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1. IHTRCDUCTICH

The subject of this study is the establishment of models
for estimating the cost of piped heating systems in buildings. The
cost being considered is the price.charged to the Property Lervices
Agency of the Department of the Envirvomment for the supply and
installation of & piped heating system by & heating contracior,

The accuracy of the results obbeined will be compared with
the accuracy of estimating by traditional methoeds,

[To obtain the cost models, data concerninﬁ heating contracts,
for tl2 period October 1971 +to Harch 1973 has been obtained and
subjected to Hultiple Linear Regression Analysis using a modified
standard statistical computer program.'

Access to data was made available by the Property Services
Agency of the Department of the Enviroemment, who are responsible for
the design of meny heating installations in Govermment buildings
annually, and vwho supervise the site installation work carriecd out by
ieating contractors securing the contractis for the work.

lultiple Linear Regression Analysis {(M.L.R.A.) can he performed
by longhand arithmetic using slide rules, tables of logarithms and
simple calculators but the vast number of calculations required by
this study would have rendered it impossible fo progress to any depth.

Computer programs capable of dealing with large quantities
of data nceding analysis by M.L.R.A. have been developced for commercial
use and Loughborough University cowmputer centre have arranged for
such a program to operate on their computer.‘\

There are various stages during the/design of a piped heating
system vhen it is necessary %o estimate its installation cost so that
the prospective owner of the bullding can be made aware of his
potential liabilities.

The two vital stages are the 'preliminary sketech plan stage!
of design, which is prior to commencement of detailed design worls,
and the 'pre-tender'! stage of design when design dravings arce completed
and negotiations with a heating contractor are about to commence.

Before embarking on detailed design drawings the heating

enginecr formulates hig initial ideas of the heating system required, in



conjunction with the Architect's preliminary sketch plans of the
building.

At thait time he.will'be in possession of rudimentary information
such as the type of building construction, the room layout, the
Jocation of the site and the function of the building. From this
information he can make a cakbulated assessment of the winter heat losses
for the building and the requirement for domestic hot water, assess
the type of installation needed to meet the duty and size the boilers.

Having made these initial decisions an estimate of cost is needed
for budget purposes. Establishing a cost model baseﬁ on the information
available at this preliminary stage of design constitutes one aim of this
study.

As the detailed design progresses decisions are made which affect
the layout of the plani and zmend the original calculations to the
extent that changes occur in the estimate of cost. |

WYhen design dravings are complete, prior to tender, the duties
of all the component parts are krown, giving more reliable information
on which to estimate the cost of the installation. Istablishing a cost
model for the pre-tender stage of design is the second principal
objective:\

]
i



2. THESENT METHODS OF ESTIMATING AID POSSIBLE WETHODS USING
BERECRESSION ANALYSIS

(In the earliecst stages of design the cost cf the heating service
within a building is often based on = unit cost such as £/m2 of floor
area, & m3 of building volune or £/kﬂ of neat reguired to maintain the
design ltemperature.| The Association of Consuliing IEngineers! scale
of fees states that an esiimate calculated in this fashion is to be
prov%ded by the kngineer at the preliminary stage offdesign.

» The estimate based on unit cosis is usually adjusted for such
factgrs as the proposed type of heating system, whether the work is
in & new or existing bulilding, remoteness of the siic, the current
climate of tendering and the probvlems associated uwith the installation,
although this is not a complete list by any means. For any individual
building there are alvays a multitude of reasons why cost can be
expected to vary frem the mean unit cost figure,

Because unit cosis are associgted with a base year an inflation
factor is ususally adopted to take aecount of the time which elapses
between the base year and the year of insﬁallation.)

| Tiys the design Engineer's preliminary estimate is based on
historical costs gleaned from jobs of a similar nature and adjusted
for the current contracting situation a2s he sees it. His task is not
easy when the defails of a project which are available in the early
stages may solely bhe the Architect's preliminary sketch planz and
his own firsi thoughts on the type of system to eéploy, together with
his preliminary plant layout:)

In the later stages of design he is able to seek quotations frem
manufacturers for the plant and eguipment that he is considering for
a scheme, Allied to this information he can use price lists and
catalogues for gtandard items such as pipework in order to build up
a total estimate, malking due allowance for the installation labour
cogts, overheads and profit that a contzceior will apply to the hasic
prices in forming his tendexr, As before, he must assess the value
of factors such as location of the site, type of contract,; the
current climate of tendering and the rate of inflaiion to arrive at his

best estimate of the likely tender price.



It is very difficult to determine the accuracy of present
esfimating methods in a fair manner. Without divulging their figures
many estimators claim to be within 10% of the tender figure, but so
many estimates are based cn foreknowledge of the cost of plant to be
supplied under the coniraci that it is net unexpected to find such a
high standard of estimating. This merely proves the care with which
the successful estimators investigate the best buys in order to
ascertain the probable installation cost. This is to be commended and
is a methed of checking that the installation contﬁactor is charging
a fair price for installing the plant. ‘

A measure of the standard of estimating at which to aim would be
the ex-Hinistry of Public Building & Works (now DOE/PSA) standards,
vhere at Preliminary Sketch Plan stage the accuracy expected of the
Pngineer was 30%, at Final Sketch Plan stage 15%. and at Pre-~Tender
stage 10%. ’

lathematical modelling offers a means whereby the effect on cost
of the many features of a heating system can be measured, Factors
can be introduced into the model {0 show the way in which they
individually influence the cost, which a2lso allows cost comparisons
between differing types of design during the initial stages of planning.
This method of estimating may be a more accurate method than those in
current use, and even if less accurate, may be guicker with a resultant
saving in Engineer's ‘time.

One method of constructing a model forpiped heating systems in
buildings is to obtain a set of data on piped heating installations
and to analyse it using a standard statistical computer program suitable
for Multiple Linear Regression Analysis, |

Where large numbers of variables are involved the aid of a
computer in carrying out M.L.R.A. is essential because of the
prohibiéive number of arithmetical calculations needed.

Computcr programs have been developed which allow a computer to
carry out the M.L.R.A. guickly and cheaply, zlso providing a reccord of

the model ccefficicents together with statistical information on the data




used to construct the model and of the model itself. Ii reguires that
data be fed into the computer according to the program running
instructions in order that the printout contains the correct data on

the model, Whilst this is a straightforward operation the skill in this
work lies in obtaining data, verifying it and presenting it to the
computer in a manner which will give results capable ¢f mathemaitical
interpretation as 1o their relevance and significance. (Details of
computer work is given in Appendix 3). )

Using M. L.R.A., it might be possible to obtain a model for the
preliminary stages of design which had an accuracy better than 30%, and
a model for pre-tender sitage of design with an accuracy better than 10%,

A preliminary stage model whose accuracy was better than 30% would
be a useful estimating tool in the initial stages of design, particularly
if it allowed cost comparison between differing systems of heating.

The order of accuracy would be less than that of the pre-tender stage
model because the variables used in the latter will not, in all cases,
‘be available for use in the preliminary stage model.,

'his is because the brevity of design at preliminary stage precludes
the use of full technical details upon which to base cost information.
In the past lingineers have used area and volume as their basic units
for emtimating cost,; being two factors which are determinable at that
early stage. In the Author's opinion this leads 1o significant errors
hecause cost is very much dependent upon the quantity of heating
equipment nzeded in a building which in turn depends to a great extent
on the amount of heat required to maintain the design environmentzal
conditions i.e. the ki heat loss,. 4

The losses are influenced by the structure and layout of ihe
building, the ventilation rate and room temperature, 2ll of which are
very variable. It is vital, therefore, that the heat losses are carefully
egtimated , even ét the preliminary stage because this also determines
the boiler rating, the chimney sizey, o0il storage capacity and the
general size of all auxiliary plant.

Even though the design is not detailed at the preliminary stage
it is possible 1o use variables which represent the cost of chimneys
and dl tanks; as they are a matched instzllation with the boilers it
is possible to usc the ouiput of the boilers as the variable to

rTepresent them,




A pre-tender model whose accuracy was better than 10% would be
a great asset to pre-tender cest planning. particularly if the time
needed to estimate the tender figure was appreciably lower than that
needed using current methods. Even if the accuracy was greater than
10% the saving in time may still be cost effective as the time (and
money) saved on estimating may still be more than the loss in
estimating efficiency. &1 worst, il would be a check method to con-

ventional estimating techniques.




3. THE DERIVATICH OF A HEATING COST MODEL FOR THE PRE-TENDER
STAGE CF DESIGHN

3,01, Concentual Ideas on the Construction of the liodel

Because large modern buildings are rarely s¥epReated in their
design and construction the layout of a piped heating scheme is in-
variably unique,

This leads to the situnation whereby.each neating scheme is
individually tailored to the requirements of the building. There are
also a great many decigners cspread among the institutions and companies
vhe practise in heating design. This tends fo the inevitable situation

- that the heating sclheme of a building has inbuilt variability due to
the building shape and to the personal contribution of the designer,
as well asg any special reguirements of the owner.

The problem lies in finding the common denominator for all
situations or to discover the magniitude of the many reasons for difference
in design -~ and hence cost.

In this ssudy the approach adopted initially is to use technical
rezsons to obtain a mean cost and to investigate the unexplained
variance in terms of non~technical factors such as the type of designer.

In its most basic form a heating installation consists of a heat
generator linked to a heat emission system. The generation of heat takes

place in a boiler which is usvally sited in a hoiler room, and the

heated water is piped to the emitters (radiators, convectors and
space heaters) which are sited in the building to be heatsad.

A problem immediately arisés because heating contracts do not
alvays consist of both elements of ithe heating insftallation, the mosi
common permutations being as follows s-

1. Emitters in a new building, supplied froem toiler(s)

gited within the building. _

2. Emitters in a new building, supplied from boiler(s)

in a remote boiler house.
3 Tnitters in a new building, supplied from an existing
BLoiler in a remote hoiler house.

4. & bhoiler installation in a2 new boiler house.




The situatieon is further complicated wher the conitract consists
of a part installation or the buildings. housing the boiler{s) and
emitters already exists and the contract ccunsists of stripping out the
existing installation and puftipg in & new system,

To overcome the problem of non-standarization of contracts it is
necessary to consgider the heating installation as two identifiable
elemente : & holler house system and a building system,

Ignoring the cost of any pipework 6onnecting the boiler house
and the building ihe relationship between the cost and the content
/%UHCTIOH 0" BOILER TECHINCAL
VARIABLES)

¢f the work iz a s follows :-
(COST OF BOILER HOUSE INSTALLATION)

+ . —r

(COsT OF BUILDING INSTALLATION

/

If oue element is missing (say boiler house) in a particular

(FUBCTION OF BUILDING TEGHNICAL
VARTABLES)

contract, the eguation reduces to:-

(COST OF BUILDING INSTALLATION)=(RUNCTION OF BUILDING TECENICAL
VARIABLES)




3.02 The Choice of Boiler House Tecnnical Variables

The guestion 1o be answered is "what arc the varizbles which
always represent the cost of the boiler house plant?"

The answer revolves around the eguipment in the boiler house
and the factors which affect its cosi.

Within 2 boiler housec there arc reccognisable systems. For
example, a boiler will have a fuel burning device, & flus, fuel pipes
vater pipes and eleciricadl conitrols. All of these component parts
ere closely matched to the boiler and it is reasonable to assume that
the size of the boiler (in terms of its kilowatt héat output) is the .
principal conirolling factor on the price of the ooiler installation.

By the same reasoning it is possible to identify the principal
component of all the systems within the boiler house, and by the use
of a measurable size factor a representative value for the cost of each
system in the boiler hcuse can be obitained. )

The variables chosen and the systems they represent are as
“follows -

1. Heat Qutput {in kilowatts) and Number of Heaiing Boilers -
to represent the generation of hot water for space heating

puUrposes., f

2. Heat Output (in kilowatts) and Number of Hot Water Service (HUS)
Boilers - to represent the generation of hot water for
domestic purposes.

3. Heat Output (in kilowatts) and Number of Hoating Calorifiers
to represent the exchange of heat to provide hot water for
space heating purposes, when a heating calorifier is present.

4. Storage Capacity (in litres) and Number of Hot Water Service
(H.W.S.) Calorifiers - to represent the sitorage of hot water
for domestic purposes. '

e Storage Capacity (in litres) and Number of Boiler Fuel Tanks
to represent the storage of fugl oil for the hoilers.

6., The Number, Height (in metres) and Diameter (in millimetres)

of the Chimneys -~ to represent the boiler effluent systenm
external to the beoiler house.

