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SUMHUARY

Pypically, contracts in the Construction Industry are placed on

- & basis of competitive tenders, The abilify to estimate.costs in

advance is, therefore, imperative,

Idealiy, estimdtes should be based on recorded levels of performaﬁce

~ but the diversity of the ﬁrojects encounteréd often makes this feedback

impractical., . It has been observed that currgﬁtly_estimatofs depend -

to a large extent on intuition to produce prices which are aéceptable

‘to the client, Whilst these prices are typically.within 10% of the

total cost of the work, the estimates for individual work itemS'may"
differ from the actual cost by as much as 100%..

For this reason, research was undertaken into methods which are

'not normally fraéticed.in the Construction Industry. The principal

‘ objective ¢f the research-was to find and test a method of estimating

which would Bé quicker thén present‘methodé_and wouldladhieve.aiﬁore

direct:réfléétion of.qbéerved performance._ N
.This thesis déscfibes attempts at appiying regression analysis
glbhally to building costs. Tt also.exémines the varying lévels of
- : . , o )

&ifficulty'in'estimating different categories of work and the impli-

catipné of the Pareto-distribﬁtion of the values of the items in a

bil1 of gquantities.,

In the light of the foregoing studies,'a new methed bf estimating

was devised and tested, The Néw Method separates the~seiectipn and

"evaluation of subncontractors, supnpliers and material costing, which

éan be‘done by gemi—Skilled clerks, frcﬁ the &ifficult task of labour-
cost.ppgdiction. | Labour costs aré tradiiioﬁally forecast by the
apglicaﬁion'of cohgtants to unit éuantities. : This.pfoccéufe is
retained in the propoaad-method only‘as a ﬁeans 0} obtéiﬁing initia1. 

approxirate rates, These rates ave applied to the bill items and
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 the reSultant list of work.items_is‘pléced in'numerical order using
a computer. Thus the eosparatively 1imited number of items (say
2b%), which,contribute the majorify of the total.project.COSt,'are
identified for mpre exact estimafing. The wbrk items are further
rsorfed‘by eOmputer inte operational format to assist in‘fhe
utilisetion'of résource estimating as a proper basis for pricing and
for feedback from actual site performance._

The New Method and the practical tests to which it was subJerted
are described in detail. .The tests were conducted ulthln a |
VCOntracting firm in parailel'with:their existing work and from.#hem
if was cbecluded that the Methed has achieeed.its prineipal object-
ives, namely, quicder estimating and an improved standard of
' c0mparssonlaga1nst which to_record observed costs. This latter
charactesistic should éontribute te:impreved feedbac; and,lconse-
quently, more - xellable eotiﬁates. |

Although the nrlnc1ples described in this thesis apply equally
.tq Building and Civil Engineering, the accepted methods of estimating:
in Civil Engineering are already based quitelextensively on oserational'
eonsiﬁefatiOns.- ‘Tbe'value of the work des crlbed lies, therefore

principally on the Building gide of the Industry.

ii,

R
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INTRODUCT ION

NFor which of you intending to build a tower, sitteth not down
first and counteth the cost, whether.he have .sufficient to firnish

1t?" ,..... St, Luke - Ch. 14, vs, 28,

For the assistance of the reader a diégrammatic plan of the

research work undertaken -for this. thesis is\ShoWn'on pate . X& The

letters in parenthesis in this introduction. relate to the sections on

the diagran.

A tender submitted by a contréctor for proposed building'work

compriges two distinct parts. The first is an estimate of the cost

of doing the work aggregated fronm the éoSt'of_labOur,‘plant; materials,

sub-contractors and Prime Cost sums, The second is'a mark-up
. e s ) s

‘allowance for profit, risk and establishment overheads, - This
- division is not .discernible to the client as the two are combined

- togetner by the Con#ractor to form pis bid figure.

" The work in this thesis relates solely to the first pért and

. is called Estimating, as_distinct-frOm-Bid Sﬁratééy.

Althourh the primé purpose df Estiﬁating is to_proﬂuce a.fore-
'caét'of the probable cost of constructing the works (A4) it is also
used to fix the Contractort's financial entitlements,’as a yﬁfdstidk

to monitor achieved performances and as a vehicle for pre-tender

planning.

The Client usually allows Cnntractofs about a four week_period

to submit a tender, which is generally COnsidered to be sufficient

éxcept'where difficulties are encountered.iﬁ obtaining quotations

. fron sub-contractors.

The Estimate is normally prepared by a senior estimator

usually with assistance from the planning departmenf.' If the success

iii.
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rate of obtaining contracts is taken to be about_lrin'7, varying

with the general econonic c0nditions,'there"is ¢léarly‘a considerable

proportion of abortive work.

Limited man power for Estimating militates against detailed

"precise work for every tender., . As a result,_Contractors usually
give detailod attention only to desirable contracts, The remainder

. are prepared in a more approximate manner with a risk allowance to’

cover for unforeseen circuhstances and for the less a;curaté msﬁhod
of esiimafing.

fEsti@afes are prepared generally in éccordance ﬁith the récom-
mendations set out_in,the ﬁCOdg of Estimating éractice" pﬁﬁlished

by the Institute of Building, It is difficﬁlt to recruit tae

' _necéssary skilled staff to prepare sufficient estimates using this

sysﬁem; It is, thereforé; subzitted that_tie new method,
subsequently.diScussed,'will ai}eviate the problen bf reléga;;nglmuéh
qf the less sgilled'work to clericai 1abouf or computers,

Bills'df‘Quantiéies based on a Standard Method of Me#sgfemenf'
are supplieﬁ Byithe:Client forilgrgéf préjectsrand wheﬁ n0t suppii§d;
és in the_casq of sone negofiated contracts,.aré usually prepared'.
by_Confractors.' Although Contractors! Billg may be shorter than
those_produéed strictly in aCcérdaace with the Standard Method, it is
still an expensive process and élternétive methéds éf cost predi;tioﬁ;
€l regres%ion analysis,have‘been-investigated. |

Estimates shbuld be based on records of ﬁrodﬁction fron previous
projects (B) but this is extremelj'difficulf to ac;ieve.in practice.
Constfuction projects are unique so.that the samé sef of circumstancés
are necver repeafcd in their entirety. -

Maﬁy atteﬁpts (Ci have ﬁeen nade t§ éldssify work into recordable

sub-divisions so that overall differences can be isolated and.

" evaluated, The main difficulty is finding a- satisfactory method of

iv.



-blaséificaﬁioﬁ wﬁich combines the physicallcﬁntght of.thé'work with |
othe? factors such asfpsychology and ﬁéteorology'yhich cbnsiderably affect
levels of production, | | |

Contractors establish accouﬁtancy headihgs under wﬁich éite
"costs are allocated (D) but thesé costs are often either accidentally-
or dclibgrafely misallocated by site staff to give a more favourable
'impression to thé managemnent, - These cost; headings do not always
- ;oincide:with those‘usedrin egtimating so that therg is little feed-
back of accuraté usable'qbst-data in practicef

A‘classification_syétem which fepresents theze variables in
sufficient.dethil would be cdmplex and_wéuld invéive several thoﬁsand
items‘fo; each site, It has been demonstrated {Ref, Ho. 2) that tﬁe '
reliability;ofldata récorded in such circumstgncéé ié‘véry low and-:'-
this detailed classificafion_apprOach for fesd-back ;s,.thereforé; not
éonsidered pra;tica1;~ Furthermore, even if reiiable.hooking couldrﬁg
lguaraﬁteea_the'cost of working in such detail would be prohibitive,

One poéSible alternative approach (ﬁ) is_to record achieved total
costs for a ﬁﬁmgér of projects, tqéefhen with %he:variables which are
thought_to #ontrol them and to'undeftake regreésiou anély%isltd
rquantify the éffectiof the variables,

Previous studies cénried out at-Loughborough'University inte
clients'-dbsts of concrete frames and‘hgafing 3Ys§ems, showed that
‘it nay be possible to deﬁélgp a mathematical ﬁédei hy :egréssioh
ana}ysis which is a.able fo predict the complete .building cost., A
fegression analysié can only be m;de if the ﬁumber 6f.sets of data
available is at least 10 or 15 more than the Qumber of vériableé used
in the model,  As the numﬁer of variabies needcd-ié'about 10, a
‘minimum of 20 setg of data is reqﬁ;rgd; |

It was not thoﬁght fea;ible~to proquce'a single modei capable

of predicting the cost of all types of building work with their



differences in use and guelity. Therefore, each catézory of bﬁilding
requires a separate model,

| Many Contraétoré‘wéré COntactédl(F) ﬁﬁt noné.qf'them_was able to.
. provide the'cﬁst dat% for the reQuisite nﬁmﬁér'of similar.prbjects.
This meant that the rﬁo;z_el would have to be based on clieﬁts'r'co'sts '
tG) extracted f?om cost analyses walch are more readily available,

Two studies We:e:undeafaken. The first was made on Hertfordshire
Cﬁhnty.lCOuncil s_chool.s"(H): desigﬁed withiﬁ a building sysfem; A
_successfui cost nodel was derived wﬁich, on.subsequenf tests, gafg
reéults well within the térget linmits 6f accuracy of~f 1075, LA second
study on traditional factory buildings (I) from published cost
aﬁalyses did an produce successful resulis.

'Iﬁ was concluded-thaf this apnroach might be used by Cliépts.
and Contractors having a fairly étandard design and i£ iz reéommended
that further studies are mads using more data,

| As a compromise.between detailed classificatien and global rcgres;ion

analysis (J),'it should be possible télapply ;egreésioh analysis to
sub;aivisionslof work, é.g. the tradifipnél ﬁradés. This'épproach
woﬁld achleve rcliebie recording, sirce thé nu;bgr-qf'cost cédes"
would be limited, It would also relieve the need for 1argé nuLbers
of_simiiar projécts since greater similarity can be expected withzin
the'subfdiﬁisions. | |

| The feasibiiity of applying_regression analyéis-in this.way (K)
was investigated bué it ﬁas not possible to pufsﬁe the approach in
the short term bzcause COntracfors were not able to supply their costé
" in appropriate form, :Sub-divisiOns in goSt:analysis from Bills of
Quantitiés (L) are ext?emely suspéct due to‘fhe variability.of
individﬁal rates in theIBills and-fhe loading of certaiﬁ sectioné'by

Contractors to improve their cash flow and for cther reasons,

vi.



It is suggésted, however, fhgf the use of regfessiop anal&sis
“in this context may érove fruitful in the long_tefm and it is
recommended.ﬁhat studies should be'ﬁndertaken wﬁen the data aré
available, These data will be available when sifficieﬁf projects héve‘
ﬁeen completed using the proposed estimating system as it conveniently
produces the true costs for eacﬁ section of work, R
It‘ié generally agreed withiﬁ the'Building Industry that about
80% of the tofél value of the ﬁork in a Bill of Quantities_is
represénted_by 20% of the items. (M) If these. 20% are_Selepted fgrl'_
:a more'cqurehensiva stﬁdy, it Shdulﬁ be possible to_obtain greater
accuracy for these itens, _The[rémainin5 80%'of items'éqn bé.tréated
iﬁ a more arbitrary fashion'as any‘diSCfepancy ﬁould_not affecf the
overall total accufaéy to aﬁ-unaccéptéble.exfent." ‘
Thé Bili jtems are usu#lly priced from the estimated costs

of labour, plant, materials ahd;subecontracto;s (H). In pr;ctice,
tﬁe‘ﬁchieved costé of.labﬁur‘and-plént'are found.to show the
greatest variance from the eétiﬁdted c0s£'gnd, aé they fepfesenfl
a high pr0portipn of the total cost, any improvemgnt_in accuracy
would_be.advantagcous. They afe also the moﬁt difficult to o
Hforécastt

| Material and sub-contractors! costs do not showISuch'a wide
variaﬁcg except'When caused by inflation or. by thelmeréhant.or
subfcontractor‘refﬁsing to fulfil his contractural obligations,
The production and calculation of these costs is not difficult to
achieve and it is recomﬁended that they.are prepared by t;ained ‘
ciericai staff. | |

.  To.enablc'the items'repfesentiug thé majority of the labour
and planf'costs_to be- identified, a computer progran (Qj'wés developed
~which ranzs thé bill jiems in order of magnitudé; “Phe progran also.

seperates the items by activity.

vii, ‘ -
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A pre-teﬁder flan is drawnfup by fhe'Estimatbr énd Plannér,
aqd a-decision made as to what arelto.be the main éctivity grbups -
normall& not more than 20, The‘Bill items‘are siﬁpiy coded.by
giving them the number of the activity to which tﬁey relaté.

It is necessary initially for the Estimator to insert the
estinated Eosts for labour and plant for each of the relevant ﬁill
items, This_can be done by referehce.to standard.con;tants of
‘ 6utput Which are muitiplied 5y fhe'all-in-héurlf rate of thé labouf'
and plant invol#ed. The page and iten numbe;, activity, gquantity -
and rate are punched directly on to cards'witﬁouf any intermediary

coding syétem. The computer progranm will then -

{(a)!  Calculate the extensions and totals.
':(b) . Llot the extenﬂlon Values in deﬁcendln; order of valuc
(c) . Establish the cut-off level - norﬂally 80% of the value

.of the work - those items within this limit being -
defined as critical,

(d)  Collect the items into the relevant activity groups;

{e) ‘Indicate wnlch of the items in the acvlvlty groups
have a crztlcal value,

The computer output allows the Estimator to examine the hig nllghted
critical itens in greater.detaii.' As they are also sorted into |
: .éctifity grbués, he can use a form of éperétional éStimating as an
alternative to the initial method of priéiﬁg.

 Any discfepancies between the'iﬁitial and the rpfined.estimafe
for any item brought to light, afe easily corregted'and é revised
output obtzined, For any activity in which the refiﬁed estimate’
is“different from the initial éstiﬁate a sizmplo multiplying‘faétor
is appl%ed to all the cqnstituent'bill_itemé. The same ﬁultiplying
faciliby can be used seloctively to adjust bill itemg for the
improvement‘of the cbntractor's césh flow.

. The éyétem and progran have been teéted (P) with a large

national building firm,

viii.



The activity groupiﬁés‘were ppepared by B;lMoyles and K.
Arnmstrong 6f.Loughborough University and the firms? eéfimétors
priced the items. .ﬁard pﬁnching_and coﬁputgf work wﬁs don§ on
the.gomputers of Loughborough University and Lanchester Polytechnic,

The national contractor was éucsessful'in obtaiﬁing one of
the cnﬁtracfs tendered for and achiefed costs have been collected
from‘the site-and grouped undér'the original ac?ivities.

Comparisons between estimated and achieved éésts have been
made on.a standafd form éhd fortunately for the Contraétor; the
ééhievea costs have nearly alwaﬁs been iess théq those estimated.
Wnere large differences occurred, exp1aﬁatiQns ﬁere-fqﬁnd‘which
indicatédlthat the estimatort's original assumptions were iﬁcorfect.

It is intended in the future '(_Q) to collect the results of
several projects so that overall trends can ﬁe évalua;ed... These
co;t dafa will also bé ﬁsed t6 produce detailed fegression.cost
models fqr-use in thé preparation of new tenders. |

Other forms of estimating are being developed (R) which con-

, éentrate on the operational aspect‘aﬁd thelallocation of

resburcés, é.g. Qost,of Contractors' Qperations by fhe Department

of the Envirqnment. It is believed that once deveioﬁea and teéted,
these forms wiil 5e far superior to.the present methods, If a
constrﬁction firm wishesrto use tﬁis type of system it is nécessafy
lfor the Estimato:/Planner to be able to produce records of their
firmt's past performdnce for inciusion in tﬁe data bank of a computer
‘prdgfam._ These data will be available when Sufficieﬁt ?rojects
_haée been coﬁfleted-using the descriqu nev method of estimafing.

Oﬁerational estimaﬁing techniques which predict.the cost of
an operation may not be compatible with the requirement of nandatory
client docuﬁentatiOn.'_ However, the two can bg re60nciled ﬁy the

New Meﬁhod.

ix.
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THE DEVELOPMENT, PURPOSE AND CONDITIONS‘OF'ESTIMATING_,

Introduction:

This chapter briefly traces the evolution of estimating for

building work ffom Norman times and its development up to the

present day. The basic purposes and philosophies.of-estimating

are examined and the current conditions under which an estimate

is prepared have been surveyed. _ S

l.1

Historical Develonmment of Estimating

1,1,1 A brief historical account of the development of

: estimatiﬁg.from Jorman times until the present day is given

-in Appendix 1,

1.1.2 The role of the building owner has changed from selfn

build and direct employment of craftsmen to the present
method of employing a msin contractor, who is responsible
for constructing'and co-ordinating the work.

1.1.3 Iﬁ the earliér part of this period, eStimating nay have

" been practised by the client to ensure he had the necessary

finaﬁcial resources to complete the work, This function is

" now undertaken by the independent Quantity Surveyor on his
rd
- behalf,

1..4 With the emergence of a main contractor, an agreed

price of constructing the work became necz2ssary as a prelude

to the buildiﬁg contract, The cdntractof was thus forced to

develop techniques which enables him to make a reasonable

forecast of the vrobable cost of the work.
1.1.5 From its initial development, metheds of estimating

have changed little over the past century.

1.



1.2

1;5

The Purpose of Estimating

1.2.1 The purpose of estimating is not solely limited to

cost forecasting. The information and. discipline involved

in the pre;tender process produces several benefits, which
although secondary, are extremély important to the successful
management of a bu;lding contract. The fqlléwing paragraphs
illuétrate #he ﬁain priﬁafy and sécondarjlfunétidhs which.

benefit from the estimating process.

The Forecast of Cost

1.3.1 - The primary ﬁurpose of estimating is to make. a forecast

“of the cost of constructing the works which is as aecurate as

the circumstances demand. This forecast of cost normaliy

forms the basis of the tender,

The Valuation of Work Completed

1.4.1 The estimator’s forecast of cost 1s used by ﬁhe Cliehf's_ -

advisors and the Contractor for assessing the value of completed
work., This valuation ensures that the correct payment is made

in interim certificates.

The Valuation of Variations

1.5.1 It is extrem=ly unusual fér a constructed building to

be identical to the original design on which the tender was -

‘based, he priced bill permits the value of omitted or

additional work to be assessed on the same basis as the work’

included in the tender,

1.5.2 Because variations disrupt the programme and sequence



1.6

of operations, the cost of performing varied'work is usually
more than similar wofk priced in the_o:iginal'éstimate. This
increase will not be reccovered if the originél rates‘are used

to value the work. Hence the Contractor must resort to

'_Ciause 11(6) of the Standard Form of Building Contract which
" empowers the Quantity Surveyor "to ascertain the amount of
- such loss or expense', In such cases, the bill rates may

be discarded and a valuation made from the actual costs of

labour and materials incurred in the variation.

The Provigion of Cost Information for the Client

'l.ﬁ.l The estimated prices are mainly related to the

measurable gquantities of pe:mahent work, Thie enables the

Client's advisers to forecast the probable cost effects of

.changes in the design by measuring the alternatives and

-pricing‘them in accordance with the rates in the Bill,

s

1.6.2 Eétimating'provides the data for elemental cost
analyses which are ﬁsed by the_Quantity Surveyor in the

cost control of future designs.

discipline on the managerial control of the contract. The o™

The Planning of Operations - .

1.7,.1 An efficient estimating process can impose a useful -
original pre~tender plan and method statement serve as a
ugeful guide for drawing up the construction progranmme,
Any proposed or actual deviations from the original plan

can be conmparatively costed and evaluated.

The Forecast of Future Plant Requirements

1.8.1 The estimation of plant costs require reasonably firm

3.
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decisions to be made on the selection of major plant items
uged in the contract.

1.8.2 The company's present plant resources can be bhalanced

~against future requirements and-any_néceSSary ad justments can

be made at an early stage. - This is partiéularly important

- when decisions have to be made on purchaze or hire,

1.9

. 1l.10

‘The Comparison of Estimated with Achieved Costs

1.9.1 The estimate contain$ a detailed concealed forecast

of the expected labour and material outputs related to individual

work units. These forecést outputs can be processed to

provide data for a cost and bonus system which, in fheory,
reconciles actual expenditure with that predicted in the

. 1
estimate. When large discrepancies occur, remedial action

can be taken either by attenmpting to incfaase output, or by

modifying future predictions in the light of experience.

The Selection of Sub-Contractors and Suppliers

-1110;1 The company's buyer normally outains quotations for

materials and sub-contracted work for inclusion in the

. estimate, If the bid is sudcéssful,.the;lowést qudtatiohs

1,11

A Basé for Cash Flow Forecastinp

form the basis of the orders and'purhh&ses‘for these items.
However,'many companies use the original quotations'solely
as a yardstick and send out further enquiries before placing

orders, to try to obtain cheaper quotations,

1.11,1 Contractors have becone incfeasingly-aware of the
benefit that éash flow forecasting can maké'té the profita?

bility of a contract.

4
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S 1,12

1.11.2 1If the estimate of costs are related to the

constructional time periods, it is possible to weight the

costs by teye! or by linear programming and thus imprové

the project cash flow aﬁd hence time return on capital,

The Establishment of GContractural Obligations

1.12.1 Bills of Quantities incorporated into the legal

contract establish agreement as to the quantity and quality -

‘and price of the work, The fact that Bills have been

. produced usually indicétes that the'design is either 7holly

or substantially complete,

1.12,2 This agreement redudes the chances of kaving to resort

to expensive litigation to settle cases of dispute.,

1.12.3 Bills may preclude the contractor's free;choice of

materials, pafficﬁiarly when he may be able to offer a less

_coétlylalternative.' However, this disadvantage will be

dvercomé'by thé future introduction of performance speci-

fications based on National Standards.

1,13

The Conditions and Methods of Estim&ting

1.13;1 In ordér to discover what the currént'methods of
estimétiﬁg are, and thé condifions‘under which they are
pfepéfed,,;n informal survéy was carried out., The chief
estimators ofbiarge‘and nedium size construction firms and

one consultant estimating company were personally interviewed

- by.the author. - The results of this survey, shown in

Appendix 2, are summarized as follows Yo

1.13,2 The estimator's role is to produce a forecast of

the actual cost of construcfing the work for his particular

[



compagy; . The dﬁrrently'aqceptaﬁle.limité of‘éccurécy in
predictioﬁjareconsidered fo ﬁe.plus_or minus 10% nofmally
distributed. | |
1.13.3 Estimators conéider that‘the usual time fof'ﬁreparafion
of the estimate allowed by the client is satisfacﬁory except
where sub-traderé are unduly:dilatory in.fheir replies;‘_
;1.13.4. It is ﬁsua; for one “sgnior“ estimator té be‘employed
for each tender.rl A high ppopo?tion of wbrk can be ‘delegated
to the buying department, The estimate:is'ﬁsually vettéd

by fﬁé chief estiﬁétor.énd-the teﬁder bid adjudicatéd by -
the‘ﬁoérd.' N

1;13.5  The:su¢cess réte.was found to fiuctuaée'with géneral
economié trends, type of jébs and ekperiencé in a.particulari
field or érea. ‘ Gghbfaily the-raﬁe was.befween 1 ;ﬁ 6 and

1 in 9. | | o

1.13.6 Most firms tend‘£0 £ollow the recommendations and
proceduré ﬁf "thé Code of Esfiﬁating_?ractiégf puﬁlishe& by
the I.0.B. Through thé absénce of én efficient costing
-syétem, the constants of_iabour mﬁterials and plant used

Jin tﬁe compilation of the rates may bear little relatidhship
to fhe actuai cést‘of the work. Ipdividual ratéé may be
further:adjustéd to suit an improved césh fiow fbrecast.
1.13.7 The eétimating_procedure for negbfiated contracts.is
'similgr'té th&t used whcn'B;lls of Quantities are'prévided by
tﬁe'client. |

) 1;i3.é 'Cdngiderable use is made'of thé Bills of Quantities'
ahdlqﬁtiine drawings, the iatter beipg particularly useful
'fﬁr the pricing of preliminsry items_aﬁd.ére-fendgr planning.

Locational quantities were thought to be of 1little value at



l.14

Conclusions

.the estimating stage and there is considerable resistaﬁce

to the elementﬁl format due_to'the addi#ionai.work involved.
1,13,9 Little use is made of the éstimatéd'da%a in contracf

man;gement'dué to difficultiesuéf‘cénversiqh to operationai.

requifements exceﬁt aé a'cheék on curpent incone égainstl

expenditure,

'1,13,10 Considerable use is made of tﬁe'estimated data in
the éettlemeht of the claims, valuation of variations and

"the preparation of the final account., - Schedules of rates,

etc, which may not be based on the estimated data are used

in package deal contracts.

C1.14.1 lThe'priﬁary'purpose of estiﬁating is to establish

a cost basis for the cdntractorfs tender. The detail

generated in its preparation produces several secondary

Benefits.- These are :-

(i) Thé production of a yards?ick agaiﬁst whichlto
méasure achigved performa@ce.
(ii) - A fofecaét of futﬁre reéourcé réquirements.
(iii) The preparation of a cash fiow forecast and hence a
7 methéﬁ of adjustmeﬁt to improve return on capital.
(iv)  The def;hition of the money payable by the clieni to

the contractor at interim and final stages.

-.(VJ An aid to the client in assessing-the effect of
variations.
{vi) A zupplement to the specification in defining precisely

what the client is entitled to receive for his money,

1.14.,2° The estimating process is not imperative for computing

" the data for all these secondary benefits, -Items (i) to {iid)
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. could be done by é coﬁtract budget, 1temé_(iv) and {v) by

‘an agreed sched&;e and item (vi) by closer étféntion,to.
contract documentation.

1;14.3. The présent conditions ﬁf eSfimating compliment ﬁhe_
traditional éystem of letting contracts. ﬁ?wever, fhé
d;chotomy between thé forms of est;mated data and the'require-
‘ments of site managemeﬁ; makes reconciliation‘eitfemelf |
‘difficult in its preéent form and does not ehcoprége'thé
_keéﬁihg or use of*recordé’of achieved per:prmance.“r

'1.14.4' The_hyﬁothésis is posfulated thaf if én alternative
mnethod of estiﬁating is devised, its use bould not be refuted
soiely becausg it failed_tp genérate the'secondary benefits,
-'1.14;'5 AlternatAiv‘ely, a method of estimaj:ing‘should be dex}ised
_whiéh.facilitétes the use of fqrecést;. fesdurceé in. contracts
managemegt and.pérmits the actual résﬁurces.to be fed back

to the estimators for future predictioﬁsg
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. CUAPTER 2.

OBJECTIVES TH ITMPROVING ESTIMATING METHODS

Intfoduction

Biils of Quantitiés folléwiné'cufrent formaé, vork réasonably
‘well as a control document for establishing the method and améuﬂts'
of yaymenté due to the Cdntractor fo? worik executed, They also
provide the Client'é advisers with éost infofmétion for epohbmic
‘studies on future deéigns. . The Profeséidﬁs.afé reasonably éatiéfied
'."f:}.th the fole and presentatioen of the -Bills and, as ﬁhey are ‘use.d
almOSt‘univordally in the British Building Industry, they are likeiy
to confinue‘in‘approxiﬁately their presggt format for the foreseeable 
future, Theréfore; any éhange in estinating methbds mﬁst be ccmpat-
iblelwith these fdrméts-an@ not rely on a rédical-al;erafion of

client documentation.

2.1 -Increasing the Nurber of Estimates Submitted

2.1.1 One of the philosophies of bidding strategy is that if
.é company wishes to incre#se the number of sucéessfgl contradps
avarded, it'must either submit nmore »ids or submit the.saﬁe‘
number of bids but at a reduced marﬁ-up. The latter is nqt
genéraliy acceﬁtable except as a short ﬁerm megéufe.r

2.1,2 As a corollary, if a company wishes to increaze its
profiﬁs, it c¢cun submit a greéter number_of bids with:a higher
mark-up and still win the sane -number of'contraﬁts.

2,1,3 To achieve an increase in the number of estimates‘
‘produced, the company nust either expand its estimating depart«

‘ment or improve the productivity of its estimating department.

9.



2,2 ﬁeducing thse Time and Cost of Estimating
2;2.1 COmpanies,dé‘nﬁt feécive a constant numbérl@fj‘
invitations to tender throughout the year, _if-the conpany
Qishes_;o increase the number of bids and'cépe with the
:hBavy peaking which occurs at intermittent.intervals, iﬁ must
reducé_the minimum time taﬁen.to prepére.an estimate.
2.2,2 Eétimatofs_bélievé thzt the cost of préparing an
ieétimaté.is abouﬁ'%% of.the tender figureAfof eachICOntract‘
hid, Unless the cost of estimating is reduced, any extra
" profit achievgd‘by-the-higher mark up will be ofﬁ-set by increased
estimatiné costs. | -
2.2.3 There is a shortage of skilled estimators in the
"building industry énd any company seeking to increase.its
stéff.will aave to pay 1argé salaries to attract‘applicénts.
In féi;nesg to their‘existiﬁg staff,.it will also have to 
incfease their s#laries pfo-rata.‘.
2.2.4 Thése difficultiés‘may be partially overcome oy using
a computer, There are several.gxisting computer progréms )
for uée in estimating but none of thgﬁ has been widely accepted
“and used in the building industry. This thesis exanines fhe
applicétiOnlof mﬁltiple regression analyéis-to asperfain whether
(it gén offer an acceptable alternative to present methods.
1 2,2.5 Alternativeiy, the estimatorts work can be rationalized
and organisedlso‘that é-greater proportibn-of his work‘can be
delegéted'to éemi-skilled techﬁicai or cleficél staff, These
lstgff'are not in short suﬁply and tﬁeir salaries are far less
than those of skilled estiﬁators. A cdmpﬁter‘may be of

-assistance in this case,

2.3 Flexibility
2,3.1 The format and prescntation of tender docupments by the
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clientiS‘organisétion is_nqt standardized.' The Billé may be
_in Trade, Elémental, Sectionalized Tfa&e, Oﬁérationai or
Aﬁfivity format..j The termiﬁology and-WOrk.dgsc;iptiOns are
: subjecﬁ to thé prefefences cf the pgopie ﬁho‘pﬁepared_them -
and although Standard Phraéeology.has been intfoduced, its
use is by no moans universal,
2 2.3.2 Work is measured accordiné'to the'pfinciﬁleg of thg‘
Standard lethod of Measurement. There are 'interpretatiohs'
of these-ruiés in pracfiée.: -The rUleé'have'bgen feviséd in’
1948, 1953, 1962, 1963 and 1968 (metric_versiqn)'and‘a'working' 
party is currently (1973) bveing éeﬁ'ug‘to ﬁ;ke:fadica;‘éﬁaﬁges.‘
2.3.3 Any new system.of.esfimatihg muét,‘theréfore;.bé |
extremely flexible to cope with thesé'differenges,'as_constant'
repfograming'o: computérs ig an éxpénsive'and eéror-prone

operation,

244 Simglici&z

2.4.1 Theré is consiaerable resistgnce to change in
Estimatiné departments_whiéh will cause p;oblems when a
Coﬁtractor secks to implemént any new method. Aﬁy_hew.method
mus£ preferably be simple to-introduce.and qperate and nust-
produce comprehensible'results.' Individﬁals muist be able to
altér or modify the results in thé lignt of their own fhoughts
or experience, |

2.4.é Current ¢omputer-based systéms.require extensive
multi-facetted codes, e.g. ICL estimating system neéds sixteen
digits for each itenm, and Contractors believe that it.ié quicker
‘to pfiéé the items manually rather than look-up, insert and
_pﬁnch thése.codes. Any cbding required shquld ﬁreferably be

small facetted, ad hoc and able to be punched directly from

11,



_the Bill, without intermediate transfer to coding sheets.

2.4,3 There is a large variety in the size and sophistication

of construction firums, Some have their own computer, .others

- hire computer time and others refuse to use them. Alternative

methods should be acceptable to the majority of the open-
minded companies and compatible with a reasonable range of

conmputers.

Improved Accuracy

2.5,1 There is a high incidence of bankruptcies in the
construction industry. - One of the many reasons for this is

the submission of uneconomic tenders due to inaccurate estimating,

2.5.2 The survey of conditions of estimating (Appendix 2)

showed that the current ackieved accuracy'in estimating is
about pluslor minus 10% normally distributed, Studies (ref. 1.)

have indicated that. if the estimating accuracy is improved to

‘plus or minus 5%, a substantial increase in the overall company

profit will be obtained. (The increase is in excess of 40% when
five competitors are involved).

2,5,3 The new method'must.be within the % 10% limits and

preferably approach % 5%,

2.6 Realistic Use of Feedback. from Site

2.6f1 Billé of Quantities require the contréctor to insert
unit rates against quéntitieslof work but, as is shown in the
next chapter, contractoé's_costing methadé cannot produce
detailed 1nforhation compatible with fhese measuremnents.,
2.6;2'.AIt is considered imperétive fhat contractbrs should

base their predictions more directly on achieved past pgrformdnce

and should achieve this objectivé with the new methods.

2,6.3 The various immeasurable factors, which cause



production variance on site, will not permit great accuracy

_to be made in predicting costs of individual work items.

The‘ordér of'priorify for predictive accuracy is 1~

1. Total cost'of the work., |

2, Cost of thé maiﬁ sections of the work.,

3. Cost of the main oﬁératiﬁns,
If thesé,coéts pén be fofecast accurately, the individual
vork items méy within reason be priced in.an_arbitréfy maﬁner

so long as the total cost of the items is compatible with the

accurately forecast group cost,

Provision of Information for Contract Manasement

2.7.1 If the rate of success of winning contracts is about
1l in 6, 1t is uneconomic to use time and resources to produce

detailed informatidn_for contracts management at the estimsting

stage unless this information is. generated automatically,

2.7.2 Data used in the productioh of a successful estimate
e.8. resource predictions. are of immense value in controlling
the operatidh. These data must be accessible and in a form

which is compatible with the various user needs. It should

‘also.be rossible to compare predicted with achieved perfornm-

ances to enable the profitability of the contract to be

monitored,

Conclusion
2.8,1 The requireﬁents fof improvements in gstimatiﬁg
may be summarized as follows :-
(i) A reduction in the time and cost of preparation.
S (ii) | Flexible in 0péfation.
{iii) - Simplicity in use.

