7'3 c;xje ” direct noae det.
price/s suhjective
12 STOREY B
TOREY ENCLOSRE P = qr Buildings ::;’3:: i det. afnfle glunr/nll areas | messurs dat nvernged cruds direct rone dat
casen} sement /roof prli“/sﬂ subjective
unit
13 BO PRICIHG v S measure i i
B}{Conventional}) P = L qyrg Conntruction 19-208 dzt oy o * .’;;"::“Ed 53‘};;;" diegct hiectiie A
(5-B% Tor builders) 5 1 ¥
BI(E Fire) P eTayny Bt Mg 1520 orch T AT st s Ttk
win  pax
4 2 = ¥
14 SIG. ITRHS P2l qyry PSA Buildings 10-20% dat medinn M measure det averuged crude direst cbjectiva gt
Ba'afrole  mubjective
15 APPROXIMATE QUANTITIES weditm/ MM combined a aged o——
o) (Conventional) P # L agey Conatruction 15-25% ot tou Teeseare:  det [Slmeseel  ends . topesited abdeptivy ot
N ook
b} (Eleeds) P2Eagrg Buildings 15-25% det b)Brief/ det blaveraged cruds componited aubjective de
meazure B/price auhjective
~ ook
o} {Gilmore) PeEqyrg Bulldings 15-25¢ det c):;:xﬁ det =};;;n§ed c::n 1y OSPETited aubjective det
price avbjective
d){Roas 1) P =L qqry Buitdings 5% det/ d)measy det 4)50 RO’
(based on 17 cases) prob e Jau:g‘;d none direct none det.
e} {Rasa 2) P=Layry Buildings s0% dety o ueasure dat )50 BG'n none mathomatically b jostive prob
{beacd on 17 camex) prab Tjzatbyjte
¢ « lila,0%)
f){Reas 3) B=Dpy Buildings 30% ot/ flmenaure det " none mathezatically o fective prob
{pL = a* bay + =, o= K (0,0%) {based on 17 cenes) prob ‘
16  HLEMANTAL P &L gyt Buildings 20-25% dat redivg BOIS/CI afb Brief/ dnt wvaraged crude composited/ mibijective dat
4§
entities memmure Bata/ subjective direct
BOIS/n
17 cey P =L gyr Buildings 20-25% det medium Sinilar Brief/ det avereged BQ  cruds tompoafted subjective det
iri
Meaaura subjective
18 ELSIE P2 e Eoageg offices det nedive  DBE Brief dot. averaged BO/ none divest neno det
rule
19 Nofs P25 E qyry Buildings 10-20% det vy S type Beasurs dot cest based  none direct none dot.
{schedule) £g PSA achedule . rules
20 REORRSSION F=n+Cqby+e AL 15-25% dat/ fon usually contract | Brief det =y cruda eathematically ohjective prob
& = N(0,0%) prob characteristics aubjective
eg floar aren
pusher of storeys
211 aIAN P =L gy Bulldings 7 det few usustly contract | drief det sy Bathenati- mathesatieally none det
characteristics cally
g floor ares,
nusber of storeys
22 RESOURCE P age alL 5-B% det v many resource production  det nversge coats cruds direct/ subtective/ det
(Activity, - {buildsrs) e nan hours, plan svbjective analytical ohJective
W".um'ﬂ’ waterinle, '
achedu)ing) RohE
29 FERI-COST PaLe; an N4 prob varics uauslly tine praduction  prob - - - = 52
Mbere i - M.(g5c5,024) resources plan (time}
g man bours
24 o8 P el tgey +Logrg Bulldings 5.5% prob ususlly  resource eg productica  prob average crude divent nons det
ty = Fluji0%3) {based on § cagce) [ sanhours, plen {tina) cost subJective
materials,
plant
95 WISK Pelqr Conatruction /A prob usually  any eny det theoretical cruds resdon none prot
L
ESTIHATING fem requency  subjectiva nalection
dimtributions vy - Flug,a?)
of cont
26 IOHOGENISED P:Eayry Building HzA dot, any vy aay dat average B aidod direct b jective det
ESTHWTING aub jective
{BEIS on line)
(BICEF otc)
Hates
F () meme (unapecified) probability function
¥ () nornal probebility functicn -
# { ) uniforn probsbility function

Table 1: Resume of estimating techniques



Contract Standardised Gross Number Air- Contract Number

number contract floor of conditioning period of
sum™> area storeys (0 =no) (months) tenders
(m2) (1= yes)

CASENO CONSUM GFA STOREY ACOND PERIOD BIDDERS
1 1085.95 452 2 0 8 6
2 5042.91 1601 7 0 11 8
3 2516.59 931 3 1 11 7
4 18290.60 6701 7 1 17 6
5 319%.81 219 3 0 12 1
6 8894.68 3600 6 0 15 9
7 932.06 490 2 0 7 6
8 979.93 45 1 0 8 8
9 1684.94 504 3 0 9 6
10 1896.39 320 2 0 7 7
11 3789.05 372 2 0 6 7
12 2445.12 837 2 0 9 4
13 1501.91 491 3 0 6 6
14 1114.31 496 1 0 6 6
15 943.48 430 2 0 99 99
16 3670.98 1368 4 0 12 4
17 1094.75 469 2 0 6 4
18 4584.87 1260 2 0 8 5
19 10942.28 2994 8 1 15 1
20 760.29 312 2 0 6 6
21 3002.67 1225 2 0 9 7
22 2720.44 1230 2 0 10 8
23 58365.39 23089 7 1 20 7
24 11323.40 4273 4 1 20 7
25 37 357.91 11300 5 1 18 6
26 4630912 14430 3 1 30 6
27 170417 437 3 1 10 9
28 6792.04 2761 5 1 12 6

Contract sum - tender price index = location factor e.g. contract number 2 contract sum =

1514385 =+ in London (location factor 1.30) on Sept 1987 (TPl 231). Standardised contract sum =
514385 + 231 +1.30= 504291

Table 2: Regression data



Regression Constant Forecast 95% confidence cv
coefficient limits for new
forecast

Step 1

BIDDERS —0.4355 1.8298 1.0495 +0.6844 38.31
Step 2

BIDDERS —0.4251

GFA —0.0395 2.0929 0.9873 +0.7090 39.10
Step 3

BIDDERS —0.2987

GFA —-0.3071

PERIOD 0.8814 1.7040 1.0609 +0.6011 32.05
Step 4

BIDDERS —0.2665

GFA --0.3293

PERIOD 0.8480

STOREY 0.1032 1.7887 1.0634 +0.6075 33.99
Step 5

BIDDERS —0.2646

GFA —0.3253

PERIOD 0.8848

STOREY 0.1108

ACOND —-0.0667 1.6847 1.1166 +0.6836 35.06

Table 3: Stepwise regression results
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