For a given Space Heating Boiler system the cost can also vary

due to the complexity of the pipework and control sysiem within the



boiler house, To account for thig effect three further variables can
be used to guantify the influence of complexity in the pipework

layout. They are :-

Te liumber of Boiler House Flow Circuits,

8. Total Fumber of Heating Pumpé and Hot Water Service Primary
Circuit Fumps -
9. Number of 2 or 3-way Hotorized Control Valwves for the contirol

of heating circuits and hot water service primary circuits.
J

6] Chimney
'-Fccd
Heating tank.
Calorifier
8 7
3 - &
B 7
2,
— - p
Space . a ["“?;““*"-
—pthesting | |0 2 e |
. J e e .
Boiler H. W .S ] el tank
A 1 Boifer

ol L T S T o T A

There are other systems such as the boiler cold water feed, and
the feed/expansion tank, which are of fairly low cost and can be deemed
included within other systems such as the space heating and H.W.S.
boilers and the space heating and H.W.S calorifiers.

The other major piece of equipment within the boiler houss is the
control panel and its outgoing wiring to the controls of the boilers,
calorifiers, oil tank, pumps and valves, The cost of the panel and wiring
can be considered as a charge to be spread between each of the systems
Fhaf are controlled.

10 -




3.03 The orm of the Boiler House Technical Variables

The theory postulated for the form of the variables is as
followss~-
- For the jurchase of any given object the relationship betweon

cost and magnitude could be approximated by the cxpressicn -

cos? o (s1z2)°
or COSTci(Q)b

It is generally the case that b <1 for most products.

b>1.
Cost , : !
£o ' / -
! i b = ]..-
h< .
;
W= W/N Wi oo Size Q.

For a given size, say W,the cost of that quantity can be

represented as follows :-

COST = clwb where cl is a constant

Consider the cuantity W split into ¥ egual portions of
sizel/H (where W/N = W) ,
Fach portion obeys the relationship COST = Clwlb and the lotal
cost would be as follows
COST = Ncl(u/m)b
However, the purchase and installation of N identical objects

of size § would@ bhe better expressed by the general case :-
© COST o N%Q° (Q=W/NF)

It is generally the case that a £ 1 1o allow fer discount rates

on large purchases or for repetition work.

- 11 =



N

Hence,
cosT = u°C, (u/n)®
. . COST = ClNg—be . :
. . COST = ClNd‘ﬁb (d=a-h)

This expression lends itself to the boiler house variables
because they can all be readily obtained in terms of a number and
a gquantity term. Thus for the boiler house i1t is possible to use

the following expression :-

&) v
BOILER HOUSE COST pip CH k(-Pw P
PP p

p=1
This form of bhoiler house model does not lend itself to linear
regreséion however, because the powers dp and bp are unknowns which
cannct be obtained from é lincar regression of the form :-

d. b _ d_ b
3]

I TR HOUSTE - . , . g Py F
BOILLR hOUS... COST = C].:Nl “1 4 tesesnersenesas Cpnp Jp

This is bhecause the cocfficients CI*'CP can only be obtained

by regression,

- 12 -



It io necessary to arrive at the values of powers

d,»>d_and b
P

1 e»tk}in some other way.

Fortunaiely P.S.A, contracts sometimes contain a summary of
tender in which the costs of the space heating boilers, H.W.S.
calorifiers, o0il tanks and chimneys are giyeg asbSeparate items,

This allows the expression COSTp = CPNP pwp P to be examined
in isolation as follows :-

T oSy =CN Pyt
p = “pp

Then loglOCOSTp = log IOCp + dp 1ogloﬂp + bp 19310Hp
i.e, Yy=A+ Bx + Cz |
which is & multiple linear expression for which a regression trial
can be conducted in order to find the values of A, B and C
(lence Cp,dp and bp]

Of the 6 principal components of the Boiler House namely Space
Heating Boilers, H.W.S. Boilers, Space Heating Calorifiers, H.W.S,
Calorifiers, 0il Tanks and Chimneys the values for dé and bp could
be established for Space Heating Boilers, H.W.S5. Calorifiers, Oil Tanks
and Chimneys. ( e c ancie el mvesn  oamil c}u«’.&\

Although values for H.W,.S, Boilers and Space Heating Calorifiers
could not be obtained through lack of data it can be argued that in the
cage of H.,W.5, Boilers it is permigsable to use the valués of
d5 and bﬁ found for space heating boilers, as the H,H.3. boilers are
usuzlly smzller versions of those used for space heating purposes.,

In the case of space heating calorifiers it is not =0 easy 1o make

a comparison. Nevertheless, because a space heating calerifier is a
constant flow device it can be likened to & boiler, and hecazuse it
assumes the role of a boiler it could be assuwned that the values of
dp and bp fpr space heating boilers could apply to space heating
calorifiers.

In the case of the 3 subsidiary components : circuits, pumps and

valves, cost is not proportional to number alone. It can be argued
that the size of the circuit pipework, the pumps and the valves grows
in the same proportion ag the heating system they control. Thus it
conld be reasonably assumed that the cost of the ecircuits, pumps and

valves has a relationship of the form :-~

- 13 -



b b
COST = C N W P (where "y P is the heat ouiput of the

heating system).

The complete objective funection for the boiler house is then

a2s Tollows :-~

BOILER HOUSE COST =

-14 -

SPACE HEATING BOILERS
H.W.S. BOILERS

SPACE NRATING CALORIFIERS
H.W.5. CALORIFIERS

OIL ITUEL TANKS

CHIMNEYS

BOYLER HOUSY, CIRCUITS
BOILER HOUSE PUMPS

BOILER HOUSE VALVES



3.04 The Form of the Building Technical Variables

Hithin a building the heazting system consists of distributing
pipework 1o the various emitters (such as radiators)controlled by
circuit control valves, with pumps for water circulation.

The size of these components is governed, to & large extent,
by the amount of water that has to be circulated in order to bring
the designed amount-cf heat to the emifters. The amount of water is
related to the amount of heat to be supplied and thus it can be said
that the following expression is a reasonable apﬁroximation to the
cost of the heating sysitem in the building z-—

COST ¢ NE (vhers Hu ig the amount of heat to be supplied

to the building i.c. the BUILDING HEAT LOSSES,)
or COST = fowz (fo is a constant).

The power 'e'! is inclvded as it can reagonably assumed that
there is 2 powver mationship between (ost and Nu'(not unlike the

boiler house).
e > 1.
Cost

//” e

G

For any building cof a given heat loss the design is unique

W
u

and the amouni of money needed to comply with the particular
specification for a building could vary according to the size of
the rooms, the shape of the building, the number of rooms, the
type of heating installation and the contrel method.

Thue the cost could vary according to the 3Building SHAPE & TYPE
and the COHTROL of the heating system. '
. Using the expiessicn COST = fowi in the re~arranged
form COSTVNE = fo it is possible to conclude that for any
brilding of heat loss W the dependent variable cos'e/ WE

is modified by SHAPE, TYPE or CONTIOL factors in the following wanner :-

=35 -




1

BUILDING COST = T (1 + SHAPE VARIABLES + TYPE VARIAZLES + CONTROL
° VARIABLES)

wi ,
Cost f f é
S ] ' ‘
e ¥
u ~ shape Type Conirol
7
0
¥
19
u

SHAPE variables could include the size and number of rooms,
the [loor area, the volume, storey height, total height or any
derivations of these variables.

TYPE variables include the 8 different types of piped heating
systems covered by this siudy.

CONTROL variables could include the number of PUNPS and
CORTROL wvalves in the building.

The objective function for building cost thus becomes :-—

BUILDING COST = f_ . . £ (*LOOR AREA OF ROOCHS)
wi E NUMBER OF ROOMS g

£ E VOLUME OF ROOMS )
2 ( FLOOR ARE4A OF ROOMS

S st

+ £, PERCENTAGE OF HEAT
BY HEATING TYPE 1.

+

E I I B NI BCR BN B BN A BE R BN N R R BB B N

VI E PERCENTACE OF EEAT g
( BY HEATING ®YPE 3 )

+ £ (HMBER OF PUMPS IH THEE BUILDING)

+ fl2 (NUMBER OF VALVES IN THE BUILDING)

In the case of heating types 1 o 8 it is freguently the casec
that several types occur together and so these terms need to be

modified to include for this fact. This can be achieved by making

- 16 -~



'heating types 1 - 8% become percentage of heat by types 1 » 8.

The value of ¢ can be found from a regression involving
BUILDIHG COST and Hu in the following vay i-—

BUILBING COST = £ o

lcglo BUILDING COST = loglofo + elogiowu

i.ea Y = A + Bx _
vhich is & muliipie linear regression for wvhich a regression can be

conducted in order to find the valueg of A & B {hence fo and e).

- 17 -



3.05 The Total Technical

Maodel

Total Cost of the Boiler lHouse and Building Installations

(by tecbnical reasoning alone) can be chiained by adding the
BOILER HOUSE COST to the BUILDIHG COST to achieve the following

objective funciion :~
TOTAL COST = g Yo
on

" glwz (FLOOR ARBA OF ROQUS ) )
TGLIDEE o T e
(NULDER q; RODHS ) ) SHADE
+ ggwg (VOLUME GF ROCIS )
(FLOOR AREA OF ROOHS ) )
+ g3w§ (PERCENTACT OF HEAT BY TYPE 1) )
+ L 3N B BN B R B BE NN NN BN BN SN BN R B NR BB NN RN BN NN R RN BN R A Y ) ; TYPE
+ glowi (PERCENTAGE OF HEAT BY TYPE 8) )
€ T Tpet i
+ gllwg (NUMBER OF PWiPS IN THE BUILDING) ) nopmeor
+ Byl (WRMBER OF VALVES IN THE BUILDING))
4y Py

+ 513N1 ﬂl
a

1
81475

+

dl bl

+ ggliy W

+
03
=
i
\n

+
]
|
mH
=
Lo

+
g
3
=
o)
@
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3.06 WEICETING ADJUSTMENT

3.06. 1, In linear regression analysis one of the failings of the
technique ig the tendency for errors to.occur due to 'scale' effects
2.g. in the figure below the large velues of (x4 34) would cause a
regression to fit well to the point (Xd y4) because it iz an isolated
value at the upper extreme of the scale. This can be extremely mig-

leading hecause the values of x», and may have & h igh random error
& y4 ad g b

4

and be highly influential in its effect on the regression line,

h) . “ (xy575) e o
- (y v ) x (xeidr2) _’______...---""'"2”-3’—’ ~ (l4?y4)
Lol R A | I (x Sy )
- (3:633'6) * 777

X .(}:5 Sys)

The data obtained for a regression trial often has a
'skewed' distribution rather than a 'nermal' distribution as shown

below,

This could result in a few large sized values in the
sample having a disproporticnate effect on the formation of the

regression line.

3.06., 2. For a given series of contracts it is reascnable 1o assume
that the level of estimating accuracy is relatively constant.

(Although small contracts are more difficult to estimate accurately).

- 13 -



bize W
The above figure demonstraes the zone into which one would
expect the cost of contracts to fall i.e.

COST = SIZE FACTOR =+ Z%

It can be seen that (Y2 - y2)2 is very much greater than
2
vcry uch greater influence on the regregesion linc than small

and that the effect is for large contracts to have a

contracts
The way to eliminate the influence of large contracts is to
weight each contract equally, This can be done by employlng the dev1ce
already employed in Section 3,04 i.e. if COST = f w then :-
€OST = £ (for all values of VW )

wz
e e
H = - — = — — — — _— _“___ "'Zfs
a
o
WJ’
1)
3.,06.3. Consider COST (Boiler House) = Bwlbl
and COST (Building) = CHE as being approximate
expressions for the itwo comgonent parts of the Total Cost Model.
Then TOTAL COST = BY, oo
or TOTAL COST = B SrBeBIrLIERSOEREDS (l)
)
(W, *+ g we
1 B ou

- 20 -



3.06. 4. In eguation (1)} the term TOTAL COST provides a

by

1

(0, T+ C 1> )
B
" reasonable approximation to the value of the dependeni variable which

gives equal weighting to all contracts,

The ratio C/B is readily available from the regression trials

on the models :—-

log, (Boiler Cost) = log)y B + b logy g,
and log, (Bu;ldlng Cost)= log,, € + elogH
The term (w1 L, 4 wi } is named the MAGNITUDE PFACTOR (MF)
B

For the Total Technical Model on Page 18 :~ b
) [alst} — g € T 1 13
TOTAL COSH = go”u 4 essseter s s + 5211\9”1 ---vo(...j

HF MF . _ NF

- 21 -



3.07 Fconomic Variables

So far only the effect of technical factors on cost has been
considered. In practice there ére other variables which could have
some bearing on cost and these have been'termed 'economic variables'.
They include the number of tenders invited, the percentage of
invitations returned, the location of the building site, the designer
of the installation, the date of tender, the coniract period, whether
the installation is in a new or existing building, whether the
contract is a sub-coniract to a main building contract or a direct
contract with the specialist heating contractor, the distance from
the site to the contractors office and the type of nwilding e.g. offices,
workshops.