(iv) Improved accuracy in prediction,

13.



(v) Realistic use ofjfeedback'information. 

(vi) Provision of information for contract maﬁagement.

2,8,2 The work in the following chapters describes attempts

at discovering a solution for these requirements,
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CHAPTER 3.

FEEDBACK - NECESSITY AND COLLECTION

Introduction:

It is postulated that an accurate.foreéast‘of the cost of
constructing a fﬁtﬁre project can only.bé made if this fofedast
is.b;ged on the recorded costs of previous projects. . Thus an
estimator must hafe acceés to a éyStem which feeds back this
information; | .

| 'A feedback syStem mﬁst indicate the coét, or_quaﬁtity of_
resources used, allocatéd against the various circumstances which

caused them, so that the estimator is able to relate!the costs

to the future project.

3.1 Hethods of obtaining feedback
' 3;1.1. There apﬁear to be three.main possibilities of
obtaining feedpaék of achieved perfofmance‘for use.in
cstimating, . These are (é) Classification,<(b) Cost models
derived from rnultiple regression analysis aﬁd {(c) a éompfomise'

between the two,.

3.2 Ci;ssificatiqg
3.2.1 c1§ss;ficatiun is the oﬁly‘method of feedbagk which
is applied extensively in the Building Industry.‘ It-compriseé
ﬁﬁe.coding of performance data and its subsequent ana}ysis.
73.2,2 For‘examgle, all concrete Qork caﬁ be designatéd by
a simple code, say 'C!, Extr%ction of the costs codcd 0!
together with the neasurements of the work done will theﬁ.

enable a cost per cubic metre to be'detcrmined period by
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period and on a cumulative basis, .

3,2.3 Unfortunately, such information is unlikely to be very

: helpfﬁl because the unit cost will be significantiy affected

by factors which include :-

3,2.4

(1)

(11)

(1id) -

S (iv)

(v)
{(vi)

fvii)

(viii)

(ix)

'Exi
(x1)
.(xiii
(xiii).

(xiv)

The

volune of concrete per mixer set up,

The horizontal and vertical distancas of the

pour from the mixer,

The

" The

The

rI\ he

The

method of transportation.

workability of the mix.

degree of congestion éf the reinforcement.
totalrfolumé oflfhe pbur;

type of work, i.e. columns, walls, beaus
o 9 k] ] ¥

floors, etc.

The

cross-section of the members.

The quality of the finish and formywork
characteristics, '

Daylight hours per day.

Temperature

Relationship t0 an optimum gang size,

Productivity of the cperatives.

Efficiency of the site managemant,

In order ‘to give the unit cost some meaning, it may

be thought helpful to record these ‘factors for each pour of

concrete by means of a more elaborate coding system.

-3.2.5

Howevér, besides the difficulty of quantifying some

of the factors, e.g. 'productivity', a coding system with

more than fourteen digits would be reguired just for the

concrete work.

A similar coding structure viould be necessary

for all the other work items.
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3.3

3.2,6 A study carried out by Richard Coétain Ltd. (Ref, 2 )

‘showed that when 30 cost headings were used on site,-about
2% of theritcms within the heading.were_misallocatéd. With

7200 headingé, 5% were misallocated and with 2,000 headings

98% were misallocated, The misallocation was apparently
caused by the site accountant's failure to identify the items

correctly.”

3,2.7 Thus the recording of data against a three digit sysfem
. is unreliable and, if a coding systenm is used which accounts
for all the variable factors, the unreliability of booking is

" 1ikely to be such as to render the records almost useless.

3.2.8 | This problem of recor@ing achieved performance arises
from the almost infinite variety of work, under different
conditions, and using a variable work—force,which a contractor

may be called upon to undertake, This variety is nof zqualled

in any other iﬁdustry and it appears worthwhile, therefore, to

- explore methods of recording performance which may be more

suitable for the special conditions of the construction

industry.

Multiple Regression Analysis

3,3.1 Multiple regression analysis is a statistical
technique {(Ref. 3 ) which in suitable circumstances will
enable a mathematical formula to be made from a set of data.

3.3,2 For example, if records are kept of the total cost

of a building (T) together with the quantities of relevant

variatles, e.g, floor arca (A), number of stories (W) and

area of walls (%), it would be possible to'express T thus i~

T = ajh + apN + azW

Regression analysis would enable the constants {or rattér
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(parameters) ay ap ‘a3 to be calculated so as to achieve

the best fit .with the recofded'data.ﬁ ‘The technique also

permits the goodneso of fit to be quantlfled andi the user can

then d801de whether the accuracy is sufficient for his purposes.
3.3.3  As the prinéipal obgective is to estlmate total cost,

guch an approach is relevant, MoreOVEr the recording of

‘achieved total cost is likely to be nuch more reliable- than

the recordlng of co»ts agalnst a complex coding syutem.: lFor

this reason,trial analysés were undertaken-for schools and

~

‘factory projects.,” These are discussed in the following -

chapter..

'3.3.4 The use of regres ion analysis requires an adequate

‘pumber of sets of data, An empirical rule is that the number
. . 4 .

-ofrsets'should be at léast twice the number of indépendent-

' variaﬁles (A, N and W in the above Simplé'example). - Phis

presents difficulties unless the appfoaCh is confined to

particular classes of buildings, e.g. schoois,_factorias,

"hospitals, high-rise dwellings, etc.

3.3:5 Typically, contractors do not have'sufficient data
for any one class of bulldlng and 1nit1ally it was thought,

therefore, that tbe use of regre551on analysis may have very

1imited application,

Combined Use of Classification &nd Régression Analvsis

3.4.1 The methods of classification and regression analysis

are not mutually exclusive and some approach which combines

them may overcome the difficulties associated with each in

‘isolaticon,

3.4,2 For example, if costs are recorded against a limited
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-number of cbst codes which relate ‘t;.o a re'adily identifiabie
sub-gection of tﬁe ‘work, the sub-sections of woi-k will have
B 'gréatér similari.ty .betv.:éen différent_ types of b.uilding's
than the build:'..ﬁ'gs: as a whole, |

3,443 'i’his apﬁ:oach, ‘which obviatles the necessity for a
lar;ge nupber of simiiar typgs of'buildings is examined in

Chapter 5.
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 CUAPTER 4.

BSTIMATING THE TOTAL BUILDING COST BY REGRESSION ANALYSIS

Introduction .

Preﬁious sfudies, carried out at Loughborough Unifefsity;
“on fhe_Client's coéts of.ﬁoncréfe'framewofks-and_heating sysﬁéms
 have shown in each case thﬁt the;cost‘may'belrelapéd to less then
'e;ght factérs. .TheSQ faétors were identifiqd and quantified
':ﬁéing mﬁltiple regréssion aﬁaiy;is."SubséQuent.tests on the:modeis:
vusing-new &ata’héfe ﬁrdduced resultsIWhich were within plus‘or
minﬁé 5% of the actual figure. As this tolerance is within thef
current accentable limits of accuracy 1n bulldlho worﬂ, 1t was deCLdnd
.to inves tigatn thc p0551billty of using thls techalque in producing
a model which was able to express the total building'costc A model
~1f successful could be used by Contractors to produce an estizate
of éost iﬁ aﬁy.téndéring situation. |
.The'féchnique of ﬁsiﬁg reéression analysis is fully deécfibed
.in'a ?rojebt répqrt (Ref. 3 ) subm;tfed by P.LGould at
Loughborough Universityr The work-was done on the ﬁnivérsity's_
ICt 1900 series éomputer using the sfandard XDS-3lstatisticél
packagé; 'An aide-gemoir (Ref, 4 ) for.pragr;mming has been
.ppeparéd by‘Af Ham of the mathematiés department baSsd on & dréfﬁ

.prepared by P, Goﬁld(

4,1 Selecting the Data .

4.1.1 A regression analysis may only be executed where the
number of sets.of data eiceeds thc number of sélécted
variables, The amount of this excess depends partly on the

variaﬁilityiof the data but an excess of ten is usually
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éufficient in‘practice.' It is thought that successfﬁl
prediction of the total bﬁildiné cost will require at least .
10 or 12 variébies fo be.used{ This, therefore, makes itl'
advisable to obtain fhe dgta from A minimum.bf 20 contracts.
A greater degree of confidence iﬁ the_accuraéy of the model
will be achieved if this figﬁre can be exceeded. .
4.1;2 Due-to nany variations in the use,'quality and amenity
‘standards of diffefent categories of building, it is noﬁ
thougﬂt feasible to pro&uce é model which is able.tb predict 
.the'cqst.for every category. ﬁence iﬁ was dgcided to prpduce'
_séparate wmodels, each relating to a particu1ar,category of
buil&ing as qlassifiéd ﬁnder ?hé CIL/5fb éystem (Ref. 5‘ ).
4,1.3 The necessary restraints cause pfoblems in data
,collectibn. ‘ Several contractors of lécal and ngfional
: standing have been_approaehed_to as#ertain their‘Willingnesé
to éupply thése.data. ~ Unfortunately, wﬁilst the majority
'wefe_érépéred to cq-opefate, they have eithér not constructed
tﬁe reqpiéite number of similar prqjécts or their records of -
previous contracts cannbt be fetrieved. Gontractors afe
aware af ﬁhié short-comiﬁg and one national company is looking
 into the possibilities 6f storing théir ;urrent records On
nagnetic tépe for'future gée; _This ekcludes; for thC‘preseﬁt
time, any hﬁpe'of obtaining this informatioﬁ_from theb .
Contractor s side of the igdustfy;» The da£; will have to be
obtained fron oné or more client organisations, 'Costs' in
this.cﬁntext will then be the cost of the building to the
client, - -
4;1.4_ G;ient coct records.aro fbftunatély reasonably well
documented and are available‘in the fofm of cost analyses,

These are publiéhed at regul&r intervals in the technical press
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and also form paft of the éervice to éﬁﬁécribers of ‘the
Building Cost Information Service'sﬁonsoéed_ﬁy.the qual_
Institutioﬁ of Chartéred Surve&oré. . Goverﬁment départmedts,
Local-ﬁuﬁhorities and larger prqféssionél firﬁs norﬁally '

also have a réasonable number,

4.1.5 fhe layout and format of cost analyses has been
standapdized by the Royal Institution of Chartered Surveyors

80 thét it is_bossible to obtain compafab;e data ffom ﬁany
individﬁal sources'who woul& othérwise‘ﬁdt be in a po;itibn‘?o
' supply the necessary ngmber on fheir ovmn,

~4.1,6 A cost analysis (Ref. 6 ) is a record of the élient
"costs for a particular project apporﬁioned agongst ﬁhe various
bﬁilding elementa, = The costs are related to the gross floq?_
area of the building and Quantity factors of each element | |
give aﬁ elementallunit rate., Provision is made for spécifi-
.cation notes and further meésu:ed sub-divisions of'each-
elemeﬁt;_ Qutline draWings.are frequently included,

41,7 A cost analysis ;ppears to be a‘satisfédtory source
of'infofmétion for producing a regression_model as it gives
 the totﬁi costs and.quantifies many items which-méy'bé éelééted
as variables, .Other_variables riay be éuantifieé from.thg
drawings or specification notes.

4.1.8. The Standard.Fofm of Building Gbntract afgreed between
the Royal Institute of Britich Architects and the National
Federation of Building Tra&es Employers, states in Clause 3(7)
that, ﬁNone of ££e docuﬁents hereinbefore meqtioned shall be
used by-fhe Contractor for any purpose other than this Contract
and neither theHEmplojer, the Architect nor the Quantity
'Sﬁfvéyor shéllrdivulge or use except for thq'purposes of this
Contract any of the prices in the Contract Bills“, 1In effect,.

this clause prohibits the parties from revealing detailed cost
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information to any other persons. However, in précticé, this
Ciausg has been interpretéq as not prohibiting tﬁe pubiication
of groups of costs in the form of a cost #néiysis provided'the
Coptfaétof.dbés ﬁof ﬁbjeét. |

4,1.9 This thesis ié concerneé'with Contr&ctors"éstimating

but the client's cbsts are the Contractorts cost éstimate plﬁs

the mark up. The study of the Client's costs will, therefore,

noﬁ'iﬁvalidate the principles of-fﬁis work because ;e

(1) It will indicaté whether regression analysis
is a sétiéfactofy tedhniqﬁe iﬁ this confext
and whethefsthe nethod is-cbnvenient in practice.

(ii) It will, if successful, encourage'COntraetors
to asseaxble data relating to their owa work
which.would then form the basis gof models. of
‘coﬁtractaré'.coéts.

(i11) A csst‘model, efen if it is Easeé on ciieﬁt's'
costs, is 1ikely po provide thé contractor
with better_feédback than is obtainéble from

published rates.

Rotionalizing the Data

4,2,1 In order to obtain sufficient numbers of data it is

neéeSSary to assemble projects which extend back over a period

of years, The. cost of these projects will.have increased due
.to fluctuations in cost, productivity and murket conditions,

' These costs are brought up to a ccmmon date by use of a

building index, - The index used in this study is the one

issuedfby the R.I.C.S because it is the only one that attemots

to include all the time factors which vary the cost. (It is



appreciated that this approach:is not rigorcus as the cost

" .index cannot be_stfictly appropriate to'every.building).

. 4.2,2 Cost analyses divide a building into six nain group.

elements, i.e. substiructure, supersfructure, finishings,

fittings, services and external works. The costs of sub-

" structure and external works are dependent on the geography

and_geology'of'the site which cause a large variation to the

‘quality and guantity of the work. . The’causee of the variatiche

are-extremeiy cocplex:acd it'has not beec possible~to define’
'simﬁle variables for use in the model. : Ifnwas'decided;
therefore, to producc a model which will predict the cost of

the remalning four elements. The total bullding cost in the
fellowing ccntext is the cost of the superstructure, finishings,

v

fittings and services.

Selectinz the Variables
4,3,1 There is considerable scope for choice of variables

which may be included in any regression anaiysis. They nay

;be clasgified under-three'main-headinge;‘ those which_refledt

the phyeical aspects of the building, those which reflect the
quallty, and those which reflect the érection process.

4.3.2 . A building comprlses a serles of multlndlmenglonal

. varlables some of which can only be obtained by prec1se

measurement from detailed plans. As it is not always
possible to obtain these plans for every job,elther_these jobs

will have to be discarded, or‘cnly commonly evailahle variables

used, If too many jobs are discarded there will be an
© insufficicht nuuber of Jobs on which to carry out the

‘regression, It was, therefore, decided to use those variables .
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WhiEE 6ou1d‘be éuantified-by simple reference fo.fhé available
inforﬁatibn. | . |
4.3.3 Although the building industry _has._'be.en tak':‘.ng rapid
steps towards complete metricétioﬁ, thefé are iﬁsufficiént
projécts available‘for study in metric'unité; It waé, therefore,
decided to reétrict fhe sfud& to the use of va;iablés in |
imperial uniﬁs.
4,3,4 It is extremely difficult to express the quality_of:
a building'in mathématicalftérms other then cost, '.Having;
made the decision tb produce-separéte mbdels-fof each.classi-'
fication of wefk (péragraph 4.1.25 it was.considered reasonabie_
to-assume.that the overall gquality staﬁdards of buildings within
each-classification aré'fairly similar, ' Hence no variaﬁles,
whiech attempt'to measure duality differences, ars included in
the model. |
H‘4.3.5 It is alsorextremely difficult to quantify variables
which felaté to thé simpliéity or'difficulty of the érection
process withoﬁt haviné aécess,to the contractors' cost builde
up and_methbd statéﬁent.  Howevef, variables of a subjéctive.
pature.havé bgen included whicﬁ are éenerally thought to have
an inf;uende, e.g. the degree of congesinn on:§ site,
4;3.6 Couéequeﬁfly, the regression anal&sis must be operated
with‘a nmajority of physical variables, The following vériables
were used initially. Those showing 1ittle-significance vere
‘discérded as models were developed and tested, _.Each.varidble
hég héeen given‘a six character mnemonic code for use in the
computer program, |
TOCOST =~ j The contract sunm léss the value of substrﬁcture

| ”drainage and external works. . |
' FLAREA - The gross.inﬁerpal floor area enclosed by the

external walls
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FHUNIT

- ESHAPE

WLAREA

- WNAREA

OPVIRA

ROOMNO
CIRCRA

" PSUBRA

STORHT

STORNO

PTAREA

OPPTRA

RFAREA

INAREA

. SAWFIT
HEATLO
CONGES -

SITRAC

BLDGAG

BLDGTH

The number of functional units for which the

building was designed,'e.g. pupil places in schools

The ratio of the plan shape to aﬂsquare givén by

the formula ;-

External perimeter. =~ «/Eross external floor area

V/E;oss external floor area

© The area of the external vertical envelope

”‘including openingé

The area of windows and_ekternal'dodrs
The ratio of openings to WLAREA

The total nunmber of rooms

- The proportion of circulation space to floor area

The ratio of subsiduary areas to prime funCtion
areas, e.é. storage to sales floor.;‘ |

The average stbrey hé;ght

Thé number of'sfofeys'

The éréa of intgrnal paftitions‘inclgding doofs
and screehs

fhé ratioc of cpenings to PTAREA

The area of roof coverings including roof lighfs.l
Phe combined érea of internal floor wall and
ceiling finishings

The nu;ber of sanitary fittings

The'thermal réquiremeht or provision

The area bf the site divide& by the plan aréa of
the buildings | |
The length of permitted acceés points divided‘by
the length of thé.site ﬁerimeter

The_iength of the perimeter of the Building'available
Iof accéss divided by the tgtal perimeter

The contract period in months.t
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4,3.7 As the first models were developed and tested, it was

decided to convert those variables whidh‘were measured7as

ratios into pure measures of quantity. Thus ESHAPE, OPWLRA,
CIRCRA, PSUBRA, OPPTRA and CONGES were changed to .

ESWALL ~ . ESHAPE x WLAREA '

OPWLAR ~ . The area of openings in_external walls

GIRCAR - The area of circulation space

PSUBAR - | The area of prime function space

OPPTAR - The aréa of openings in partitions

SITEAR - The area of the site.

Obtaining the Data

4,4,1 Two classifications of building were gelected for
)

- study; the main criterion'for'seledtion was the availability

of the information, The two types are system-built schools

and traditional factories,

4.4,2 fhe Chief Quéntity Surveyor of Hertfordshife County-
Council agreed to supply the necessary data from all the
schools they have built‘ﬁsing a systgmfbuilt design (The

SEAC Mark 4). All the projects were exanined and, after somé-
were discarded becaﬁse fhey were mainiy of.an alteration and
adaptatiou_nature, 21 projects were available for study,

Aﬂé,S The_datalfor the factories wéré extracted from éost

analyses published by the Building Cost Information Service

and the Architect's Journal under the classificationCI/Sfb 27.

4.%,4 - The information was entered on to standard pro-forma

and punched direct on to cards. A blank pro-forma is shown

in the appendix, Figs 3.1 to 3.3
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4,5 Regression Andlysis aﬁplied.to the School Buildings Costs
4.5.1 The'méasures'of qﬁéhtities of the v;riables-used to
produce the models aré ssown in Figs. 3.4 to 3.7'and for the
two schools,oh‘which_thejmodels'were éubsequently tésted in.._
Fig. 3.8. | A domputer program, Figs. 3.9 and 3.10, written
in.Fortfan IV, waé used to produce stafistics of aveféges and
standard deviations relating to the schools in Fig. 3.11.

" The program Was'useé to test the theory; submitted.by dthers,
that cdsts can 5e calculated by multiplying the building arca '
by the average doat'per square foot or the number of pupil
plaqes by the average cost pef place; The results shown
ﬁumerically Fig. 3.12 and graphicallf Fig., 3.13 and 3,14, refute
this theory, If the acceptable limits of accuracy are plus or
minus 5%, then over one third of the schools using either
rethod are outside these limits, The errors prodﬁceé'by
théee‘two methﬁds do not always'coincide sd thét guaraﬁtéed
satisfactory regults cannot be achisved by using average cests
initﬁis way. |
4.5;2 A series of regressiocn analyseé were:undertaken using
all the wvariables, selectéd group$ of_variables'and derived
variables., The nost successful model produced shown in Fig.
3.15, had a ﬁultiple correlation of .997 or.gg%.‘ The print
out in Fig., 3.16, gi#es the actual schqdl value_(column Y1)
and the,valuenas prediqted by the model (column estimated Y').
4;5.3 The difference be£ween them is shown as a.peréehtage_
(co%umnr'Ratio Bt) and illustratedlgraphically in Fig. 3.17.
A1l the rosults were wifhin the permitted accuracy limits,

The mbdél was tested on the fwo schbols not inéluded in'the
original data-(éee Fig. 3.18) and was found to have an error
of ~.004% and -3.9%,

4.5.4 From the success dbtained, it is thouzht that thers

y
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4,6

is great potential in using the method and it is recommended

‘that an extensive study is made on school buildings using

additional'data. An approach has been made to the Department

of Bducation and Science and is receiving consideration.

Repression Analysis Annlied to Factories

4,6,1 Following the success of the model produced for the

- system-built schools, it was decided te ascertain if similar

success could be achieved with f&ctory buildings. Data were
qﬁtained from published analyses for projects constructed in
different areas §f the couﬁtry,.by a wide.range of contractors
and using a variety of dgsigﬁs;

4.6.2 ' The measures of gquantities for fhe‘variaﬁles used are

shown in Figs. 3;19 to 3.21. The computer program, Fig. 3,22

-similar to the one shown in Pigs. 3.9 and-G.lo, produced

similar statistics relating to the factories shown'in‘Eig;'S}ZS.
The results of the area multiplied by the average'cosf per square
foot (Figs. 3.24 and 3.25) indj_éate that there is extreme
vari%bility in the accuracy of cost prediction using this
technique. The ambﬁnt of error rancing froﬁ‘-45% to +38% was far
in excess of fhat for thé schools!? pfojects.

4.6.3 A series of regression analyses were undértaken using

all the variables, groups of variables and derived variables.

Each of the models was tested using four factories not

included in the original.set of data but unfortunately, none

‘of the models produced results which approached the desired

limits of accuracv. - The'most successful model'(Fig. 3,26)
had a nmultiple correlation of ,974 or 95%., The comparisons
betwsen the actual values and predicted values (Figs. 3.27

and 3.28)‘produced'r&sults which were well outside the acceptable
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4.7

limits, Tests on the model (Fig.-‘ 3,29 and 3.,30) gave

differences of 50%. 20%, 18% and 45%.

.4.6;4 , This faiiure_can be partly attributed to the wide
- variance in the design §f buiidings.studied in comparison.
;with the restricted range of school buiidings, It is
-concluded that it is not possible to produce a regression

.modél capable of predicting the cost in such a glokal

situation unless many nmore variable factors are included.
This would require a large number of projects to be analysed

vhich may be impracticable within a contractort's orgznisation.

Future Use of Regresgion Analysis

4,7.,1 From the limited study on the application of.fegressiqn
analysis to the two types of building, it c¢zn be tentatively
concluded that thé technigue can be suce¢essfully used where

buildings have similar construction, . There are very many

'césés where this situation arises varticularly in those firns

specializing in designing and constructing as one commercia}
inferest or specializing in the.construction of a particular’
type of building. | |
4.7.2 Alternatively, it may be used by client organisations
for_the budgétary forecésting of their capital expenditure
where the expendifure is on S£andard units, e.é. schools, houses,
etc, Client organisaticné may alsc find that the techﬁique
provides useful guidanee during the scheme desién stage.

Suéh puidance shﬁuld ninimize the danger of tenders eiceeding

cost limit,

4,7,3  Studies made by the Ministry of Transport (Ref. 7 )

.into the use of regression analysis applied to motorway costs;

confirm that it ic indeed practical in this case.
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4.8

Reconciling a Regression Model with Current Documentation -

4.8.1 A model produced by regression analysis gives the
total construction cost as a lump sum, In suitable cifcqu

stances, this figure will be more accurate than current

alternative methods of estimatiﬁg. However, the estimate is

used -for other purposes which reguire the total figure to be

" broken down into subdivisions.'_-The most common method of

subdividing work is by a Bill of Quantities, the detailed

priciﬁg of which may be a contractural obligation,

' é.8.2 The lump sum may be reconciled with a detailed price

breakdown as follows :=
.(i) A The Bill items are priced approximately ﬁsing
stahdard.rates exﬁracted.from price ﬁqoks or
from firm's records., .} high_degrge of‘accﬁracy
is not demanded as long as the balance between
' the costs of the items is approximately correct.
The prices are'extendéd and totalled to give a
trial figure - TF.
(ii) A ﬁark up for prdfit; establishment overheads
and risk is.cqlculated as a lump sum preferably
by using bidding sfrategy techniqugs - M,
(iii) A coét estimate is prepared by uéing regression
analysis -~ RA. |
(1v) ALl the rates in the Bill are multiplisd by the

ratio RA + M
TF -

7 4,8,3 This_produces a Bill of Quantities in which the total

figure is within the permitted accuracy limits and is

apportioned amorgst the items in accordance with acceptable

principles,
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4,8.,4 - However, it is also current'practice to load or
.lighten certain ratés.to effect a‘bétter cash-fléw or.obtain
- a nore favourable return where work is varied, remeasured or
is patently over- or under-measured..'-The former_éan be
achieved simply by ﬁultiplying the work by standard or variable
constants, e.g. 1.2, 1.1, 1;0, 0.9, ete, at the same time és
the correcting ratio 1s applied. 'Alterhatively a linear
prﬁgram cén be used‘to,evalgate.the o?timﬁm preseﬁf-ﬁorth
(ﬁef. 8 ). ‘Rate loading for'possible varied worﬁ fequires
a high degree of skill and intuition and nust be done on a

selective basis to individual itenms.,

32.



CHAPTER 5

'The*Application of Regression Analysis to subuseétions of'Buildings

. Introduction

. From éﬁé'difficulties discovered in-applying_regressiOF
‘Ianalysis to the total building cost as discussed in the.ﬁrevious
chépter, it seems that.the application of'regressién analysis to -
sub= sections of ‘buildings is 1ike1y to produce better rﬂsults.‘
A sub-section of a building may be a work trade, an operation

‘an element or a discrete unit of:constructlon. vathése sub-sections
are fairly;lérge and thus kept tg_a'limited.number (maximunm about.
20) it shouldlbe possible to'collect‘cqstsrof achieied performénce_
‘accurately_recorded against these_headings.‘ | |

© The sinilarity of .the sub-sections in different puilding
types will obviate the need for a 1arg°'number of szmilar
projects.' Hence this method may he used by coutractors who do
not concentrate on one partlcular buildlng type.

.  The regression_model could be baged on eithef'client'costs'

(bill rates) or on the records of actual site performance,

5.1 Detailed regressioh analysis applied to client costs -

5.1.1 Reasonably successful résults have been gbtained at
Loughbofough University in the applicatipn ofregression
anaiysis.to the client costs of work sub-ssctions (ref, 3 & 9).
Howevef, Repof£ No.Sé.publighed by the Construction Industry
Research and .Information Associationrshowéd that whilst the
tenders bid‘by'a number of contractors for a project are
within a small percentage range, the‘individual rates in
the Bill héye a nuch gfeater,variance. The variénce iﬁ tpe

" rates will tend to distort the costs:of individuél suﬁ— |

sectichs of work.
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5,2

The causes of rate variance

5.2,1 The variance in individual rates;Whiéh'often"exceeds

100%,.is'caused_by'several reasons.,

5.2,2 Contractors frequently load certain Bill items by.'

. applying a weighting factor in order to improve the cash

flow and reduce the effect of retention. It has been demon~

‘strated (Ref. 10) that the addition of as little as five per
- cent to the payments :eceived for the first quartef of a
_contract improﬁes the rate of return on capital employed to

'roughly the same extent as a 20% addition to profit margins..

5.2.3 Accuracy in the preparation of tender documsnts is
prone to human error. Estimators, noticing errors of

omission or additiocn, will load or'lighten the rates

.acqordingly, so that when this error is subsequeétly tofrec;
 téd.in the final account, acdded 'profit? is obtained. ' The
 ap§arent.cost of theSe‘items wili depend on whether . an eSti-
- mator cqnsiders the quantity'to be cofrect,

. 5.2,4 There is considerable.variancé in the efficiencj

'in which Contractors carry out.ﬁartiCulaf trades or types

'of work, For examplé, a firm specializing in the ereption

of c¢concrete framework will teﬁd;to have lower cost,-and
insert lower ﬁrices for those items in the‘Bill,”than-é

firm with little expertise in that field. -But because

' the'éther rirm'may héye specialisms in other pafts of the
.joﬁiand hénce a lower price, the ovefall effe?t‘maj be
 nullified, .

5.2.5 A high proportion of cq;structioh-wofk is done by -
Hsub—contractipg fi;ms. The main contractors select

-these :irms_without collusion with the result that the

quotations one'recéives_may differ from those of his
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- competitors., Therefore, the lowest‘quotafion‘insérfed‘ih..
the Bili, with a profit addition, will nﬁt be the same fqr..
efefy'coﬁtractor. | . |

5.2.6 There is no agreed standard coétiné system within thé
.ihdﬁstrm ana as éhown previously, those ﬁéed aré prone tol‘.
- error,  Contractors alloca£e cﬁsts under differept headings,
8.8, & toWer;crane may be costed with tﬁé site bverheadsfdr
with measuréd work items. E;fimaﬁes, based.oh the fesﬁlts
ofla costing system,.will‘indludé thése_cﬁsts in‘different-
sections of the Bill. It is difficult for anyone outside
. the contractﬁrs} organisation to deduce wﬁere or how these
items_a;e pricéd and fheré is no mé;né of knawing whether_fhe
rate variance 15 due to‘tﬁis or othér_causes.
. 5.2;7.. Estimatﬁfs are!éusdeptible_f§ human erfér_and, whilst
their wo;k is frequently.ghecked by a chiefrestimatér,'errbrs
“do occuf. The errors, heing eithériﬁositive or negative,‘
are frequently éelf cancelling and thus give neglig}ble
effect to.lth.e-t'otal cost prediction, -Hcﬁéver, the errors

do cause a distortion of the rates iﬁ a pafﬁiculaf subsection.
‘5;2.8:‘ The éétimate of cost is given to the tender panel

for adjudicétion and application of bidding stratégy{‘ The
panel will moéify fhe éstiméte by thenaddition of'sﬁbtracfion
of a lump sum. In order fo account for thié mﬁdification in
the Billé, it is normal practicezto ﬁary‘tﬁe.rétes af dnly
some of the items or sectioﬁs. These inflated or réduced.
~sections will not compare with those of other cogtractars
whorhave either not made ﬁodifications or have modified other
work sections,
5.2.9; There seems also to be some evidence to suggest thaf,

as estimating is very much an open-ended process, inaccuracies
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are inevitable. The only real control of accuracy is the
tfeel?® of whether the total price is about right for the

- category of contract within the area and volume specified.

-5;3 The effect 6f rate variance

5.3,1 If the costs of a single sub-section are extracted
from a_ﬁumber of projects, the costs will not enly:Vary
beeause the quality and quaﬁtity of the work differ, but
‘because of the effect of the varienCe‘in'individual rates.
.Aslit ie'ﬁot pdssible_to ned;réliﬁe.or'femoee'thié‘variance,:
a regreseiOn analyeie on 2 sub-section would be based on

~ unreliable sets of original dete and ﬁence.produce an
unreiiéble medelal .Ie was deciﬁed, therefore, to akendon

this line of approach.

.5.4: Detailed regression analysis applied to records of acnleved

- performance

5.4, The use of deeailed regression analysis based on
records’ of achieved‘performance-(as'distinct from fOrecastsj
has several distinct-advantages. The limited numbef 65 cost
headings should pernit accuracy in collectlon, the similarity
between building typns should enable sufflcient sets of data to:

" be assembled the data will be’ unaffected by rate. varlance the
simplicity in measuring quantity factors, and the records cap
be cellected by contractors aﬁe,'ae diecussed in the next
pafagraph; by elient'organisations.

‘5.5. The use of detailed regressjon analysis applied to recocrded
. costs by client organisations.

5.5.1 Whilst client estimating is not really within the
~ scope of this thesis, Client organisations do have a sreat
need for records of actual censéruction COSis and measures

of the conditions which influence them in order to pfoduce
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édonOmic designs in'tﬁe fufure.' Traditioﬁaiiy, fhé cost
'implicationé‘of éesigh decisions aré based on previﬁus.cost
analyses WEich, as'indicated previously, are‘prone to -l
disfortion; This'disiortioh maj cause a parficular deéign
~ solution Fq_be_included which, in reality, was pore expensiv§
trhan oﬁheré to construct; .

'l5.5.2 ‘clients?-paréicularly those with.larger buil&ing.'

' pfogramﬁes,:frequeﬁtly require thevcontractor'fo sﬁbmit-weekly“u
returns of 1aboﬁr-énd‘piant to £hé trchitect via the Clerk 6f
Works. At presant,‘litfle use is made of_these returns beéause,
as in the qbntracfor's own.situatiﬁn,'the information'which.tﬁcf ;
contaiﬁ iz not usablé.qu oﬁhér PUrDOSES,

5.5.3 f*Iﬁlshould ﬁe possible to:tolleét this inf&:mation in a
'éuitable and accu;ate form verified by the Clerk!of Horks,
.which will allow‘the clienf organisation to produce its own
regressioﬁ models. The factofs.affecting'the§e returns may ﬁe
quantified by the Clerk of Works or the Quantity Surveyor
or both, ' The models mayrtbéniﬁe uéed to give accurate unbiased o
asses#ments in the design process. |
5.5.4 The ﬁumber qf.sets_of recordé reqﬁired.ta execufe a
régreésion.analyéis will limit thié technique to'phdse client
organisations having a large building programme, To overcome
this limitatiOn, ﬁollaboration betweeﬁ separate organisations
or théir profeésional advisers could-be inskigated on similar

lines to the Cost Information Service of the R.I.C.S.