The econcmic factors can be censidered as muliiplying factors
vhich add 1o or subiract from the cost due Lo technical factors
alone,

Thus the expression for cost could he as follows s

POLAL COST = (FUNCTION OF
PECHENICAL VARIABLES
+ (FUNCTION OF

¥ (FUHCTION OF )
(TECHNICAL VARIABLES

(ECONOMIC VARIABLES )

Rearranging ihis expression :-

TOTAL COST = CONSTANT + EFUNCTIOH or g
. : P
(FUNCTION OF LECONOMIC VARIABLES

( TECHHICAL VARIABLES )

This way of expressing the dependent variable has the advantage
of maldng the dependent variable a minimum and gives each conitract
more equal weight,

It alse allevws economic variables to be added in simple linear
form, which makes the regression easy to operate.

Maving found the coefficienis for the best technical model

it is possible to divide TOTAL COST by the best model in technical

- %~



variables 1o give a model in economic variables.

A
TOTAL COST ) l

]
FUHICTION OF l l J l !
TECIHICAL | o
VARTABLES : CONSTEANT

ECOHOMIC VARIABLES

YJHCTION OF TECINICAL VARIABLES a

The TOTAL INODEL WITH ECONOMIC VARIABLES would be as follows :—

TOTAL COST = h + h. (Contract Period)
- : o 1

ELUNCTIOH or ). + h, (Humber of tenders returned
TECRWICAL VARIABLES ) (Number of tenders invited g

]
-+

h3 (Site location 1)
by, (site location 10)
hyy (Designer 1)

By (Designer 2)

h15 (Designer 3)

hig (Type of building 1)

+ + 4+ + + + o+

h23 (Type of building 8)
hoy (llew boiler house)
h25 (New building)

e (Sub-Contract)

h27 (

+ + o+ + o+

Distance from site to Contractors
office)

+ h2 (Distance from site to nearest
town of 75,000 inhabitants)

+h, (Number of days from 1.1.72 to
357 date of tender acceptance)

For derived variables 3 to 26 the value of the raw variadble is
1 or O i,e, 2 'dummy' value where the numeral 1 signifies that the

variable is applicable and the numeral 0 where it is not so.

- 23 -



4. THE RESULTS O THE CONPUTER AHALYSES FOR THEL PRE-TENDER
STAGE HODEL.

4,0L. In ordexr %o build up the model into its final form
coneisting of boiler house technical variables, building technical
variables and economic variables a start was made on the determination

of the boiler house system variables for i~

2. Space Heating Boilers

b. H.W.5. Boilers

Ce Space lieating Calorifiers
d. H.W.5. Calorifiers

e. 0il Fuel Tanks

f, Chimneys

4,02, Space Heating Bollers

The DOE standard method of lump-sum tendering provides
*systen' costs for most contracts and this data was used to
defermine the powers dﬁ and b_in the expression
da, b3
1

COST = ClNl wl 1 where Hl is the total heat output of

the boilers and Nl the number of boilers.

by taking logaritluns 3

1og(£OST) = log(C) + d,log(l,) + b logly, )

Carrying out a regression with the cost data and
correspending data for N and ¥ geve dl = 0.2 and b1 = 0.55 (To the
nearest 0.05).

In statistical terms both Hl and Nl were highly significant

variables, .supporting the approach adopted.

4.03  H.W.S. Boilers

When domestic hot water is provided from a self-contained
boiler it is not always possible tc detcrmine the system cost from
the summary of tender. Consequently separate trials to find values
of d and b were not possible.
45 H.W.S5, boilers are uzwally similar in manufacture fo space
heating system boilers and the hydraulic arrangements are éomparable
the same values of d and b as were obtained for heating system boilers

wvere used for the H.,W.S., boilers.

_'24..



4.04 Space Heating Calorifiers

The same line of arguvment was used for space heating
calorifiere. Although non-ctorage heating calorifiers are not
such a good subject for comparison with space heating boilers the
operation of the hydraulic system is gimilar and gives a reasonable

bagsis for using the values of 4 and b found For spacc heating boilers.

4.05 ‘H,W.5, Calorifiers

H.H.5, storage calorifiers are diffexrent in design and cpeyation
from boilers, which reguiredthat appropriate values‘of d and b be
found. Although data was scarce it was possible io establish that
the quantity of hot water storage was a significant variable and that

b4 = 0.25, The number of calorifiers was fcund to be insignificant,

4,06 0il Fuel Tanks

A reasonable amount of data was availdile for oil fuel tanks
from which it was possible to delermine that d5 = 0.5 and b5 = 0,53

the storage capacity of ihe %anks being the quantity variable,
4.07 Chimneys

For chimneys the cost is dependeni upon the amouni of metal
used (the surface area) and the number.

Regression established the following reliationghip :-

COST N60'9 H60'9 y Where W, iz the surface area per chimney and
NG the "number of chimneys.

4.08 Boiler House Pumps, Valves and Pipe Circuits

The cost of a boiler house varies considerably with the
munber of circuits being fed. These may arise from the need to supply
several buildings or several circuits within a building, Some
circuits have éeparate pumps and three way valves, others not. The
variables used to represent the cost of this complexity'was the
product of the number of pumpsz, valves or circuits and the total
kilowatts output of the space heating boilers in the boiler house.

For buildings supplied by space heating calorifier the ocutput of the

calorifiers was used and for buildings with only an incoming heating



main the heat requirement of the building was adopted :

i.e, I Pumps (05 o 4092 op u0+59)
1 3 u
+ N Valven (w§'5 or N0-55 or VO'55)

3
[ == g el
+ N Circuits  (Wo'7 or wg-)D oz 10+5%)

1045

The variable: by was eventually adopted to compensate for

the wmlue of Hl usually being greater than W, or Hu due to mains heat

3

losses.

4.09 The Total Technical ldodel

The expression (1) in 3.06.4 was used to determine the

best technical model, the magnitude factor (MF) being taken as
w, 0495 4 o.18u 0%
1 u

The regression eqguation which gave the lowest standard

erroxr of the variables in the regression was as follows s-

0-85
TOTA;FCOST 21.32212 Hu‘

BUILDING HEAT LOSS

+ 24.30901 (% -of heat by continuous convectors) Wuo'85

MF

0.85

+ 106.94150 (% of heat by skirting convectors) W,

JANLy

0.85

+ 32.81960 (% of heat by radiant panels) W

' : . 0.85
- 28.39179 (% of heat by unit heaters) y,

- 53.94303 (% of heat by fan convectors) W

+ 3.88239  (Wumber of pumps in the building) W



+

-+

-+

+

229.84913
HF

404.87226

M

2.8[032
HF

0.33238

HEF

HF

. |
(n2+2 1037 SPACE HEATING BOILERS

(rg'2 wg'55) " SPACE HEATING CALORIFIERS
( w2'25) . H.H.S. CALORIFIERS

(H§°5 wg‘5) OIL FUBL TARKS

(32'9 wg°9) | CHIMNEYS.

5y =4
6.19710 (N )(u 93 o :g or w2°33) BOILER BEOUSE CIRCUITS

O O. O. ['5 ") 1 T
11.62477 (NB)(w 5 or s ?2or #O*27) BOILER MOUSE PUPS

WUE

Multiplying $through HF gives the cost of the heating

installation in terms of the technical variabhles.

The coefficient of variation of the model expressed as the

standard, ervor of the model divided by the mean valus of the

dependent variable wvas 27.7%

4,10,

Tre Fotal Hodel with Economic Variables

From the total technical model the total model with

economic variables was developed,

TOTAL COST = gPUNCTIOH OF g
)
)

+ ETUNCTIOH oF

or TCTAL COST

(FUNCTION COF

(TECHWICAL VARIABLES

)

TECHHNICAL VARIABLES
x éFUNCTION OF
TECHNICAL VARIABLES ECONCHIC VARIABLES
= CONSTANT + - ( FUNCTIOR OF )
) (ECONCHIC VARIABLES )
- 27 -
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The regression tried was as follows -

TOTAL COST
(tiodel 4.09)

it

[
+
[np

(London}

+ h, {North West)

n

+ hy (Kidlands)

+ h; (South West)
(South BEast)
{south)

+ h. (North East)

+ h, (Provinces)

(0]

+ hg(wales)
+ th(Scotland)

+-h, . (Ho. of days from lst Jan 1972 to
~§gg— date of tender acceptance) -

+ h12(Contract period)

+ hl3(0ffices)

+ h14(Workshops)

+ hls(Laboratories)

+ hlé(Tekphone Exchange )

+ th(Hangar)

+ h18(80rting Office)

+ hlg(Post Office)

+ h20(Domestic Accommodation)

+ h21(New Boiler House Installation)
+ hzz(ﬁew Building Installation)
+ h23tSub~Contract)

+ h24(P.S.A./D.O.E. Design)

+ h25(00nsu1tants Desigﬁ)

+ h26(contréctors Design)



+ h27(ho. of tenders raceived/Ho. of
tenders invited).

+ h28(Distance from site to Contractors Cffice)

+ h )(Dlstance from cite to nearest town
of 75,000 inhabitants)

The veriables hlto th were included to indicate regional

variations in price, h,, to itake account of inflation during the

1L

period over which the conitracts vere let and h the effect of in-

flation during the duration of ths contract, 2
13 to h took into account the different types of building,

h21 and h22 the result pf‘installing the heating systiem concurrently

with the construction of the building and bsiler house. h invelved

23
the type of contract whilst h and h,. gauged the effect of

24 P25
the &siger.

h27 was an attempt to measure the tendering climate. h28 took
into account the ramoteness of the site for general travelling and
material deliveriés, whilst h29 was included for daily travelling by
operatives.,

The regression equation which gave the lowest standard error

of the wvariables in the regression was as follows i-

TOTAL COST = 0.76116 + 0.19013 (London)
(Technical Xodel 4.,09) - 0.09787 (North West)

- 0.09337 (Midlands)

+ 0.16%13 (Number of days from 1l.1.72)
366

+ 0.00871 {Contract Period)
+ 0.29583 (Sorting Office)
+ 0,10646 (Consultants)

The coefficient of variation of the model measured as the
standard error of the model divided by the mean value of the dependent

variable, expressed as a percentage was 22,006

\



5. TiIBE DERIVATION OF A MEATIHG COST MCDEL FOR THE
PRELTIINARY SEETCH PLAN STAGE OF DESIGN

5,01 Concentual Ideas on ihe Construction of the Model

In principle the construction of the model follows the

patitern of the pre-tender model.

POTAL COST = EFUNCTION OF BOILER HOUSE & BUILDING)
(Boiler Aouse) TECHNICAL VARIABLES
(& Building ) N
EFUNCTION OF BOILER HOUSE & BUILDING)
TECHNICAL VARIABLES . )

x (FUNCTIOF OF ECONOHIC VARIABLES )

The difference between the two models lies in the choice
of variables., At preliminary sketch plan stage there are less
details known about the installation and the form of the variables

has %o tzke account of this situation,

5.02 The Choice of Boiler House Technical Variasbles

At preliminary sketch plan stage it is possible to
calculate the heat losses of the building and hence to state the
number and size of heating boilers to satisfy the demand. Thus the
heat output of the heating boilers is a suitable variable to represgent
the generation of hot water for space heating purposes.,

For buildings heated by space healing calorifiers the
reguired heat ouiput of the calorifiers can be stated and used to
represent {this type of system.

For the domestic hot water service the kil rating of the
H.W.S5. boiler and the capacity of the H.W.S5. calorifier can be used to
represent the cost. (As the data collected for this work includ ed the
cost of the H.W.S5. System on many contracts, and this cost could not
always be isolated from the cost of the space heating service, the
variebles for H.W.S. ecquipment used in this model are the same as those
for the pre-tender model so that +the accuracy of.the model ig least
affected),

At prelininary stage the oil tank storage capacity may not

be known. The cost of o0il storage is therefore represented by the



heat ouiput of the space heating boilers, as the amouni of oil

gtored ig usually related to the rate of use by these hoilers,

The chimney cost ig represented by the number of space

heating boilera and the total capacity of space heating boilers,

together with the number of chiimneys.

From the pre-tender medel the number of heating punps and

the number of boiler house flow circuits were found to be significant

variables, These are included in this model.

At this stage of design the nuwbers of boilers, oil tanks

pumps and circuits are not firm.

changes in the design of the

heating system to suit the Tinal design of the building may cause

initial design decisions to be reconsidered and amended. However,

with this form of model the Enginesr will be able to asgess the

fipancial result of design changes which affect the numbers of

principal system components.

The conplete objective function for the boiler house ig then

ag follows 3-

BOILER KOUSE GOST = C I, fu,
£ Cy w2b1
N 03N3d1w3?1
+ C, w4b4

b5
+ %£N5N1H1)

6 1
+ C6N6 Nl
b
1
W
+ C7N7 1
N bl
+ '08N8 Hl

SPACE HEATING BOILERS
H.W,S. BOILERS

SPACE HEATING CALORIFIERS
H.ﬁ.s. CALORIFIERS
CHIMNETS

0IL FUBL TANKS

BOILER HOUSE CIRCUITS

BCILER HOUSE PUNMPS

Having had the benefit of the pre-tender analysis the

effect of boiler house motorized valves on the model had been

insignificant and the derived term for valves had been statisticzlly




outside the 95% coufidence limits. It was therefore left out of the

preliminary model.

5.03 The Choice of Building Variables

From the building model at pre;tender stage the derived
variables invelving huilding heat loss and type of system were found
10 be most important,

As this information would be available 1o the desipgner
at preliminary design stage by viriue of his calculations of heat
loss and by his choice of design system the derived variablés to

represent building cost were as follows s-

 BUILDIKG COST = fowz + f. (% of heat by &ontinuous tonvectors)wi

1
5 (% of heat by radiant panels) Wi

3 ($of heat by unit heaters) Wi

e
+ £, (%of heat by fan convectors) W

+ f5 (%of heat by skirting convectors) Ni
+ £, (% of heat by radiators) W
+ f. (% of heat by natural convectors) wz

+ fg (¢ of heat by pipe coils) Wi

The term involving the nunber of pumps in the building was
net included as the designer would not be able to give a reasonable
eatimate at preliminary designvs@age. Erom the pre-itender stage
model its statistical sipgnificance was low { f value less than 2)
and its contribution to the cost of the building installation less

than 254,



5.04 The Total Technical lodgl

As with the pra-tender model the derived technical
variables for boiler house and buildings were combined and subjected

to the weighting adjustment to give the following expression i-

TOTAL COST = - FUMCTION OF BOILER HOUSE AND

B BUILDING TECHNICAL VARIABLES
HF : HF

5.05 "The Total HNodel with Beonomic Variables

After obtaining the best model in technical variables
alone the effect of Economic Variables is introduced in the following

expression -

TOTAL COST =  (CONSTANWT) + (FUNCTION OF )
(FUNCTION OF ) (ECONCHIC VARIABLES)

(TRCHNICAL VARIABLES)




6. THE RESULTS OF

Ti1E COMPUTER

ANALYSIS T'CR THE

PRELIFINARY STAGE MODEL

6.01. The Pechnical Hodel

Using the technical models for the building and boiler

house (5.02 & 5

gave the lowest

TOTAL COST
Uty M
¥ 25.00131
ME
+ 33.26266
MEF
- 28.69273
MF

1L
hal

O
.
e
O
s
o

=

KF

+ 101.84609
HF

+ 172.66727
I

+  231.17664
IiF

+ 401.92386
LiF

+ 57.47639
[ir

+ 25.18146
I

o 5.87149
K

+ [.96547
503

.02) combined to give model 5.04,

standard error was

as-follows -

(w8‘85.)

($of heat by
(fof heat by
Zof heat by unit heaters)ﬂ
(%of heat by
(%of neat by

(Nfl"2 wg'55)

(NO'2 w§'55)

radiant purelu)w

fan convectors)wu

skirting convectors)u

the model wiiich

BUILDIRG HEAT LOSS

continuous convectors )N

0.95

0.85

0.85

0.85

SPACE NEATING BCILERS

SPACE HBATING CALORITFIERS

3
( w2'25) H.W.S. CALORIFIERS
(N5N1w1)0'3333 CHIMIEYS

(Hg'5 w2'55)

(1, )(wO 5)or w2+ 20r w ')5)
0. 55)

0
3
(NB)(IO or wg' or W,

OIL FUEL TANKS

BOILER HOUSE
CIRCUITS

BOILER HOUSE
PUMPS

The coefficient of variation of the model, measured as the

standard error of the model divided by the mean value of the dependent

variable and expressed as a percentage was 28%.

Multiplying through(HF) givés the cost in terms of technical

variables abne,




6,02 The Total Jodel with Economic Variahles

From the technical model the full model with economic

variables was developed.

COST =  (PUHCTION OF )
(TECHNICAL VARIABLES )
+  {PUNCTION OF ) x  (FPUHCTION OF )
(PECHNICAL VARIABLES ) (ECOHQHIC VARIABLES )
or COST = CONSTANT +  (FUNCTION OF )
(FUECTION OF ) (ECONQMIC VARIABLES )

(TECHNICAL VARIABLES)

1

The regression tried was as follows :-

COST = h + hy (ﬁ5ndon)
(Hodel 6.01) + b, (North West)
+ hy (Ifidlends)
+ h4 (South Hest)
+ h5 (South East)
+ h6 (South)
+ hy (North East)
+ hg (Provinces)
+ h9 (Wales)
+ hyy (Scotland)

+ h.. (No. of days from lst Jan.1972 to
date of tender accepiance)

=
H

Lo
Lot

(Contract Period)
(Offices)

+
[
[a%;

—
L)

{Workshops)

=2 N - R
-t
oo

[
\n

(Laboratories)

(Telephone Exchange)

+ 4+ o+ 4+ 4+
ry
I—i
roN

=
-t
-3

(Hangar)
(Sorting Office)
+ h._ (Post Office)

+
o g
=
o

[
D

(Domestic Accommodation)

no
o

{(New Boiler House Installation)

A"
[

(New Building Installation)

(Sub-Contract)

+

o i o i
[\
Ny

M
w
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+ hy, (PSA/DOL Design)
+ h25 (Consultants Design)
+ by, {Contractors Design)

+ h 7 (Distance from site to nearest
town of 79,000 inhabitants)

In this model the variables 'distance from site to
contractore office' and 'number of tenders rcceived ¢+ nunber of
invitations' could net be included as this information would not
be available to the designer at the preliminary stage of design.

The model which had the lowest standard‘error waé as

followg -

COST = 0.73397
(FUNCTICH OF )
(TECHNICAL VARIABLES)
(¥odel 6.01 )

+ 0.19580 (London)
0,10265 {North West)

+ 0.17150 (No. of days from 1,1.72
366 to date of tender acceptance)

+ 0,00973 {Contract period)
+ 0.28876 (Sorting Office)
+ 0.09277 (Consultant's Design)

l

The coefficient of variation measured as the slandard
error divided by the mean of the dependent variable and expressed

- as a percentage was 22.6%.
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7. UPDATING COST INDICES

Any estimate produced by the modeles described in chapter 4
and c¢h,6 can only give an incicaticn of what the price would
have been at dates between lst October 1971 and 3ist llarch 1973,
which was the period covered by the deta. To adjust this estimatc
for subseguent price changes it i=s necessary ito choose a base
date, such as 31lst Farch 1973 and calculate the estimated price for
that date. The price obtained needs to be divided by the value
of a suitable index a2t 21.3.73 and multiplied by the current value
of the same indcx. At present the only index avezilable universzally
iz the N.E.D.C. {MNational Economic Development Cffice) Index for
heating, ventilating and air conditioning installations, produced
by P.S5.A. and published by H.E.S5.0..

Thiz index is in itwo parts, labour and materials, the labour
index being based on nationally agreed wage rates and the materials
index on the wholesale prices of a 'basket of goods' comprising
various maierials and eguipment used in heating, ventilating and
arr conditioning installations.

It suffers from three shortcomings : (&) labour/material
ratio had to be assigned to each estimate so as to produce & single
wpdatin g index,(b) the materials uged in hLeating installations
are not those used in heating, ventiiating and air conditioning
installations, (c) the index reflects wholesale prices and basic
labour rates which are the basic costs of an installation and not
the prices which have to be paid by a client.

Despite these limitations there is at present no aliernative
to a cost-besed approach until 2 price-based index is available.

Consideration has been given to the development of an
index baseldl on the following procedure,

The tender price of a neating installation in the current
year can be compared with the price calculated using the regression

model. The ratio of the two prices gives an updating factor,



However, one sample is insufficient to place any reliabil

on the updating factor and 2 larger number of samples vou

required to improve the accuracy of the index. For 2 number of

contracts tendered in & current year the tender prices an

ity

1d be

&t the

rices calculated in accordance with the 1972 regression model can
V]

be compared in the following manner :-

INDEX VALUE = Sum of Pender Prices

Sum of Calculated Prices

This gives an index which can be expressed in the following

mathematical expression :-

1 = n

I, = Loc,.
1 = |
i = n

i =1

Wthere I, is the index value in year t, C_. is the tender

% i
price of inastallation i in year 1 and COi is the price of

installation i in the base ycar, o (zero), according to t
regression model.

Although it is not possible to determine the stand

error of this index precigcely some approximation of its potential

accuracy is given by the following formula, which gives %

approximate coefficient of variation (cv) =

cv(z,) =_9'_./_2_ s 1
| L

§ is ihe residual standard deviation of the derived regression

model, n is the nunber of cases upon which the regression model

he

ard

he

7.2

igs based and m the number of cases in year t used to establish the

index value in year t. 7T, is the average base year cost for

the m cases analysed in year t and thus GV/TZ can be regarded as

the coefficient of residual variation.



Tris formula relies on two assumpiions :-
(1) That the installations in year 1t do not differ appreciably
in characteristics from those used to consiruct the regression
mocdel.
(2) That the coefficient of variation of price in year t is the
same as that for the base year.

As changes in heating standards oceur {1) will not hold good
and in later years (2) may not hold gocd.

For the pre-tender model 31 was 22%, Assuming that
(1) and {2) hold good and that 25 cases are used in year t to
construct the index, the coefficient of variation of the index is

as follows ffor n = 184).

¢V (1%) =  22% 2 o+ 1
25 200
= §,4%
For m = 50 the CV is approximatecly 4.2%
For'm = 100 the CV is approximately 2.7%
Form = 200 the GV is approximately 2.2%

This method of indexing has been estimated to take
approximately 4.7 man months and require 150 cases for an index
accuracy of 3%, or take 2.25 man months and reguire 72 cases
for an index accuracy of 4%.

It should be noted that while the accuracy of this approach
can be assessed, that of an arbitrarily constructed 'basket of
goods' approach can not., Thus it may well be the case that the
price index approach described here would be more accurate than
currently used indices and would more accurately reflect the

prices in which most users would be interested.
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8. THPERPRETATION OF THE NMODELS

(2) Pre-tender stage mcée

The final model, as described in paragraphs 4.09 and 4.10,
comprises the variables which contributed to the model with lowest CV.
Their contribution to the overall cost of an installation can be
sean in Appendix 4, Page 2.

The building heat. loss is a very significant variable, in
fact the most significant variable. In the example shown in
Appendix 4, it also contributed the greatest sum towards tre total
cost. The variables describting the type of heating system and the
number of pumps in the building were less significant variables,

The 'convector'! system would increase the cost of a heating
installation in a building by more than 405 and the 'pump' variable
by about 5% per pump.

The sign of the 'continuous convectors®, fskirting convectors!
and 'radiant panels' terms is credible as these systems are of low
unit output, unlike "unit heaters' and 'fan convectors' which are
of high unit output and thereby cheaper to instal. The constants
for these terms are a trifle misleading; it ceould be consirued from
the final model that the installation of a fan convector system would
be very cheap, However, the data contained very few contracts wiih
fan convectors and even on those fan convectors only provided part
of the overall system. As stated in chapier 7 the model will only
be reliable if used with installations of & like kind to those
used in constructing the regression equation.

Phe boiler house terms concerned major items of plant forming
part of a boiler rhouse system and could be described as a representative
sample of boiler house equipment. The cost saving from using high
output beiler houses is evident from the value (.55 attached to the
terms involving boiler size, which accounts for a significant
proportion of boiler house cost. This is the reason why central
boiler houses are often considered as an economic alternative to a
multiplicity of boiler rooms on a site containing many building s.

(The unit cost of generation is also lower).



The number of boilers is also a highly significant
variable and demonsirates the importance of finding the best
balance beiween capital cost, running cost and siandby capacity.

0il tanks follow the same patiern, the unit cost being lower
for the larger sizes, and the number of tanks sirongly influencing
the cost of the bunkering capacity. '

The size of a chimney also showed economies of scale and
the effect of having tvwe chimneys of identical size was to secure
a small reduction in price as signified by the wvalue 0.9.

The terms involving boiler house circuits and pumps are
somewvhat correlated with the size of the hoiler house capacity and
proved to be of relatively low significance.

Of the 'economic' variables 'Lendon' is significantly more
expensive, which is understandable because of the premiums paid for
labour and the difficultie; of access to site for personnel and
deliveries.

The "north-west' and 'midlands' are cheaper than average,
which may be explained by the proximity of these areas ito the
engineering industry where labour is more plentiful and manufactured
goods are at hand.

The term invelving number of days suggests a rate of
inflation during 1972 of over 20% which is supported by figures pub-
lished by the Depariment of Industry.

For a contract period of one year the contracting industry

normally assumes increases in costs for of the contract period

Lo

at the annual rate of inflation. This rough approximation again
suggests that inflation was greater than 20%.

Sorting offices proved to be about 40% more expensive than
other types of building, but the reasons are not apparent and further
samples would bhe needed to invesiigate the causes.

Consultant's projects vere 14% more expensive than those
designed by P.5.A. As the regression model is based on quantity
factors, other factors such as quality could be responsible for this.
increase, Consultants tend to specify ecuipment by name on contract

dravings and in specifications. It could be that this eliminates
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competition among suppliers, although there is the possibility
that it leads to better-guality installations because low guality
goods can be excluded from consideration.