The use of detailed resression analysis anplied to recorded
costs by contractors

5.6,1 The feasibility of applying detailed regression
anélysis to recorded costs of achieved performance was

investigated, However, it was mt found possible to pursue
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thié‘approach ét the present timé beczuse contfactors were
not able to suppiy their costs allocated to any suﬁ-divisions
or give measures of quantity,_étc. w@ich caused them,

5.6.2‘ Although itris not practipal néw,'i£ is Selieved |

that this is likely to be a practical and reliable approach

to getting feedback and hence form a valuable method. of

estimating, This is provided contractors are preparéd to

~moke the effort.

5.5.3 The provision of the relevant data for.thé future use
of detailed regression analysiz is integrated within the-

proposed nevw estimat;hg method discussed in Ghaptef Ea

The use of regression analysis for resource vrediction

5,7.1 fhe Building Research‘Establiéhﬁent are currently
. . o

using regression analysis to investigate site labour

requirements for Local Authority Hoﬂsing;

5)?.2 Labour expenditure.on a number of different tﬁpes

of residential dwellings has heen collected from Clerks! of

Works returns and contractors! records. This has beeh

ﬁuilding methods and the nain building trade graupings.

5.7.5 .The inténtion is to producé results wiich-are suitable
for assessing the resddrce requireﬁents in overall terns
based on average consﬁmpﬁiohlin the industry.

5.7.4  Conditions which afféct the wide ragge of resource
quantities required per unit have not been measured or .
inﬁeétigated aﬁd the B.R.E. staff concerned point out thai

the results will not be of great value in estimating for a

particular project, The conditions which cause variations

.in cost are discussed in Chapter 7.
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Conclusions

5.8.1 In contrast to the global applicétion, regression

analysis cannot be c0nfidently applied to the client's costs

of work sections.

'5.8.2 Detailed regression analysis'céﬁizt be applied to

Contreactort's costs at present because these—costs and a

measure of the factors which influence then afe not available.,

5.8.3 ° The method of collection and evaluation is a

. relatively simplé.probess and as a small number of cost

headiﬁgs are required, the data can be collectzd accurately
by the client and the contractor;

5.,8.4 Larger client organisations are able to insist that

~ the contractors provide them with their records of resource.

' usage on site, These records can be used to provide the

Client with achieved performance‘data which will be of far
greater use in future design decisions than current cost

analyses.

75.8.5 It is strongly recosmended that Contractors begin to

assemble appropriate records from future projects so that

regression analyses can be undertaken, It is suggested that

this technique will provide an accurate and useful tool in the

cost prediction of future projects.
5.8,6 . - The new method of estimating described in Chapter 8

allows costs to be collected for this purpose as well as

giving a comparison against those originélly_estimated. It will,

however, be necessary to record also the factors which affect

the costs.
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CHAPTER 6

‘fhe Pareto Distribution in Bills of Ouantities

Introduction

Chaﬁter 3 showed the difficulties in using classification to

achieve feed~back from performance which could be used as a basis

for estimating, Moreover, regression analysis cannot be applied

'_until substantial volumes of data have been assembled, . It is,

therefore, necessary to investigate alternative means of improving

estimating methods. -

6.1

Headings derived from Bills of Quantities‘.

6.1.1 Bills of Quantities have been widely used for building

work in Britain for over a century, Consequently they are.

well recognised and understood by all members of thé

building team,

"6,1.2 Nearly all current estimating methpds relate to the
detailed pricing of the Bill and records of production

output, however inaccurate, are necessary for this purpose,

6.1.,3 It is, therefore, proposed to use current Bill items
ag cost headings. Once work has been categoriied and
accurate records collected, it should then be posSsible to

pursue more sophisticated techniques of cost prediction, e.g.

those based on cost models.

6.1.4 An approach using Bill items will involve only

small changes to methods which are already familiar to

estimatoers. This approach, therefore, has more chance of

-success in overcoming resistance to change than more radical

changes even if the latter. are intrinsically shperion.
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6.2

The_number of items in & Bill of Quantities

6.2.1 The number of priceable items in Bills of.Quantities
prepare& in‘accor&anqe with tﬁ§ Séandar& Metﬁod of Meésure-
ment varies with each projéct. The actual number dépends_'
upon :- | | |
(i)  The format of the Bill, e.g. elemental and
‘sectionalized bills have a gfeater duplication of
items than traditional bills. |
(ii) .The simplicity{and fepeatabilityrof the design.
(iii) The siﬁe'of the project - although in practice
this doew not exert a great influence because aﬁ

item may be for one or one thousand units.

"6.2.2. For purposes of this thesis it is assumad that there

are about 2,000 jitems in an average Bill of Quan%ities;
This assumption has been based on the current opinion of

senior personnél within the industry.

.-6.2.3 Each of thesé items has some theoretical cost

‘impbrtance and. currently estimators attach a price to nearly .

every one. . However, there are some items which have =

greater dost‘importance than others,

A reduction in the number of Bill itéms

6.3.1 Because it is impractical to collect and record actual

performance data and predict_costs for 2,000_iﬁdividual

- .

items, this number must be reduced to an acceptable -

'figuré.

6.3.2 TUnless a change is made in the Standard Method of
Measurement, the numver of items produced by fhe client's
Quantify.surveyqr cannot be altered, Therefore, any
reductioﬁ must be made by individuval contractors to suit

their own purposes.
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6.3,3 There are kwo methods of effecting a reductiqﬁ in
the numﬁer of items. The first method is:to'cOnsiﬁer only
those bill items which have a significant cost importance.
jhe reméining'itéms may either be diséarded or treated in

anrarbitraby'manner} The second ﬁethod is to group severél

bill items together, e.g. those relating to a certain

operation, and consider the cost effect of the group rather

" than the individual items.

6.3.4 It may be advantageous to cozbine both methods in a

rew estimating system,

The pareto digtribution in Bills of Ouantities

6.4.1 The problem of dealing with a large npmbef,of itens

is similar to the situation encountered in controlling

“stock, In "3tock Control: A Practical Approach", K. Lockysr

suggests that the Pareto effect can be used to reduce the
number of items. He shoved that a small proportion of the
items account for a very large proportion of the total stock.

Thus, tight control on these items will ensure that the

'majority of the stock is controlled. The Pareto curve is

illustrated in Fig 6.1
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Beboe2 LInvestigatiOH into the cost structuré of items in
Bills of Quantities (Ref. 11)_havé proved the existence

of a Pareto distribution. The characteristic discovered was that
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typically 20% of the items contain at least 80% of the total
cost of the building. It would, therefore, be advantageous .

to use this distributioh to effect é reduction in the nunmber

of items to® used as the baéis for estimating.

Establishment of the cost important items

ié'eminently'suitable for computer application,

5.5.1 A_coSt important item is defined as one containe&

within the 80% of the total cost of the building.- The cost 6f.the itenm

'is derived by multiplying the unit quantity by the unit cost.

6;5.2_  In order to ascertain wﬁich of the 2,000 items ére
cost important, it is necessafy to have a method of listing
éﬁd ranking the iﬁems in descending order of.value.;,Whilst
it is possible to do this by eye, this type of calculation
6.5.3 A suggested method of establishing the cost important
itens is as follows &=

(i) Each item is given an initial estimated unit_cpst.

As this estimatéd cost‘is for rénking ﬁﬁrpﬁses only,

great accuracy is not'gssential as any errors will

be corrected at a later stage.'

{(ii) The product of eétimated.unit cost x unit

quantity is_célculated.

(1ii) The items_are placed in descending order of

total cost.

(iv) The nominal cﬁt-bff paramefer,.i.e. the Sd% of

the value of the itens, is indicated by a dotted line

or . other graphic.

"6.5.4 A1l those items above the cut-off parameter may then

be consldéered in detail, The remainder can either be left
as their initial estimate or modified by a simple multiply-

ing factor following the re-appraisal of the cost important
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6.6

~itenms,

6,5}5 The foregoing method reduces the numﬁer of items to be
considered from 2,000 to about 400 cost important items but

400 is still too large and must be further reduced,

Operational grouping

6.6.1 Another method of reducing the number of items is to

' group together like items and consider them as one, The

most obvibus.fdrm.fbr the group is the operation.

6.6.2 Thé;e are several different definitions of an oﬁeration B
varying from the micro to the macro level, but as it is not
possible to collect records of.a large number of micro

operations, the operation for the purposes of estimating

~and feed-back is defined as that relating to a main ccnstructional

elemént, e.g. excavate foundations, structural ffamework,
second fi; éarﬁent;y.
6.6.3 | Operatipnal estimating has béen used extensively in
Civil Enginee#ing work but attempts to introducé it into the
building sphere have mainly failed; The reasons for this
failure are := -
.(i) The chaﬁge‘in the Bill format was too radical
for many contractors.,
(ii) The operations were at the. micro level,
(iii) The operations‘werg selected by the client's
advisers and did not aiWays relate to the Contractor's
own cbnstruction method{. |
(iv) “The cbntracﬁofs did not have any operational
records on which to base their predictiohs.
{v) ‘Architects and Quantity Sgrveyors found operational
iﬁfdrmation‘expensive to produce,
6.6.4. Howéver,,Building estimatofs are now beginning to

develop operational estimating (see Appendix 5 - Seminar on
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Estimating) and it is believed that this trend will continue.
_ 6.6.5 A 51mp1e method for grouplng the bill items 1nto |
operations is as follows :=
(i) . Thé Eétimatof and Plannef deterﬁine the méin
‘operations of the project and assign a number to
each operatioh.
(i1) Each item in the Bill is given the number of the
operation to which it relates, N
(iii) All the items are sorted and grouped‘under
the_felevant operational headings,
6.6.6 The itenms in the operational group ﬁhich feiate to é
common production unit.may be colle;ted together and appraised'
as one item: alternatively, the whole‘operation may be

" operationally costed on a resource basis,

6.7 The comblnation of the Pareto distribution and oPeratlonal

Erouging

6.,7.1 A conputer program has bheen written which combines
. the Pareto distribution and'Operational grouping. This
program forms the basis of the proposed estimating method

described in subsequent chapters,

6.8 doncluéiOps
6+.8.1 The main work sectiéns in Bills of Quéntities with
sbme modifigétion form the basis of cost headings which
ﬁéy be uéed for'estimaﬁing andrfeedback.
6.8.,2 The number of items can be very substantially reduced

by'psing the Pareto distribution and operational grouping.



CHAPTER 7

Factors Affecting the Accufacy of Cost Prediction S

Introduction

An estimate'has several main componentS'whoée individual
values must be accufately assessed to arrive.at the probable cost
. Qf.the work. 'This chapter.attempts to examine each-compqnent in
detail iﬁ.ordef to discovef what factors influence them, wheﬁher
these factorslare capable_of measu;emeﬁ£ and the-effect-theynhavé
oh the accuracy of alcost.pfediction. The‘bomﬁoneﬁtéjarel |
divided into six groups, - namely, labour; naterials, plant, sub-
contractors, overheads and profit, of which the first foUr are.
strictly the concern of the estimator., =~ The factors may.interapt
and affect.more thén one component'in any particular;évent so0 that

-

this sub~division will not always-be water tight.

7.1 Labour
7.1.1 Forgcasting:labour requirements'is_perhaps thejmoét‘
problematical area in.the build up of the c0ntra§t6r's cost
estimate.. There are several inteqaqting causes.
7.1;2 Each project ‘is virtual;yfaﬁique in design-(with the
excéption of low rise housing) so that lessons learnt are‘of
questionable value in new similar projects. |
7.1,? A comﬁlete workforce is seldom transferred from‘j05=
to Jjob =so that.whilst a competent site agent may obtain
favourable results in_one situatioh, there iz no guaranteé
that this performance willibe repeated in another.
7ol Studies undértaken by tﬁe Building Research Establish-
ment h;ve shown thgt a learning curve exists for building
‘operations and that output inﬁreases with repetition up-
to a.cerfain levél. The increase in output is éaused by
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job familiarity, indiﬁidual awarenéss, séif programminé of
wofk énd co-operation wiﬁh other members 6f‘th§‘lab0ur.team;
_Although.the studies were limited to houéing, thére is no
reason to sﬁppose that this ié nét applicable to chér‘types
of work whgre there is a degree of repetition, It is
extremely difficult to assess the value of this learning
curve for new projécts particularly when a number of
variatioﬁs may he anticipéted.

'_.7.1.5 ' Laﬁour productivity is dominaﬁed by tﬁé efficiency
and effecﬁiveness of site management. This was ill#strated
by work stugy carried out on a housing écheme at Yelwyn
Gardén'City. Estimators had assessed the labour content
.of the plumbing for_each house af about 65 hours? which was
averaged in practice. But, ihe actual timé téien‘by
individual g%ngs and in different areas vafied from 41 hcurs.
to 80 hours per hoﬁse. It was found that.the loweéf times
were recorded where work was particularly well élaﬁned, able té
be executed without interference from other trades, and
closgely éupervised. The breakdow# of a typical hoﬁse in
thelcﬁntext may be considered as follows :;

Optimum at face work content 22'hours

Moving materials, snagging,
non-trade work, movement

around site .e 12 hours
Not working e ' 24 hours

‘65 hours

Whilst oﬁe survéy‘is not conclusive evidencé és to the average -
time taken, it shqws that thelefficiendy of the site organi-
sation has a.far greater effect oﬁ productivity than the
quanfity of work which is ﬁeasured.

It is possible to keep records of individual site-
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manageris performanc§ over a range of pasf préjects but, as
it is;unusuai for the‘estimétof to know at the-tehder stage
who.will in faét Tun the job, these would be of little value,
7,1,6 The quantity of work measured gives no indication
of the probable erection time, i.e. there is little close
linéar relationship between quantity éﬁ@ time. Measurements_
.seldom express the complexity of an 0perétion and éven when
coMplexity-is apparent;:the'other factors, e.g. excgllent -
site managément, ﬁa& mitigate its effeét,. |

| A given area of brickwork may.be eithef.in a‘plain'.
blank wall whicﬁ can be built féirl&'quickly or iﬁ a wall
with a high prbportion of openings. . In the iaﬁter case a
considerablg proportion of the time will be copsumed not.in.
building the-wail‘but in forming the-openings.; 5 facet whith
wiil not have been mentioned., Fig.7.1 taken from B.R.S.
- digest No, 134, illustrates further variations in the
quantity/time taken variance, A roon wh;éh requires
plastéring will have a given area with a certain p;oportion
of moée time-cqnsuming linear'fegtures.| UnitICOnstants would
presuppose that.x'hdurs will be spent on the suﬁerficiﬁl
areas and ¥y houré will be spent on the 1ineér. In pfacticé,_
since plastering is a heavy manual}o?eratioﬁ, th;-men'take ;
frequent breaks from tbe main work and £ill in the time by
execgting the less physical demanding linesr -items.  If
these are not present then it is probable that thef would do
nothing during the breaks. Workers set theﬁselves given
‘-ﬁeriods, usually in multiples of half a day, to complete
certain quantities of wb;k. If thay finﬁ this_targét‘is
generous then they will slaéken—off to finish on the pre-

determined time, The converse is also appiiCable.ﬂ
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For the sake of brevity,.this philosophy has been illustrated
with only two examples but it may be considered as indicative

of the remainder of the trade workings.

Bix-pérson

?nve'p LATeisl

;C‘ = arson

three - pelrson

+rlo- petson

T0 90 1o 130 150 i 190 meo 230 250 A7 300
Manheurs . - ,
Fig., 7.1

7.1.7 Productivity is linked to incentive.” The average time
t6 erect a traditional three storey house is_about 1600 manhoufs-
and on some sites this may be as low as 1200 hours. On the-
latter, high incentive payments are made to obfaig greater
ﬁutput énd when efficiently operated they have tge desired
result, It is interesting to note that the cost of the work
often remainé the same, i.e. (1600 x £1, =.£1600;) = (1200 x
£1.33 = £1600.) but the saving in time and reduction of men
‘utilised also brings about a saving which benefits the
contpéctor by. a reduction in on~costs and overheads. Incen-
tive paymept schemes are fréquently inefficientiy administered_
which makes the project more expensive than if one ﬁere not
used and diSputes over honus, etc. are perhaps the greatest
cause of labour unrest in the building industry.

Maﬁy firms do not have aﬁ incentive policy linked to
coﬁpanj'étandards and where such schenmes are in operation it
is usual for each site to set its own target..‘ This may or
ma& not achieve the results as originally estimated in thé
tender,
7.1.8 Labour outputs vary from érea to area. Some parts

of the country have traditiornally poor output and strong

unicn militancy,  These are fairly well recognised by local
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and national cpntractbrs.with exXperience sf working in those
areas, Difficulties become acute when union officiels
select a particular site ss a target for militancy.

7.1.9 iEfficienﬁ group workiné is dependént on the gang size,
‘its members and the ratio of skilled to nom-skilled opera~
tives. | There is no agreed standard group so that it may vary
rrom company to company, job to Job and even at different
psriods:within‘a single Job. 1t is the latter two thst
sffest‘a company estimator in that his predictions are not .
confirmed in practice. It-is not always possible to a&here
to the gang sizes spec1£1ed in the pre-tender plan as it may o
not be practicable to obtain. additional labour at a
reasonable cost, Houever, there iz a greater possibllity
 that estlmating related to operational gang 5121no will be
more-accurate than applying constants to measured units.
7.1.10 Efficient working is dependent upon the reQU1s1te
materials belng delivered at the right time and in the.

desired place.; The‘bulldinglindustry.suffers“from peaking
of dsmand.of various basiq meterials which are nst easy to '
forecast, - In recent years there have been periodical -
shortages of timber; cement, copper; bricks, steel,.et;.

on whichAearly ordering has had oniy a‘marginsl‘éffect on
their supply to a particular sits., "When they become
unavailable, ﬁhe progress of-work'besomss spasmodic and

- the mansgemenr ;s faced with the decision whether to lay

the men off or'keep them on, doing.work for which they are
overtraised with an uneconomic cost penalty, and . at muchl

less speed, . |

7;1.11 The complexity of moders buildiﬁgs dsmdnds.the

skills frOm many séecialist sub-contractiné firms,'some

of which are nominated by the client and are not known at
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.thre'tendering Sté‘ge.' Their work, interlinked with that of

- the main contractor, has a qoﬁseqdeﬁﬁial‘éffedt rarticularly
_on‘subsequént opératiqﬁé. Therelis considerabie #ariance‘
in tﬁeirupefformance,'which ié not capable of:objective
aseessmenf; éo that theoréﬁical sﬁppositigns‘of their
'.programme and performance may be of iittlé relevance in
lpraétice; | |

7.i.12 It may be thought.thaﬁlwhere détailéd_plans, spegi-
-_fiqatibns and Biils of QUanfitieé have béen:prepared; thé.
ﬁonstructed_building wiil be.very'similar'tq fhaf proposed

in these documents, In the ﬁajority.of cases this

- assumption will be Eo:rect but there are a conside?able number
of projects where they bear ;ittle reSemhlanée. ; This may ﬁe.
céused by revision before work 1s commenced, wheﬁ the
Contradtor's tender ;s.above the client's cost limit, where
there isra change in the use of the building, e.g. factory
-.in lieu_of a_warehouse, orrwhere the oriéinal design does
ﬁot.work in practice, - The variations may invaiidate‘the
prédicted métﬁod bf operation ahd:whilst.the priﬁe of the
work wiil be adjustéd_in accordanée witﬁ recdgnised'rules,
it is'probable that it will not adequételj recompgnée the
contractor for the exﬁra costs -involved, unleés'hé.haS'

. “weighted his rgteé for a favoﬁfable return. |

7.1,13 The quality of thé w0rkmanshi§ for a parficular.
‘project is_speéified in the preamﬁles of a Bi11 of Quantities
by-reference tp national standérds and'codeé.of.praétice;_ |
Locai praétice‘and certain clientsrmay allow some degrég

of latitude in the appligétion of these élténdards so that
estimatofs often supplemeﬁt theﬁ'by a‘suﬁjective‘assessment
as to the classlof Jjob. .A bank wili demand workmanship of

a very high quality and a factory may Se of low quality
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even théugh some of'the mat :rials aﬁd specifications used
will be common to both, L S ;_; |

| The time taken to perfo"m building nork and the éklll
of the men employed are directly related tp the quality'of
wbrkmanship deménded and where this quality is coﬁtraﬁened,
the ﬁork will have to be demolished and rebuilt..
| Problems occur whnn the quality demanded on site by
“an over~zealous Clerk of Works or Archltect is higher than
. that assunmed to be typical for that class of work. .

Assessmnnts can be ‘made for the quality effect on

laboﬁr outputs énd pa&ments but the Qstimator may not‘know
at'thét stage, wﬂo ¥ill be the client's‘aUthdrity in charge
of quality‘and hénce fhe‘degree of latitude whiéh will be
pérmiﬁted. The estimator ﬁay also nct know'the;Effective—
ness of his own company's personnel in domélying with these
-standards. |
7.1.14 The weéthér exerts a considerable influence on the
workmen's oufput. It @éj bé éimply stated that output is
high in.periods.of fine warm_weétheri(other things.bging'
equal) and low when if is cold and wet; Referénce té
climatic.records kgpt by the Meteoroloegical Officg_will
in@icate.when theée periods are liicly to occur-and due-
‘allowance made, However, £his ailo?ance can be affectéd
by unusually inclement weather, for which extension of time'
but no extra payment can be claimed,.or when the seQuence
pf.work is ﬁof ddne in acqordgnce with the:pre-tendef
progfamme. The lgttef_is particularly critical for

groundworks executed in winter rather than summer months.

Materialgf'
7.2.1  Material requirements are thought to be the most
accurate area of the contractorts cost estimate but there are
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several factors which cause aispafity.

. 7.2.2  Material delivered to sita has an element of waste .
which is either inherent in the ﬁateriai itself or is created
by working or shaping‘to the desired form, -

" 7e2.3 Inherent waste may he deduced‘from standérd data as
in tﬂe_case of loss of bulk when mixing concrete, but thiS"
waste ﬁay have a considerable variance in practice due to
‘the relative expertise of therqualitj control pepsénnel.'
Most firms leave bulk matérialslin disorganised heaps arpuhd
the site and keep valuable smallé; goods in high sécurity
com?ounds. Thé high percentage of waSte ogcﬁrring;in the
formér may appear of marginal cost but aggregated to the
valﬁe of work they pertain, fhis cost may amount to a'.
c0nsiderab1e sum. A iarge percentage_gould be Eaqu by
adeéuate éare and attention‘which‘is againfﬁependent on the
site perSOnnei. |
7.2.4 - Material damage is_related‘to the nunmber of times
_it is handled, A common figure for damage to facing
bricks is é% but if the stacks ére badly situated they may _
have td be subsequently moved to other éituations incurring

. further two per cents.

7.2.5 The quantities measuréd in the;contract billé are
nett, i.e. no allowance is madeﬁor-inexactitude for which the

_coﬁtraptor'is held responsible.  This inexactitude qaﬁ.
carry a'heavy ;ost penalty particularly in horizontal planes

where extra material put in to bring the surface up to the

correct level may be as much as 25%.

7.2.6 The National Federation of Building Tradés_ﬁmployers

estimate the anmual loss of material by theft to be £100.

million pef annum,. Building operatives virtually consider
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'off-cuts' to be tﬁair own property which they take home
to cafry out r;pairs on their own or client's.prOPerty;.
Whére supervision is 1a£, it is not unknbwn.for then to
increase the prOportioﬁ ofn'off-cuts'lin normal use or
remove:vafiousjfittings,Ietc. from the stofes. Theft.by
. persons not employed by the comjany can be contained by
 Hadequate secgrity afrangements but their efféctivenesa ié
by no means certair,

7;2.? The accuracy of materjals delivered‘to Site are -
ferified by comparison with deliﬁery;notes; - It is a
difficult, tedious process to check the guantities
-accurately, especially bulk deliveries which necessitate a
weighbriage, and disérepancies are bound toloccur. ﬁéws-
papers have consﬁantly reported court cases whare fraud or
theft has occurred &ue té ¢ollusion between the siie
checker and the delivery drivers. .
7.2.8 = Waste cauSed.by cutting or forming depends on the-.‘
.geometric shape of the material in relation to the finished
product; The Architedt_caﬁ exert a great iafluence on this
by desighing the fiﬁished sizes in hzrmony with bagic sizes
of materials.  This affinify is ﬁot always-manifesf in
'bill“descriptiOns and is'particuiarly'nbticeabléfin superficial
 items. For exanmple, plasterboard is obtainab;e in standard
lengtﬁs of 2405, 2700, 3060mm, etc, so thaf ifla flbor to
. ceiliné height of 2800Qmm is sPecifiea, a SOOOmﬁ sheet will
pave tq-be used with 6% waste and the additioﬁal_cqst of
cutting, It wéﬁLd Be obviousiyllesé expensive if tﬁe
‘height was 3000mm but the area measured would not reflect
fhis. |

Skillcd grérﬁsmen produce less waste than thbse th@t

are not so adept but once again the estimator is left in the
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realﬁs Of.doubﬁ ee_he will not know the level of skill that

will actually be used on eite. |

7;2.9_ If is normal building practice for the'contrecﬁor

' to unload the delivered materials from the lorries,‘which '

is usually considered a task for the casual unassigned site
labour force. However, where ﬁhie pafticular'type of labour
feree.is unavailable if is neceséary to use whatever other
men there are avaiieble, inciuding tradesmen, Whilst theu

-time takén in unloading may approximate to that allowed,. it

: alse incurs a consideraple cost in the diseﬁptien‘of‘sequehce,

 of work, This disruptive cost, which should really be |

apportionable to the cost 'of the materials, is never included

. in the estimate, |

7.2.10 Particular materials are delivered ie cfates or epecial

packaging.which are‘charged for on a returnae;e basis;-.As

the cost of these packagee can aggregate to a reasonable

sum of money, it is noped that these will, in fact, be

returned, Observatien on any site will show them being.used

es kindling or temporary works, The efficiency of return

is dependent oﬁ the site supervisory staff and also the cost

of transporting the items.. Iﬁ is extremely difficult to

ailow for these cosfs at_the.tender stage and'the positien

cen'be-aggravated by.the.client using'a high prqportion of

Nominated suefliers whose point of manefactere is outside

‘their norﬁal delivery radius,

#.2;11 It is the praetice in the building industry te_allow

. trade quantity and cash discounts on the vest mejority of
_god& used by the Contractor. The trade discount will

_ alﬁays apply and causes no problem but,the other two may

be vafied during the construcﬁion peried. Quantity dis-

counts may give extra reductions for an increase in-the'number
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df units ordered at one time, but great care has to béxtaken
when calculating the net cost to ensure Qhat the order size

- will be, "~ As an example,-a scheme may include 100 baths

for which x discount ﬁill be quoted, but depending oﬁ'the ;

' planning'and progféss of the'work, not all these 5aths will
be needed at any ohe time.sb.th#t one order may oﬁly be for

a quarter of‘the_total.‘ In this instance, the'firﬁ may

only get the 25 quantity discount. The ruiés for obﬁaining
a discount for cash are-fairly standard and-well £eqognised
i.6. 5% cash diécoﬁnt when payment is madé'within a0 éays
from the end of the month in which thergoods were delivered,
lPrompt payment, thereforé, is a condition precedent to o
obtain;ng the goods 5%‘cheéper énd bqe would expect thaﬁ

this will be done. It is not unusual for either the invoice
to be overlooked or unﬁilatory.action on behalf of tﬁe
écéouﬁts staff, which causes 1653 of this righﬁ. In cases
of extreme financial ﬁressure, the contractor's liquidity
position may not allow him to make timely payment, .

7.2.12‘ Certain materiais need~protective storage on site
againét damage caused by the elements, The contractor will
‘allow in the preliminary bill fbr a certain area of sheds for
this purpose and believe that the balance will bellocated in
the.part completed building. As the use-df the bui;ding for_
this purpose may be proﬁibited b& the client, or the original
provigion may not be gufficieﬁt to cope with larger deliveries
ordered for the quantity discounfs or ovef delivery Ey the
‘supplier, the storage costs may be 6onsiderably morerfhan
anticipated.

7.2.13 1Inherent in the fixed-ih—positiqn cost of the

materials is an allowance for their distribution and hoisting.
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7.3

The planning/estimating team may.théofize on the most logiqal

initial storage place and node of subsequent distribution,

" but there are many cases where this decision is not practi-~ -

cable, -Initial storage places may have to be re-sited to
allow for the insertion of re-~located services, or the method
of erection changed to incorporate certain items of plant,

which although having greater productivity require extra

space in which to move, Unless the building is operation--

. ally analysed, hoisting difficulties may not make themselves

apparent at the tender stage.

Mechanical Plant

7.3.1 The use of mechanical plant in the construction
industry has considerably increased during the last decade
with the scarcity of manpower, the demand for rapid erection

and the use of larger components,

7.3,2 The economics of plant require that there is suffi-

cieﬁt Wofk,-in sufficient quantity, for‘which thé rlant was
designed, to keep it continuously employed as near as
possible to its maximﬁm capécity. Various iteﬁsqu.plant
can perform more than one operation but some of these other
operétions will bg done less favourably than ahotﬁer.type
of maéhine which is parficulariy suited;h It requires great
skill.to seléct the optimum type for.a particula: job and
balance that type with the requirements of oether tasks td
minimize the total npﬁber of machines. : Initiai selectioh
is.made by. the planning)éstimating team and sﬁitablylcosted.
Hdwever; the circumstances of the ﬁroject may change the type -
Qf‘ﬁain machine neceééary, e.g. the soil is much'hardef to
excavate than was théuéht, s0 that # more powerful and more

expensive machine is necessary. Whilst the extra cost for
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that'opefation may bé recovered‘from‘the.c;iént, it is
unlikely that the contractor will be recompensed for the .
larger machine doing the subsiduary work, for which it is
over.employed. | N
7.3.3 Contractors have the option of purchaéing or”hirihg
the various items of mechanical plant they use but which-
ever option they take, they normally charge it to the site
on a time basis,  In deciding whether to purchase or hire
plant.the following considerétions zre nqrmally taken into
account -:- |

(1) ‘-The extent to which it will be uszed on.
present or future contrzcts,

(ii).  The provision of storage snace.
(1ii) The availability of proper servicing facilities

(iv) The amount of capital availsble, interest rates,
tax reliefs and investment grants.

(v) The recruitment of trained personnel,
(vi) Tae genefal‘levél'of hire cost rates.
-Noﬁe of thesg points are ever fixed or certain éo-that.thg
.validity of a decision taken at one time can be challenged
as cifcumstaﬁceé éhange.  This-may cauze the charging rate
to ﬁary cbnsiderabiy over a given psried-during a_prpject..
7e3ad - Unitlcosts for items of work wﬁeré plant .is iavolved,
is simply computed by hire rate x oﬁtput-per time period + an
a;ldwaﬁce-for profit agd establishmént overheads, ' Estinators
have ?ecords o% machine output, for use iniﬁheir calculations,
which have usually been derived frOﬁ past sife_perfqrmances.
It would seeﬁ that moré records of their work are kept than
for labour because of the relative simplicity of the racording
process bﬁt as the outputs afe_susceptiﬁielto many of the
- variances that pertain to labour,'the chances of_inaﬁcuréte'
prediction are fairly high,
7.3.,5 Machines are very costly to transport to tﬁe site and
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selection takes into account the number of visits to be made ,

"based on the proposed pfogrammé of work, Where parcels of

work are held up through unfofeseen circumstanceé’thén
either-extra visits have to be made or the m%chine will have.
to stand idle,

7'3'5. Because of the lack of adequate.sefviéing and frequent

misuse, the incidence of breakdowns can be gquite high - dependent

on the qumlity of the site management team, These occurrences

involve not only loss in productivity of the machine but may -

incur a far greater loss in disrupting subsequent operations.

© This is particularly critical whére'the‘task has to be done -

by that plant, e.g. tower crane, and canndt be completed by-_

.any alternative means,

Sub=contractors

Tebol The incidence of sub-contrdcting has greatly increased

over the last two decades. This is probably due to the

complexity of modern buildings, labour.shortage] structuring
"of large firms and taxation policy.

7eh42 There are.several trades which have nearly always

been sub-let, e.g. plgstéring, plumbing, glazing and

lpainting, because many companies'did not have a sufficient

volume of work to keep these specialisf workmen fully
enployed, | |

7;4.3 It is now common practice to sub-contract items of
work which, in tﬁe past, have been in the main contractor's

démain, 8.g. excavation, formﬁork, brickwofk and carpentry.

Tebad As a result, a considerable proportion. of the contract

work may be sub-contracted and any inaccuracies will exert

a considerable influence on the main contractor's profit
Margins,
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7.4.5 Sub-cOntrécts may be one'of.two types.. Either 1ab§ur
onlylsub-cOntracts,'which are contracts for the soie_frovif
sion of labour, or normal sub—;ontractslwhich pfévide for

the supply of labour énd méterials.

7.4.6 Estimators are generally in favour of sub-lettihg
work as the receipt df a firm quotatio# often relieves

them of the respon;ibility for making.their.own time/cost
-prqdictions on the direct employment of ﬁefsonnel. The latter,
as shown‘previously, are subject_to'great inaccuracies.

7.4.7 When the market.is‘fairly stable, labour-only sub-
contracting can be a reasonably accurate methodrdf.cdst
rrediction, The curreﬁt ;afes for work are identifiablel
apd well known, e.g..sx. per thdusand for brick}aying, evén
if current quotations are not obtained for each!job. These
rates are reasonably fixed as many of the factors affecting-
direct emfioyment do ﬁot apply.l The sub;contfactors either

take the risks themselves or mitigate their effect by -

. greater self-motivation,

7.4.8 _ The danger.ekists'when pr0posed.labéur-cniy‘sub—
coniracting-is subsequently prohibited. Building unions
may select specific sites té be a clesed shop, thus forcing
all workerg to be members of a tfades' union, - In-effoct,
thié_femoves al; ;1ump' labour frém the éite.

7.4,9  Clients, notably in the public sector, impose a
contrac§u31 prohibition on the use of 1abbuf only.
Contractors attempt to evade this restriction either by a
sale and repurchase transactioﬁ fo# naterials, thus making
the subgcontréct for 1abour.3£g materials, or by ignoring
ité existence, Hoﬁever,_if the client insists on tﬁe
prohibition, the contractor will,havelto revert to direct
employment .
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7.4.10 Normal éuﬁ-contracting is permissibie with the
Architectts prior cénsent (Standard.Form.of Building COnfract
Clause 17).and_it is usual to seek quotations'fOr fhis.work
at the time of tendering. Estimators often experience

considerable difficulty in obtaining quotations through

" the indifferent laxity of these firms, The reason for this

attitude is that éltHough a sub-contractor may submit the-
lowest quotation af tender stage, no binding contract exists.
Before letting tﬁe‘wdrk,‘cbntfactbrs frequently reftést'the
market'té dis;bver-any po%sible cheaper competitdrs._ This

naturally tends to discourage‘any initiative at tender

‘'stage and as many as fiffy per cent of the original lowest

sub-contractors may be subsequenﬁly underbid or not do the

I‘IOI‘k'.

74,11 Where quotations cannot be obtained before tender

.submission,'estimatoré have to use cqnsidefable skill and

judgment in inserting cover prices based on their assess~

ment as to what they will be quoted at a future date.

" 7eh,12 However; the basic process of selection acquisition

and evaluation is mainly of a clerical nature which is capzble
of being done by sultably trained staff, instead of an

estimator,

Conciusiggﬁ*

7.5.1 Thefe ére many'fagtors which cause variations in the
achieved perquménce of-labour ah&'plant. Inaccuracy of
prediction is, therefore’; particularly marked in these areas,
7.3.2 As labour and plant contribute.a high proportion of
the cost of the contractor's own work, an increase iﬁ the

predicfive accuracy will produce an improvement in the
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,ovefall.profitability of the contract. .

7.5.3 Labour and plant prediction requires é'high degree of
skill-and Judgment as many of the factors which influence

. output are incapable of measurement at present, |
743544 ‘The present format of Bills of Quantities does.not
lénd itself to intuitive assesément of.the mény factors which
' affect‘productioﬁ. Other.formats,.i.e.'Opepational,'may'
prove td:be of greater value. | |
7.5.5 The selectibn,‘vauisitioh and evaluation o% the post ]
of materials and sub-contractors, is a routins technical
process which can be perfofmed.by suitablj tréined étaff.
Although materials aﬁd sub-contractors' work gccount for a

| reasonable proportion of theAtotal, theif cost iS-léSS"
variabie than that of labour aﬁd plénﬁ éﬁd their:effect on

’ thg accuracy of the total cost is, therefore, subst;ntially
less marked,

- 7.5.,6 Thus theré ié a need for a new method Af estimating
wﬁich permits'the éstimatdr to concentfate'oﬁ‘and improve |
" labour and plant cost prediction, The task of producing
matefial and sub-contract foreéasts mayube deiegatéd to

- technical clerks.

62,



COAPTER 8.

A _NEW VETHOD OF ESTINATING

Introduction:'

Previous chapters have illustrated the difficulty of devising

and testing radical alternatives to current methods of estimating.

However, detailed_investigation described in Chapters 6 and 7

suggests that improvements could be made by -

(1) Concentrating on the costs of labour and plant.
(1i) - Introducing operational estimating.

(iii) Dealing with itenms zelectively according to their
cost importance.

(iv) . Delegating routine, ‘less skilled tasks, to clerical
operatives,

A new nethod of estimating has been devised by the author -

which has the following characteristics 3= .

8.1

(i) As the shortage of skilled estimators prohibiis any
increase in their total work-load, estimatorsz' work
content is, in fact, reduced, '

(i1) = As there iz a strong preference for thé_use of Bills
of Quantities by the Client's advisers and the
contractors, this document is retained.

{iid) Because Bill formats and descriptions cre not stan-
dardized, great flexibility is provided in the use
of any such documents,

{iv) The resistance to change in the use of computers is
overcome by simplicity and a system of operation.
which is comprehensible to estimators, :

(v) Individual rates in the Contract bvills do not, and
need not, constitute in thenmselves, an-accurate
forecast of the cost of performing the work for
individual items, :

Synopsis of New Hethod of Estimating

8,1.1 The New Method of Estimating divorces the less

skilled tasks of material and agb-contractorjcQsting from

the difficult taslk of labour and plant estimating. The

Vs
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fﬁrmer is delegated to clerical operatives. Operation work
érbups for‘labour and plaht are established and tﬁe éost- ‘
impo;tant items hiéhlighted. This permits the estimator to
Eoncentfate on ;hé critical items and use ﬁrediqtiﬁe teéh-
nigques other than unit rates. The method is divided inteo
fhe followiﬁg staées_:- |

(i) .Decision to tender and establishment of the relative
desirability of the project.

(ii) Invitation of sub-contract quotations. .

(iii) Invitation of material quotations.

(iv) - Preltender planning and operational grouping.
~(v) .  Approximate rating.
(vi) Computer processing to establish the cost-important

items and group items into operations,
(#ii) ' Refinement of the original estimate. )
(viii) Ré-pricing manually or by computer,
(iz)  Collation of costs,
(x) 'Evaluation and.pricing of preliminary itgms.

(xi) Tender adjudication and application of bidding strategy.

8.2 Apnlication of the Mark-up

8,2,1 There is no standard procedure in the building
industry for applying the mark-up for establishment over-
heaas,.ﬁrofit and risk, cbnfractors.differ in their
approach but ?he.procedure falls into two broad catégories.
8.2.,2 The estimators can be instructed fo produce.a nét
estimate of the cost of constructing the work for submission
ts the tender adjudication panel, The panel themselves
nalke the necéssary addition for the mark-up and this figure
is apéortioned over some or all of the measured ;ateé or
:inserted asg luﬁp sums in fhé preliminaries of'insurances
 é§ction of ths Bills.
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8.3

8}2.3. Altefnatively, the estimators can be instructéd to
produce an estimate of the cost which cﬁntains the staﬁdard
company mark-up. When the-tender ad judication panel wish_to
modify this mark-up for a par;icular contract, the difference
is usually adjusted by-a lump sum omission 6f addition‘to
itemé in the prelinminaries.

8.2.4 As the mark~up procedure depends on the individual

- contractor and is incidental to the preparation of the actual

estimate, the MNew Method does not make any'mandatbry recommne n—

dations, The contractor may adbpt.his usual procedu;e and

insert the mark-up by whichever he considers éppropriate,

The Decision to Tender and the'?eiative Desirability'of the

Project

8.3.1 Upon re&ipt of a tender enquiry from the Client, the"

company must decide if it wishes'to'submit a. bid for that.
pérticular project.l The decision, taken at senior manage-
ment level, will be based on whether the projéct is within the
company!s expertise, within the company's defined area of
operation and, if the bid is successfﬁl, compatible with the
present and future wérk load,

B,3.2 If an affirmative decisicn to tender has been taken,‘
further iﬁvestigation should be undeftaken to es£ab1ish the
relative desirability of the project, The desirability is
influenced by':—‘ |

(i) The ease or difficulty of erection,

(ii)  Resources currently availabdle.

(ii1) Capital available,

(iv)  Profitability. |

(v) ' Chance of BUCCEES,
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" 8.4

(vi)  Prestige associated with the projéct.

(vii) Furtherance of additionmal work,

(viii) Acquaintance with the client or his advisers.

'8.3.3 The relative desirability of the project will govern

pot'only the keenness in bidding but the amount of detail
necesgsary ‘in preparing the_estiﬁate.

8;3.4  Those projecté wﬁich are not really desirable, can be
priced by a simplified method of estimating, e.g. cost
per'sqﬁare mefre,_With'a largér'mark-up than ﬁsual added to
cover profit aﬁd the-risks'associated with this type of

estimating. This approach is the most economic way of

: estimating-for such projects but the high mark-up reduces

the chance of submitting a winning bid, If, however, the

contractor is the lowest tenderer, the Bill can be priced

out, subsequently, using curréntly_ac&éptabl€ market rates.

8.3.5' ‘?or projects which are considered desirable, it is

recommended that the New Method of Estimating is adopted.

The Selection and Bvaluation of Domestic Sub-contractors

8.4,1 The current methodshof selecting sub-contractors can

- be improved considerably. ' Many contractors do not keep an

adequate store of information relating to these companies
and, consequently, time is wasted by referring to the yellow

pages of the telephone directory or trade journals, There is

no guarantee that companies selected by this method are

~competent to do the work, The estimator is frequently -

enéaged on this task which can, in fact, be done by cheaper

‘clerical staff, The following routine seeks to improve

current procedurs,
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5.4.2  The_fifsf‘process, per:ofmed:hy the estimator,iS' ‘
éﬁé identification:pf thosé itemé‘ofﬁwork which'are'eithe;' |
outside the liﬁité of the companyfs expertise or are in excess
of its normai capacity. This work will be let to a sub~
;oﬂtractdr. Once the page and ite% nuﬁbers.in the Bills
of'Quéntities of the sub-contract work has been listed by

| the estimator, the remaiﬁder of the‘task.can be done by
clerical staff. The clerical tésk coﬁpfisés, £h§-identifi~
catiqn'and séléctioﬁ.éf suitéble.firms, the déspatch of téndér'
documents and the rééeipt and collation of tender bids,

8.4,3 'It-is recommendéd that contractors compile ;ecords

of sub-contractors which contain := _ 1

_{i) ' The type of work performed by the sub-coﬁtracto;s.
(ii) .'The gedgraphical‘area in whicﬁ they operate,

(11i) The size range of contracts normaily undertaken,

(iv) . The names, addreésés.and.teléphOne numbers,

(v); An assesémen£ of each sub-contractor's efficiency

in tendering_for énd'performing‘the waork. |

These recards,‘compiied_by.experience_and/or questionnaire
‘over a period of time, as the occasion arises, may be stored
either on a computer or card indei.. ‘

8.4.4 The selection of a list_df potential sub;contraétors
fof a project will bé facilitatéd if ;he recofds are suifably
coded., _ As it should not be necessary to requést tenders |
from moré fhan 8ix sub-c¢contractors for any one se;tion of
work,lthe best.six can be selected from the list by referenée;
to the individual'éfficiency rafings.

8.4.5 Fér eéch group of work-items,-the clerk is reqﬁired

to photostét copigs ﬁf the fertiﬁentrpages of the'Bills of

‘Quantities, cbmplete two copies of a standard form of enguiry
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andhtender; and despatch theé to the shorflisted sub-contfgctors.—'
8,4,6 A standard form of enquiry and tender_should conﬁain:
'all‘the inforﬁation necesgary for the éub—céntréctor and
include a resume of the conditions of'contract; An advantage‘

of using such a form is that it should limit future disputes

‘and, in many cases, can be subétituted for a separate form

of sub~-contract,

8.4.7 A cléfk-is respbpsible for co;lecfigg:the tenders and
for pursuing tﬂdse that'have;not beeﬁ received.by a pre-
determined deéd;line;_ .The collated tenders are passed to'the
estimatbr. )

8;4.8 The.estimaforlthen evaiuateé‘aﬁd énalyses the various
tenders to select the oqe‘which is the‘mo;; favourable to his
compény:' 'Any extra.items to be provi&ed.by the.cdntractor,

e.z. those listed under fspecial provisions' in the standard

form, are costed and added to the tender figure,

8.4.9 The combined total only is inserted in the Bill

bracketted against the felevant items, - There is no necessity

to price out‘the items in detail at this stage as it will only

be necessary if the Contractor's Bills are called for examina-

tion by the client's advisers.

The Selection and Evaluation of Material Supnliers

8,5.1 It is a function of the buying department to obtain
quotations for the cost of materials reguired in the project.

Suitably skilled staff should be employed to solicit quotations

" at the lowest possible price, Buying skill is not a function

of the estimator and, unless specialist_huyers are used,

valuable discounts will nct be obtained,

68.



" 8,542 Prior:to.seeking quotatiOns,_the bu&iné departmeﬁtl
:require.to know the type and sPéCification of the ﬁaferials
and measﬁres of the quaﬁtity expressed in commerciai |
puréhasing'units, As the departnept is not generéily
eéuiﬁped.with the necessary ékill to 60nvert‘Bill,méasure—
ments into pgrchasing.ﬁnits, theiestimA#o? usually has to do
this éénversidn. ﬁowever, the majority'of'the conversion
‘qén be pérformed by teéhnicai clerks which-will thus release
the.estimator for other highly Skilléa‘tasks..L'The follbwing
routine illuétrates the recommended procedure, |
8,5.3 The Bills of Quantities, less those sections which -
are to be sub-contrééted, are passed to a technical‘qlerk
who has two tasks to pérform;. The first task is thé
convefsioﬁ of the reasured bill,units into purchasing ﬁnits
for'ﬁse by the buying department. When QuotatioﬁslhaVe-been
recéived, the second task is the apportionment of the'material
costs over the bill items. | a o
8;5.4 The ease or difficulty in convefting measured bill
units varies for différent work ééctions. Fof'example, in
uCOnﬁrete Work?, the total volume of concrete has to be sflit
into the individual qﬁantities of its constitﬁent-parts,.i.e.
cement. sand and aggregate, whilst inl'Joinery' fhe'sill
units may be-used directly as the purchasing units.

8.5.5 However, the majority of measured bill units do
require conversion and this is normally done by reference
to standard tables of material=cdnstangs, manufacturers®
trade literature ete, ‘Pfovided a company keep adequate
records of material constants agd wagfe inéurred on éité;.
this task does not.require an estimatdr;s skill and‘is this

within a clerk's capabilities.
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8.5;6 The buyef_should_seek quotafions-on a_Sténdard Fdrg

. of Enquiry and Conditions of Sale, The use of such a fora
should §§ercoma the difficﬁlties encountered when the.
supplier's condiﬂions of sale_contradict those in phe origiﬁal
enquiry} |

8;5.7 Upoﬁ recéipt of guotations, thé clerk must insert thg
cost'of haterials bracketted aéainst the groﬁps of itens fo
which they‘feiate.' 'As with sub-cbptrgctors;_costs,_there is
no necessity to price oﬁt the items in detaii;'untilrthe Bili

 is called for examination by the Client's advisers.

Pre-tender Planning and Opefational Gngpihg

8.6.1 Whénrthe clefk(s) afe Selecting shd evaluating ‘

' the'sub;contractﬁrs aﬁd suPpliers; thé pré-tendeq"plan,'i.e.
the eétablishmen£ of the method and seqéenﬁe_of consfructiﬁg
the project, is'prepared:by the planner énd the estimator.
Cldée boeopératiqn hetween them is essential so that they
'bothrcomprehend-and agree to the téntétive'solution;

8.6.2 ‘In the pre~tender plan, the project is @ivideﬁ into
‘the maih operations which should be large idgntifiable
.sections of work. A_typic&l list would comprise -

(i) - Substrﬁcture. ‘ |

(i1)  Frame.

(iidi) Roofing.‘

(iv) _First fix.

(v? Finishing.

(vi) Second fix.

.(vii) Drainagé{

(viii) Eﬁternal works,

8.6,3 The:abéve 0peratibns are fhose normally executed by‘.

the contractor's own labour and are, consequently, the ones
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8.7

presenting the greatest financial risk, Whére_thé contractor |
aoes not sub-let part or parﬁs of the otﬁgr sections of.ﬁofk;
additionalloperations may be included in the appropriafe
pqsition; |

8.6.4 Ttems in the list ﬁay be:éuﬁ;difid;d, é-é; ektérnal

works, into excavation, concrete, brickwork, etc. but the

~ total number of operations should be limited to appréximate;y

20, 'it has beéh previously denonstrated that 20 is about
the maximum number of héadings.against‘whiéhfit is possible
to collect accurate costs of achieved performance.

8,6,5 The estimator. inserts the operation number in the bill

_against the items of work which the contractor proposes to

execute himself. Where.an item relgtes,to mofe than one
operation,_the quantity is broken down and apforﬁioned to
each operation, A lqcétional bili is édfantageaus i; such
éases. This numberiﬁg is not as time-cdnsuming gs it may
first appear, as the majoritx ofrbill ifems are loosely

grouped: within these headings in traditional bill fornmats.

Apnroximate Rating

8.7.1 In order to identify the bill items which have the
greatést'coat-importance,.the estimator must give ah :
approzimate rate to every bill item which wiil‘be executed

by the contractor. The rate should be a qeasonabié forecast

of the cost of labour and the plant strictly pertaining to

-the item'(Genefal plant is priced in'Pre;iminaries).

8.7.2 Great accuracy is not essential in these approvmate
rates as the rates are used for ranking purposes only. -
8,7.3 It is anticipated that any skilled estimator will be

able to insert these rates by using his own knowledge and

experience, There is no necessity for detail§d and protracted
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8.9

calculationé.

Computer Processing

8,8.1 A computer program, MASTER BILLEST, has been written
which highlights-ﬁhe cost-important items and collects items
together under-OPeration headings. A description of the

program and the operating instructions are shown in

.Appendix 4.

8.8.2 An important feature of this program is that it does

not require separate coding. ' The Bills of Quantities are

nanded to a punch 0perator'who nust punch the page numbér, )
item letter, operation number, quantity and approxinate rate

for every contractor?s bill item directly on to standard

'punéh cards,

8,8,3 The data cards are processed by a computer which 1=

(1) Prints out all the input data in Bill sequence plus"

the product of rate x quantlty, page, section and
bill totals. :

(ii} Calculates the 'Pareto?! value of the Bill and selacts

i : the cost~important items, i.e. those which represent
80% of the cost of the work (or some other specified
percentage approximating to BO).

(1ii) Collects together the items within their resnective
operation headlngs and prints out the reference and
extension cost for each item, under operational
headings and in bill sequence., The extensions are
totalled for each operation and the cost-important
items are indicated by a double asterisk.

(iv). Produces a similar output to (iii) but instead of bill

sequence order, the itens are arranged in descending
order of extension cost,

Refinement of Original Estimate

8.5.1‘ On obtaining the coméuter priqt-out, the.es£imatorlhas
the opportunity to estimate the costs of 1ab§ur and plant by
an alternative method 6f'eétimgting vhich is more peliable
than unit rates, Four alternative nethods are':;

(1) Close scrutiny and re-examination of the highlighted
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cost-important items.

(ii) Operational estimating based on. forecast resource
usage. '

(iii) Regression analysis applied to detailed sub-sections
of work as discussed in Chapter 5. L

(iv) €.0.,C.0, - a computerized quantative approach under
development at the Department of the Environmen
{Ref 12 ), ‘ _ _ '

At present only the first two are practicable as there is

::insufficient historic data for (iii) and (iv) is not yet

8,10

available to contractors,

Correcting tﬁe QOriginal gpcroxiﬁate Rates

8.10,1 For tﬁose items‘or'operainns having sighificant
différeﬁces betwéen the total costs by approiimate_ratés

and the total costs by the subseguent réfinementf'the appfoxi_

mate ratés must be corrected,

8.10.2‘ Assuming that the apparént relatiOnship between the

individual approximate rates are within limits that are

acceptable to the Contractor and the Client's advisers, e.g.

one brick wall £5,00, rough cutting £0,50 per square metre, 
correction can be accomplished by multiplying all the rates
in each operation by the ratio

Operational total by Subsequent estimate

Operational total by approximate rates.
8,10,3 Where the estimator has chosen to examine only the

cost-important items, e.g. those that make up BG¥% of the

' vélue, it is reasonable to assume that any differences

discovered will also apply in the same ratio to the remalning

- items. Thus all the items are multiplied by

Total of cost-important items by subsequent estimate

- Total of cost~important items by approximate rates.
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8.10,4 The ratios, normally expressed.to three decimal places,

are punched on to a card and substituted in fhe'data pack for

 the original multiplier card which has ratios of unity. '

8,10,5 The program is régrun as previOusly but instead of
multiplying all the rateé_by 1,000, the rates for each

operation are multiplied by their appropriate correction

factor, The new print-outs contain all the'correctéd rates

8,11

8.12

and totals.

8.,10.8 This correction facility may also be used.to modify

'selected rates for impfovement of the cash flow,

8.10,7 Thre page totals from'the final output ére inserted.in

the Bills..

Collation of Estinated costs

8.11.1 The page and bill totals of the estimated costs of labour
ahd.plgnt,.materials and sub-contractdrs, are added t&gether :
and ;he combined totals calculated. The.mark-up for profit,
risk, and establishment overheads are applied in accordance

with cbmpﬁny practice.

8.11.2 The completed bill is handed to the tender adjudication

panel for their consideration,.

Submission of the Bills to the Client

-8.,12,1 In building tendering procedure, the contractor is

only called upon to submit a detailed prigéd—out copy of
the Bills of Quantities if his tender is the lowest.
Consequently, there is no necessity to price the bili in

detail before this request is made,

8.12,2 When the bills are requested by the client, the

combined totals of labour and plant, materigls, sub-contractors,

profit and overhecads have to be converted into individual rateé
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applied to the relevant items in the Bills. Unless rates

for materials are derived by'a conputer based method, the
task of calculating the combined rates isiprobably.best
perforﬁed ﬁanually.:rwAs loné as the derifédiratés are within
currentiy acceﬁtable limits and the rates multipiied by the
quantities.coincide.with the total tender figure, individual
accuracy is not essential; as a Contractor's ratés‘in é
normal situation may differ fpom'those of hié competitors

b& factors of the order of 0.5 to 2;0 (Ref. 2).. (It will be

‘appreciated that under the proposed New Method the process of

calculating rates is merely the allocotion of an already

agreed sum between bill items).

8,13

The Wew Hethod and Cost Feed-back

3

8.13.1 An incidental advantage that the New Method haé over

traditional estimating, is the facility for.c0nverting from

‘traditional Bills of Quantities format to operaticnal format.,

This eﬁables achieved operational performance_to.bg cqmpared
directly with corresPOhding a;lowances in the ténder and, as.
the number of headings is 1imited; accuracy ip the collection
of costs should be obtained. : |

8.13.2 Ag construction work proceeds, thé costs'of achieved
performance can be collécted on a ﬁéekly or moﬁthly basié
and recorded against the established operation headings.

If the percentage completion of the opérations are weasured
at the same tine, tﬁé‘cbsts nay be used initially to monitor
thé productivity of the site by comparing them with the
estimaﬁéd éosts multiplied by the percentage compietion._‘

Action may be swiftly taken to remedy any adverse or deteriora-

. ting results,

8.13.3 In the short term, this comparison also forms a useful
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check on predictive accuracy,. | Where differences cannotrbe
'explained by special circuﬁstahcés applying ﬁo that particular
project, the éstimators' uéual predictive techniques can be
corrected éccordingly for future projects., = Whilst this
facility is exﬁremely ﬁseful for deducing trends and'avérage
perfqrmances based on traditional methﬁds it doés not, in
K itself; improve the basic method of cogt_érediction.

8;13.4 Continued qée of the New Method and associated cost
collection, will provide eséential data for a_new_pétﬁod of
cost predic;ion based on regression_analysis épplied to_ B
operational costs (see Chapter_s),l

8.13.5 Chapter 5 illustrated the.édvantages of using rggreséion
analysis épplied to sub—section; of work, but conciusions were‘.
limited by the lack of recorded costs., If the Qgriablq |
_factors affecting each operation are recorded, the cbsté

and the variablés can be analysed when sufficient like opera-
tibns have been c0mpleted; - Yhen thelregressionlrésults are
available, the estimator will be able to use the derived
formulae for estimating the cost of the 09§rations[ ‘It is
~anticipated that regression analysis will be used initially

in parallel with existing techniques and, as confidence is
gained, eventually replace them. (Noté: As a péssibly
better olternative, p?edicted and'actﬁal performance can be
‘measured in man hoﬁrs or ﬁachine hours).

<8.13;6 Thosze contractors seeking to introduce €.0.C.0. into
-th?ir estimating system cannot do so until they afe able to
produce sufficient records'of past pe:formanée for inclusion’
in thé_couputer progran, The New Method may be helpful in

providing these data,
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8.14 COncluSLQn"
3, 14 1l The advantages clalmed for the New Method of Estimating
over existing technlques arg )
(iy Byrthe delegation'of routin ’ lésu ékilled'tasko to
i clerks, the estimator can concentrate on the dlftzcult

tasks of labour and plant prediction.

(ii) There should be a reduction in the tlme requlred to 31}'
' : produce the estimate. " “ -

(1i1) Simplicity.

{iv) 'This particular computer progran and the absence of
: coding should overcone the resistance to computers.

{v) The method may be used on any bill format and does not
: require amendment when measurement methods are
revised,
(vi) Operational groups are deviced by tha contractor to

suit his o*n system and methnods,

(vii) The gradual introduction of operatioﬁal estimating
may be run in parallel with traditional techniques.

(viii) The COﬂnutnr print out, prior to rate loadins, is a
valuable tool for contract's manazemen

(ix)  The facility and incentive to collect recorded costs

of achieved performance for future use within the
method,
(x) The supply of data for new estimating techniques.
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CHAPTER 9,

Tests on the New Method of Estimating

Introduction

- The New Method of Estimating described in the previcus chapter,
wag initially tried out on dummy data related t& a gyrthesied
conc;ete frame building. _ThiS'permitted the.yafious 'bﬁgs' in
the program to be eiiminated‘before_it was tésted in‘a live
sipuation. It was decided to subject the ﬁew Hetﬁod to two
separaté kinds of test. First, by submitting the basic philosophy
‘to critical e#aminatiﬁn frdm aﬁ 1nforméd aﬁdience and then, if
apprqfed, by testing the model in a contfactor's crganisation on

" a live éstimating project.

9,1 Testins the Basic Philosophy

9.,1.1 A seminar was held at Loughborough University on thé
17th Febfuary, 1972, which was atteﬁded by over 20 seniof
estimators. The objective‘of the seminar was to sﬁbject the.
prdposed New Method to e%pert criticism from.an informed
audience, It was hoped that this would ensure that there
weré no flaws in the basic éhilosophy of the Method and
aspertain if it might eventually prove to bg.acceptable to
contractors. . A list of delegates éttending the day's
programme and a synopsis of the proceedings are given in
‘Appgndix 5. |

9.,1.2 The,foilowing conclusions have been drawn ffqm the
comments made by Fhe delegates in the discussion periods :=-

(1) Estimators have considerable resistance against
using statistical and computer technigues.,

(1) Estimators‘believe that their superiors also would not
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_(iiif

(iv)
(V5
" (vi)
(vii)

(viii)

(ix)

(xiii)

9,1.3

be in favour as they prefer to see how the estimate
is built up and make comparisons with current market
rates,

The substantial time pressure at tendering prohibits
-extensive coding.

Whilst time does not normally permit an estimator to
price a bill accurately by present methods and prepare
and price a detailed network, there is a distinct trend
towards the preparation of 0perationa11y based
estimates,

Commercially developed estimating systems seem to be
extremely costly to purchase, instal and operate,

Most of the participants would welcome a changé in the
client's documentation but they do not feel that a
radical change is imminent,

Little use is made of feedback informatfion either because
it is in a form which iz inappropriate or because
there is little faith in the validity of its
collection,

When feedback is uséd.'it_is concentrated on groups of
work to give a comparison of predicted/achieved
performance on a ratio basis,

Whilst it is recegnised that there are great benefits
in using estimated data for the subsequent management
of the job, the additional time required to produce
this information at the estimating stage is not
considered worthwhile,

Estinators tend already to concentrate on the high
value items,

Where networks are priced, the predicted total cost is
usually larger than the one deduced by unit rates.

Estimators recognise that there are several factors
which affect site production and normally make an
intuitive assessment to cover varilability.

There is a tendency for the Building Industry to base
its bids more on market acceptability tnan on detailed
¢stimates of actual cost,

A comparison of these conclusions with the objectives

_and operation of the New Method of Estimating_descfibéd in the

" previous chapter, indicates that the use of the Method is

conglistent with the present and future needs of contractors!

estimating because 1=

(1)

The simplicity of the computing program should overcome
_the resistance to computer usags.,
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.(ii) The cost build-up is done by the estimator and hence

is open for inspection by his seniors.

" (1ii) No extensive coding is'reqﬁired.

(iv) 1t comblnes both traditional unit rate and operational
estimating..

(v) Installation costs are minimal,

{vi) It is applicable to most forme of Bill format.

(vii) Cost headings are established Whlch permit comparison

and use of feedback,

(viii) The cost headings comprise groups of work items o

.(ix) Estimated data are automatlcally generated for use by

contracts management,

(%) The 'Pareto! principle in the Method conformsw1th

many instances of current practice,
{xi) The approximate rating of items affords a comparison
when an operational/network technique is used,
Where differences occur, the estimator can select
what he considers to be the most appropriate answer,
{(xii) Future developments of the system, when sufficient
projects have been processed, may enable some of
the additional factors which affect production to
be identified, e.g. by detailed regression analysis.
As no adverse comments were received from the delegates about

the Hew Method it ﬁes'decided~to proceed with.the tests in a

Jive situation.

Testing the New Method in a Live Situation in Estimating

9.2;1.. A contractor cannot be expected to aocert the MNew
Method and ﬁse it in his organisation ﬁnless it has been
validated by use on 1ive'projects. Consequently,'it was
decided to test the method by using it for the preparation
of ourrent eeti@ates.

§.2.2 7 A national contracting company, whose Head Office is
located in the London area, wes contacted ano the chief
estimator kindly agreed.to co~operate by permitting the New

Method to be used in conjunction with their existing tech-
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nigques for two bids, | Thé author grétéfully.acknowledges
their ﬁo-oPeration and also for the_assistaﬁce given by

K. Armstrong who worked on the tésts as p%rt'of his project
for an M.Sc.. in Cohstruﬁtion at Loughborohgh (Ref. 1.) _
9.2.3  The Method was tested, in June, July and August, i972.
Two projects were selectea from the company's cu;rent tendering
.list boﬁh of which the company wished to obtain. The projects
.were-a single storey féctory building and a_étores and office
development, each to be sited in the London area, .

9,2,4 The task of testiﬁg the New Method was arrangéd 50 as
to'minimise any disruptions to the company's estimating
departmeﬁt. It was agreed with the Chief Estimator that

his departmént would obtain all thé necessary quotations for
materials and subecontractors and price them-in their usual.
manner. The estimated costs for labour and plant were aiéo
prepared as usiual but were kept separate from the costs of
materials an& sub—contraptors. These estimated costs of
labour and plant were the equivalent éflthe approximate rates
required by thg New Metheod, but in these cases, were prepared -
in greater detail than is normally necessary. | |
9.2.5. The company supplied the author with copies of the
outliné drawings and the Bills containing the labour and plant
-~ rates., Phe drawings and Bills were éxamine&’and the main
operations established, The factory was bfoken down into 18
main operétions. The company intendéd torconsﬁruct the stores
and office block as two distinct sections which also cor?és-
ponded with the subdivisions in the original Bills of
Quantities.. For this contract 18 main 0peratiqns were

established for the office block and 21 for the stores block.
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When add§d togethef, the_total.of_OPeratioﬁs, Sg,lis excessive
but as they rela;ed td two buildings, which'ﬁere-to be
separately éonstructed, it wés thbught that this number was
permissible in this case, The approPriaténess of the proposed
operations was agreed with the company's planner and the -
estimator. A iisf of the selected 0pératidns for the stores
block is shown in Appendix 6. | .

9.2.6 Thé dperation number Waé assigned to each of the
cbntractor's bill iteﬁs and, together with tﬁe page nunmber,
item-refereﬁce, quantity and rate, were pﬁnched directly on to
data cards, The pngrams were run on Lougﬁborough University's.-
computer, |

é.2.7' The complete outputs were taken to the cowmpany's

offices and discussed with the estimators, The cost-important
iteﬁs and the total costs of the 0perations.were examined in
detail and several anomalies in the original labour and plaﬁt

_ rates ﬁere discovered. ,Theéa anomalies were corrected but,
instead of using‘thq multiplying factor card, new cards were
punched for individual items and substituted in the original
data packs._ The programs were then re-run_and final corrected
ocutputs obtained., Examples of the final output for the stores
block are shown in Appendix 6,

9.2.,8 VThe company 's estimators were favourably impfessed

with the New Method but”realised that their refining techniques,
used to improve the accuracy, were limited., This was becauée
they did not have any usable historic data from previous projects
to enable an alternative method of cost prediction to be
-qmployed. However, the fact that ceftain anomalies were so
eaéily discovered in the original rates was gratefully

‘acknowledged,
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9.2,9 The company was extremeiy keen to proceed with the

next stage of the test, i.é. the collection of cost data,

ag their current récordsrbf achieved costs were viftually-non-
existent or unusable for estimating purposes.

9.2,10 The_company was éuccessful in its tender for the

stores and office blocks and it was decided. to attempt the

collection of usable cost data from this project.

Procedure for Collecting Records of pAchieved Performance

9.3.1 | in accordance with therprinciples_of the New Method,
tﬁe primary concer# was the cdllgction of costS‘of_labour‘
and plant, o attempt. was made to collectAor assisn the
costs of mate:ials,'overheads or'profit. The contract
planner, because of his involvement with thg constructizcn

of the ﬁorﬁs, was designated to be resPOnsible.for the
¢ollection and assembiy_of the'costs.of achieved pérformance
on site, |

9;3;2 Costs were collected on a monthly cumulative basis
and entered on to purpose designed cost record sheets;
Thesé_costs were discussed and agréed with the author at
ﬁominally monthiy intervals, The costs collected up to
Januvary, 1973 are shown in Appenéix 7e

Comments on the results of the cost collection for the
Stores and Office building

9.4.1 At first, the procedure worked extremely smoothly.

Szveral variationé ha@ been authorised by the Architect but
ﬁhese had bgen valued by the site quantity surveyor and were
ihserted in the forms. Of the five activities in the
substructure, 1.e.iex§avétién, concréte, réinforcément, formwgrk

and hardcore, the first three showed significant savings from

" estimated costs, the formwork was about right and the hardcore
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7. was,sligpp;y over-speﬁt‘due to changes in the matefial.