One further recason iy be that the consultant's design
includes a greater degree of sophistication through more controls
and valves, and gencrous sizing of equipment to give greater
margins and increased standby. facilities., As consultant's fees
are based on the tender price it is advantageous to design in such
a way thet betier quality is reflecied in the tender price. However,
this may well be cost effective to the client in the long run
beczuse of longer 1life of the plant, betiter matching of components,
lower running costs due to greater control and more flexibility
for maintenance.

The choice of contractors to be included in a tender list
ig also important and can affect the cost in the tender.
Contractors preferred by consultants may be those with higher
overheads.

e However, these observations are mercly conjecture and
only a fully detailed investigation would reveal the cause of the

14% increase.

(1) Preliminary Stage Model

The final model, described in paragraphs 6.01 and 6.02,
is very similar to the pre-tender stage model in its components.
Only the terms involving chimneys and oil fuel tanks change in
construction, and the term involving building pumps is excluded.

Substitution of the terms involving 'storage capacity of
the 0il tanks' and the 'chimneys' with the 'heat output of the
boilers' has not affected the accuracy of the model to any great
extent but the lower statistical significance suggests that these
terms are worth further study.

The observations on the other variables have been covered

in 8(a).



9. - SULHARY AND CONCLUSIONS

9.01. Yrom the analysis of the data it has been possible to
establish a regression model for the PRE-TENDER stage of design
which has a coefficient of variation of 22..

There are several interesting feaiures of the model. The
sizne/scale effect has shown itself to be important, particularly
in the case of the boiler house plant, with the indices for size
falling in {the range 0.25 - 0.9. This accords with an average
figure of 0.6 that is suggested for plant in 'SPONI.

The final model includes most of the boiler house variables
originally suggested az being importani, but excludes terms for
H.W.S. Boilers, motorized valves and number of H.W.5. Calorifiers.

The explanation for H.W.S. Boilers probably lies - in the
situation whereby boiler houses use dual HEATING/1I.W.S. Boilers
and the special and separaﬁe H,VW.5. Boilers noted in the data are of
insignificant velue, mostly being small summer boilers, The
variable for boiler house pumps was Hghly correlated with
motorized va lves and is sufficient to represent the complete
hydraulic system in the boiler house up fto the Tlow header, hence
excluding the need for a sepérate vdriable to represen{ motorized
valves. As the amount of data on H.W.5. Calorifiers vas sparse
the T"number' of calorifiers was deliberately discarded because of
its uareliability.

For the building heat emission system the amount of heat
needed by the building proved to be the mosi significant variable,
with the type of heating system providing a noticeable trimming
effect.

Interesting economic variables were the influence of London
on the cost of construction and the additional cost of consultant -
designed projects, The influence of the economic variables can
be gauged by calculating the percentage by which they increcase the
total cost based on technical factors alone.

The average increase in price due to working in London

A i A ..Q / v
is 25% (O 1’013/0.76116 x 100%) but the reasons for this may not




ve location factor alone. There may be other reasons such as
the incidence of single tenders, which would need investigation
even though the Lendon facior was highly éignificant.

Consultant - designed projecis were 145 more expensive
than P.S5.A. designed projects but this variable was barely
significant and ithe circumstances surrounding consultant - designed
projects would need deeper study before any significant causes could
be established.

The two infletion variables ‘'date of tender' and 'contract
period!' both proved to be highly significant and indicated a rate
of inflation covering the period of over 20%.

The location factors 'north-west'! and 'midlands' indicated
that projects in these areas are approximately 120 cheaper than
average, but these variables were barely significant and furiiher
data would be ncecded to confirm this result.

Sorting offices were approximately 4 ﬁ more expensive
than other forms of construction but ihe sample size was small,
th 1s may have influenced the analysis, and further data would he
needed to improve the significance and accuracy of this variable.

The most important variables were the 'heat loszs of the
building' and the 'heat capacity of the boilcers' showing the
importance of reducing the heat lossew of buildings.

9.02 The PRELIMINARY STAGE model had a2 coefficient of
variation of 22.6%, understandably less reliable than the
PRE-TENDER model as the ‘'‘number of puonps in the building!
technical ierm was not employed in the model, whilst the boiler
house terms were considerably modified to suit the preliminary
stage of design.

The terms involving the chimneys, oil tanks and boiler
house circuits and valves suffered a deterioration in "their
statistical significance, but as their influence on cost is
normally relatively small the derived terms used could be
considered adequate.

The influence of the economic variables was still strong,

as might be expected.
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9.03. By the nature of heating systems most of ihe cost is
tied up in the heating boiler system and the emiiters in the
building : the E.4W.5, system, chimney and fuel storage system
assume a lesser importance as far as cost is concerned.

This shows the importance of facilities for cuickly
calculating the heat losses of the building, particularly at
prelininary siage of design. P.S5.A. use computer facilities which
can calculate heat losses readily, allowing the building services
enginecer %o give prompt and reliable advice to his architectural
colleague on the cost implications of heat losses in a particular
design. I have deliberately avoided the use of cost models based
primarily on heated floor area or gross floor area because they
would not have taken into account the influence of standard of
construction., Particularly with the recent changes in building
regulations for standards of insulation, models based on floor area
would have been unsuccessful because of changing construction
stan@rds.

With the models produced in this study the effect of
changes in standards is minimal because they arc bhased on
functional requirements, '

9.04. Having cestablished the models for pre-~tender and
preliminary stages of design there are several points of intcrest
which emerge. Perhaps most noteworthy is that the order of accurocy
is comparable for both stages of design, which suggests that the
preliminary stage model is the most important as it has the
advantage of giving cost information io the same order of accuracy
as the pre-tender model, yet the information is available at the-
formative stage of design when reliable cost informetion is mosi
needed, However, as the accuracy of both these models depends

to 2 great extent on the accuracy of the heat loss calculations it
is understandable that the order of accuracy should be similar.

If it is accepted that the order of accuracy at pre-tender
stage should be 10ﬂ, then plainly the pre-tender model with an

accuracy of 22! is not suitable.. However, the coefficient of



variation of contracts bids has been shown to be in excess of
125 which suggests that an accuracy of 107 is not obtainable
from thistorical data.

For pre-tender estimaites there are long-siandiing methods
of eztimating, such as making preliminary enguiries to manufacturers
during design, to determine current prices. These methods are more
accurate in estimating the tender price becnuse they are based on
the actual prices of eguipment liable to be installed rather than
the ‘norm' price provided by elemental costs such as Cost/m2 or
by this pre-iender model. There is an added advantage in thet
‘design and estimating through contact with manufacturers allows the
designer to assess the cost benefits of recent qhangcs in
manufacture, guality, efficiency and running costs, This liaiscn
is also the basis of value enginzering because it helps to establish
the Dbest buy.

I am forced to conclude that the pre~tiender model is not
of geat benefit to pre-itender cestimating, except that it provides
a 'norm' price or 'reference' price which c¢an be guickly calculated.

The preliminary stage model appears to have the bigger
potential, By its construction it allows the Eagincer to assess the
cost implications of design decisions contemplated by himself and
by the Architect, the principle aid perhaps being the ability to
asscss_the impact of better building insulation on space heating
instellation costs. There are several other advantages of the model
compared with the unii cost approach :-

1. Scale factor is taken into account.

2, It allows cost comparigson of differing systems.

3. The effect of changing the number of boilers eic., can

be calculated.
4. The complexity of the boiler house layout is catered for.
5 Guantifying the economic variables provides greater

accuracy.

The effect of the economic variables is transient because of
changing merket conditions, whilsi contract conditions and design

standards will also change with time and cause the accuracy of the
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medel 1o be erocded.

Hevertheless, the preliminary stage model hag its merits
and would be a useful fool for estimating at preliminary stage of
design,

This study has indicated how readily regression analysis
can be used to assess the factors which contribute to cost,

particularly where lump sum tendering is concerned,
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Appendix 1.
Fage 1.

A P P E N D T X 1.

BULTIPLE LINEAR RECGRESSION ANALYSIS - . MATHENATICAL PRINCIPLES

Multiple Linear Regression Analysis (LRA) is an extension of
bi-variable Linear Regression Analysis,

In the hi-variable case it could be claimed that the cost of a
"héating ingstallation depended solely upcon the heated area of the
building into which it is fitted.

Using data on cost and heated area taken from tenders and drawing®
for heating installations it would be pogsible to plot the data on a

two-dimensional graph as shown below.

¥y

Cost of ' £ (x.,5.)

i i?i
heating ‘ Y=g +a.x
installation. o1

£.

r
(anyn)

|

[ —— 5 ~—

Heated area m2

The equation of the best fitting line through the data points
is assumed to be 31—

Y = a_ +‘a1x, where capitals denote predicted values and
small letters observed values. a and a, are the constants,
(parameter estimates) to be found.

. The set of data values are :-

(xl,yl),(xz,yz),..?;.....(xi,yi).....;.........(xn,yn).

For . . 14 . ‘
or any point X, the predicted value (Yi) of ¥y is a g + ax,
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The vertical difference between the aciual (yi) and the
predictied (Yi) is y, - (ao + alxi).

The sum of squares of -the n deviations is -

SUH ¢ i I De ) = Z —- 4 - a.Xx

SUH OF SGUARES (S.S.) (yi a 1 i)
Minimising 55 by partial differentiation with respect to

ao and a. and equating to zero, two eguations are ohtained for the

‘ 1
parameter estimates ag and ay .
o Z " =
na  + alHJ.. Sy (1)
a_ X+ a.le =Fxy ) (2)
Dividing (1) by n, equaticn (1) becomes
a =th -.al an = ¥ - (3)

From {2) and (3)

2x(Zy - alz_}_) + alzxz =2 xy
n n

e -3y = 2 Xy -—.}:ng _ (4)
Fxf (259

Z X, 2 ¥ ny, and 23:2 can readily be found Tor small scis
of data, but large numbers of data require a calculating machine
to speed up the work.

Having found a, from equation (4) it is possible to find

a_ from eguation (3).. .
Hence, it is relatively casy to find the relationship between
Y(cost) and x(heated area) using Linear Regression Analysis.
ELRA involving 2 or more 'independent! (x) variables uses
the same principles in a multi-planar form. _
For the dependence of one variable on two other variables
the relationéhip to be fitted is of the form :-

Y =ao+a}: + a.x

The difference between the observed value Y5 and the predicted
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t
value Y, is (yi “ag = agXy, -'azxzi)
Partial differentiation with respect to 2, a and a, gives

alz (xl - :_cl)z + aZZ(xl - El)(xe - :._:_2) .=Z(xl - El)(y - 3)
a,¥ () - B )(x, - %)+ a,T(x, - )7 aX{x, - X3y - F)
If 8, = (xl - il) and S, = (x2 - Ez)

Then a + a5 = B

111 T ®2h12 ¥l |

a.s + a,.3 3 -

1721 2722 ye

In the general case

all)ll + 8-1512 + sessnssesssa + apslp = .Syl
31821 + 32322 4+ sevencecsesce + apszp = Sy2
.
alspl + azspz + ssvesssences T a-pl)pp = Syp
and a.o L= y- alxl - - . a2x2 . o.. coee _apxp

These equations become'very time consuming to solve manually,
but computer programs have been developed which complete the
calculations very quickly to give the parameter estimates

GLy By Boy eeeees ap for the equation

Y = By * 31Xy F BT,y eesecenss apxp

Even better, the prdgr&ms allow choice of independent variables
and will reject variables which-are not contributing to the accuracy
of the model.

With the benefit of being able to assess simultaneously the
effect of m any independent variables on the.dependent variable (Y)
the possibility of more accurately predicting the value of Y shounld
be considerably improved compared with the unit cost (bi—linear)

method of estimating.
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In the field of piped heating installations M,L.R.A. offers
the opportunity of predicting the cost of an installation if
sufficient historical data can be obtained for variables which may

affect the'cost of a heating installation.
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AP P E N D I X 2,

THE VARIABLES USED IN THE ANALYSIS

_ In order to carry out this study it was necessary to obtain

cost and technical data concerning piped heating systems in buildings.
Az information was most likely to be obtainable if it referred to
recently-avarded coniracts the period covered By the =study was set

as the year 1972, with an overlap of 3 months both before and after 1972
This was partly dictated by circumstances as central records of

PSA/DOE contracts was only started late in 1971, whilst the study
‘commenced early in 1973.

From an initial sifi{ of 12000 PSA contracts a potentially useful
sample of 500 heating contracts were located. Close scrutiny of the
contract documents pruned this batch down to 250 contracts of a type
which related %o the study and for which both cost and technical data
might be obtainable, TFrom this total, 200 contracis that were
suitable for analysis and for which the Design Engineer could provide
drawings constituted the basic material from which data could be
obtained.