‘The Significan£ savings were pauéed ﬁy_the.extensive'use‘of
mechanical plant in 1iéu of the forecast hand operations,

f Thgse.results have been given to the estimators for their
future use,

9.4,2 Préblems arose, however, during erection of the
superstructure. ~ The cont;act bills were found .to contain
inaccuracieé which made the revised estimated operation cost
difficult ﬁo calculaté. Many authorised variations further
aggravated the situation and conéequently it waé ndtlpoésible
tp calculate the revised estimated operaticzn cost.until all
this work had been completed, " This rather defeated a part
of the aims of the test, i.e. to monitor performancé, but the
original figures were used as a yardstick, in ?hé short term,
aﬁd results permitted some degree of‘compqrison. hThé site
sfaff considered that the degree of comparison availablé hadl
achieved very substantialiimprovemént ;n'the cohtrollof cost,
9.4,3 The 0perétion 'coﬁcréte work! wés perfqrmed by the
contractor's oﬁn labour énd the costs were accurateiy récor¢ed,
Nowever, due to labour difficultiéslcaused by the national
building strike during the autumn, the formwork and reinforce-
mentwereundertaken by a sﬁb-éontractor who was initially
engéged on.a labour only basis, Premium payments were made
to ﬁim to avoid a site shut-down and industrial action. The
sub-contractor's invoices did not break down the costs
between formwork and reinforceﬁent. 'Initially it was
possible to maké an approximate apportionment 5etween the two
but ‘when worﬁ started on the office building, it was found
'impossible to separate the operations of the two buildings
and thus cost collection was abandéned for thege operations;

7

9.4.,4 The brickwork and blockwork was undertaken by another'
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9.5

. labour only sub;c0ntracto:.and; as he was concerned with only

this operation, his costs were simple to collect. Significant

savings were made on this operation which'the.contractor

‘affirms was mainly'due to the employment of this particular

‘sub~-contractor who has a good reputation.

9.,4,5 Just before the end of 1972, the cpntractor's sité
quantity surveyor left the site to work for‘another contfac—
tor and the planner, who undertock to collect the inforﬁation;
suffered an illness and_Was away from work for two months, No
temﬁorary replacement was made and consequently when he did

return the requisite records had not been kept,

' 9.4.6 The problem of uncollected records was further

aggrﬁvated by the formwork an&'reinfofcement sub-contractor
undertaking other operations, e.g. first and second fixing
for.which it was also impossiﬁle to deduce the.separate costs
for each heading. Delays and variations (over 200) had so
disrupted the original programme of works thatthe office
block'haa to be con;tructed concurregtiy with the stbres
block., Each block was using labour for short periods in
rotation which it was impossible to seéparate out. The
planner relucténtly thought that it was impracticable to
continue and, in view of the time limit for this thesis, the

test was halted,

Conclusions

9.5.1 From the limited tests c¢carried out on the New Method

it appears to work extremely well in estimating and can make a

© valid contribution to accuracy even when only unsophisticated

refinement techniques are available. It is hoped that
greater estimating accuracy will be achieved when use of the

Method is accompanied by more sophisticated refinement
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techniques,-e;g. de%aiied régression‘analysis,‘ﬁhich haﬁe been
developed from the feedback results from previous prﬁjécfs‘
cérried out under the Method. |

9.5.2 The feedback test did nbt achieve many ultimate
satisfactory'fesulﬁs. Although-co#Structidn_projects;aré
notoriouslj variable, it was felt that the disturbances on thié_
particular site were nmuch ﬁérse than the typical situation.
This was mainly dué to the complicated labour problems during .
~the national building strike, coupled with the‘ex6essive‘num5er
of varjations anﬁ disruptions to programme;- Whilst accurate
costs were collected for the substructufe of the stores block
and méy prove useful; the éupepstructure was, in the main,
unsaﬁisfactory. This, ﬁnfcrtunately; has supported the
hypothesis that accurate costs are impossible to collect énd
assign to a large number of headings. Futufé feedback fesﬁs

- should limit fhe number of headings to an absolute maxiﬁum of
20 and, where there is more than one building to be constructed
during the same time period on a common sité,'thé values and_
costs of like operations for the differént buildings must bé
aggregated, However, even thoﬁgh the tests were not entirelj
successful, the Contractors did obtain'some usefulrinfOrmétion
and théf commented that it wés a vast-improvement-on their
present systém. It was anticipated that future attempts at
cost collection would not be so affected by the diéruptions that

happened on this particular site.
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CHAPTER 10

Conclusions

10,1

10,2

Estimating as it i1s, in the main, cﬁrfently'practiced is an
art rather than a science., Little use is made of (accurate)
guantitative methods in cost prediction with the result that

estimating is not very accurate at present (Chapter 1),

Pressures are exerted on estimators to impfove predictive
accuracy but the level of the performance achieved on site is
not within the estimator's control., An estimated cost may

coincide with the achieved cost for one project (and, there-

fore, be‘consigered accurate) dbut for another similar project

there may be a large disparity. Eowever, studies have shown

that there would bé considerable value in improving the

caccuracy and the gpeed of estimating (Chapter 1),

-10.3

10.4

10.5

Estimating accuracy should be improved by interpreting the

results of achieved performance bhut the dearth of non-existence

"of such records makes the introduction of new quantitative

methods difficult to produce in the shori term (Chapter 2).

Feedback of recorded costs of achieved performance by means

of a classification system is not currently very successful

and is intrinsically unsatisfactory (Chapter 3),

Regfession anal&sis-éppliea globally to the tender prices of
similar types of puilding achieved a measure of success for
those types‘which are constructed within a closely defined
system, This technique ﬁay prove useful for client or
contractqr application where an extepsive standard type of

building'prOgramme is envisaged, Further research is stiongly
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10.6

10.7

10.8

10.9

10.10

.advocated in this field but as large ﬁumbers of datg ére
‘required, it should be undertaken of‘spbﬁsbred by an
approﬁriate oréanisation, e;g. a -government department.
However, with the exceptioﬁ.of spécial-situations ﬁaving
:fairly limited va?iabiiity, it does not seem_appropriate

for general application (Chapter 4).

-

Methods of estimating should provide for the ready comparison
between predicted and achieved costs for use by the
estimator and to monitor the achievements of the contracts

management (Chapter 2).

Methods of estimating should select the cost important items
and providerfor the refinement of the figures for such items

(Chapter §), _ ' :

Methods of estimating should be flexible so as to accomuodate
alternative Bill formats (Chapter 2). = Provision should be
nade for the separation of operations during estimating

‘even if such separation is not made in the Bill (Chapter 6).

Methods of estimating should distinguish between the cost
categories of the elements comprising a tender which have
different variability and each should be treated

appropriately (Chapter 7),

The New Method of Fstimating described in this thesis
(Chapter 8), complies with the. foregoing conclﬁsions and has

been tested before an informed audience and in live situvations,

" At a recent luncheon given by the Editor of Construction News,

a description of the New Method was given to seven senior

estimators, This has resulted in an approach to the author
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to demonstrate the Method to a company with a view to its

future adoption,

10.11 Thelépﬁlicatioﬁ of détailéd regressionlanalysis to dpéféﬁidﬁ
‘costs appears to be:the most hopeful méthod 6f achieving
'reliable feedback of performance for subsequent'estimateé
(Chapter 5). It is ré;ommended that further studies be
underfaken to investigatg this'appfoach if such costs are

coilected.
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- APPENDIX 1.

HISTORICAL DEVELOPMENT OF ESTIMATING.

1.1 Estimating from Norman Timss until the 16th Century
1,1.1  Fairly comprehensive building recﬁrds for. this pepiod
are kept in museums, libraries and bublic records. offices )
but as most of them are in Anglicised Lafin, thesé documents
can only bertranslated by expefts.
1.1.2“. The various élients_supéiviéed their own develqpméqts
qdmbining fhe‘role_of architect and ﬁuildér.- The Statute
of Labourers in-fhe #hifteenth‘century fixed a mandatory
maximum for wage rates:énd the Crown could impose penalties
on employers of workmen who disregarded £hé 1éw. ‘ Thié; in
theory, gafe stability to labour costs but some good workmen
'_wére-paid-ih excess of the maximum as an inducement and this
frend wés increased by the scarcity of labour caused by the
Black Death (1347-.'50). |
1.1.3 Most major projects were built by separate teanms of
workmen.g:oupéd in a.Guild-type structure., The craftsmen
were under.the supervision of a master-craftsman who usually
ﬁroduced the working drawings. |
' lti;ﬁ At fifst; the workmen were paid on a day or weekly
basié so that no estimate was neéesséry-as a_prciude to a
contrgct_bf émplo&ment. The frudént'cliént would no doubt
have satisfie& himself that ﬁe had the.financial resouf&es
to complete a project by making a cost estiméte of the proposed
‘wbrk. There are no records as to how.this wagrdone_but the
_ X _ '
fraternity of the ariétocracy may have allowed comparitive

cost estimates to be made from the recorded-cDSts of completed

w ork, The stability of wage rates and the'similarity of
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cohstructioﬁ facilitated these comparisons.
'1.1,5 However, the construction period for larger building.

works usually extended over two or three centuries and the

cbét records included for alterations and repairs.- This nade

comparative costing a hazardous and difficult proposition for

larger buildingsr

1.1.6 Piécg-work payment was gradually introduced from the
middle of the fourteenth century, e.g. a mason-layers rate

for walling at Langley in 1366 was 66s, 8d, for a perch of

21 feet., Piece-work reduired the master-craftsman to eétimatej

the number of man-~hours needed to complete the unit of work in

" order to negotiate the rate for'payment before work dommencéd.

The craftsman specialized in one particular trade using

fairly repetitive design and construction methods so that this
. was not a difficuit'tésk, Presumably, he bore the risk or

liability when his calculations were in error.

© 1.1,7 Once riece-work was established and unit rates were

1I2

generally recogniged, the client was able to make'his own cost
predictions based on the anticipated quantity of work., = Material
costs could be obtained from local suppliers when these wére

not supplied by the 6lient and'piant consisted of simple-

hand tools with scaffolding cut from local woods. ' As the

client employed the men directly, there were no profit margins

to be considered other than those for the master-craftsmen,

which were included in their rates.

Estimating in the 17th and 18th Conturies

1.2.1 The 17th century saw the development of a specialist
who was able to co;ordinate the work of the economically
separéted and competing groups of workers. " This person, known

as the Architect, came from the ranks of educated gentlemen,
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who had had the necessary experience ;nrconstructing buildings
for théir own‘purpdses..- _
1.2.2  The Fire of London 1666 added inlﬁetfu_a to the trend for
the employment of an architect and theienofﬁous amount of
re~building proved foo great a‘demand on the eiisting contracting
strubture. The deieloping Boufgeois econdmic culturelevqlved
the building craftsman as an entrgpreneur and the néw
commercial building éyganizationé tqndedlto épring from
enterprising craftsmén‘froﬁ the oid Guilds.

1,2,3 The WOrk was let to trade contractors as a result of
competition on a schedule of rates, or on a primitive ﬁill
of‘Quanfities which was remeasured on completioﬁ. Whils£

the trade contractor was able to estimate-his costs as ;n the
.previous century, he was not skiiledlin the mea;urement of the
wofk. | There'was no standard method of measuring work and

the trade contractor felt at a'disadvantage in relation to the
educated architect, who agreed the amount of money to be pald"
'by the élient. In consequence the trade contfactor appointed
a ﬁan, who was as skilled in calculating as the architect, to
measure the work and negotiate payment 6n his behalf.

l.2,4 These men became known as measurers and opérated the
system of mecasure and value; the value being based on- the
tfade contractor's schedule of rates, These measurers becamé
highly skilled in pressing their ciaims and the architect, in
sclfndefence, had to employ a measurer to act on his behalf,
This éituation'gave'rise to intense and.bitter complaints and
1itigatiqn. |

1.2.5 Certain units of work wére established, e.g. rod of
brickwork, s@uare of carpentry, square'foot.of glazing, fodi

run of masonry, but the contents, inclusions and exclusions
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1.3

of work within theee units were subject to 1oca1'custom.'

1.2.6 Advance estimates of cost required by the client, or by

- the 1667 London Building Act for the cost’ of replacing the

burnt houses, were prepared by the Architect and ‘his surveyor.

These estimates were based on the cost per cubic or square foot,

or an embrycnic trade by trade Billﬂof'Quantity which-did'nct

_ form part of the Contract.

Estimating from the late 18th Century to the present day,

1.3.1 Towards the end of the eighteenth century, this pattern

" ..was proving to be unsatisfactory. The Industrial Revolution'

made increasing demands on the building industry by changing the
character and complexity of building work. The country was
also suffering from the stresses and demands of the Napoleonic

Wars, . .

1.3.2 The need had arisen for one contractor to be responsible

for the supervision,‘co-ordination and contrel of all the

building cperations. This need‘was‘fulfilled by one of the
craftsman entrepreneurs taking charge of the whole construction

process through a single contract from the Architect.

'1.3.3 This perSOn'was usually a bricklayer because bricks
_being the principal building material, he tended to be larger

- and have more capital at his disposal than the other trades,

. 'He incorporated the other principal trades within his own

organisation and sub-let the other specialist trades.
1.3.4 Contracts were let on a competitive basie and each
Contractor would employ a measurer {0 measure or guess the

quantities fron the drawings, The estimate was prepared by

an estimator, in smaller firms usually the principal, who was

initially only experienced in one ‘craft. The estimate for
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the remaining cfafts were ﬁade.either By coﬁsulting one of

the company's trade fbreﬁeﬁ or by obtaining a qﬁotation from
a sub-contréctob; As‘thé system_efolvéd the estiﬁato: gained
knowledge aﬁd experiehcé df the rates, labouf‘and-métefial |
. constants, and mode of measuremenﬁ of the other tradeé-unti;
he was able to dd,the whole pfocess himseif. |
1,3.5 The quantitieé measured.by the.COntracfor were'noﬁ
récognised in the contract and payment was made on a measﬁ:e
and value basis, .There wag no guarantee that the contract
figure would be similar to the final paymenﬁ and fnqﬁent overJ
‘spending on govénnment contracts, e.g..Buckingham Palace 1828,
'céused public anxiety. | |

1.5.6 In ordef to ensure that somé neasure of ceantrol éould
be exercised on the client's financial commitmeﬂt, Bills of
Quaﬁtities vere ﬁeasufed from the drawings and sent to each
COntractér, e.,g. Houses of'Pérliament 1834, These Bills
lfofméd part'df.the Contract, The Bills were broken down
iﬁfo'frade groupings for ease of estimating which is still

the nmost éommon format used today.

1,3.7  Estimating unit rates was still a hazardous operation,
particularly on a national basis, because the measurement

_and description of bill items faried-according to local custonm
and the persbnality of the Quantity Surveyor, Unless the
estimator was fémiliar with these cﬁstoms he couid not know
wh;ch detaileé work items_should,be.includéd in any particular
rate,

1.3.8 The first edition of the Standard Method of Measurement
intreduced in 1922; standardized the method of measuring work
in Bills of Quantities, This alloewed the Estimator to build

up common rates from standard constants of labour and material
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etc, The subsequent revisions to the methed héve,
continued the basic phiIOSOphy'and hence estimating has

developed into the present form,
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APPENDIX 2,

CURRENT METHODS AND CONDITIONS OF ESTIMATING

The following observations‘are the result 6f an 1nformal_
survey carried out by personal interview with chief estimators

of iarge'aﬁd medium size construction firms.

2.1 The Accuracy of Estimates

2.1.1  Estimators believe that the primary purpose of estie
matiné is.t§'make a forecast of the cost of qonétructing thé |
worké._ |

2,1.2 Although each vroject will have only one uitiﬁate
actual cost, this cost will vary for different contractors
depending ﬁpon their efficiency and skill, If a mean is
‘taken of their theoretiﬁal actual costs for ore project, fhe

distribution may be speculated as follows :=

meon
L
J
14
5
)
3
v
LT
coskt

The distribution is skewed because it'is extremely‘difficult

to reduce.costs below the mean in construction work.

2,1.3 It is the duty of an estimator to predicf the aétual
cost for his compaﬁy and this cost may differ from his.
competitors due to .the relative efficiency of the firm. His
‘own estimate ﬁill differ-frOm the actual cost because of the
difficﬁlty in forecasting, There scens tp be a consensus

of opinion auong research workers wﬁo have studied this problem’

{Ref, 13, 14, 15) that the limits of accuracy are at best plus or
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minus 10% normally distributed és_follqws t=

‘P:c\‘u.o.l, cost

frequency

—10% Estimales of cost +10%

Many of the estimators beliéve that their own personal limits’
are plus or minus 5% (see Appendix 5, ) but it has been shown
by Dr. Barns (Ref. 15, ) that inaccuracies may be far greater

than this in practice,

. The THime available for Preparing an Estimate

2:2;% It is normal practice for the client to state in the
tender documents a date by which tenders nust bé'submitted;

The length bf time allowed varies with the size of tﬁe confract;
emall works being allowed about two weeks and contracts in
excess of £lm, about 6 weeks, .Some clients allow mo?ertime
than others; it was consistently noted that the Department

of the Environment allowed more_time than other clients, The

' average time allowed was between three and four weelks,

2.2,2 | Most Estimators felt that about four weeks allowed

.sﬁfficient time to prepare the tender but great difficulty

vas experienéed in obtainiﬁg prices fron %heir own potential
sub-contractors and suppliers. Upon receipt of thé Bill,

the relevant sections were abstracted for external arotations,
cqpied_and despatchcd; However,Aas time progressed, estimators
normally had to télephone the various sub-contractors to exert
pressure for é reply. Frequently the estimators were

compelled to use verbal quotations or, as a last resort,

160,



2,3

"insert 'cover ratest,.

2,2,3 Whilst most estimators did not require more than four
weeks to prepare an estimate, they would, in fact, like more
time as it helped to alleviate the work load at any given

period.

Personnel Used in Preparation of an Estimate

2,3.1 It is common practice. for ahe estimator to be_uéed on
contracts having a value of up to £1 million.- Contradtors

feel that it is beneficial to héve one man who, by job
familiarity, can éﬁpreciate the cost consequences of the

design in each of the work séctinns. ~ As mentioned previously,
the time elemeﬁt is sﬁfficieﬁt for‘thiS'preﬁise especially
wheré much of the work is.sublét. | '

2.3;2 It was noticed dufing fhe survey that most estimatofs
éeen té be 'Senior Estimatorst, l.e. persons who would be
responsible fdr the‘preparatiOn of‘the complefe estinate,
Little use was made of juniors except on a fetch and carry
basis. -‘Estimators seemed to have'a.surveying background,
transferring to estimating at the senior levei;‘

2,3,3 The task of obtaining quotations for materials and

sublet work is frequently delegated to the buyer, who works

in parallel with the estimator. The present tendenc¢y is for

the contractor to erect only the basic framework of the Job

containing trades such as excavation, concrete, brickwork,

etc, The remainder of the finishing trades is sublet to

specialist firms, This domestic sub-letting combined with

the Prime Cost sum -work nominated by the Architect, reduces
the content of the work executed by the Contractor to a small

percentage of the total value of the contract. Hence the

' estimate for a company's workforce is related to a relatively

minor percentage, the buyer playing an increasingly important
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role in the productlon of an estimate,

‘2.3.4‘, It is the chief estimator's task to vet the prices
pfépared by the seniOr_estimator and, in conjunction with
the tender Adjudicatio'n pan.el,. to co'mpu'te”the bid figure.
Whilst he seldom adjusts the prices'because of error, he can
make frequent alterétions, depending on company policy, for

- profit adjnstments;- The adjustments may prove éhat'unit |
rates are merely a means to an end and not a true reflection
of the cost of the work. Many estimators insert ratgs which
they know are acceptablé to the Chief Estimator rathef than

.‘_ a true estimate of the cost of the work,

2.4 The Success Rate of Obtaining Contracts

2.4+1 The ratio of Succeés to tenders submitted was found to ﬁé
exfremely variable., At thé end of 1970 the ratio for
different conﬁfaétors was from 1 iﬁ 6.to 1 in 9. Many
estimators felt that the building market was running at é low
lgvel at that time and tﬁ&t.it did not reflect théir.normal
success rate in the pést.-
2.4,2 The above figures are ércss: estimétoré felt that for
jobs which particularly interested the company, the success
rate was 14in 4-5, Within a firm, individual estimators
may have a greater success rate than their colleagues
particularly ﬁhere_their work was'not greaily-affected by the
bidding panel. - One individual interviewed went for ten months
without obtaining a contract. Firms tend to be more successful
in c¢ertain areas in the country where they have previous
experience of operations, A greater success rate is also
cbtained for the type of work in which a firm may specialize, -

This may be attridbuted to greater confidence in thedir costing
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2,5

system or the exclusion of risk items.

‘244.3 . No evidence was found to uphbld the professions

belief that COntfactors.ére constaﬁtly.obtaining cover prices
to aﬁoid the risk of exclusioﬁ ffom.future inviﬁatisns..
Those interviewed adnitted that'théy-were more inferested in
some Jjobs than in others but they wanted all the jqbs for.

which they tendgred; It was theif practice to return

| invitations if they were not interested in cobtaining that

particular contract,

Methods of Pricing where Bills of Quantities are Provided
by the Client

2,5.1 Estimators tend to follow the recommendations sgtl
out in the Institute of Building ?uﬁlicatién, ;Code of
Estimatiﬁg Practicet, for tﬁe original build-up of the
estimate, | .

2.5,2 It is normal practice to obtain fresh quotations

" for materials for each separate contract although occasionally

prices are used from previous recent estimates,
2,5.3 Allowances for waétage on materials are usuélly the
percentages commonly used throughout the trade.  Hone of the

firms contacted had any proven figures or had instigaﬁed any

‘studies to ascertain the current value,  Abbott (Ref., 17.)

found that wastage of material on site was considerably in
excess of that normally allowed, Material constants for the
unit rates were based on experience or handbooks.

2,5.4 The labour outputs wére based dn experience or derived

‘from the firm's list of standard labour constants.,  These

outputs were nodified as a result of previous representations
by site personnel who found the figures incompatible with

cutputs achisved in practice, It was noted that only adverse
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site reports were received - presumably those that were in '

the sitets favour were concealed in order to enhance the site's
apparentrefficiéncy. :ﬁost firms have tried to.ihstigate a
feedback system from.their cost and bohus schémés but no system
- as yet dévised was aﬁle'to givelap'efficient seriice.,
2,5,5 Thélgreatest apparent accuracy in forecasting labour
" costs was found in the firms which emplpyed labour-only sub-
contractbrs, paying them on thé quéntity‘of.permanent'work_
constructed, e;g. £x, per 1,000 bricks laid.
2,5,6 The larger eoﬁtractors owned the majority of their own
plént or had their own plant-hire subsiduary company. Nofma;'
- hire rates were'included in the price.build-up; bgt the.
machine outputs were liable to the same variancies as described
for labour,. o
.2.5.7, A.pe;centage‘wasaided to eagh.rate for normal profit
and estabi;shmeht overheads,
.2,5,8 The built-up rate may be-subsequently adjust on
account of the following_:? o |
(i) Where it is apparent thaﬁ‘the quantity in fhe
| Bills is deliberately or accidentally overmeasﬁred,
the rates for these items are reduced and the
balance added to other items,
(ii) Conversely the rates for undermeasured items
are increased.
(iii)‘The rétes for work carried oﬁt early in the
contract are increased and- for work carricd
out at the end reduced, to improve thc‘gash flow,
(if) A goad knowledge of cost limits iﬁposéd by‘thg
client will indicate whether therbid figure

will need to be ad justed by subsequent agrece-
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‘ ﬁent between the parties. _Rates.in likely
arcas of proéosed variatiﬁns can.be priced in a
favourable manner.

(v) The Bidder, in considering the estimate, will
frequently make adjﬁstments for profit and risk

' dependent upon ﬁarket conditions., The adjustment
is made-by either modifying all tﬁe items in the
Iestimate, or, more usually, modifying the itenms
in the preliminary Bill. The-latter method has 
the adfantage of speed and reduced error poteﬁtial
especiélly where the tender/eéﬁimate difference
is relatively small,

2,6 Methods of Pricing where Bills of Quantities are not Supnlied

- by the Client

2.6.1 In negotiated contfacts and package deals,leither the
surveying séction of the Contractor's organisation’or his
exfernal cousu}tants prévide the estimator with a Bill of
Quantities from which fhe‘tender is prepared.

2.6,2 Estimators prefer the work to be measured in the great-
est possible detail anq to be in accordance with the rﬁles of
the Standard lethod of Méasufement.

2,6,3 In essence, the Estimatorts work is similar to that in
which quantities are provided by_the.client_with the exception
that the maasured data are possibly not as accurate and not as |
well specified because of the time factor in_its preparation,
2.6.4 Where this time factor ﬁecessitates the use of an
abbreviated 'all-in! Bill, reactions are not favoﬁrable_as :
soxne difficultics are encountercd with the sub—contracfors.

Estimators are able to price their own executed work quite

adequately in this case but they resent the lack of detail

105,



A 2.

ep——

provided by the non-measurement of the subsiduary work itens,

This resentment is ili-founded as studies éubsequently
discussed have shown that it is imbdésibielﬁo'érice the
éubsidua:y_itemé with any abquracy. |

2.6;5 _ The‘systg@ may Ee different ﬁhere thg contractof:bids
to ergét his own.building system. Cost accounts for past |
perforﬁance ﬁéy bé based-oh pperations or cqnstrﬁctioﬁ
elements which can‘bg used in the Build up of the estimaté

under these headings,

Dbcﬁmentation Sﬁpulied by the Client
2,7.1  The client's Architect usually supplies the estimator

with a copy of the Bills of Quantities and 1/100 scale drawings.

One or two cases were reported where the latter were only

available for inspection at the Architect's office or
obtainable if the cost of reproduction was paid. D.0.E.

frequently sﬁpplied a full set of drawings which were welconmed

" by the estirators although they did not make appreciable use

of those shoWing greafer'detail.

2.7.2 Estimators uée the drawings for pricing of work which
cannot 5e quantified in the;contract docﬁmenfs. The more |
frequent exampleé afe plant utilization, t&pe and repetition
of formwork, 1lifts of scaffolding, security, access, working
space, site ﬁlahﬁing, phasing, extent of éxternal vorks and
poéition of existing services, It is interesting to note
that with the excepﬁion of the first two items the remainder
can‘all be ﬁlassified as 'preliminaries?t. |

2,7.3 Specificétions-are congidered obsolete. The quality
of the-wofk is.tﬁought~to be adequately described in the
Bills, - Cﬂntract mahagers find schedules and annotated Bills

particularly useful,
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: 2;7;& There ié'considerable'éﬁbositiOn.to the use of

' elemgﬁtal bills as any éésisﬁancefthey gave 1n_lo¢ating the
work.items_iﬁto the éompoﬁent paffs.of the.building-ﬁas off-~
éef-ﬁy the ﬁiéadvanhage of having to.abStréqt.commoh'éubftraded-
work.frOm several elements. 'lA refiﬁement of the E;emental'
Bill is the Séctionaiiéed Trade Bill v}here"dj.f.feririg'

tradés within én element are kept on separate pages of
different coloured paper. This permitted collation of like
trades by shurfling the pages. None of the estimators

o intérviéwéd-had expefiénced this format.but:they felt that

it would overcome most of their objeétions to elemental_forﬁat.
2.7.5 _iNohgibf the Estimators interviewgd had had.experiencé
of 0perationalror activity Bills., - Tﬁe few Estimaﬁorslthéf

had priced a iocatioﬁél'Biil; i.e. a Bill with an appended
matrix apportianing the gross.quantitiesbamongsf predeternined
.suﬁaivisions.of thé building, considéred it offefed-no paﬁticuiar
advantage for estimating purposes, Estimators'prefer to make
their an Quéntity aésﬁmpinns from.the dréwings. This opinion
may change if the use of this typé of Bill increases with

. computerisation of Quantity Surveying methods,

2;7.6 Where the antragtorlis given greater‘requnsihility for
fhé design, e.8. package deals, negotiated cpntfacts of wifh
outline layout drawings/ performéncé spaecifications in coﬁpeti-
fiVe contracté, the.méthod dnd sequence of 'communiéétions'

is remérkably similar to the situation when the client accepts
full respoﬁsipility for the desigﬁ. The main differehce

fram the latter is that the architect and quantity surveyor
lafe‘éither menmbers of the contractorts organiéation ar, mofe
usually for small countractors, independent professional firms
selected dhd appeinted by him, The detéil ﬁrawing and Bills

usually follow the traditional pattern,
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Tendering Conditibns

-pricing for subsequent projects.

2,8,1  There are eight bagic types of brodeduﬁes for létting‘

contracts. Thgse'are open qompetiti#e. selebtivg'coﬁpetitive,
negctiated either ﬁitﬁ 6r without competitipﬁ, péckége'deals,,l
serial contracts, developmenf cont:abts and cost réimﬁuréement,'-:

2.8.2 Witﬁltﬁe ekbeption 6f coéﬁ reimbufééménﬁ, cﬁrfent‘  o

estimating procedures are similar for each of these ﬁypes

‘especially where theré is one building to be constructed,

However,.when there has been ejther a previously priced bill .

' for a similar job_byithe same builder, or a notatidnal bill

prepared for a serial contract, ¢onsiderab1é.f1exibility may be .

allowed in the formation of contract documents and method of

.

' 2.8.3  Present techniques in serial contracts seem to follow

- elemental pricing as cufrently practised for cost planning '

purposes, The ofiginal Bill is prepared in'éiemental format

and priced in the normal manner, For subsequent projects of

an idéntical nature the totals are updated for increased costs
probably by means of an agreed formula or index. = Where these:

jobs_are of similar construction and specification but differ

~in size and shape, quantity factors are measured for the new

work and multiplied by the updated elemental unit rate,

2,8.4 Whilst'this-latterAtechniqueiis fairly eéxpedient it '
does not alwajs take into account cértain constructién ihcfors
ﬁhich nay affect the pontractor's costs. -Iﬁ relies to quite a

1arge'extent on the integrity and good will of both parties,’

2,8,5. - If a cost model could be developed, e.g, by iégressidn

aﬁalysis, which takesrinto account construcfipn difficulty
factors, its use would be particularly valuable in these

cages,
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‘The Use of Estimated dataiin the management of the Contrédt-

'2,9,1  Prior to construction of the work, the project planner '

prepares the lohg and medium term plan, This is normally

- based on the pre-tender pian.prepared for the estimate,

although as time is availaﬁle for greater forethdughtland.,
effort, it is not unusual for there. to be_differences betwegn
them, Planners consider that the pre-teﬁder.plaé'provides a
useful basis on which to work especially if they ﬁad‘personally
prepared the original. Whefe a plannér did ﬁot pfeﬁare'the |
original, the clash‘of pefsonalities invoiﬁed increases the
possibility of radical amendment,

2,9.,2 VWhen necessarj-bulk orders are placed for various

' materials using the quantities measured in the Bills at the

cost given in the ofiginal or subsequent quotations, The
exact quantities and phasing of deliveries are measured from

the drawings and schedules with the Bill figures used as a

' check, Locational bills were found to be of great assistance

in this process but it is interesting to note that many Bills

incorporaﬁe a clause disclaiming liability for‘extré costs

involved in abortive or erroneous ordering of materials based

on quantities measured in the Bills, However, the mode of

measurement as expressed in the Standard Method virtually
precludgs ordering direct from the Bill and separatg
calculéfions éﬁd assurptions havé.to be made.

2,9.3 ° Conplex problems are encduntered.in translating the

forecast labour requirements into a form which is compatible

.with the various user fequirements. Many solutions are used

and have been propounded but none are entirely successful,
- / :

The most desired requirement is the incorporation of the labour

costs into the Cost and Bonus Schemes, However, all those

loa,



1ntervieued found that such costing systems are either extremely
difficult, or too expensive, to operate. Bonus schemes can .

be run from agreed outputs whether or not these have been
incerporated'in.tte original rates. The most successful

costing scheme is the monthly reconciliation statement, where

the 1abour, material plant and sub- traded costs are compared

_with the measured value of work completed This value is

‘-based on the estimated rates 1nc1uded in the Bllls of

2,10

Quantitles.

The Use of Estlmated Rates in the Finsncial Settlenent of
the Contract

2 10 1 Subsequent to the tender bid the estimated data are

put f£o their greatest use in financial settlement w1th the

client. Under present contractural conditions the rates

form part of the centract and strong emphasis is sade in
utilizing the rates for the preparation oflinterim paymeqts,.
4the valuation of variatiossland the Settlement ef the Final
Account. This will impose unfortunate consequencés on the
contractor where the original rates are in error and where

no account is taken of the loss caused by disturbance end‘loss_

of continuity in production.

2,10.2 1In cases where the Contractor simply subnits a lump

sum bid] schedules of rates, stage payments, etc, are agreed
by negotiation., This method seems to work reasonably well

in practice, especially where the work is not varied to a

large extent., It is not found essential for the detailed

estimated data to be used in the financial settlement of'this

work,
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APPENDIX 3. -

Data, computer outputs and graphs relatlng to regression
analysis of schools and factories.

n

List of Contents :

Eig. 2-25‘ ; Example of Pro-forma used for collection of regression

" 3:3 ) variables.

"3 )

" 3.5 ) Measures of regression variablez for schools

" 3.6. . ) projects.

" 3.7 )

it 3,8 Ditto, for testing purposes.

: g:io ; Computer program for producing schools statisties.

" 3.11 Schools statistics,

" 3.12 Comparison of actual with average costs, _

F 3;13 Plot of actual with average costs by floor area.

n -3.14 Plot of actual with average costs by functional ﬁnits.
3.15 Regression model for schools. - _

" 3.16 : Comparison of actual with model prediction for schools.

] -3.17 Plot of actual v.'predicted costs for schools.

no 3.i8 " Result of test on model for schools.

n 3.19 ) ‘

" 3,20 )} Measures of regression variables for factories.

" 3,21 ) -

" 3.22 = Computer program for producing factory‘statistics.

" 3.23 Factory statistics..‘

n 3.24 Comparison of actual with average costs.

" 3.25 Plot of actual with average costs by floor area.

ﬁ_ 3.26' Regression model for factories, | _

n 3,27 Comparison of actual with model. prediction for factories}

m 3,28  Plot of actual v. predicted costs for factories,

: 8.29 ) Result of testlon model for factories,

3.30 )
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FULTIPLE PTGIESSION A BLYSIS DATA SHETT —

Project name CI/3f8 ! Pixed wrice. Fluctuations labour
Gseseanesssesassesss lu leil Enﬁinieer‘ing . . f;';aterial
'..I'---.c-;.-p-UCIO-- 2. TI‘anSpOI‘t Indust'l s .
LN B B BE B B N ) .... P s s 0 eea .. - 3. Administrative Bllilding Type
. -4, HJealth and ifelfare ‘ -
Client - Private 5. Refreshnent Enter 'at] 3rick Traditional Fraaed
Govnt 5. Relizious ' Steel JRat/Trad - - | Unfraned
L.A. 7. Bducational -Cultural Concrtte Systen
erial o ‘ 3. Residential
” LB : : Tender
L I I B I AN B N N R R R N . - comljetitive AQgOtiated Pac-_:a{:e
TIMUPE AT YARIANLES
Tode Taue vethod snd rules of caleculation , Total
' P Luverisl Letric
TOCOST : . : 3 ContraCt Sum c}:-.--cooooo.ooo-.
. Less Substruct. Zevecencescens
Drainzre Seesassanrssns
EXt’l .‘l;r‘{s 3........-.... ) '
2 B !
]
i =
]
|
?"-:ICOST . ': T’)cgg-j.‘ ) -:.-‘l’ LK I B BB BB A ]
i Yo. of functional units
i
COSLI 5 TUZo%E Leseereneeanes

Pernitted cost limit

£ '
L I I R A R N )

112. f!g no 3-1




Penendant

VYariahles

A 3,

L

. : ot
Coue lauze tethod and rules of calculation Inperial Hetrie
. ) ) . ’ —12_
FLAREA Internal floor area enclosed by external E I
' walls
‘Ho. of functional units Mo, .

.
a0,

ESIAFPE

Ext'l perimeter of Bldg .o
‘Gross floor area neasured

over ext'l walls
Square root of 'h'

'a'tc-occnnui

- 'b'l..c

«oft = 03

it o=
. i

he
Ict?

[ R R

LI I

'C'...o........

L]
STLAREA Area of walls essssssssurenie
area of windows cessessrsssenes
area of ext'l aoor cermseBEI B E .
area of fascizs eveseencssanas

PTAREA.-o..--.:-.Q...

it n
OPYLY Area of windows cncesssssasessns
area of dOOrS tsss e e bt tru bt a
=141
'd'l'l‘...l'...-l.l.. —
- e SRS e eSS E A
1"[L-’“-;F:.’"Ill.llll.il.l.l
ROOUNO Sum total of rooms
CIRCRA Area of corridors % halls eeseesecacoccscess _
p =
FLATIA
PSUSRA Subsiduary areas sevecvessesansen
Prine function area@s .s.vesescesessncas
srQud Average floor/floor of Floor/roof heizk ot n
SFDOR_TO »"I.I.A.‘gﬂ.'.l!t . A s v e s P aABLsEsS
Ground f{loor area e essvereasratas
PIATNTA Area of int') walls ceresrrrasstenas
area of doors et terberurranene
area of screens L B R B I BN N B B RN B A
: 2 L2
ft )
" OPPTRA Area of doors sercestascrrrane
area of screens sressasasssaarane
= tgt ;
1
'e' S % & & & 0 S S DR — . - ‘
& F 8 9 8P 8RS e e PN
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RPARZA Gross area of coverings including 2 5
roof lights ' ft K
INAREA Area of floor Ffinighings seisssresrsssnns
: area 0f wall finishinZs .ieecescesesssasn
B.I'ea Of COiling finishincst.l..ll‘.l.l.!‘ .
£t o
SPANLG Average long span ft m
SPAHSH Average short span ft n
SAHPIT Total number of sanitary fittings ete, HoW ia
- HEATLO ‘Phermal requirement of Building ooy 9
COIGRES , L+ 1L
Area of site teecasarsateeererenns
SITEAC Lencth of 3ntrance I.I.....O.‘.‘_..i. =
‘ Perineter of site sereaassacsasran
BLOGAC Bldg perin. available for acCess ssesceevscces = '
Bldg nmerimeter tat Cettsverassenn
3LDGIM Contract period in .ontas
BLDGIX H.P.3.Y index:(date Of CONtrACt.esvesessasoneerns
SITEDS Distance from Contractorts office to site uiles km
SERLEY Lenzth from nains connection to building N
gaSIODUQ!.II"QIDQ '
\'{atel“...-.--.....-..
.electricitbytli'l....'i.. i
¥hs n
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"GTT

Variable

School No, i School No. 2 School No. 3 School No. 4 School No. 5 School No. 6

TOCOST
FLAREA
FXUNIT
ESHAPE
WLAREA
OPWLRA

ROOMNO

 CIRCRA

PSUBRA
STORET
PTAREA
OPPTRA
RFAREA
SANFIT
CONGES
SITEAC

WFAREA

56575
10041
255

6751
0.392
32
0.033

0.084
10

7675

0,178
10724

51

0.077

0.049
2674

60444
11381
285

1,767
7259
0.465

40
0.041

10
9769

0,100

12127
65
0.097

10.068

3377

65685
14519

320
1,293

9388

0. 481

50

O. 043

0.109
10

11268
0.122.

12740
70
0.082

0,070

4518

62864

11068
285
1,617
8087
0.416
29
0.019

0.057

10

. 8283

0,121
- 12329
58 :
£ 0.096
'0.0614'
3363

128169
24219
575
2,100
16848

7

0.043
' 0.114
’10 "-

167863

0,144

25346
120
0.097
0.169
9497

1.633
- 8829
' 0.558

~ 0.082

. 13120

68993
12400
8 -

50

11
7191
0.176

65
0.025
0.165

4927

'fig;_-r7<> 3.4
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"OTT

Variable i School No.7 School No.8 School No.9 School Ko,10  School No.!l  School No.12
T0C0ST | 70893 132207 58378 69270 627119 64423 -
FLAREA 14458 25136 | 11126 13452 12100 13360
FNUNIT 30 , 575 255 30 255 320
ESEAPE | 0.889 1,614 1,303 1,701 1420 1.517
WLAREA fo664  118TT em 98 o1t - 9043
OPWLRA | 0.556 0,636 0.493  ouot 0438 . 0.658
CROOMNO | 49 84 38 30 B
CcrRcRa | 0.065 0.059 " 0.027 0,065 0.049  °  0.051
psUBRA | 0.20 0422 0,02 o082 0.104 0,090
storEr | 11 B T 10 - 1 10
PHAREA | 11905 19972 . 8850 8166 9345 o442
" OPPTRA | 0.127 0,02 . 0.T3 0,130 0.092 0,113 |
RPARZS | 15200 28175 BERIL- " Casatg . 2700 . 13889 |
SANFIT 70 110 S | % 52
CONGES | 0.306 0,121 027 - 0.180 0.658 0.313
sooec | o081 0455 0.214 0,087 © o219 0.9 -
" WNARFA 5934 11385 477 4498 4343 5054

fig no 3.5




"LTT

Varisble | School No.13 School No.14 School No.15 . School No.16  School No,17  School No.18
700057 53726 63722 67209 56111 71034 129727
FLAREA 10172 11873 S ozers . dossT 13645 24382
FNUNIT 255 285 320 255 . 30 575
ESHAPE 2,108 1.865  1.349 1,462 e 1,013
WLAREA 7744 10661 8033 8626 - om6 - 15958 B
OPWLRA 0.859  0.608 0,555  0.590 :ﬂ | '0.344. 0,555

 ROOMFO s 43 40 42 55 80
CIRCRA 0,054 - 0.084 © 0,040 0,045 0,055  0.050
PSUBRA | 0.096  0.164 .. 0,108 .07 0,120 . 0.128
STORHT 10 10 . 10 - to . 10 . 1
prREA | 7124 . s22 10354 7425 9806 19693

© OPPTRA 0.172 0.163  0.130 o5 0,09 0.009
RFAREA | 10976 asetr 14649 10607 . 13780 25231
SAKFIT 58 46 60 - 55 66 - "t
CONGES 0.055 0.0% 0,061 . . N 0.193 L 0.046 0.089
SITEAC | 0.155 0.05 - 0.087 0.7  0.073 0,090

o WNAREA 6656 | 6479 4461 5089 . - 3360 - o _8863'

'fig.' no 3.6
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‘Yeriable

School No.19 School No.20

" School No. 21

TOCOST
FLARZA
FNUNIT
ZSEAPE
WLAREA
CPWLRA
RCOKNO
CIRCRA
PSUBRA
STORHT
PTAREA

OPPTRA

" RPAREA

 SANFIT

CONGES

e SITEAC

WNAREA

69976
13104
285

1377

8360
0.525
41

10,060

0.116

11
10515
0.141
14319

65

0.103
0.085
4389

71974

14603

2

12797
10779

0.550
45
0,034
0.082
1
10331
0.115

15270 .

65

0.114

0,083

5932

55758
10253
255
1.498
8184
0. 381
38

£ 0.030

0.069
10
8258
0.200
10605
- 62
0.139
0.154
3119

fig no 3.7
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Variables of Two subsequent schools used to test

predictive accuracy of models

TOCOST

FLAREA
FNUNIT
ESHAPE
WLAREA
ROCMNO
CIRCRA

PSUBRA

STORHT
. PTAREA
- OPPTRA
SANFIT

CONGES

SYTEAC
BLDGTM
WNAREA

School 'X! School fY'
61274 75032
11211 12766
285 320
1,665 1,615
8120 8869
47 35
0.0575 0,0298
0.0361 0.0721
10 10
7851 10298 .
0.135 0.154
55 67
0.054 '0,360
0.082 0.071
.10 14
3619 4738

119,

fig no 3.8
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.. DEPENDENT VarIABLE. ...
. INDEPENDENT VARIABLES AT SIGNIFICANT LEVEL-
~.2. FLAREA ESWALL WLAREA ROOMNQ STORHT PTAREA SANFIT CIRCRA

VARTABLES

PR, VAP‘
NAME

-~ FLAREA

WLAPEA .

. ROOMNO

- &§70oHT

*9zl o

. SANEIT

... ClRreRA

f;;‘FUUMlT

. PRAREA

©.. . VAn
e NAME

| - Elsnsl

- RESIDUAL ERROR
MULT CORR

INTERCEPT THRM

. ESWALL

C PTAGEA

S

REGRESS]ON
COEFF

1,2865653
: 0.4805223:

w  77,3321955

© 6754.,5043648
k d.dOQZééO )
'128.9391362
 2.61587¢7
2092805072
. . 2,1186977

-, 092892E

0,997

=049

$63228F

TOCOST - -

STANDARD -

- ERROR

LATHI3L7E

. 246364F
- LA0B5NGE
L128383F

. .204164E

.790655E

111064 E

LA62190E
. 45BBG3E

LATBYPTHE

VARIABLES NOT IN THE REGRESSION
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Test on Model for School Building

129,

Variable | Regression School X - School Y -
Name Co-efficient S —

' Quantity | Result Quantity Result .
FLAREA 1,286 11211 14417 12766 16417
ESVALL 0.309 13519 - 4177 14323 4425
WLAREA 0.480 8120 3897 8369 - 4257
STORHT 6'754. 501 ' 10 67545 10 67547
PTAREA 0.0093 | 7.851 n 10298 | 93
SANFIT - 128.989 55 T094 - 6T 8642
FUUNIT 209, 280. 285 | 59644 320 66969

156845 1 68350
Less . ‘
ROOMNO | 77.332 a1 | 3634 35 | 2706
- CIRCAR 2.615 610 1595 369 964
PRAREA 2,118 10806 . 22887 11907 25219
CONST. - 69492 69492
97608 98381
Cost predicted by model 59237 69969
for first quarter 1971 ) - = )
Update for second A
guarter 1971 x 1.031 x 1.031
61073 72138
Actual Cost . 61274 75032
Percentage Erron ~ .004% - 3.9%
fig no 3.18



Factories - Information Source

 Variable | BCIS BCIS BCIS BOIS RIS BOIS BOIS BCIS - BCIS BOIS
No.29 . No,30 No. 31 No.32 No.33 - No.35 Yo.36 ¥o.49 No.50. = No.51
T0COST 140075 166340 . 37350 203865 130976 98192 35469 63007 51872 55387
FLAREA 79596 82692 13677 106376 79200 90000 24550 26541 25021 24820
ESHAPE 0.33 . 0.32 " o0.606 0;333 0,320 0.239 0.353 6.682 - 0;51 055
WLAREA 26351 26590 8315 35497 25374 - 23100 t0230 17632 14298 13965
OPWLRA 0.063 0.159 0.043 0.058 0.088  0.076 0.154 0,092 - 0,01 0,149
roio | 20 29 12 . 45 B 6 3 20 1818
PSUBRA 90. 34 85,08  88.26 8646 9798 100 95.78 78.37 83.95  84.61
STORET 22,90  19.69  16.23 2041 2205 1942 155 18.25 7.6 16,90
STORITO 1,00 1,028 .00 1,073 1,00 1,00 1,00 1,00 - 1.00 1,00
PTAREA 9711 12198 1971 21936 1552 8406 11328 4947 5136 10055
OPPTRA 0,760  0.056 0,190 0.083 0.142 . O . 0.069 005 0.071 a0
RFAREA | 80199 81324 14319 102564 BO370 . - 92034 26505 25101 30195 - 23931
TNAREA 10659 1027189, 17795 145431 83349 - 90135 . 846 . 32625 . 43857 36288
SANFIT 59 63 1" 10 13 0 e 10 27 25

fig no 3.19




"IeT

“A.J.

14

Variable | . BCIS AT, AT, AT, AT, AT, A.J. A.T. AT,
No. 53 6.4.66 2.3.66 19.7.67  31.7.68 11,1263  18.9.63  T.5.T1 19.3.69 . T.5.71 .

TOCOST 41526 32518 74076 88484 89282 46144 69166 56202 52024 52269
FLAREA | 28017 11437 29720 32000 33770 23500 37321 15047 25600 - 24080

| ESHAPE | 0.437 0,568 0.954 0.308 0.632 0.250 0,468 0.435 0.365 0.590
WLAREA 11336 | 6505 28576 9856 21352 5887 17483 6542 9344 14205
OPWIRA | 0.169 0.991 0,355 0.283 . - 0,261 0.047 0.160  0.204 0.188  0.205
ROGHNO " 28 15 . 60 57 20 14 21 32 12 14
PSUBRA | 85,21 74,32 £8.15 25,89 71.65 88,22 94,48 75,30 80.00 82,09

" STORHT . | 14.90 13,50 13,80 11,75 16,35 11 15,43 17,71 13 7
STORNO 1,00 1,205 1.00 1,00 146 1.00 1,00 1,021 1,00 1,00
PTAREA 8342 5988' - 21376 13922 11864 4950 16774 9149 | 7508 4938
OPPTRA 0.92  0.093 0,045 0,065 0.079 _ 0 0.063 0.667 0.084 0,083
RFAREA 27603 9837 31590 32850 29502 20970 31680 15084 23562 25938
IHAREA_. 13986 17487 38241 sos2s 43398 48069 44082 11583 31689 . 20061
SANFIT 48 Rt 0. 44 20 20 20 16 38

| fig no .3_'-20

L



*TeT

Variable A.J.
ST 1s.m
TOCOST 88992

CFLAREA 28681
ESHAPE 0,383
VLAREA 10994
OPWLRA ~  0.660
ROOMNO 23
PSUBRA T5.34
STORHT 16.00
STORNO 1,00
PTAREA 4983
OPPTRA 0,106
RFAREA 30894
INAREA 37944
SANFIT 28

fig no 3.21
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" Tests on Model for Factory Buildings ' =~ - A S,

Variable Regression , I Oxford Mail Factbry | Burton- on — Trent

Name | Co~efficient |{L..I. 14th April 1972 | Factory BCIS 9 (89) |
Quantity Result Quantity Result
FLAREA 2,797 51648 | 144,460 | 17240 | 48220
WLAREA 1.092 L 22053 | 24,081 | 12979 | 14173
IROOMNO | 152.885 | 99 | 15,135 33 " 5045
STORHT | 3008.993 [12.31 37,041 | 13.78 | 41464
INAREA 0.253 | 73822 18,576 | 48127 | 12176
SANFIT 164.939 | 49 8,082 - 54 | _8907_
| | 247,375 129985
. {PTAREA - 0.530 .| 33576 17,795 6704 3553
|esware 0.295 9416 | 278 | 97134 | 287
ipmnm 2.233 | 3871% 86,497 | 8733 | 19501
CONSTANT ' : _%6,848 | ' 36848
' | 143,918 | 62773
Cost predicted by model = £103,457 - g é1212
Actual Cost . £399, 565 £449033
Less substructure ‘
. drainege services and .
external works £215,888 ' £ 95179
£183,677 £ 53854
Update to first : : . S
quarter 1972 = £§-—9—:L____.,-—A‘ﬁ'—§. £ 55891
Percentage error ~50% : +20%

fig no 3.29
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' Dests on Model for Factory Buildins

Variable Regression - 12 Factory units | Factory Building
Name - | Co-efficient | at Redditch -~ BC1S - A, J. 20th August 1969
1 Quantity | Result Quantity | Result
FLAREA 2.797 55983 156,584 103,000 | . 288,091
WLAREA 1,092 29983 32,741 64656 | 70,604
ROOMNO 152.885 132 - 20,180 2 | 306
| STORHT 3008, 993 13.63 | 41,013 41 | 123,368
| INAREA 10,253 90756 . 22,961 164142 | 41,528
. SANFIT 164.939 96 15,834 5 _ 824
Less : 7 E
PTAREA | 0.530 | 25269 | 13,392 516 273
ESWALL 0,295 {56200 | 16,579 | 40603 11,978
PRAREA 2253 48252 | 107,747 | 103,000 | 230,000
CONSTANT. 1 __=6,848" | 36,848
174,566 © 279,099
Cost predicted bj model &£ 114,747 _ £ 245,622
Actual Cost o £172,793 | £1,001,200
Less substructure '
drainage services _
and external works. £ T7,661 . £ 566,706
Update to first quarter : :
1971 £ 97,153 £ 552,469
Percentage Er@-or ‘ S+ 18% - 45%

fig no 3.30
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1\- 40
APPENDIX 4.

MASTER BILLEST : Program manual

Introduction:

A computer program 'BILLEST? hés Seen déveloﬁed by the éuthdr
and K. Armstrong, a post graduate student in COnstructién Manage-
ment at Loughborough University of Technology. The program is
written in standard Fortran IV and.was'ﬁrogramﬁed‘fo_be qéed on
~the I.C.L. 1904 computér system of Loughborough'university;

Fortran IV is'a standard compute; language and conéequgntly the
progrém can easily'be run on different installations. ) The
Loughboroggh University insfallation 1s‘operat9r controlled, This
: meéﬁs thét the user haé no'means of intérrupfing.fhé'processiné of
the pfogram. Thus input errors cannot be corrected hor can
missing information be added to the program once\?rocessiﬁg has
comnenced., To help.overcome such problems, the program has errocr
diagnostics built in. | |

The progfam has_béen prepare@ iﬁ such a way that a persdn with
no knowledge of computers or of prbgramming can prepére the input
cards for.proceséing;‘ The user needs access to'é card pﬁnch
machine, an ability to punch six'progrgm control cards and the
ability ?o slot the six program control cards into-théir correct
position in the pack of program cards, Thé user must also bé
able to assemble the various sets of.cards that comprise the !'INPUT
PACK?Y, It is recommended that a senior person, e.g. an estimafqr;
is ma&e responsible for the freparation of the 'INPUT PACK!. Once.
he has become_familiar with the collection and preparatiqnlof. |
"~ data and.witﬁ'tﬁe card changes which are.reﬁuired, ha will havé'ﬁé

difficulty in obtaining successful program runs,
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4,1 Terminology

CARD - Sténdard computer card used to inpuf information
‘into the cdmputer; EA;h_cafd dontains eiéhty
columns permitting ;p to eigﬁty characters to bhe
input. | | |

INTEGER . Whole numbers, They must never be written with a

| deéimal point, and commas cannot be used when
writing or,punching them, | |

REAL .. ._ _Nuﬁbers that include a decimal point, Commas.can=-
not be used when wfiting or punching them.

FIELD WIDTH DQscribes tﬁe number of columns avéilable:on 5
card for writing characters iﬁ. |

RIGHT‘JUSTIF?*' A number is said to be_rightljustified if it is
wfitten as far to tﬁe right.of the dvai;abie figid
width as possible,

LEFT JUSTIFY A nunber is said to be left Justified if it ._is

| written as far to the left of the available field

width as possible,

4.2 Program Description
;The program is divided up dinto a number of sections, or

‘*subroutineg', each of which serves a spec¢ific purpose within the

overall progranm,

The Master Segment : MASTER BILLEST contains the key
tHIMENSION!' statement and ‘program: control cards!'! did directs the

use of the subroutines within the program,

SUBROUTINE FNTPGE reads in and prints out a series of twelve

cards that produce the front page of the output dotument,

SUBROUTINE INPUTA reads.in the data cards ¢orresponding to .
an item line from the Bill of Quantities. These cards are

punched direct from the Bill of Quantities.
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~Each card ié chegkéd to énsﬁre,that it does.not contain an
-1llegal work category‘number. As the éards‘are read in, a‘cﬁeck
is made to ensure that the puﬁber of car&s does hot_exceed the
maximum number of cards'permitted; aﬁd that the number:of bill
sections does'not exceedAthe maximum ﬁumber of sections permitted,
The maximum numbers of work categories, input cards and bill
sections are governed bf the 'DIMENSTION? staﬁemgnt anci for ogram
conﬁrol cérds' in ﬁhe,Master Ségment. If ény'of the ébove errors )
~should occur then the program would nérmaily 'FATLY, -Instead,
any error that occurs will be listed in an error méssage ih the
'ERROR OUTPUT! giving'the card referenge.- The program will
confinue tO'reaé in data and any further errors wil; also be
. 1isted.  6nce all the'par&s have been chécked, provided no

grrors have occurred, thé prbgram will continue, If any errors
have occuﬁred the final er?or.message willl be printed before the
'pfogréﬁ is made tﬁlhélt:premafurely. ' The finai'errdr'message
glives a 1i$ting-of the threg critical 'DIHENSION'_ca:ds and thel
four 'program control cardsf, The 'DIMENSIOﬁ' cards and the
‘program control cards', should be ﬁ#ﬁched‘accordiug to the final.
error message, preferably on cbloured.;ards, gnd‘exchanged for

the cbrrespénding cardé in the Master Segment.' Once the cafds"
have been exchanged, the compleéte 'INPUT PACK' should be reinput,’
The program-should now fun correctly. o |

SUBROUT INE INPUTB reads in the work category multiplication

factors used for uprating the work categories and also the section
and work category headings.

SUBROUTINE INOUT 1lists the 'control card!' data used to

control the program and also the actual figures input which corres-
pond to them for comparison, A list of the work categories and

corresponding multiplication factors is also output.
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SUBROUTINE BILL takes each of the bill items in turn

 calculates the extension and cumulates the pége, the section and
the bill totals. The subroutine then prints out the items and
totals in typical bill format.

SUBROUTINE SRTWRT calculates the 'Pareto' value of the

bill total and then seiects the 'major bill items'.. The 'Pareto!
'valqg is the.pfOportidn of the totai bill value which is.estimatgd
to represent the major bill items, e.g; 80% of the fotal bill value
is represented by 20% of the bill items. The subroutine prints
out for each acﬁivity a list of ﬁhe items coded to the activity,

in page and item order, with thermajor items 1ndicatéd with a
double asterisk. Finally, the subroutine again prints out for each
activity a 1ist of items coded to the acfi#ity in descending order
of extension, agaiﬁ with the major items indicated ﬁith a doubie.

asterisk.r

4.3 Thé 'DIMENSION' statement and tprogram control cards?

The 'DIMENSION! statement and 'program contr;1 cards?! are
fhe critical cards contained in thé Haster Segment , MASTER BILLEST?
which determine tﬁe capacity of the progfam{ |

The 'DIMENSION! statemenf cards are -
weunma=DIMENSION IACT (?é??, 4), ACT (27722, 2),
~==ws)lICNT (??),FACTOR (2?),ACTTO(?2?),TITLE3(?22,8),
-----2SECTN(é?),T;TLEz(??,G)

The 'program control cards! are ‘-
m—me==NN 22772
wemmeelNL =27
| ======NU =27
wewm—=lR =77

(N.B. - denotes a blank card column).
The value to which NN is set controls the number of 'bill item!

145,



A 4.

Ot ——

:‘ldatﬁ.éards which may-ﬁe input, 'It must fe femeﬁbére¢,thét this
figure needs to be greater than the.actual'nﬁﬁber of 'bill itens!
because tﬁe section end cards, and the bill end card, must also
be counted. The value to which NN is set must also be punchod

-right justified, into the four spaces marked ? in the following
IacT(?22?), and ACT(????;2), iﬂ the.fifst of the 'DIMENSION'
lstatement‘cards. |

The value to Whiéh NL is set controls the number of work
categories that may be rea&rin. The.value to which NL is sgt

'must'also be punched, right justified, into the two.'?"spaces
following Ici\ﬁ'(, FACTOR(, ACTTO(, TITLE3(, in the se__cdnd of the

'DIMENSION' statement cards. | |

The value to which‘NU is set controls the number of b111 

-sectiogs that may be read in, The'valué to which NU is set must
alsa be pﬁnched right justified, intd the'tﬁd 11 spaﬁes'following
SECTN(, TI&LEZ(; iﬁ the third of the 'DIMENSION' statement cardé.

'The value to which NR is set éontrols the percentage of the
fotal bill value which is used in the tPareto! caiculatio; to
determine the.'major bill itemst, | | |
N;B. ' The value to which ?hgse cards should be set will be

automatically given by the program error output.,

4.4 The data cards

4.4,1  FRONT PAGE CARDS consist of a pack'qf twelve cards,
the‘qontent of whigh will fo:m the fiont pagé of the computer
output document, and provide a method of distinguishing one
‘document from another, .' Eaéh card may contain up to 80
characters.

The first fi%e cards pfofide five output lines fﬁr'

 .thé title and addresé of the contract, The sixth card
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A4,
provides a line.for the naﬁe of.the-c;ient, the séventh'card
a line for the date of tend?ring; The remaining fife cards
provide lines for the tiﬁle énd address.of thé contracting
firm, For presentatién purposes the eharacters on the first -
seven cards should be centred-on the middle of the card, the
final fivg.cérds should be set to the right hand half of the
card, It is esséntiallthat at 1east the first card is_filled
in, the remaining eleven cards must be input but may be 1eft_

blank,

4.4,2  BILL ITEM CARDS represent a line punched from the

'Bill of Quantities and for each item contains, the page
number; the item letter, the acﬁifity, or work category,
coding; the quantity and the réte. The program is arranged
to accept "this data in a form which makes it easy to punch
this data direct from the Bill of Quantities,

The page number is punched as an integer number left
justified on the card, one blank column mﬁst follow, next the
iteﬁ letter; agéin followed by one blank column, next the
act;vity coding, again an integer nﬁmber and again followed
by one blank colﬁmn. .The final two numbers are both real
-numbérs and mﬁét contain a decimél pdint, the item quantify
‘must be followed by one blank column., Bill item éards
should be input in the page and iten of@er éf the bill.

In all there are more bill item cards than the actual number
of items that the contractor has chosen to do, because the
end of each section is marked by a speéial bill jtem card.
.6; each of tﬁese,five zefos are‘punched eéch geparated from
the next by a blank qolumn. One of these special biil item
cards is inserted-gfter the last bill item in each section

and an extra one is inserted after the final bill section to

indicate the end of the bill, : .
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A 4,

4,4,3 MULTIPLYING FACTOR CARD carries for each work category

a factor which wil; be used to uprate'the items in.the work
category. For normal runniﬁg the factor is~set at 1t bﬁt
if after checking the labour or planf.valué of the work |
category it is decided'to;uprate the work category by‘one and
a half-tiﬁes, then.the f#ctor would be set at 1,5. The -
factors are listed écross the input card, the firsl‘factor

is punched,'léft ﬁstifiad and fﬁllowed by a blank column, each
succeeding factor must also be followed by a.blank.cqlumn;
Each factor must be punched with a deciﬁal'point. The order
of the factors on the card, working from left to‘fight,
corresponds with the numerical order of the work category
ﬁumhers., |

4.4.4 SECTION HEADING CARDS each carry the heading of one

of the bill sections that has been pficed." The heading can
comprise up to 48 charactéré and must be punched left jusﬁified
on the card. The cards nust be input 4in the same order as
they oc¢cur in the bill. fhere musf.always bé the same

number of 'section hgadiné cards! as there are sections in
the‘bill, if ne heading is actually listed then a blank card
must be used, | | |

. 4,4,5 WORK CATEGORY NAME CARDS each carry the name of one

of the chosen work categories,  The name can cbmbrise up to
48 chéracters and must be punched left justified on the card,
The cards nust be input.in the numerical order corr65pondihg
to th9 work categories, ‘There must always be.the'same number.
“of 'work category name ¢ards! as work categories; 'if.a work
catégory is omitte& froﬁ the ordef then a blank card must be

inserted in its place, ' K
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4,5 The INPUT PACK

The full INPUT PACK is comprised of the iolldwing seven sets
of cards, in the séme_order asrlisted beloﬁ :
MACRO CARDS |
1. MACRO CARDS : ' These,cgrds are unique to.thé computer
owned and to the system operated, Réfer-
ence should be made to the computer
advisory service.

FROGRAM CARDS

2, PROGRAM CARDS ' Pack of standard cafds."Each-card gives
| one‘line of the progran. The critical
'DIMENSION ;tatemént cards' and 'progrém
control cards' are contained in this pack
andlshould bé indicated with colbured cards;

DATA CARDS o |

3. FRbNT PAGE CARDS‘ A set of twélfe cards uséd fo oufpﬁt the

o | front page of tﬁe'output'docﬁment. The
first card must have charactérs punched
on if; the remaining elevénldards may be
blaﬁk.

4, BILL ITEM CARDSV - A set of cards comPriSing one card fof gach
of the bill iﬁems whiéh the contractor |
intends to do, plus one special card fof |
each of the bill sections, plus one special
card for the end of the bill, These cards
to be arranged in bill page and item order
with a special card at the end 6f each

- section and the extra special dard at-the.
end of the final section,

5. MULTIPLYING FACTOR Probably one card may be twb, containing

CARD
a multiplying factor for each of the work -
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6. - SECTION HEADING
CARDS

7. WORK CATEGORY
HEADING CARDS

4,6 Error Diagnostics

A 4,
categories, If no uprating is required

then each multiplying factor must be inyut

_aé t1*, If two cards are needed the

- final multiplying factor on the first card

must be arranged to finish in column 80,

This can be done by adding zeros after the

decimal point. The first multiplying fac-

tor on the second card must be commenced
in column 1.

One card for each section from which the

. contractor intends to work, containing the

name of the section. The heading is limited
to 48 characters. If no heading is

required then the corresponding number of

‘blank cards must be inserted, These cards

"are to be arranged in the same order as

the bill sections.
Oﬁe card for each work category, containing ;
the name of the work category. .Bach name

is limited to‘48'characters. If no heading

is required or there is an unused work

- category number then the corresponding

number of blank cardes must be inserted,

‘These cards are arranged in order corres-

ponding to that of the work categories,

To prevent a wastage of storage space within the computer, a

system has been adopted which will check the amount of storage

space that will be required by the data as the cards are read in.
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If this exceeds the amounf of storage space that has aﬁtually

been allocated by the *DIMENSION' statement and fprogram control
cards! in the Master Segmeﬁt;-then'once all fheldata has been réad
in the program will output é me ssage in&icating the changes that
need to be made to these cards. Provided these changes are made
lthe program.should'then'run successfully;

In épnjunction with the apove program control, three specific
.error checks are made as the cards aré read in. Theée check to
ensﬁre that the number of work cétegories is not exceeded, that the
number of bill item cards does not exceed the allacation, and that
the'ﬁumber 6f sections does not exceed the number of sections
allocated, In each_cﬁse, if a‘card fails one or all of these
-¢checks the appropriate error messageé yhich will‘indicate the
incﬁ;bect card will be outfut. '

" The prdgrém will check all input cards before stoppiné, thus
all errors should'be located with oﬁerpass;

Examples of the error messages are givenin Appendix 6,

4,7 Progranm Outputs

The program produces thréé outputs for each run and these
are :; ’ |

BILL QUIPUT : The outputfbf all the items in page and item

sequence'in a format correspondipg to that oflthe Bill_of

Quantitieé. This output gives pagé and section totals, and

-is ¢oncluded with a summary of ﬁhe section totals and the

- bill total,

WORK CATEGORY: Items in Bill Sequence : The output for
each work category of all the items coded to the work
category in page and item seguence, The output gives the

total value for the work category and indicates the 'major
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bill items! with a double asterisk.