The criterion for proceeding with data extraction on any contract
was that it should be possible to obtain from the tender summary a
price for a defined type of heating installation. In the case of
50 contracts it was impossible to segregate the cost of the heating
installation from the overall tender sum or to establish a defined
amount of new work corresponding to the following 8 types of piped
heating system : radiators, overhcad radiant panels, unit heaters,
free-standing or ceiling mounted fan convectors, free-standing natural
convectors, wall-hung continuous convectors, skirting level continuous

convectors, underfloor or overhead pipe coils.
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Vi, Contract Number

A number between 1 and 600 used to reference each
contract, and used as a cross-reference on computer printouts., It
does not form one of the series of variables used in the Regression

Analysis of the data,

V2. Accepted Contract Sum

' The contract price agreed between P.S.A. and the
Successful Conitractor for the whole of the contract, which often
included systems such as compressed air, town gas or hot water

installations as well as the cost of the heating inﬁtallation.

V3. Humber of Heated Rooms
' The number of enclosures in the building containing a
heating device. An eunclosure can be a room, corridor, staircase

cr lobby.

V4. Cost of the heating installation in the Building

For the building (as distinct from the Boiler House/Calorifier
Room/Pump Room) the cost of the emitters, pipework, pumps and control
valves cxpressed as a sub-total of the accepted contract sum. This

variable was not always available.

V5. Number of Storevs of Heated Rooms

Each building has a principal floor (usually the basement,
ground or lst floor) which has the typical area of the other floors
above and below it, (although it can be very much bigger). The
nunber of storeys of hecated rooms is the ratio TOTAL FLOOR AREA
divided by PRINCIPAL FLOOR AREA, to the nearest whole number,

V6. Cost of Heating Boiler Installation

Within the accepted contract sum the separate cost of the

heating boiler system. Thisg variable could not always be determined.

V7. © Humber of Tenders Invited

The number of Contractors invited to submit a bid.

V8. Total Capacity of Heating Boilers

The aggregate rated output of the heating boilers, measured

in kilowatts
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V3. Humber of Heating Boilers

V10, Building Fabric Heat Losscs

This figure was obtained by summation of the heat lost
through the walls, roof and floor of the building.

For each room with an exterior facing surface the heat
lost through surface was calculated according to the formula :-

Heat Lost (kW) = U A.dt where U is the thermal_ transmittance
1000  doefficient in watts/m%/ ¢
A 1s the surface area in square meires
dt is the temperature difference between
the room and the outs de air in “C |

Vil Percentage of Inaccessible Pipework in the Building

By definition this is @

Length of Inaccessible Pipe in the Building
Total Length of Pipe in the Building

(Inaccessible pipe is defined as pipewcerk in enclosed ducts or
above 2 metres from the floor and requiring ﬁrestles or scaffolding

for access).

viz. Total Capacity of Heating Calorifiers

The aggregate rated output of the heating calorifiers,

measured in kilowatts.

yi3. Humber of Heating Calorifiers

V14, Room Volume x Room Temperature Difference (V.dt)

This figure was obtained by the summation of the
V.dt values for all the heated rooms in the building. (V is the
3

volume of the heated rooms in m~ and dt is the temperature

difference between the room and the outside air in 0C.

V15, Boiler Mow Temperature

The water flow temperature from the heating boiler(s) in oC.

V16, Total Floor Arca of Heated Rooms

. . 2
Measured in m .

V17, Boiler Return Tempnerature

The temperature of the water returning to the heating

boiler (s) measured in °C.

vi8. Volume of Heated Rooms

Measured in m-.
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V1i9. Humber of days from 1.1.72 until the datc of Contract

between P.5.A. and the Heating Contractor

V20, Desien Building Heat Losses

T™he figure was obtained from the designer, who inserted

the numter on a standard reply sheet,

vel,. Contract Period

The Contract period, measured in months. - For a contract
made diectly between P.S.A. and the specialist heating contractor
it is the actual contract period. When the specialist heating
contracior is a nominated sub-contractor to a building Contractor
it is the contract period for the contract made directly between

P.3.A.. and the bhuilding contractor.

Va2, Total Principal Floor Area

The principal floor is that wiich has the typical area of
-the floors above and below it. It is usually the ground floor, b ut
can be the basement or even the lst floor if the ground floor is a
car park beneath the building siruciure. The total principal floor
area includes all the enclosed areas on the principal floor and is

. 2
measured in m-,

va3. Number of Chimneys

The number of self-supporting chimne&s to P.S.A,
Specification N.& E., NNo.T.
In the case of multi-flue chimneys the number of chimneys

iz not altered by the number of flues in one chimney.

ve4. Chimney Diemeter

The chimney diameter is taken as the diameter of the flue,
in millimetres,
For a multiflue chimney the dimension taken is the sum

of the flue and casing diameters and is called the effective diameter.

ves. Chimney Height

The height is measured from the base of the chimney to the

apex, in metres,

V26, External Wall and Window Area

The wall and window area of the building envelope,

. 2
measured in m

V.27 Humber of Hot Vater Service Calorifiers
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ves. Capacity of Hot Water Service Calorifiers

The aggregate capacity, in litress,of the hot water service

calorifiers.

vaa. Number of 0il Tanks

Thne number of boiler o0il fuel bulk storage tanks.

V30, Capacity of Oil Tanks

The aggregate capacity, in litres, of the boiler oil fuel

bulk storage tanks.

Vil. Percentagc of Heat by Convectors

The percentage of the building heat rcqulrcmonts supplied
through convectors. (Fan Convectors, Natural Convectors, wall mounted

or skirting continuous convectors).

V.32, Adjacent Wall Area

The area in 12, of the building which abuts an existing
building.
V33. Numtber of Air Changes

The air change rate was given by Design Engineers, but
varied from room to room., This variable was used as an indicator

that information was available and had been obtained using code 0.07.

Vid. Total Floor Area

The total floor area of the enclosed areas of the building
in m2.
V35. Number of Boiler House Circuits

The heating beiler has a flow circuit which is usually
branched within the boiler house to serve various circuits in the
building., If the boiler is a dual heating/H.W.S. boiler it also has
a branch to the H.W.S5. Calorifier., The number of circuits is counted
ag the sum of branch circuits leaving the boiler house plus one for a
li.¥.5., Calorifier branch.

(If the H.W.S. calorifier is served by a H.W.3. boiler the calorifier

branch is not counted in the total),

V36, Cogt of Boiler House and Building Heating Systems

The over-riding principle in the formulation of the cost
variable is that the cost must be reflected in the variables of the

model. The building element of the heating installation must be a
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complete and working installation with one or more of the
following types of system :- radiators, corntinuous wall-hung
convectors, unit heaters, radiant panels, fan convectors, natural
convectors; pipe coils or continuous skirting convectors. Systems
such as overhead radiant hot air tube, radiant ceilings, free-standing
' gas or oil fired air heaters, plenum systems and air-conditioned
systems are excluded. (In the case of small plenum systems within a
building containing (say) a major radiator scheme it is allowable to
freat the heater battery of the plenum system as a unit heater and
exclude the cost of the ductwork and air handling equipment from the
total cost of the contract). Variables have been included in the
model to reflect the heat emitters, pipework, valves and controls which
constitute the whole installation within the building.
It is 2 different situation within the boiler house/calorifier
room. A boiler house contains a permutation of the following equipment :-
leating boilers, hot water service boilers, heating
calorifiers, hot water service calorifiers, boiler flues, chimneys,
oil tanks, puwnps, motorized valves, pipework, controls and control
panel, feed expansion tank, gas pipework and equipment and fittings,
oil supply pipework and safety devices, pressurisation sets, etc..
In principle the presence or absence of the heating boilers, hot
vater service boilers, heating calorifiers, hot waler service
calorifiers, chimneys, oil tanks, punps and motorized valves,—determincs
whether the ancillary eguipment would be present e.g. if a heating
boiler is present it ensures that a flue, feed and expansion tank,
-gas or oil supply, a selection of controls and some pipework is also
present., Thus the presence of a heating boiler implies the presence
of other equipment and'the heating boiler system' to give it a name,
can be represented by the size of the heating boiler. It is therefore
possible to have any permutation of boiler house eauipment and to
represent the cost by the principal componentis, e.g. a gas-fired
boiler of 500 kW with a balanced flue, serving a H.W.S5. calorifier
of 1000 litres, and having two heating circuits controlled by two 3-way
motorised valves, duplicate pumps on each circuit, and a primary
H.W.5. punp with one controlling 3-way motorised valve, can be

represented by the following values i-—
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Capacity of heating boilers - 500
Humber of heating poilers - 1l
Capacity of H.W.5. Calorifier 1000
vumber of circuits - 2+ 1 (for H.W.S. circuit)
Number of pumps - 4 + 1 (for H.M.S. circuit)

Number of motorized valves - 2 + 1 (for H.W.S. circuit)

The foregoing aésumes 2 new inatalilation in the boiler house
or the building., This is only true in about halfl of the contracts
analysed, and it was necessary to adjust the contract sum given by the
successful tenderer in order to take account of woI © in existing or
extension buildings and boiler houses.

As a principle it is necessary to adjust the price of an
installation so that it can be represented by the variables in the

model as if it were a new installation,

For the building the problems usually concern an extension
to an existing building e.g. if an extension of 100C0 m2 heated floor
area ig added to an existing building, where the heat losses for the
extension are 300 kKW and £350. worth of work is carried out in the
existing building, the extension can be considered as a building of
10000 m2 heated floor area, heat losses 300 kil with the tender price
abated by £350. (The calculation of £350. would have been.carried out
by pricing the work in the existing building from the schedule of
rates provided with the contract).

For the boiler house it is often the case that the couipment
becomes redundant due to the addition of a large extension to the
existing building, and it is refurbished with hoilers sized to suit the
new scheme (which includes the existing building). The new pipework
layout is often arranged to connect to éxisting pipes serving the old
building and this fact is reconciled in the variable for'circuits in the
boiler house' e.g. if there were three existing flow pipes connecting
to the o0ld building and three new pipes are arranged to connect them
to the new system, the variable for 'circuits' is increased by three.

At times the amount of work in the building or the boiler
house which is ‘work on the existing installation' is so great that
reliable pricing adjusiment is impossible, For these contracts it is

sometimes possible to use the itemised part-price for specific eguipment
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if it is available on the summary of tender, otherwise the contract
iz not usable. e.g. in a boiler house with existing gas boilers where
a neow chimney and new oil tank system is installed it is allowable to
treat the boiler house as a chimney and o0il tank installation, if the
itemicged prices of these items are available. However, it is not
allewable to treat the replacement o & hoiler -as a priceable dtem
if thé ancillary eguipment has not heen renewed as well, since the
variables for the boiler represent the anciilar; equipment suchk as
controls and control panel which have not been renewed.,
All cost information is available from P.3.A. document
‘Schedule 4 -~ Summary of Tender!, and amending correspondence between
P.S.A. and the successful tenderer up to theé.date of tender acceptance,
Schedule 4 is laid out in a standazrd format which allows the

tenderer 10 summarise his price under several heading, namely :-

1.1. . Boiler plant

1.2. 0il storage tanks

1.3, Plant in célorifier chamber
1.4, Services in buildings

(1) Heating

(2) Domestic-hot water service
(3) Steam and condensate

(4) Cold water scrvice

(5) Tovn gas

(6) Cther services
1.5 Site distribution :
(1) Heating mains
(2) Domestic hot water service mains
(3) Steam and condensate mains
(4) Town gas mains
(5) Other services
2.1, Cost of pre-commissioning cleaning
2ele Cost of inspection and tests
243 Cost of efficiency tests on flue gas losses
2ol Cost of maintenance instructions

2.5 Cost of "As installed" drawings
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In the case of most contracts it is readily clear that ihne

work shown on the drawings has been properly priced and included

under the correct headings. However, some contracts include work

which falls outside the main headings on Schedule 4 and it is not

¢lear uider which heading it has been included.

This implies that

the itemised prices are not altogether trustvorthy, but a reasonable

guarantee of accuracy can be expected if items 1.1, 1.2, 1.3, 1.4(1),
2.1y 2.24 2.3, 2.4, and 2.5 are summed to get Total Cost. Care

must be taken to include for gas and cold water

supplied to the

~boiler which may have been included under 1.4(4) ard 1.4(5).

For sub-contracts 1/39th of the Total

Cost has been added

to allow for Main Contractor's discount for prompt payment.

ViT. Bumber of Hot Water Service Boilers

38, Building Air Infiltration Heal Loss

Lach room of a bulldln” has a certain
circulation whereby cold air from outside comes
deliberately by fans designed to bring in fresh
ventilation through windows and doors,

The heat reguired to warm that air to
be calculated by the equation ¢-

Heat = V,.SH.AC.dt where V is the

1000 watts/m"/

dt is the alfxerence betweeg inside
and outside temperature in C
AC is the design air change rate for

the room,

For each volume of the building the heat loss can be

calculated and summated to give the total heat loss by infiltration.