WORK CATEGORY: Ttems in Descending Order of Bxtension : The
' output for each woi‘k Cafegory of all '.c'he it.ems coded to the
work category in descending order of‘ e}'d;enlsion.r The o-u.tput
again gives the fotal value for the work categérytand indicatés

the "major bill items' with a double asterisk,
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APPENDIX &:,

SEMINAR - IMPROVEMENTS IN ESTIEATING FOR BUILDING AND GIVIL

ENG INEERING

in order to subject the.preposed new estimating methods to
expert criticisnm from an‘informed aedience,.a seminar‘wes held et
Loughborough University on 17th February, 1972 _ To obtain the
'maximum benefit from audlence partlcipation the ﬁumbers were
7 originally 1imited to twenty. The letter of invitation specifi-
cel;y requested that delegates should be”able toieontfibute to the -

proceedings from their own experience in the field,

' The following delegates attended

¥

R. Cooper -Harry Neal Ltd S )
- I, L. Dixon = John Wilmot Construction Ltd

D. Price ' I.B.M. (U.X.) Ltd,

R, Flanagan Aston University

D. Brennan. Brims & Co. Ltd,

G. A, Hendry " Tarmac Construction Ltd,

A, H. Jackson 6. Longden & Son Ltd,

A. F. Johnson Taylor Woodrow Ltd.

-G. Long David Charles Construction Ltd.

G. Luan Mitchell Construction Ltd,

D. R. Mudd Lovell Construction Ltd.

R. Ogden " Pochin (Contractors) Ltd.

P. M, Parkin G. Longden & Son Ltd..

D. G. Potter Howard Farrow Construction .

C, Read Capital Cities Computer Centres Lid.
" R. E. Hayward J. L. Kier Ltd,

B. L. Knight Whittall & Sons Ltd. .

F., H. Sinnock John Laing Construction Ltd.
P, P. Smith Fram Gerrard Ltd.

W, Stratham Wm, Moss & Sons Ltd,

C. R. Tassie Watesz Ltd,

P. G. Whyatt John Mowlen & Co, Ltd,

€. J. Williams Reema Construction Lid.

A,

H. Wootton

Aston University.

. Phe programme of events for the day was i

10,15

10.30

Registration of Delegatee.

Introduction by the Chairman, Geoffrey Trimble,
Professor of Construction Management,
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10,45 . Paper 1 - Current proposals in Eetimating for

building_and-civil engineering, by Brian MoyLes.
11,45 o Group discussion of Mr{'Moylesf paper.
13,00 d .Lunch in Rutland‘Hail (Seﬁior CQmmon Room).
14,15 R Paper i - by Stuaet Bradburn_of_i.C.L.
15,15 ' Group‘diecussion of Mr. Bradburn's paper;
16,00 - ‘Suﬁmieg-op.ahd conclusions, |

A recording of the proceedings'was made on‘tapef(whioh is in.
.the possession of tﬁe.author):anddthe following‘transcript wae. |
subsequently taken from the tape,  As it was 1mpossib1e to relate
the names of'all the delegates fo theie voices, meny of‘the comments .
made in the discuseion periods'have to remain anonymous,

SYNOPSIS OF SEMINAR

- The Morning Sessibn

Professor Trimble welcomed the guests and introduced the.
epeakers.' He stated that the numbers had been limited to about 20
because he hoped thls would bring the maximum resp0nse and comments
in the discussion periods. He explained that one of the reasons
for this seminar was to gife Mr. Moyles the opportunity to present
hig ideas to aﬁ'informed audience so that the results of his research

“would be'subjected to practical criticism, Professor Trimble made
the eoint that a bid is eomposed of three facoors, i.e; direct cosfs,
overheads and profigland we were looking toda& at the estimating of

" the direct cost.

.The author presented his paper on estimating which was based on-:
the work described in this thesis, Particular.reference was ﬁade

to the use of regression analysis for calculating the global cost,
the computer hased system he has developed for estimating'and the
_proposals for'better_use of feedback by regression applied to sub-

divided work units.
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. Comments from the delegates during discussion

-Anon,

LU

. B. Moyles

Anon,

Over a period of 10 years, I have played a gamé
with our_domp. I would guess thé figure and

when worked up, I would be within % 5% (excluding

_profit and prelims) so why do we bother to do it

in detail?

It is odd occasions when you are wildly adrift,

What I mean is that you can do it without going

to ﬁhé computer,
Is the Bid an estimate of cost or a publicly.

acceptable figure?

. Keenness of pricing.— thefé should be none, .

Going into more detail tends to put the price up -

several others dissentéd._- S

Wé use si@ilar techniques as fhose mentioned -in
civil engineering work and'the§ work verjlwéll,'
but the use of regressién for the whole job is -
not on as we could not find 20 prévious projects
pf.a similér nature ekcepf_ﬁotorways, lWe would
ﬁesitate to price.a biil'first from unit ratés.
Civil Enginegring‘is becoming less labour inten-

sive and more plant intensive, therefore, the

‘rates are based on a work study of the method

and plaht to be used and the rates worked back
from there, Unit rates are all riyht'for minor
labour itens,

Civil'ﬁngipeéfipg is Ope;ationally baséd and the
building industry is unit rate based.,  (He clari~
fied detailed régression'eqpations),

In Civil Engineering 20% of-the items may not be
labour intensive but plant intensive. -In
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Anon,

Professor Trimble

Anon,

B, Moyles

Anon,
B. Moyles

. Professor Trimble

Anon.

Professor Trimble

Anon.

Professor Trimble

- We are not that sophisticated.

another job, plant may have changéd to give
greater outputs.

You cannot make a nan do twice as much but you

can with plant; In civil engineering jobs,

labour may be only 123% of job cost,

The top 20% sifting process is still useful in

this case.

The estimator gets the . feel of the.high_valﬁe

items and naturally concentrates on these items.

This is done already.

Yes, but this system does it automatically withe-

out thé.estimator having'to‘cémpare Quantity
and.réfes; | )

He abstracts the qﬁantity.and léoks at othér
dréwings. |

Civil bills have'iess itenms and lessssifting

is necessary. |

Is tﬁe audience~rea30ﬁably satisfied with
éstimating procédgresf Are estimates properly
related-to échieved'performanceé

We have a Company cost system to give monefary

costs grouped into main centres.

How do you use fhis for new work when the

quantities are different?

Ve look at the

_ plant and labourratios of achieved against

prgdicted and whefe discrepancibs‘ariée, nevr
forecasts are amended accordingly.

Reliability of estimatiné ié related to reliability
of feedback,

Detailed regression would be helpful

in this case,
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Anon, °

B. Moyles

Anon,

1]

n

A 5.

‘In building we are very wary of feedback informa-
tion., © The estimator is 1ooking'forward and .
optimistically hopes that better performance

will be achieved.

Feedback can only give you a trend, if you'use it

blindly you would never get a job and be twice

‘ag high as anyone else,

Are you estimating at less thah the probable cost?

Yes, but the ignorént Irish navvy has probably

made a mistake in the allocation of cost in the

first place, -

Cost returns incorporate variations unauthorised',

and authorised, site, weather,-étc. Estimators

say that it should not have cost:that much and '

"rif it did, we got the money back in_Some other

vay.

.Tod'many people in the construction industry are

optimistic in that they say it was bad laéf time

~and the time before but will be okay next time.

We have turned full circle'on cost feed-back -
tried on defailed items but with too many

variables, It was no geood. Now back to trade

and elements to get the general trend and if
‘abnormal major items occur we set up a special

system for that item, Headings now are concrete

formwork, reinforcement, brickwork, etc. broken
down by trade against value/cost and broken down

labour, plant, material. For trend purposes

this . is sufficient.

Feedback is used to prodict trends because we

have no confidence in the cost recording,
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" Anon,

Professor Trimble

Mr. Potter

Anon,

A 5.
If feedback of general inforpation is given to
the planning department, this should be used in
the pretender,. ' We are finding it better to
take the 20% items,.operétionally cost them and

compare with the planner's resourcing schedule

.and see where difference occurs in total elements;

This is where feedback is useful in comparisons

of achieved performance as you deal with 1arger'

units and the margin for error is reduced. This
is the safest way gf using feedback. |

Could we hear more.from Mr, Poftér regarding his
use oflfeedback by'tfadé.ﬁhere.the guantities are
different? “ |
We attempt to analyse by work tjpes in éivils.

and building with no more sophistication than ‘

looking up previous contracts of that particular

nature and comparing original build up of rates.
In each new contract major quantities are

abstracted and checked against previous Jobs,

‘I do not agree that labour is a critical item

as wastage of materials is very important'when'

‘comparisons of like previous jobs shows a differ-

ence, we make necessary adjustments to the -
original figures to arrive at new forecast. We
can and do price some jobs now just on materials
and the labour and plant.on.a histogramme. It
is difficult to estimate fringe costs with a

histogramme,

I would question the accuracy limits % 5% although
. : / .

I would agree that some Jobs are outside this

range. If one considers that this is only on the
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Anon.

Mr, Potter

Anono

Anon,

‘Professor Trimble

Anon,

Mr. Potter

Professor Trimble

Anon,

'ﬁork which is directly under the Contractor's control
this is a vastly high percentage.

With Mr. Potter's feedback on materials, does not

- this come back to the case of construction

.

of the job which is very difficult to quantify,
I would agree (quoting examples) which an estimator

quantified in his mind, Our company has used C,0.C.0.

- which was the same thing that their company had been

.doing for 10 years but very much quicker. We still
buy the odd job but these are getting less.
~ We have priced a network but these came about 10%
_more in time and 10% more in value than the estimator

allowed, From looking at past records over 2 years

the company did 3% better than the mark-up in the

" bills, You cannot identify avefagely where your

.money came from and in practice yoﬁ do.rather

bettef than your retwork ﬁredictions.

{4 comment was made about the effect that different
architects and engineers can have on the flow of
drawings and hence on cost of construction).

You can rate the architects or engineers from
prefious contracts to use in feedbgcks.

I agree with previous speakers that estimators don't
believe. in feedback'information because it does not
give the conditions under which the work was |
aétually done,

Feedback based on unit rates are not worth the.
paper they are written on.n _

Why don't you urite down the circumstances which give

a good return for a particular job. What are these

factors?

Weather, shelter, restrictions in working,
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B. Moyles

Anon,

Professor Trimble

Anon,

"

Professor Trimble

Anon,

A 5.

local will to work, labout disputes,_charadteristics

of site staff and design staff, specification -
{(concrete good or bad to placé), reinforcement,
congestion,

(Reiteration of detailed regreésioh) - And if we

.take the overall coét‘recbrds as Mr., Potter .
- suggested and thén rated other circumstances
‘you can pick out these other items which

-contribute,

May T point out that from certain tests on the

regressiocn model; it may be shown that although

- we believe ceftain conditions exert certain
_influences, in féct, they don'£ héve any direcf.
"influence or -that its amount may‘be‘negligiblé.
-Estimators are apprehensivé of using statistical

- methods to evaluate. We prefer to make subject-

ive assessments in the particular situatlion.

This is a question of discipline and motivation.

Do you think there is a need for more accurate
egtimating to contribute to'prgfitability?
Predictions baséd oﬁ all past performances aré
allrliable to unusual circumstances, |

If you have enough past data, the statistical

- approach would be very accurate but there is

seldom enough past records and then it becomes
a matter of guesswork,
Isn't this a defeatist situation, If there is

an incentive to collecf'performance data in the

future, the-cost of so doing would be quite cheap,

How much importance does Mr. Moyles attach to his

cage studylof 22 system schools as they are of
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~Anon.

B. Moyles

- Anon,

"

identical nature with SOmé‘designérs,'same P.C.
~um rates, etc, |

I uséd tinge schQOIS-becaﬁsé I couidrgét the'data
and to show thét-th sycteﬁ works,

We could do ‘this ourselves on a manual system,

I anm developing a similar mo&él for factories,
énd getting bettef results.‘ Theré are problems
of data collection aﬁd the differences between
tender and cost prices, This could be done in-
an individual firm-if they have thé number of
contracts. (Further explanation ofdetailed
regressibn), 2.5+ 'gasht labour is about 32%

of site labour costs so why apportion in detail?
What do you think directors will think of the
statistical approach when they have to put.their
mdney on it? Thé danger in averéging is that
you may nbt get the. job. Suﬁcessful contractors
must look at trying to find a cheaper way of.
doing the job, |

How can you gzt cheaper than the last jdb,mtimé
and time again?

Qgr company ié over 150 years old qnd;we have
éost records going back over a number of years
and they are all useless to the estimator, A
few job reports which are useful, e.é. piling,
but théy donft get many jobs of such a similar
nature and next time we think everybody else

will know how much it cost us to do that piling,

50 we have to start thinking of'sbmetﬁing else,

The company wants us to get the next job,
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The seminar_was then adjburned_for'lunch..

Afternoon Session

Mr. S. Bradburn‘presented his paper'on‘tﬁe'cﬁrrent_sysfems of
coﬁputefised estimating in operation and under development by I.C;ﬁ.
A brochure giving an outline of his work ié included with the tapes.
The system incofporates an extensive coding system, communication
with a Visual Display Unit and the subsequent use of the estimated

data.

Comments on paper by S, Bradburn and further comments on paner by
B._Moyles : o - :

Anon, What is the cost of usiné'your systeﬁ'and the
-V.D,U0? Is it_quicker, does it save actual time?

S, B:adburn Computer only charges when it is searching and
calculating, It does nét'éhérge when the
estimator is thinking‘ébout the problem.

An‘on. ' o Does anyone use it at the moment? ' ..

S. Bradburn | We are working on it - gut no-cne at the moment.
Two companies are usiﬁg part.of it.fqr obtaining
‘tenders and are déveloPing it.

Anon, _ : _ -What a'pity current documgnfation doésn't allow
‘the.COntradtor to carry on from resources
levelling to resource pricing in cone operation
from the networks. |

S.KBradburn - I got the feeling this morning tpat'more and
| more peopie are suggestipg-that the sénsibie'
way to estimate is on a time basié..

Anon, - You have to look atmyour resources to get your
network and it does not take ﬁuch'to apply rates
to resources at that point. You have spent most
of the afternoon trying to adaét youréelf td the

present Bill of Quantities.
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Anon,
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Anon

3. Bradburn

Anon,

A 5,

- I was hoping to show that we are not wed to any

of the systems I was de=cribing. The point is

a lot of time and money is being spent by Contrac-

tors on systems and this is the way they are
going about it. Ve are loocking forward to when

a lot of these laborious routines willjbe

. discarded and Contractors are doing the things

they ought to be doing. It is true that three -
of those systewms are wedded to thqt sort of
approach but it is no exaggeration that 90% of
the clients want that sort of approéch to it,
Management. is not prepared fo put itseif out

on a liﬁb and'do_something else.

In building, tender time prohibits doing a

tender and a networﬁ and, e?en with a computer,
price it.

it does éave on compin~ time-

But that is ; simultaneous operation to pricihg.
ﬂe have problems with eleﬁental bills where we

are . held uf for one painting sub-contractor and
caﬁnot COmp.ali‘the bills up, Is the expensive
operation drawing up a programne for a particular'
Contractor?

Hé can use a‘standar&-software approach but he
has to set up the systgm.

Is this expensive? |

Yes, but they have most of this information anyway
but they do not make subseéuent_use of it,
In-order to get any userut_of the.system;;thg*'
abstracting coding must be.goﬁdlénoﬁgﬁ-tgfidégtify

the item and in our company, it requires 16 digits,
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. Anon,

5. Bradburn

Mr. Dixon

‘S. Bradburn

(]
-

Professor Trimble

Anon,.

A.S.

We have just priced a bill with 8,500 itenms -

coded 136,000 digits which nobody can do but the

estimator. It took five weeks to code and unless you

can overcome this, you will kill it stone dead because
of the time‘limit. | )
Computer manufacturers cannot improve the way in
which the construction industry h;hdles information.
There is a proposal to revise the C,E,S.M.M. and
induétry has the opportunity of changing.iﬁ, énd
say this is the way we want information presented
to us,.e.g., separate materials out of it.

The hope of changing it is remote because it is

all tied to litigation which has.been fought over
in the éourts and there is a‘t¥emeﬁdoﬁs weigﬁt of

precedence and anyone thinking of changing it has

got to fight all the cases again in the courts.

. Perhaps it is nearer than we think,

In Herts., our bills for system schools came ready
Eoded.

If they change the S.M.M. then other bills may

come ready coded, '

Why can't we use the priced networks? Is it because
6f the difficulty in distributing total cost over

the Bill rates? It can be done by multiplying

the trial rates by P/p where P is the total based

on trial rates and p is the total based on the
network,

When we have been using it on two-stage tenders, this

has been done but normally one hasn't got the

time and information to prepare an accurate net-

work with any confidence in it, and you would
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Professor Trimble
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Anon,

-on

Professor Trimble

“Anon.

B. Moyles

Anon,

have to run i#‘side by side for some time, When

~we have priced networks, it normally comes well

_‘over the tender price.

Any new systen should be run in'parallel for
some time but you would seé fhe problgm as there
not being enough time afaiIableé

Yes.

I think it is possible by pricing operatioﬁs and
if the bill is such that you can abstract

approximate rates, you can compare this with the

"priceq network and where differences occur,

analyée them to find out which is the correct
aﬁswer._;
lDirectors don't like this.methqd - they like to
see hdw individual rates are bpilt up.

Even though.tenders are fairly cloée, analysis
has shown that variance in individual rates is
quite enormous. Are you any more_accurate by
estimating separate rates than thé methcd put
forward this morning?

No. One person may price formwbrk high and
concrete low, but Iif you ask the personrwhy
there were such high discrepancies between them,
he would probébly have a good reason for this.
When the director gusstions ySu about your
figures, surely he cannot challenge the accuracy
of your fiéures?

No, but he is checking up to see if there¢ is
ndthing left ocut or too much p;t in and is also

challenging the assumption I have made.
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A.S.
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What actually'happens‘when they question a parti-
cular unit o nstant, how do you verify it?

We ask about half a dozen people in the office,

7’

"+'But it is very rare that they make big money total

4

differences, its more a matter of balance.
Are they balancing within-a market conception or

are they balancing with knowledge of the company?

A bit of bvoth,

I think one of the problems is thalt we are pricing

to a market and as nost products are unique, we

are fabricating our organisatien to that end and
not }obking at the factors we are pricing for.
Pricing programmes is relevant in this case.

This is mﬁch easief-in some contracts than othe;s;
€.5. tuhnels which are a linear process. In other
cases you have to price the bill because if you
price the programme you may put too much in or
leave too0 much out.

Wi&hout reélizing it, bills are more ; schedﬁle

of rates,.

i

Why dont't we use Spon's rates + for certain

trades which in our experience differ and leave
the rest to be accounted for in the mark-up?

Arent't we just wasting our time with the .systenm

-we have heard about this afternoon?

Yes, and keep a stanAard list of prices,
Computérs may give you added benefit with cash
flow predictions,

The trouble with conputing these routine matters
is that you can do them faster in your head. A

computer'can quickly calculate and look things

up but most of an estimator's time is making
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Anon,
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Anon,
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e

decisiong. We must look at the thinggné

computer can ao well and ﬁse it for that purpose.
l;.should like to ask Mr. Reed for cémments on his
work at the Watford Computer Centre.

The system under develbpment aliows the splitting
-up of labour plant sub-contractors in.detail
amongst the bill items and vice-versa, but as

was saild this morning, if you go into this much

detail at the estimator's stage it rather begs

the question -~ you get bpu?d up with a lot of
input data, but if you do, you must use this
data £or other purposes, e.g. bonus targétting.
It is in this field that the computer has its
aavaﬁtages. | .A

The site staff disagree with the tafgets set by
the estimator and the difficulty is getting a
target wﬁich is acceptable to both parties,

It is realistic to use them, as assumptions
madé arce not always valid in the construction
of the work,

Hes anybody priced an operational bili?

Not lately but when we did, we found that a

number of estimators were converting back to

get the outputs.' The compromise we are

'coming to,-is to price out the odds and sods

and price the main items operationally and
then combine the two, Any adjustments are

normally made in the preliminaries and not in the

rates themselves.

One of -the worst tills to price at the moment is
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Professor Trimble

Anon,

A 5,
the D. of E.'Roadwerks bill (hearty agreement) -
it isn't operational and has no preliminaries.

Has anyone any suggestions for improvement in

the bills?

D. of BE. bill - the‘drainage section.
' We have set up a'cOmyuter'programme to deal

specifically with this section, .

The weakness 1s that there are often insufficient

.drawings in the first place.

Bills are often inflated and abused by the other
side (cllents).
I Would prefer an 0peratlonal Bill.

Would anybody favour the American system (with

all ‘the liabillties for omissione) and prepare

a bid from drawings?

Yes. Contractors are to blame for the presenf
situation by attempting to get too much detail,
It would be better to make an allowance in
their tender for the risk and not to go into

such detail.

. —— - —

The proceedings were summed up and concluded by Professor Trimble,

B. Moyles and 5, Bradburn,

The author has drawn the following conclusions from the

conments made by the delegates,

1. Estimators have considerable resistance to using statistical

and computer techniques.

2, Estimators believe that their superiors would also not be in

favour as they prefer to mee how the estimate is built up. and make . .

comparisons with current market rates,

168,



3. The substantial time pressure.at'tendering prohibits extensive

- ecoding.

4, Time may not permit an estlmator to price a blll accﬁrately

by the present method and prepare and price a network. o

5. . Commercial estimating systens would seem to be extremely costiy‘-
. to purchase, instal and operate.

6, The Building Industry continues to base its bids on market.
.acceptability rather than on detailed actual cost,

7o . There is a distinct trend towards Operational costing whieh is
then compared with the traditional rates.

8. Most of the part101pants would welcome a change 1in the clients
‘documentatiOn but they do not feel that a radical change is 1mxinen;.‘
8. Little use is ‘made of feedback information either because 1£ is
"in a fors which is unacseptable or.beCause there is little faith in

the validity of its collection. | |
10. When feedbaek‘is used,.if is censentreted on sroups‘of ﬁdrk-td
.give a comparison of'preﬁicted/achieved on a ratio basis.

rll. Where networks are priced, the prediction is usuaily.isrger tsan
the:one deduced b& unit rates.-

12,  Whilst it is recdgﬁised that rhere are great 5esefits in using
estimated data in the job maragement,-it is no; worth the time at

the estiseting_stage in going into this detail,

13, Esfimafors reeoénise that there are several fectors which affect
gite preeuction and normally makera subjective assessment to cover
variability. |

14. Estimators tend toconcentrate on ﬁhe high value items,

THE PROPOSED SYSTEM WOULD SEEM TO FIT IN WITH'THE ABOVE REQUIREMENTS
AND ITS USE WOULD BE CONSISTENT WITH THE PRESENT AND IMMEDIATE

FUTURE NEEDS.



A copy of the foregoing syn0psiBVWas sent to Mr. D. Potter of
Howard Farrow Construction Ltd. ~His letter of agreemént'to its.

accuracy is shown overleaf,
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. Howard Farrow Construction Limited

Highfield Road London NW11 9PE Telephone 01-458 3232
Infand and overseas telegraps HowdFarrow London NW11.

el

17th April, 1972.

Mr. B.F. Moyles,
Lecturer in Quantity Surveying,

" Lanchester Polytechnic,

- Priory Street,
Coventry CV1l GFB

“ :Déar‘Mr4'Moy;gs,

' lFurther to your letter dated the 10th Aprll 19?2 I now return herewith
the synopsis of the seminar. | '
2 Thank you for giving me the 0pportun1ty of studylng it, to the best of
my recollection, and subject to the usual minor vagaries of transecript,
'the contents appear to be an accurate record of the proceedlngs.

May 1 take this opportunity of saying that I consider the seminar to

‘have been a "day well: spent" even if the attltude of some contractors
remains "surprising", :

Yours sincerely,

D.G. Potter. .

’ 171, : )
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APPENDIX 6.

Computer print—out for the Stores section of the Stores and Office’

Block

Typical error listing

Listing of sﬁandard-data

- List of'wook categories

Labour and plant fates in Bill Order
Summary of section totals.

Labour and plant rates collected into work categories
in bill order .

Labour and plant rates collected into work categories
in descending order of value
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UPRROR 01t TTHE WORK CATEGORY NUMBER ALLOCATED TO BILL ITEM 46A°

" 'ERROR 02 " i . THE VALUE OF THE PROGRAM CONSTANT' NN IS EXCEEDED AT

T ERROR“01_“ o

THE FOLLOWING INPUT ERRORS HAVE OCCURRED AND NEED" 70 BE e
CORRECTED REFORE THE PROGRAM CAN BE RESUMED -~~~ -

”lfxCEFos THE VALUE OF THE PROGRAM CONSTANT NL :;._

“jsaanghogj ¢”“THE ‘VALUE OF THE PROGRAM CONSTAMT NN IS EXCEEDED AT

TUUBILL ITEM 107L

THE WORK CATEGORY NUMBER ALLOCATED TO BILL ITEM 4088
"TE*CEEDS THE VALUE o; THE PROGRAM CONSTANT NL =

‘”};BILL ITEM 1084 “ﬂ;m_;w”u;MWH“w““,f::jhwm“__mﬁ.mmemwwtm,-ﬁ:

:ranoaon‘faffrHE VALUE OF THE PROGRAM CONSTANT LLREN EXCEEDED AT

"fjfLB’LL ITEM 00 'f' R : "7ffﬁ

""" ERROR @2 "}'“THE VALUE OF THE PROGRAM CONSTANT NN IS EXCEEDED AT T

'mBILL ITEM 00 o e e e D e

'wt¥ fRR9ENQ§.:| 'THE NUMBER OF SECTIONS !NPUT EXCEEDS THE ALLOCATION Cm

“”W-OF PROGRAM CONSTANT NU

" yHE INPUT ERRORS WILL BE CORRECTED IF THE DIMENSION AND CONTRoy f;f:j“‘

PARDS IN- THE MASTFR SEGMENT ARE CHANGED TO READ AS FOLLOuS:

DIMENSION TACTC 96,4),ACTC 96,2} B S

'] 11CNTC 3) FACTORC 3),ACTTOC 3)TITLEZC 3.6>.rh;ij““m;gdm R
C2SECTNC 3),TITLE2( 3.6) o ) o
- NN— 96 e mre o e e e e T e e e m . . - - o e ms et ¢t A be it SRR M AR ip e e teve e ge o mmeraes

NI R . e L e
N § e e e e N _ . - R
B
e i e e ey e
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TONTINUATION OF STANPAPD DATA

-y -

MULTTPIYTNG
FACTNRS

LTISTING

0OF THE WORK CATFGORTIES,

SUBSTRUCTHRE : FXCAVATION
SUBSTRUCTHRF : FORMWORK

SUBSTRUCTURF

SURSTRUGTMRE + CONCRETE
SUSSTRUCTHRE + RRITCYWORK
SUBSTPUCTURE : FILL

SUBSTRUCTURF

MONOLITHIC F

DRATNAGF

FXCAVATION
DPAINAGE : CONCRETE BFD
ORATNAGE + LAY PIPES
DPATNAGE : MANHOLES
SUPFRSTRUCTURF + FORMWORK
SUPFRSTRUCTURF + RETNFORCEM
SUPFRSYRULTHRF : CONGRETE

SUPFRSTRUCTYURE

RRICKUARYX

SUPFRSTRUTNTURF + CARPENTER

SUPFRSTRPUCTURE

e

CARPENTER
CABLE DICT : FXCAVATION
CABLE DUCT : FORMUQOPREK
CABLE DUCT 1 REINFORCFMENT

CABLE BUCT : FOMCPETE
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40,000
15.000
100,000
16,000

305,000
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435,000
5.000
15.000
10000
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50,000
210,000
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700,000
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106,000
10,000
272.000
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11.040
5,000

15,000
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177.

RATE

0.0700
0.0310
0.0600
0.0900
0.0400
0,0500
0.0600
0,0000
0.0400
1.0000
1.0000
2.6000
2.56000
2.7000

0.9000
2.2n00
3.2000
2.2000
0.3500
G.a6500
g,7500
1.1000
(.1200
0.2000
0.1500
N.1500
3.1500
0.1800

1.5000
2.6000
1.8000
3.3000
3.5000
0.3600

4.,5000
U.9000

310.405

105.00
243,35
1806.00
22.50
110,00
187,80
3.00
2.70
70.00
6.00
2.00
650.00
8§06.00
121.50

208.00
128.00
3.50
4.55
1.50
5.30
13.20
1.20
15.30
15.90
1.50
3.96

501.11

646,00
5.20
99,00
26,40
35.50
1.40

- e - -



SEFLTION 1

CONTINUATTON

SUBSTRUCTHRE

TR CATEGQORY QUANTITY

504F 19 10,000
30KF 19 12.000
A6 19 12.000
5064 19 17.000
THF  PAGE  TOTAL IS

306 A e 12.000
INun 22 172.000
500 2?2 19.000
5000 21 190,000
TOGFE 21 190,000
50VF 21 150,000
309G 21 150,060
306 H 21 20,000
09 21 S, 000
50vK 20 7.000
A0 rai) 29,000
TO9M Pl 23,000
09N 20 23.000
090 5 1.000
THE  PAGFE  TOTAI s

5144 5 1.040
THE  PAGE TOTAEL IS

THE SECTTONM TOTAL 1§

- e A A  wr e e me AD E wm Am e W e Ll e

178.

RATE

g.0000
2.7000
D.1800
1.5000

0.7500
g.8000
0.8000
0.0800
0_0300
0.0400
0.0800
G.00gn
G.0000
2.5000
3.5000
0.9000
.7000
2.0000

7.5000

EXTENSION

0.00
32.40
2.16
25.50

P el ]

132.406

.00
9.60
12.00
15.20
15.20
9.00
12.00
6.00
0.00
17.50
101.50
20.70
16.10
2.00

-

— - -



SFCTION

? DRATMAGF

CATEGORY

O e Rl el o T -

PAGE

TGTAL

QPO X DXXNOXX

- T A e . v e A W

PAGE

TOTAL

9
11
11
11
11
11
11
1
1M1
11
"

IS

-y — - S w wh mr mm

PaGE

TOTAL

"M
11
11
10

. R Y wm O e MR e der e

FAGE

TOTAL

QUANTITY

5.000
10,000
16.000
20,000
43,000
50,000
50,000

10,000
1.000
3.000
.00
2.000
2.000
5.000
R.O00

272,040
5,040

5.000
2,000
13n.000
16.000
2.000
10,000
Z.000
16.000
14,000
11.000
1&.000

G 000
3.000
1.000
1,000

i79.

RATFE

0.
. 3000
4500
L7000
L0000
L0400
L0000

oo AN TD oW

<

3000

L7000
L6000
L4500
L0900
.7000
L0500

1800

L2000
L6000
L3500

4500
L5000
.0500
L0700
L2000
3500
L3500
L5000
L1300
L2non
L2000

21500
5000
L0500
L00ao0

EXTENSION

1.50
3.00
65.75
14,00
0.00
50.430
0.00

-y . -

T e SR e ——



SECTION 2 DRATNAGF

COETINGATTON
FTEM CATFGORY QUANTITY

180,

RATE

EXTENSTON



SECTION 3 SUPFRSTRUCTURE

FTeM CATFGRORY QUANTITY

3164 14 62.000
3168 14 7.000
ER RN 14 135.000
316h 13 650,000
314F 13 300,000
316F 13 300,000
3166 13 300,000
31nH 13 75.000
3161 12 107.000
$1ex 12 68,000
161 12 68,000

SR ek A vk W e e e e MR R b e - -

THE  PAGE  TOTAL IS

3174 14
3171 14
3176 16
317D 15
317F 15
YV F 15
217G 16

e e - .

THE  PAGRE  TGTAI IS

L R e L R o ey

120,000
e.000
174,000
43,000
3.000
26,000
120400

181,

FONCRETE WORK

FATFE

N

TR O O DS O

—
e

0

0

Anoo
LO0Ggn
LS00
L0450
.0AQD
L0730
L0000
L0000
.5000
L5000
L4500

L1500
L3000
0.
0.
0.

1200
48300
7200

L7200
.

9600

EXTENSTION

124.00
14.00
101.25
29.25
13.00
21.90
0.00
0.00
267.50
34.00
30.60

.