SH is tge spe01flc heat of air in

|
amount of air |

into the building either

air, or by natural
reom temperature can

room volume in metres3

V39. Capacify of Hot Yater Service Boilers
) The aggregate output, in kilowatts of

V40. Cost of Boiler House Svastems

The itemised price for all the boiler house plant., In

some cages this could be segregated from the accepted contract price.

the H.W.S. Boilers,
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V41i. Distance f#mm Site to Contractors O0ffice.

This is the distance in miles, oi the site to the

Contractor's office submitting the tender.

V42. Distance from Site to the nearest town of 75,000 inhabitants
(In miles)

VA3, Humber of Boiler House Pumps

Within the heating system in the boiler house there are
circulating pumps on the flow civcuits,

For a dual heating/H¥S boiler there is often a pump con
the flow pipe to the H.W.S. Calorifier.

This variable is the sum of all these pumps.

V44. Number of Boiler House 2 or 3-way motorigsed valves

Within the heating system in the boiler house there are
2 or 3-way motorized control valves on the {low and return circuits
and on the boiler return pipes.

For a dual heating/H.W.S. boiler there is often a
2 or 3~vway valve on the flow pipe to the H,W.5. calorifier.

This variable is the sum of all these wvalves,

V45. Dummy for H.W.S. Boiler

If a H.W.5,., boiler is present the variable takes the value 1,

othervise the variable is 0.

V46, Cost of H.W.S. Boiler

The itemised price for the H.W.S5. boiler system, if available.

V47, Dummy for .W.S. Calorifier

If a2 R.W.3. calorifier is present the variable takes the

value 1, otherwise it is zero.

V48, . Cost of H.W.S. Calorifier

The itemised price Hir the HL.H.S. Calorifier system,

if available.

V49, Duwany for Heating Calorifier

If a heating calorifier is present the variable takes the

value 1, otherwise it is zero.
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V50. Cost of Heating Calorifier

The itemised price for the heating calorifier system,

if available.

V51l. Dummy for 0il Tanks

If an oil tank is present the variable takes the value 1,

otherwise it is zero.

vh2. Copt of Cil Tanks

The itemised price for the boiler oil fuel bulk storage

. tank system, if available.

V53, Dummy for Chimneys

If a chimney is present the variable takes the value 1,

otherwise it is zerc.

V54. Cogt of Chimneys

The itemised price for the chimneys, if available,

V55. . Dummy for heating Boilers

If a heating boiler is present the varizble takes the wvalue 1,

otherwige it i3 zero.

V56. Dummy for Boiler House Circuits

If there is at least one circuit the variable takes the

value 1, otherwise it is zero.

v5T. Dummy for Boiler House Pumps

I{ 2 boiler house pump is present the wvariable takes the

value 1, otherwise it is zero.

V58, Dummy for Boiler House 2/3-way Valves

If a boiler house 2 or 3-way valve is present the

variable takes the value 1, otherwise it is zero,

V59, '~ Total Building Keat Losses

In thie exercise it has been obtained in one of three waysg :z-
(a) Directly from the design engineer.(Varieble 20).
(b) As the sum of variables 10 & 38.

(c) Taken from the notes on the drawings.
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In most cases the figure given by the Engineer or

shown on the drawings has been used, but this has been checked

against the calculated sum of variables 10 & 33.

For installations in existing buildings or extensions

the calculated figure has normally been usged,

Vo0,

1.
2.

NOTID ¢

V61,
vé2.
V63,
V64,
Vé5.
Véb.,
véT.
V68,
vé9.
V70,
V7l.-

v72.
Vs,
VT4,
V5.
V76.
v7T.
v78.
v79.

Heat Supplied to the Building

Thie las been assessed as follows s-—
As variable & if a heating boiler is present.

As variable 12 if a heating calorifier is used instead
of 2 boiler,

As wvariable 59 if the supply is from a district heating
main,

All dummies take the value 1 if the title is applicable,

and zero if not applicable.

REGION OF STIE (61 ~ 71)

London
North Vest
Midlands
South West
South Fast
South

-Bagt

North Bast

Provinces (i.e. Not London)
Wales

Scotland

TYPE OF BUILDING (72 ~ 79)

Offices

Workshops

Lahoratories

Telephone Exchange

Hangar

Post O0ffice Sorting Office
Post Office

Domestic Accommodation e.g. Barracks, Hostels.
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CONTRACTUAL & DESIGN FACTORS
¥80. For new boiler house
vEBl. For new building
v8z, For sub-contract
v83. For principal contract (known otherwisc as main
contract or direct contract). : )
v84. Humber of tenders received
v85. For P.S.A. designed project
v86. For Conéulting Engineer - designed project
va7. For design by installation contractor.
EMITTER PACTORS
vas. Total number of radiators
v8g. Beat output of radiators, in kilowatts
Voo, Total casing length of wall-hung continuwous convectors,
R in metres : .
vol. Heat output of wall-hung continuous convectors, in
kilowatts -
vaz, Total length of overhead radiant panels, in metres
Vo3, Heat output of overhead radiant panels, in kilowatis
Vo4. Total number of unit heaters
Vo5. Heat output of unit heaters, in kilowatts.
Voh, - Total number of fan convectors
VaT. " Heat output of fan convectors, in kilowatis
V98, Total number of natural conveciors
vag, Heat output of natural conveclors, in kilowatts
V160, Total length of hot-air radiant tube, in metres
V101, Heat output of hot-air radiant tube, in kilowatts
vioz. Total length of pipe coils, in metres
V103, Heat output of pipe coils, in kilowatts
V1i04. . Totél number of free-standing air heaters
V105, Heat output of free—standing air heaters, in kilowatts
V106, Total casing length of skirting continuous convectors,

in metres.

Vi07. Heat output of skirting continuous convecitors, in kilowatts
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V108. Complexity Factor

The complexity factor is a semi-subjective valuation for
gseveral factors which contribute to the complexity of ithe heating
installation within the building, Seven factors were given a
weighting up to 10.

For each contract the factors were assessed as follows -

(a) Each type was given a weighting of 1 (One) so that if a
building contained radiators and unit heaters the contribution to

complexity factor was 2.

(b) Changes in direction of the pipework
- This factor was given a value up to 10O depending on the
assessed number of changes in direction per 100 meires in the
pipevork,

(c) Congestion of other services

Bach piped service such as H.W.S., compressed air, town
gas etc., which followed the route of the heating system was given
a weighting of 1 (one).

(d) High Level pipework

A contract with 95% - 100% of pipework at high level was

given a weighting of 5, 70 - 95% was given 4, 50 - 703 was given 3,

30 - 50% was given 2, 10'—_30% was given 1, 0 — 10% was given O.

(e) Trade sequencing

A weighting of up tollo was given for the amount of
co=ordinating required with the builders installation. A contract
with all pipeﬁork and emitters within a continuous convector heating
installation was given a value of 10, with pro rata ratings for
contracts with a percentage of heat by continuous convectors., A
contract with all pipework encleosed in false ceilings or partitions
was given a value of 8, with pro rata ratings for contractis with
semi-enclosed pipework.

(f) Humber of control valves

A weighting of up o 5 was given depending on the density

N
of control valves such as regulating valves, stop valves etc.

(g) Lagged pipework

A weighting of up to 10 was given depending on the
percentage of lagged pipework
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V10G. umber of Pumps in the Building .

Some systiems have pumps situated in the building and
in the boiler house. This variable is the total number of pumps

installed in the building,.

V110. Humber cf 2 or 3-way motorized valves in the building

‘ Some systems-have 2 or 3-way motorised valves within the
building and the boiler house, This variable is the total nunber

of 2 or 3-way motoriced valves in the building only.

Vili, Total lengih of pipe in the Building

Measured in metres,
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4 P P E N D I X 3.

CONPUTER WORK

3.01 Loughhorough Computer Facilities

The University of Technology at Loughborough have an
T.C.L. 19044 computer which is operated by the full-time staff
of the Computer Centre.

Core storage up to 84k words is available for normal
~use, with store facilities on magnetic drum, exchéﬁgeable disc
or magnetic tape.

Other eguipment available to the computer centre includes
card readers, paper tape reader, line printer, card punches,
paper tape punch, graph plotter, multiplexor. Tor remote terminals,
verifiers, card interpreter, card producer and a card sorter.

Tor this particuiar study the input to the computer
comprised punch cards, usually combined with data and operating
programs held on disc or magneiic tape. The output was always in
the form of standard computer printout from the line printer and
usually written to magnetic tape for storage.

Throughout the work FORTRAN IV was the language used in

programming,
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3.02 The Multiple Linear Regression Program, NOZR

4 choice existed between an 1.¢.L. program {called XDS 3
by code namc) and a program developed by the University of
California, Los Angeles (U.C.L.A.)(called #O2R by code name).

On the advice of ¥r. B, legus of the Loughborough
University Computer Centre the U.C.L.A. program was adopted for
this research. 1 is one of a series of programs which was originally
devised for use on biomedical problems and is titled STEPUISEH
REGRESSIOH, BMDOZ2R. The reference to stepwise mesrns that the program
" will.add variables to the regression model in a step~by-step fashion
according to a set of predetermined rules; at each step cne variable
is added to the regression equation, the one added being that which
makes the greatest reduction in the error sum of squares, (Equivalently
it is the variable with the highest F-value. The F~value of a
variable is the square of the t-statistic, which in turn is the
ratio of the regression coefficient and the standard error of the
regression coefficient, To be significant at the 95% confidence
level the value of F should be greater than 4, and to be highly
significant at the 99% confidence level F should be greater than 7).
Variables are automatically removed from the regression when their
F-value becomes too low (if they are variables which have not been -
*forced' to stay in the regression). Regression equations with or
without a regression intercept may be selected.

The output from the program gives statistical information
on the data analysed by the program as well as the results of the
regression analysis,

It includes :
(1) At each step:

(2) The correlation coefficient of the model.
(b) The standard error of the model.
(c) An analysis of variance table.
(d) For variables in the couation :
1. Regression coefficient
2. Standard error.

3. F—value;
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(e) For variance not in the equation.
l. Tolerance.
2. Partial Correlation Coefficient.
3. P-value.
(2) Optional Ouiput Prior to Performing Regression :
(1) leans and standard deviations of each variable,

() Covariance matrix,
(h) Correlation matrix.

(3) Optional Output afer Performing Regression

T

(1) Lisi of residuals

(j) Residuals plotted against input variables,

(k} Sumnary table.

The capabilities and limitations of the program are as
follows -
(1) Within the same computer run an unlimited number of
regression trials can be carried out using the same set of .basic
data. Yor instance, in one series of trials one might wish to
study the effect of y = xo'l, ¥y = xo'z, y = 0-3 etc.. There
exists a facility called TRANSGENERATION whereby a variable, say x,

0.1 0.2 0.3
x "%y x

can be TRANSGENERATED into x ’ etc. in each trial in turn,

(2) Sample size < 9999,

(3) Number of original variables< 80.

(4) The number of variables added by transgeneration £78.
(5) ER Within each regression trial there are various features

about which an option can be made :

(a) The choice of dependent variable

(b) The F-value for including or deleiing a variable

(¢) The tolerance level for including a variable

() The number of plots of residuals against input

variables

(e) The options of 2(f) - {h) and 3 (i) - (k) above

All of these choices can be exercised in combinations and
cach combination can be tried separately within each regression trial.

(6) The number of plots of residuals against input variables £30.
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3.03 The Data Handling Program : PRE-NTHBUS

3.03.1. Previous experience by Hr. P.R. Gould on the use of
Nultiple Linear Regression Analysis using'computers had shown that
the method of presenting data to the computer was an important
feature of the analysis technique. A method was needed which
alloved an arbitrary choice of data combined with ecconomy of effort
so as to allow the maximun use df time. Punch cards were liable to
become damaged or lost and data soriting was time-~consuming, so as
part of the current research a computer program vas devised which
would allow complete freedom to choose a data matflx of any given
size and to pass theese data to the NOZ2R statistical program for
analysis.,

It was envisaged that a meximum of 200 contracts could be
obtained for analysis and that 50 basic variables could be extracted
from the contract particulars for each of those 200 contracts. (In
the event 111 basic variables wvere obtained and the method of dealing
with this problem is discussed in 3.04.

A program was written by lir. R.C. lcCaffer of the
University of Technology, Loughborough with advice from lir. B. Negus
of the Computer Centre, which would make it possible to record zll
the data on magnetic tape in matrix format, and would allow taped data
to be used as an input document to the statistical program (NOZR).

Several very important features were incorporated into this
program, (called the DATA HANDLING PROGRAM and code named PRE-NIIBUS)
and they are described below :-

(a) Data Validation

The variables have values which fall between certain bounds
and it was arranged that these bounds could be set for each variahble,
Each data value could be tested to determine whether or not it fell
within the limits., The object of carrying out this test was to
detect human errors wherc data on punched cards had been mispunched
or where data had been incorrectly transferred to new data tapes

during analysis and computer work.
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(v) Contract Seleciion

It was a necessary requirement of the data handling program
that contracts could be selected for a regression trial. This vas
essential because some contract data were temporarily incomplete
or were not suited to a particular situation. For instance, if a
regression trial on boiler houses was being considered and a
particular contract did not include for boiler house work that case
was of no use to the analysis and needed to be deleted from the
regression trial. A

(c) Data Editing

One vital feature of the program was that it should be
possible to change a data value if it was in error and needed to Dbe
altered.

(a) Transgeneration of Variables

Whilst it was possible to carry out transgeneration of
variables within the NOZR prograﬁ, the scope allowed by this ﬁrogram
was limited and the method of carrying out the transgenerations was
relatively cumbersome.

This part of the PRE-NIMBUS program allowed fortran
statements to be used in order to generate new functions from existing

variables e.g.,

Y(1) = (X(1) + x(2)) *x(3) (¥, = (X + X)X )

( )
Y(2) = (x(1) + x{(2) + x(3)) _( Y, = (x:L + Xy o+ x3))
Y(3) = (x(1) + x(3))/ x(2) E Y, = (X +”x3)/(x2 3

Combined with the NOZ2R *transgeneration facility it was
possible to create complex derived variables from the basic variables.

(e) Program Error Detection

‘The pre-nimbus program included error traps to detect user
errors and all of these were initially tested by creating deliberate
mistakes on data cards in order to provoke the appropriate error trap

and ensuing error message.
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3.03;2. One of the principal demands of the data handling
program was that it should enable data {o be stored on magnetic tape
in such a form that it was acceptable to the NOZR statistical
program as a data input document.

In order that the date was in the correct form for a

regression trial the following seauence of evenils occured :-—

1. COMPUTER READS CURRENT DATA MATRIX M1 FROM MAGNETIC TAPE 1.
2. ADDS ADDITIONAL CASES TO MATRIX M1 TO FORM MATRIX MZ2.

3.7 ADDS ADDITIONAL VARIABLES TO HATRIX M2 T0 FORM MATRIX M3.
ﬁ. EDITS THE MATRIX I3 TO I'ORM MATRIX li4.

5e VALIDATES MATRIX M4.

6. WRITES MATRIX.M4 TO MACNETIC TAPE 2,

Having created a new data matrix to form the up-to-date

~data recerd a sequential list of actions is performed by the computer,

1. COMPUTER READS DATA MATRIX N4 FROM MAGNETIC TAPE 2.

2. SELECTED CASES ARE DELETED FROM MATRIX M4 7O FORM MATRIX M5.

3. SELECTED TRANSCENERATIONS ARE PERFORHED ON MATRIX M5 TO
FORM MATRIX M6, - T .

4. WRITES MATRIX M6 TO MAGNETIC TAPE 3. |

Magnetic tape 3 is used as the input document 1o the
statistical program ﬁ62R.

The system control cards which steer the computer through
the scequence of job operations were arranged such that the PRE-NINBUS
program and the NO2R program could operate sequentially within the
same computer run. This allowed re-creation of data tapes and regression
analysis within the same computer run,and in consequence with the
minimum time lapse.

In tﬂe early stages thé pre-nimbus program was run from
punched cards. When it had been thoroughly tested and all improvements
and amendments completed arrangements were made to dump the program
onto disc storage. The job centrol cards were altereda to fecall' the

PRE~NIMBUS program into use during the computer run.
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3.04 Storing the Data on Hagnetic Taps

The Loughborough Computer facilities allowed a maXimum
of sixty variables and two hundred contracts to be used in one metrix.

This meant that the 111 variables extracted from the contract
documents cculd not he stored fogefher on one magnetic tape and in
consequence could not all be used in oné regression trial.

This was not absolutely necessary as some of the variables
viere inappropriate fo certain trials. Separate regressions on the
boiler house and building variables could be acqgﬁplished readily.
This established the significant variables and réduced the total
number of variables needed for the total model.

To reduce the data handling and storage problem magnetic
tape storage of the data was arranged as follows :-

1. The first 60 variables (V1~V60) being principally technical
variables, were read onto a tape called BASIC. T

2. Having carried out regression itrials for both the Boiler
House and Building Elements it became plain which variables were
statistically significant and should be combined with the economic
variables.

To do this the boiler house variables were written to a tape
called BCILER and the economic variables added.,

Por the building variables the significant ones were written
1o & tape called BUILDING and thc economic variables added, together
with additional technical variables dealing with complexity.

3. Having carried out further regression trials with both
technical and economic variables using BOILER and BUILDING tapes, it
was necessary to také the significant variables from both tapes and
write the data to a fourth tape called COMBINED,

4. As the computer was already using its maximum core storage
when reading from one tape of matrix size 60 x 200 and writing to
another of 60 x 200 it was necesarry to write all significant boiler
variables to a2 tape called X, which only had a matrix size of 10 x 200.
All building technical variables, and the economic variables, were

written to a tape called Y of matrix size 50 x 200.
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The Computer was then used to rcad X and ¥ together
and to write the resulting matrix to the tape called COMBINED.
" In this way, all the significant veriables which had
been previously located on two tapes were re-located ontc one
tapc suitable for use as an input to the PRE-NIIBUS and hence the

HOZ2R program.
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3.0 The Statistical Progrem EO2ABF

This program calculates & weighted least-sguares
polynomial approximation to a set of dafa points by Persyth's
method using orthogonal polynomials, and was arranged by the
Nottingﬁam Algorithms Group. The Loughborough Compuier Centre have
incorporated it into their standard library of computer programs.

For the polynomial y = ag + a)x + a2x2 + a3x3 oo anxn
the program computes the coefficients of the polynomial (aoﬂban)
by minimising the sun of squares of the expression: The cheoice of
'n lies with the user and each data point can be weighted if desired.
The output gives the coefficients of the polynomial and a measure of
the goodness of fit.

This program was seen as a means of determining how well

cost was related to the variables in & polynomial expression.

. The expression which I wished to consider was as follous :-

- o . T
cosT = ao + &y +_a2 + a3 4 a4ﬂ + “SW + a6L
W wowt ow

where W is the building heat losses and COST is the
cost of the heating installation in the building.n is 6.

By rearrangement ¢-

2 12 23 A " 6
COST, U = ao + alw + 32” + a3H + a4w + a5w + a6w
i.e =& + a,x + a y2 a xn

- - y - 0 1 2 - L B O BECRY BB B RN N B N BN B RE BN BN OBE NNRN n

which is the polynomial expression that Z0OZ2ABF can solve,

A program was written which caused the computer to read
the data from the up-to-date magnetic tape and to use the datz in
detcrmining the best polynomial and its goodness of fit by use of
the EC2ABT statistical program. '

liowever, the results obtained from this program wWere not
vorth pursuing because there were considerable scale effects causcd

by the power relationships.
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A P P E N D T X 4.

THE PRE-TENDER STAGE MODEL EXPRESSED IN TERKS OF
THE VARTABLES DESCRIDED IN APPENDIX 2. .

(v36) = (4 57.60917(v59)0 8

(TOTAL COST OF ) ¥ 24;309OI(V59)0'85(V91/TOTAL)
Eggiigﬁ”ggﬁgg % N 106.94150(V59)0‘85(v107/?0TAL)
(HEATING ) ¢ 32.81960(v59)°* B (ve3/ Toran)
(INSTALLATION )

5

(

%

(= 28.39179(v59)°* % (vo5/r0mA1L)
E 53-94303(V59)O’85(V97/T0TAL)
( 3.88239(v59)%* 8 (v109)

E 171.99084(V9)0'2(V8)0'55

(& 229.84913(v13)°* 3(v12)9:92

E 404;87226(v28)0°25

( 5.87032(v29)°*2 (v30)0+?

E 0.33238(v23)°"?(v24)"% (ve5)0+?
% v 6.19710(v35) [ (v8)*20r(v12)0*2%0r(v59)0+22 ]
(

{

(

(

(

(

(

{

f

(

+

+

TECHNICAL
VARIABLES

+

+

+

+

+ 11.62477(v43)[ (VS)O'5or(V12)0'550r(V59)0'55:]

0.76116
+  0.19013(V61)
-  0.09787(v62)
- 0.09337(V63)
0.16413(V19)}/366
0.00871(v21)
0.29583(V77)
0.10646(V86)

ECONONMIC
VARTIABLES

+ + o+ o+

(TOTAL = VB89+V914V93+V95+VIT+V99+V103+V107+0.00001)

The number 0.00001 was used to prevent the indeterminate

figure Q/O from occuring, which would have prevented the computer

from operating on the data.
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Appendix 4.
Page 2.

This model was used to calculate the expecied cost of

case 137, Crown Offices, Cardiff for which the actual cost of the

boiler house and building heating in stallation was £109 529.

. £,
57.60917(2200)° 8 39 949.7
+: 22..30901(2200) % (1914.49/1949. 21001) 16 557.1
+ 1065, 941;0(2200)0 85( 0 /1949.21001) 0.0
+ 32, 81960(2200)0 85( 0 /1949.21001) 0.0
- 28. 39179(2200)0 85’( 0 /1949.21001) ' 0.0
— 53.94303(2200)%° (0 /1949.21001) 0.0
+ 3.88239(2200)0'85(0) 0.0
+ 171.99084(2)°2(3810)0-2° 18 416.5
+ 229.84913(0)0%(0)99° 0.0
+ 404.87226(4390)0‘25 3 295.4
¢ 5.87032(0)°2(0)° : 0.0
& 0.33238(0)°:7(0)%%(0)0-? | 0.0
+ 6.19700(6)(3810°*°) 2 294.9
+ 11.62477(10)(38100'5) _ 7 _7174.7
0.76116 0.76116
+ 0,19013(0) 0.0
- 0.09787(0) ' 0.0
- 0.09337(0) 0.0
+ 0.16413(62)/366 | 0.02780
+ 0.00871(32) 0.27872
+  0.29583(0) ‘ 0.0
+  0,10646(1) ‘ 0.10646
1.17414

TOTAL COST = &£87 688.3 x 1.17414 = £102 958.2



Appendix 5.
Page 1 -

[

A P P E N D I X D

THE PRELIMINARY STAGE NCDEL EXPRESSED IH TERHS OF
T VARIABLES DESCRIBED IN APPENDIX 2.

(v36) oy T 59.95960(v59)°+5
%gg}igzﬁg i % ST 00131(v59)%*8 (vor/10mAL,)
(BOILER HOUSE ) ( + 101, 84609(V59)O 8)(v301/”0TAL)
E?fggﬁ;LATION 3 E s 33.26266(v59)° % (v93/r0maL)

( - 28.69273(v59)%-% (vos/momaL)
E - 53.41300(v59)%-% (vo7, TOTAL)
TECHNICAL ( + 172.66727(V9)O'2(V8)0'55"
VARTABLES (o 231.17664(113)%2(v12)0 %
( + 401.92386(v28)°%
(v s57.47639 [(v23)(vs)(vo)] ©+3333
E ¢ 25.18146(v29)%7 (v8)0+>?
b 5.871a9(v35) [ (v8) 0P ox(12)0- P 0x(v59)O+55.
E v 1.96547(v43) [ (v8)0Por(v12) 0P or(v59) 055
x
( 0.73397
Economzc' E + 0.19580(vé1)
VARTABLES [ - 0.10265(V62)
E + o.16413(vi9)/366
(+ 0.00973(Va1)
+ 0.28876(V77)
+ 0.09277(V86)

(TOTAL ‘. V89+V914+V93+V95+V97+V99+V1034+V107+0, 00001 )

The number 0.00001 was used to prevent the indeterminate
figure Q/O from occuring, which would have prevented the computer
from operating on the data.



Appendix bH.
Page 2.

This model was used to calculate ihe expected cost

of

case 137, Crown Offices; Cardiff for which the actual cost of the

boiler house and building heatingAinstallation was £109 529,

)0;85

TOTAL €OST = £91 078.2 x 1.16715 = £106 310,00

( 59.95960(2200 41 571,6
E - 25:00131(2200)0'8?(1914.49/1949.21001) : 17 037.3
( + 101.84609(2200)0'89( 0 /1949.21001) 0.0
E + -33.26266(2200)0'85( 0 /1949.21001) 0.0
( - 28.69273(2200)0'85( 0 /1949.21001) 0.0
E - 53.41300(2200)%°%( 0 /1949.21001) | 0.0
(+ 172.66727(2)°%(3810)0-? 18 488.9
E ¢ 231.17644(0)°%(0)%+22 0.0
(+ 401.92386(4390)°%° 3 271.4
E v 25.18146 (0)9-7(3810)%°7 0.0
(s 57.47639(0)0-3330)0+3337)0-3333 0.0
g + 5.87149(6)(3810‘)0'55r 3 283.9
( + 7.96547(10)(3810)°%-2° 7.425,.1
91 078.2
pA
f 0.73397 0.73397
( + 0.19580(0) 0.0
E - 0.10265(0) 0.0
( + 0.17150(62)/366 0.02905
E + 0.00973(32) 0.31136
5 + 0.28876(0) 0.0
(* 0.09277(1) 0.09277

1.16715
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