640.50

18,00

2.70
20.38
20.64

2.16
17.28
12.48

- . m——an

Y

- - -



CSECTION

SUPFRSTRUCTURE : BRICKWORK AND RLOCKWNRK

TATEGORY

15
15

1S

15
15
15
15
15
15
15
15

DUANTITY

2.000
1.000
45,000
400,000
4.000
10060,000
250,000
183,000
B4.000
2.000
104000

S T o W ek AR e A A M R e

5204
120n
200
24D
22GF
320F
32366
320H
3208
320K
§201
3204

PAGE

TOTAL

15
15
15
15
15
15
15
15
15
15
15
15

2.000
250,040
1.000
17.000
115,000
7.090
10,0400
755,000
10,000
£61,000
647,000
409,000

- O e we A R s W A S -

PAGE

TOTAA

15
15
15
15
15
15
19
15
15

31.000
32.000
3.000
9n.0460
226,000
A61.000
65,000
4672.040
38,000

R e el

3224
3228
3220
320
322F
372¢2F
3226
322H

PAGE

TOTAI

15
15
15
15
15
15
15
15

1.000
349,000
348000
317.040

47.000
1810.000
232.000
440.000

132,

RATF

3.2000
2.0000
L7000
L2n0n
L4500
L3400
21500
. 3600
L4800
L7200
L0400

freR e e Bl e I s an Bl Y A"

L0500
L7500
1000
L3600
LAR00
L0400
4000
L5100
L6500
L1500
L2L00
L2P R0

.0?2900
L3500
L2600
2500
-4000
L2600
L5000
L4800
7200

O T

-
-]
»

SO N O

.2900
L1400
.1300
L2500
L2700
1500
.,0500
0.1400

frat it S v B o v}

EXTENSION

6.40
Z2.u0
121.50
1920,00
1.45
360.00
37.50
55.08
Lo.32
2.16
4.16

Y e b s A -

25350.57

3.15
687.50
3.10
6.12
55.20
0.28
4.00
1140.05
1501.50
99.15
153,84
118.61

3772.50

0.62
11.52
0.60
22.50
990.40
1493.86
169.00
221.76
27.36

2037.62

0.29
£8.86
45.24
79.25
12.69

271.50
11.60
61,60



SECTINN 4 SUPFRSTPUCTURF : PRRICKWORK AND RLOCKWDRK

CONTIMUATTON

FTE™ CATEGARY QUANTITY RATE
TH: DAGE  TOTAL I8

3723A 15 400,000 0.0200
THE  PAGE  TOTAY IS

THE SECTION  TOTAL 15§

183,

FXTEMSION
531.03
88.00
88.430

- e e

8979.77



CSECETION % SUPFRSTRUCTURF

1 TEM CATFGORY
$P20h 17
3248 17
324 17
$24n 18
324F 1R
324LF 18
32406 18

- E L

CTHE PAGE  TOTAL

3254 18
3249n 18
325¢C 18
3250 18
125F 15
325F 18
3256 18
12594 18
3254 18
325% 1%
3251 18

R e L

THE  PAGE  TOTAI

3764 18
3260 1R
326 18
326D 1R
326F 18
$26F 18
3260 18
326H 18
3240 18
376K 18
3261 18

e R e L

THE  PAGE TUOTAI

32¢A 18
52/7R 18
3270 18
32¢n 1%
327F 18
327¢F 18
3276 18
32/7H 18
327 1R
327K 18

NDUANTITY

57.000
426,000
401.000

2.000
1K.000

20,000

1.000

Ic

T.0480
4,000
32.000
4,000
24,000
7.000
£,.000
6,000
104,000
1.000
£.000

4,000
4,000
7.000
313,000
TR, 000
3,000
104,000
11.040
28,000
20,000
g0.000

ES

20,000
14.000
4%.000
L.00D
75.000
2.000
19.040
A.000
13,000
3.000

184,

RATE

0.2800
0.3200
0.3A00
1.5000
1.5000
1.5000
2.1000

L7000
21000
L8000
L8000
L8000
L7000
1000
0000
L0000
L0000
L2400

N = = o DN

ey
—

o oo

0.90000
0.0000
0.3400
0.3400
0.3600
1.2000
y.3000
0.5040
0.35340
0.4000
0.4000

L0000
L1600
L2000
L1000
L1300
L8000
1000
. 2800
L2800
L1000

S OO C—- O O oSO

CARPENTRY AND IRDONMONGERY

FXTENSION

15.96
136.32
164,36

3.00
27.00
30.00

2.10

358.74

8.10
8.40
57.60
7.20
£3.20
5.40
8.40
0.00
0.00
0.00

L e



SFUTENY

SUPERPSTRUCTHRF

COMTIHUATIOM

I T

CATEGORY

- mm s W um Em R M e WD W

PAGK

TOTAL

18
18
18
13
183
TR
18
18
18

A S e SRy e e e R - -

DPAGE

TOTAI

18
18
18
18
18
18
18
1R
18
13

Ty W A o — A S W e

3T0A
LRI
3%0¢C
A30N0
33I0F
3I0F
3306
TIOHM
3300
330K
T30
330m

PAGE

TOTAL

18
18
18
TR
18
18
18
18
18
1R
18
18

Vv v W v b i e v e A e wm am

331A
F3TR
3340
3310
331 F

PAGE

TOTAL

18
18
1R
T8
13

IS

OUANTITY

25.000
5.000
A.000

11.000
4,000

11.000
A.000
A.000
1.0490

. 000
5.0400
7.000
14,000
14,000
12.000
A.D00
33,000
17.0060
£, 000

2.0400
4£.000
1.000
ZR.O0D
2.000
17.000
5.0u00
5.000
2.000
2.000
5.000
11.000

5,000
2,000
0,000
z.000
2. 000

185,

RATE

0.2800
g.2800
0.3000
0.3000
¢.1000
0.3500
0.3500
0.7000
1.5000

0.300n
0.3500
0.4000
0.0000
0.0000
0.0000
d.0000
g.0000
0.3400
1.2000

2.4000
2.4000
1.8000
¢4.1000
0.3200
0.0000
0.0000
0.0000
1.0800
0.1000
0.a0400
G.o0pn

0.4000
¢.5500
0.5500
U.5500
. 46500

CARDENTRY AND TRONMOMGERY

EXTENSION

- W -

- et oy



SECTION 5 SUPFRSTRUCTHRE 1 CARPFENTRY AND TRONMONGERY

CONTINUATTOM

ITEM CATEGORY QUANTITY RATE EXTENSION
$30F 18 3,000 1.9000 5.70
5316 18 11.000 0.0000 .40
331H 18 5.000 g.0000 0.00
331 iR 11.000 0.0000 .00
3%k 18 5.000 0.0000 0.00
1391 18 11.9000 0.0000 0.00
33 M 18 Z_.000 3.0000 0.00
FHE  PAGE  TOTAL IS 17.30
3324 18 8,000 0.0000 0.00
3348 18 10.000 o.0000 0.00
3320 T8 AL000 0.2800 1.68
330 18 90,000 0.1000 9.00
Z3F 18 18,000 0.3200 5.76
I3/F 18 22.000 0.00400 0.00
3326 18 2.000 0.0000 0.00
33¢H 18 18.000 0.2000 _ 3.60
332 _ 1R 11.000 0,1R800 1.98
332K 18 £,000 0.1000 0,80
THE  PAGE  TOTAL 1S 22.82
3334 18 2.000 0.0000 0.00
331in 18 10,000 0.0000 0.00
3330 18 &0, 000 0.0000 0.00
233D 18 : 32.000 0.0000 0.00
333F 18 32.000 .3000 0.90
333F 18 2.00n 0.7000 1.40
3334 18 2.000 0.7000 1.40
3334 18 7.000 0.0000 ) 0.u0
3334 TR In, 000 1.6000 £3.00
333K 18 12.000 1.,2000 14,40
3330 18 2.000 D.o0o0 0.00
THE  PAGFE  TOTAL IS 66.10
3344 18 272.000 0.1000 27.20
3348 18 44,000 0.3500 15.40
3340 1R 3,000 0.4000 0.30
334D 18 9.000 0.0000 D.00
334¢ 18 18,000 0.2000 3.60
334¢F 1R 20,0400 O.0000 0.00
3346 18 2,000 0.0000 0.00
334H .18 2.000 0.1000 0.30
3340 18 48,000 0.2000 9.60
33uK 18 5.000 0.2000 1.00
3340 1R 7.000 0.2000 1.40
3I34M 18 24,000 0

L2000 4.80

186.



SFLTLON 5 SUPFRSTPUCTURF ¢ CARPFNTRY AND TRONMONGFRY

CONTIMURTTOM

1TEm CATEGORY OUANTITY RATE FXTENSION
4340 18 4.000 0.5000 2.00
3340 1R 2,000 0.5000 1.00
THE  PAGE  TOTAL IS 66.60
3354 18 51.000 0.0000 0.00
3345a 18 o, 000 0.0000 0.00
3350 _ 1% 10,000 0.0600 0.00
3350 18 20,000 0.2000 4.00
335F 18 20.000 0.6000 12.00
335F 18 LY, 000 0.2000 8.00
53506 18 14,000 0.6000 9.60
334 18 14,000 0.2400 3.84
3351 18 48,000 1.2000 . 57.60
335k 18 14.000 0.9000 14,40
3351 18 £.,000 1.5000 12.00
334m 18 24.000 0.9000 21.60
334y 1% 5,000 1.2000 6.00
THE  DAGE  TUTAL IS 149,04
334 18 0,000 0.1000 0.90
3360 18 28000 0.1200 3.36
33610 ' 18 146,000 J.1840 26,28
3360 18 1.000 2.0000 2.00
334F 18 2.000 2.4000 4.80
336F 18 2.000 1.2000 3.60
THE  PAGE  TOTAL IS L0.94
THE  SECTION  TOTAL IS 1212.17

i el T I R R i — - e ——

187,



SECTINN

£ NOMINWATFR ACCOUNTS

CATFGORY

14
14
14

- AP A e A e e S we e e

TOTAY

13
12

- e S me e e e e

TOTAL

15
15
15

TOTAL

15
15

. gy Wl W TS e v e R e et

TGTAL

18
1R
13
18
18
18
18

B L L,

PAGF

TOTAIl

18

I<

DUANTITY

SR, 000
5%.000
8,000

9T, 000
80,000
35,000
TR,.O00

1.000

50,000
50_0430
50.030
200,000
230,000

50.000
50.000
50,000

100,000
100,040

1.000
3A.000
24,000
46000

1,000

1.000

3.000

1.000

188,

RATE

Wh = e O AT

Fam N

fe-Ja g ¥ 0

o S

fn e =~V

373.

.2500
-3000
.2500

L1000
L5000
.0090
. 00900
L0000

L0000
L1150
L7500
L4000
L5000

L3000
L3000
L3000

L2700
L2700

.5000
L2000
L2000
. 8000
L6000
L8000
L8000

0000

EXTENSTON

122.50
238.50
13.00

9.30
280.00
140.00
78.00
275.00

o —

50.00
5.75
1R7.50
80.00
100.00

- -

- —— -

. -



SFUTION A NNMINATED ACCOUNTS

COaTIMNUATEOM

{TF™ CATFGORY QUANTITY

- o A RS e b e o A g

THE PAGFE TOT A 1S

L R R ettt

THE  DAGE  TNOTAL is

3724 13
17ee 14
572¢0 1R
37012 18

THE PAGE  TOTAI BS

———n  am " m o G e S

THE PAGE  TOTAL (S

3740 18
374F 18
374F 13
3746 18
374M 18
374 18
374¥ 18

- T e e

TH¥ PAGE TOTA! IS

s S g T ME mm mm am Em R R AR G s ey SRy e

I R R et Rt

1.000

AL000
A.000
17.000
1.000

1.000

1.030
1,000
5.000
5.090
T.000
2.000
3.000

189,

RATE

224.0000

1.2000
g.8000
0.6040
280.0000

165.0000

13.5000
25,0000
0.3540
J.4200
2.5000
2.7000
2.0000

EXTENSION

- e ey

- —— - -

7.20
4.80
7.20
280.00

- - —

e e e

- -



SUMMARY  OF SFCTION TOTALS

SECTENN

SUBSTRUCTIRF

DRATNAGE

SHPFRSTRUCTURFE ¢« CONCRETE YORK
SUPFRSTRUCTURF @ BRICKYORK AND BLOCKWORYK
SUPERRTRUCTHRF : CARPENTRY AdD ITRONMONGERY

NOMTSATES AanCOYMTS

THE RILL  TOTAL Is

1g0.

VALUE
7265.67
247 .99
734.64
8979.72

1212.147

21399.99

-



MORY CATEGORY T SUPRSTRUCTUPE ; EXCAVATTON

ITEMS  IN BILL SEQUENCE.
(*% INDICATES A MAJOR ITEM)

TTE# EXTFNSEION
I01n 108.00G *=*
010 ‘ L0.50
20D 315.00 »+*
TOTE 40.50
)24 823.50 w»x
TO72R 67.50
N2 0.00
nen 6,75
AN2E 4n.50
INPF 40,50
30726 13.50
T02H 67.50
A2 ' . 60,75
TN2K 27.00
3071 20,00 **
Foem 202.50 x=*
02N 37.80
30720 20.00
Ty2p 3.00
2020 13.75
THTA 126,285 *+*
03B 12.50
o7 A ht, 00
I078 5,20
TH7C 96 _ 00
TN7Nn 26, 410)
THF WObe CATEGORY TOTAL TS 2533.90

191,



A B 4

MORE  CATFGORY 2 SURSTRUCTURE : FORMWORK

FTEMS  FN RII L  SEQUFNCE
(** INDTCATFS A MAJOR ITEM)

TTF EXTENSION
305K 6,00
a5 2.00
()5 650,00 *=*
L5 N HOA.00 x+
39510 _ 121.50 #*x*
INAA 79.00
T060 2.20
TAAC ZUR 00 xx
06D 128,00 »+
TOAE 3.50
TAF 4L.55
Z0AG 1.50
T06H 3.30
306 L 15.30
Z0AM 15.90
ANEN 1.50
T0A0 ' 3.96
THFE WORY CATEGORY TATAL 1§ 2hr2. 21

192,



Pk CATEGORY 5 SUBSTRULTURE : RFINFORDCEMENT

TTEMS YN Bt SENUFNCE
(** INDICATES A MAJOR ITEM)

TTFEHM EXTENSTON
2450 24HT.3H x*
TOh¢ 150.00 *=*
2050 22.50
NAE 110.00 ++
205¢F 187.50 »*
086G 3.00
)54 2.70
2ghy 70.n0

THF Yape CATFGORY TOTAL 1S B19 .05

193,



VORK.  CATHGDRY 4 SURSTRUCTUPE : CONCRETE

TTEMS T8 AI1L  SEQUFNCE
(** INDICATFS A MAJOR ITEM)

TTFw EXTENSION
Ip3F 20,49
AO3F 16R_00 *x*
2036 0,00
TNH3H 18.15
203 T12.50 ++
TY3K 155,00 %%
3L 14,00
203 21.00
TN 0_.00
2oL a f.00
4R 2.55
04T 4030
3060 13.20
TAK 1.20
TUF WORK CATFGORY TOTAL TS 548.30

194,



WORK  CATEGNPRY S  SURSTRUELTURE @ BRICKWORK

ITE#S TN RIEL  SEQUFNCE
(#% INDICATES A MAJOR ITEM)

TTF# FXTENSION
N7 38,540
TO7F 1.80
14304 2.00
3104 7.50

THF tere CATFGDRY TOTAL IS 49 RO

1935.



MOPK EATERIRY A SUBRSTRUCTURE : FTLL

TTEMS TN REIL  SEQUFNCE
(++ INDICATFS A MAJOR ITEM)

TTF EXYTENSION

T 224 . A5 **

2ED 2LT .90 **
THF HOPX CATFQORY TOTAL TS L72.%5

196,



Uﬂﬁk CATEGORY ¢ SURSTRUCTURE @ MONOLITHIC FLOOQR SLAB

FTEMS IN BILL SEONUFNCE
(x+ TMDICATES A MAJOR ITEM)

Y TEM ) EXTENSION
TNLD ' 295,20 #x
25 A 105.00 *+
THF WDRK CATFGORY TOTAL 18§ Lgn,20

"~ 197,



CNORK  CATEROPY A DRATMAGE : EXCAVATIONM

ITTEMS  IN  BIIL  SEGIFNCE
(%% [NDICATES A MAJOR ITEM)

ITEM EXTENSION
114 1.50
3118 3.00
311c ' A.T5
T11 0 14.00
T11E 0,09
3120 27.00
312N0 3,40
317F 1.3%5
317F .00
317G 5.40
217K .10
2120 N.99
317K 1.40
121t 13.20
THE VOPK CATEGORY TOTAL 1§ 36,40

198,



RS

CATEGNRY

Q

PRAFMAGE

ITEMS T4

TTFEM

CRAAF

THF

71146
317 M
Z1%A

MK

CATFGDRY

CONCRFTF RED

RiLL

TOTAL

199,

SEOQNENCE

15

(*+ IMDICATES A MAJOR ITEM)
EXTENSION

50.00
.00
1.75
2.25

54,00



HOPK  CATEGORY 10 DRAINAGE : LAY PIPES

ITEMS Iy REVL SEOQUFNCE
(%« INDICATFES A MAJOR ITEM)

TTEw EXTENSION
TY4H 5.00
THE UORY CATFGORY TOTAL TS 5.00

200.



MORK  CATEGORPY 11 DRAIMAGE : MANHOQLES

ITEMS TN RItL SEQUFMCE
(#+ JMDICATES A MAJOR ITEM)

TTEM EXTFNSINN
T13R 4,50
312 .59
243 1.12
313%F 4,40
T4 3%F 3.50
2136 4.05
T12H 56.00
213 1.%e
793k 2.720
21% 12.60
394D 1.35
T4 L.50
21LG 0.05

THF uORk CATFGORY TOTAL 1§ 102.59

201.



CWOPK CATERORY 12 SUPERSTRUCTURE 1 FORMYORK

ITEMS TN RILL  SEQUFANCE
(x%x [NDICATFS A MAJOR ITEM)

TTFM FXTENSION
1A 267.50 **
T1AK 34,00
1AL 30.A0
3451 2EN, 00 &+
TAKL 160,00 **
T4 78,00
AR 1837.50 **
THF LORK CATFGORY TOTAL 1S 1017.60

202,



HORK

CATEGURY

THF

13

SUPERSTRUCTURE

FTEMS TN  RTtL

TTERM

14D
TYVAF
T1AF
316G
Z1AH4
TAHA
THAR

WIRK

CATEGORY TOTAI

203,

: REINFDRECEMEMT

SENYFHNCE

LN

(*#4% IMDICATES A MAJOR ITEM)
EXTENSEON

29.25
13.00
21.919)
0.00
0.00
9.30
5.75

84,20



CHOPK CATEGOPY 14 SUPERSTRUCTURE : CONCRFTF

FTEMS TN BIVL  SENUFKCE
(*¥% IMDTCATES A MAJOR ITEM)

TTEM : EXTENSENON
2164 124 .00 =%
T168 14,00
2160 101.25
174 _ 1R.00
470 2.70
217¢ 20.83
THLE 122.50 *«
ZHLF PA8.5(0 %
THLG 18,040
2456 5,00 *%
THHAN 50,00
THF WOPK CATFGORY TOTAI 1S 084,83

204,



WOPK  CATERNDY 13 SUPERSTRUCTURE : BRICKNORK AND BLOCKWORK

ITEMS IN  RIML  SEDUFNCE
(x* INDICATFS A MAJOR ITEM)

YTFp . EXTENSEON
2170 20.64
TY17F 2.16
317 17.728
31746 172,48
T1GA. 6.490
2408 2.Nn0
319¢ 121.50 =
2900 ' 1920.00 *+
219k 1.45
T10¢ ToO_ 00 *x
21096 37.50
3194 25.08
3104 40,32
219k 2.16
3104 4,16
204 3.15
1208 HB7.50 x+
Zy00 3.10
20D 6.12
Z20F 55.20
220F n,2%
T200 4.090
TAOH 114005 &%
To0 1501,.50 *=
220K $49 .15
o0, 153,84 ¥
2201 1TTR,.A1 =
2214 , 0,42
321 11.52
2210 .41
21D 27 .50
T2 904 ]
T21F 1693, 86 «*
3216 169,00 *%
227K 221,76 %%
VAR 27.3%6
A2Ph 0,29
1278 LB, Re
2220 45,24
2270 9,25
T27F 1?2.69
T22F 271.50 %
2274 - 11 .A0
TP22H 61.60
X23A HE, 00
ThHAD : 30,0
TEAF : 100,09
IATA 15.04
THTH 15.00
TATC _ 15,40

205,



_UHPFV CaTEGORY 1% SUPERSTRUCTURE @ JRICKWORK AND BLAOCKWORK

ITEMS TN 8ILL SENUFKCE

CUNTINDATION (% INDICATES A MAJOR ITEM)
TTFM CXTENSION
ZHRA 27.00
ThH R 27.00
THF tHdrRX CATFGORY TOTAL 15§ 9311.,28

206,



HORK  CATEGROPY 17 SUPERSTRUCTURE 1 CARPENMTFR FIRST FIX

ITEMS  IN ARILL SEQUENCE
(*% IMDICATFS A MAJOR ITEM)

TTFM EXTENSTION

TELA 15.96

R241 136,32 x+*

324C T44 36 #+*
THF WORK CATEGORY TOTAL IS Y6 .h4

207,



- { V i v U . o ! i C U . C Y !

(TR TR RTLL SEOURNCE (** JMDTCATES A MAJOR ITEM)

EXTENSINY
TTEm

32.00
iair 27.00
it 30.00
<ait 2.10
N .10
en B.40
Z2RR ek
250 7-0
oer £3.20
et 5.40
B 8,40
e 0,04
2254 e
2251 p- oo
T25¢x o
o .00
T20A 000
T261 i
i e 112,68 *»*
Tare 58 _.R8
Aoer 3.50
aahe 31.80
22AG S
e 14,84
o .00
oar 32.00
R2AAL . o
o 2.24
227 2.2
270 e
T2ThH 542
227 oo
ot 1.560
L2746 1-20
5 .64
rore N,30
ey 7.00
T2RA roe
Z2RY P
“a80 3.30
T2RD R
Tonr 3.85
iy 2.10
onn L.20
L2RH 620
<50} 1.480
294 30
2208 . e
3z2a¢ 2.8
taot .00
I20E

208.



HORYK TATEGORY 18 SUPERSTRICTYRE : CARPENTER SFCOND FIX

JTEMS IN RIEL  SENUFNCE

CONTIRUATION {(*%x IMDICATFS A MAJOR ITEM)
YTFM EXTENSION
T2QF ‘ 0.00
3206 n.00
TP0H 0.n0
120 5.78
20K L _810)
3450A 7.20
RS INT a_40
IO 1.80
TI0D 3.80
T30k .64
230F 0,048
2306 0.00
T30H 0.0Q
230 2.16
230K N.20
330L n.no
Z40M 0.00
3314 2.00
T31p 1.45
331¢C 4,95
331D 1.65
TEF 1.39
%44 F 5.70
2314 0,90
3314 0.00
T34 ) 0,00
231K 0,00
311 0n.00

A R 0,00
TR7A n, 00
33528 0,00
T32( 1.638
LR Y AL 9.00
T32F 5.76
33°F 0.00
23726 0.00
3374 3.60
2321 1.98
T32K 0,80
LRS! N.00
Z33B 000
LR L 0,00
I33In 000
TE3F 6,949
7237 1.40
LR L .40
T3u 0.n0
AT 48,00
RERES T4, 40
33 0,00

209,



~r T r————

A B,
CMAPK CATEGORY 18 SUPERSTRUCTURE + CARPENTER SECOND FIX
FTEMS N 3L SENQUFNCE
CONTINUATION (% INDICATFS A MAJOR ITEM)
TTFEH EXTENSION
ERTY 27.20
TIAn 15,40
T340 0.30
LETAY n,00
ZAL¥ 2,60
T3IAF 0.00
TLLh45 0.00G
LT Nn.30
LYW 9.AD
T34k 1.00
LRI 1,40
34N . 4 .80
L34HN 2.00
T34y 1.00
3854 0,00
23543 .00
335¢C 0% 00
235D L.00
335E 12.00
355F 8.00
3586 9,40
33I5H 2.84
Z38) 57.A0
235« 14,49
T35 12.09
355 21.40
2349 6,00
33AA 0.9
RT3 3.3%6
TIAL 26,28
136D 2.00
Z3AE 4. 80
TE6F 3.60
1604 13.50
3H0F _ 7.20
Tpar 4,80
2590 P18, 880 %
I/A0OH 0,40
159 0.%R0
TA0K 2.40
AYALY: T73.00 *x*
1717 224,00 *%
YA 7.20
27en 4,89
IP2C 7.20
1772 PRO.OQ xx
3737 165,00 =+
LD 13.50
37AE 25.00
TR 1.75

210,



T

HORK  CATEGOPY 18 SUPERSTRUCTURE : CARPENTER SFCOND FIX

ETEMS IR RELL SERUENCE

COMTINUATION (%% INDICATFS A MAJOR ITEM)

YreEm : EXTEFNSTON
L7406 2.10
L aA 7.50
LA R.10
LK Q9,00

THFE WORK CATFGORY TOTAL TS 2191.78

211.



P K

CATEGORY

THE

14

CARLF pDUcT =

[TEMS I ATHL

TTFM

ZOKC
TORD
FORF
TPRF
TORG
ZORH

P K

CATFGORY TOTAL

212,

EXCAVATTION

CRENYFNCE
(% INDICATES A MAJOR ITEM)
EXTFNSION

67.50
4.50
N.00

52.40
2.16

25.50

L] 132.06



S T R

LNk

CATEGORY 20 CARLF DUCT :

I TEMS
TTFm

0k
2091
TAOM
290N

TH

BiiL

FORMWOREK

SEQUENCE

THE WORK CATEGORY TOTAL 1§

213.

(% IMDTCATFES A MAJOR
EXTFANSION

17.54
101.50 »+
en.7o
16.10

155.80

ITEM)



WORK DATEGORY 21 CARLF NUCT : REINFORCEMEMNT

ITEMS IN BIIL SENUENCE
(*+ IMDICATES A MAJOR ITEM)

VTFH . EXTENSION
200D 15.20
RO E 15.20
109F 9.00
3006 12.00
ZO0H h.00
ino n,00

THF e CATFGORY TOTAL IS 51.40

214,



WORK  CATERDPY 22 CARLE DUCT : CONCRFTE

ITEMS  IN  BILL  SEQUENCE
(vx INDICATFS A MAJOR ITEM)

TTEM EXTENSION
T09A q.00
EXIALEL QLAY
390¢ 12.00

THF WPk CATEGORY TOTAL TS 30.60

215.



HORK  CATEGNPY 9 SUPSTRUCTURE 1 EXCAVATTON

TTF4S [N  DFSCENDING  QRDPER  NF  FXTENSTON
‘ {(+% INDICATFES A MAJOR ITEM)
FTTFM™ EXTFNSION

2g2a 823.50 =+
Ip1n 15,00 x»
T02L 270,00 **
T 2m 202,50 %
20%4 126.25 =«
316 108,00 #x*
070 $9_00
3428 67.50
ZOPH 67.50
074 46,00
T2k 60,75
01C 40,50
191E 40.50
A02F 40.50
307F 40,50
202N 37.80
372K 27.00
07N 26,40
0270 20.00
2074 13.75
Z02h 13.50
T3 12.50
02D .75
78 5.20
ERIVA T.00
g7 3.00
THF WARK CATFGORY TOTAYL TS 253%3.90

216,



WOk  CATEGORY ¢ SURSTRUCTURE : FORMWORY

TTFMS [N DFSCENDING OQROER  0OF EXTENSTON
(*%x INDICATFS A MAJOR ITEM)

TTFM EXTENSION
TYSN ROAK,00 *»
Tgam 650,00 =+
IOAC ZOR. N0 =
Z{AD 128,00 x*
2050 121.50 =%
TOAHA 39,00
T A 15.90
ZU6L 15.30
305K 6,00
TNAF L,55
TOAND 3.96
TOAE ' 3.50
TOAHK 3.30
THAR 2.20
208 2.00
2066 1.50
I0AN 1.50
THE wOPE CATFGARY TOTAL TS 2077.21

217,



£ T w1 -~ x o8 ~ PP F T FRE Y PN

WORE CATEGORY 3 SURSTRUCTURE ; RFINFORCEMENT

NTSTS——Y

FEFMS UM DESCENDIANG  ORDFR  0OF FXTENSTON
(x* TMDICATES A MAJOR ITEM)

TTemM EXTFENSION
RSIAY: 263,35 *%
FO5F TE7.50 *«
05¢C 180,00 *+
3O5F 110,00 #*+
08RG 70.N0
2086 22.50
256 3.00
3{15n 2.70

TAF WyRk CATFGORY TOTAL 1§ 819,05

218,



Lo CATEGURY 4  SUBRSTRUCTURE : CONCRFTF

TTFMS IN DFESCENMDING  ORDFR  OF FXTENSTON
(% IMDICATES A HMAJOR ITEM)

TTFM EXTENSION
TN3F 168,00 **
TRk 135,00 *=«
EXUEN 112.50 =*x*
I03F 50,40
INEM : 21.00
A03IN 18.15
031 14.00
AR 13.20
04 A.30
LA | 6.00
THLR 2.55
INAK 1.20
T(HK 1.20
06K 1.20
THF WORK CATFGORY TOTAL 1S 548,30

219,



HORK

CATEGORY

TTF48

THF

p)

I
TTEM
2O7F
210 A
3000
EO)7F

PP K

SURSTRUCTURE

BRICKWORK

NDESCENDTNG  ORDFR

CATFGORY TOTAL

220-

LI

DF

EXTENSTON
(#+ INDICATFS A MAJOR ITEM)
EXTENSION

3R.50
7.50
2.00
1.80

40 R0



MOPK  CATERURY o

TTFMS  IN
TTFM

T03%D
I

THF QYRE

SURSTRHCTURE : FTLL

NESCENDING ORDFR

CATFGORY TOTAL

221,

IS

OF

FXTENSTON
{+% INDICATFS A MAJOR ITEH™)
EXTENSION

247,90 *%
224 45

472.35



S W{IRKY CaTEGORY 7/ SUBRSTRUCTURE : MONOLITHIC FLOOR SLAR

I rems IN  DESCEMDING ORDFR  OF FXTENSION
(+#+ INDICATFES A MAJOR ITEM)

— EXTFNSION
040 PI8.20 w*
2OS5A 105.00 »x*

THE WORK CATEGORY TOTARE 1S L0020

222,



WORK  CATEGORY  ®  DPRAINAGE : EXCAVATION

TTEMS [N DESCENDING  ORDFR  OF FXTENSTON
(**x IMDICATFS A MAJOR ITEM)

TTEY EXTFNSTON
124 27.00
11n 14.00
171 13.20
124 2.10
211¢C 6£.75
126G 5.40
12D Z.A0
2110 32.00
412« 1.60
1A 1.50
Z1°7F 1.35
3124 .99
T2 : .00
3172 0.90
THE HORK CATEGORY TOTAL 1§ 86 .40

223,




WHPRE  CATREGORY G NRAIMAGE : CONCRETE BED

TTEMS [N DFSCEMDING ORDFR OF FEXTENSION
- (%% INDYCATFS A MAJOR ITEM)

TEFM EXTENSION
LR 50,00
1T A 2.25
T7m 1.75
T47?m 1.75

THFE WORK CATFGORY TQTAL TS 54,00

224,



WORKE  CATEGORY 10 NhRAIMAGE @ LAY PIPES

TrFMe (N DFSCEMDING ORDER DF  EXTENSTON
{(++ INDICATES A MAJOR ITEM)

LA EXTENCSION
ER A 5.00
THE WOR¢ CATFGNRY TOTAL TS 5.00

223,



WORK CATEGOPY 11 NRAINAGE : MANHOLES

TTEMS  IM  DFSCENMDINA  ORDFR  OF FXTENSTON
(x%x IMDICATES A MAJOR ITEM)

TTF™ EXTENSION
312H 36.00
2137 12.690
313¢C 6.50
3138 4,50
A1 4F 6.50
T 3F 4,40
1RG 4,05
F13F 3.50
313K 2.20
3134 1.82
3140 1.35
43D 1.12
X146 n_ns
THF WOPK CATFGODRY TOTAL IS 102.59

226-




TR WY W PSRRI, 4 1 ¢ v v T,

HOPK  CATEGORY 12

ITEMS N
TTEM

1658
AR
AL
TASC
ZHRD
16K
AL

THF WORK

SUPFRSTRULCTURE

DESCEMDING  ORDFR

CATEGORY TNTA|

227,

IS

FORMWORK

Of

FXTENSTON

(**x JMDICATES A MAJOR ITEM)
EXTENS[ON

280,00
267.50
187.50
140,00
78.00
34.00
30.60

1017.60

* &
* *
* *
* %




e EAm s N TR e S LS T T T S U IN  . . « ; ~ T,

WORK

CATEGORY

ITF#MS

THE

13

Y

TFEM

314D
T1AF
T1AF
THS A
36H8
Ineg
30hB

LD K

SUPERSTRULCTURE

DESCENDING  ORDFR

CATEGORY TOTAL

228,

Is

REIMFORCEMENMT

OF

EXTENSTON
(+» IMDICATES A MAJOR ITEM)
EXTENSION

29.25
21.90
18.00
9,30
5.75
5.75
5.75

84,20



Hovx  CATEGORY Y4 SUPERSTRUCTURE : CONCRETE

VIFMS R DFESCENMDING  ORDFR  OF FXTEMSTONM
(*% IMDYCATFS A MAJOR ITEM)

FIFM . EYTENSION
A5G 275,00 x+
A4 ¢ 238,50 x=
316A 124 .00 =+
ZHLE 122.5(0 ==
A1AC 101,25
THAEA 50,040
217C <0 _8%
3974 18,00
364G 15.00
24166 14.00
TR 2.70
THF WaRK CATEGORY TOTAL T§ O8R4 ,R3

229,



TA—C—— WS 4§ 4 3 W TN

T T o Y wwE Y

HaPK  CATEROPY 15 SOUPERSTRUCTURE = 3RICKUORK AMD B1LOCKWORK

TIFMS [N DFSCENDINA  ORDFR  OF FXTENSTON
| (%% INDICATES A MAJOR ITEM)

TTEM EXTENSINN
71en 1920,.00 *%*
32N 1501.50 +%*
$21F 14693 . R6 ++
T20E 1140,05 xx*
320g 687,50 =+
I19F 360,00 #x
T22F PE1.50 &+
T21H 221.76 **
221G 169,00 #*
2201, 153.84 *+*
210C 121.50 =**
320m 118,61 %
TAAE 100,00
T20¥ 99.15
221F G040
5234 KRN0
3HAD 0,00
327D 79,25
322K 61.40
20F 55.20
T19H 55.08
212728 4R_B6
P20 45,24
310y 40,32
2194 37.50
3214 27.3%6
T4RE 27.00
TARL 27.00
221D 22.50
317 20,64
317F 17.28
TH7A 15.00
IA7E 15.00
24T 15.00
T2PF 12.49
3176 12.48
%226 11.60
1290 11.52
T1GA Y ]
2200 h.te
3191 L,16
T2 4,00
TIONA .15
T2N0( 2.10
T17F 2.16
110y 2.16
3108 2.00
Z19F 1.45
T2HA .62
210 .60

230,



[

WRK  CATEGORY 15 SUPERSTRUCTURE ¢ BRICKWORK AMD BLOCKWORK

TTFMg i¥  OFSCEMDING  GRDFR  OF FXTENSION

COnTTNHATINN (*x% INDICATES A MAJOR ITEM)
TTFM EXTENSION
TZPA 0.29
T20¢ 0.28
THFE WORE CATFGORY TOTAL TS 9311.28
231.



R T A LY

M W YT M WY Y X 4 & F X OTTVEWEYW R

uORK

CATEGQORY 17 SUPERSTHRUCTURFE

ITEMS IN  DFSCENDING  (ORDFR

TTFM
24
324p
CIhA

THF VOpK CATFGORY TOTAL

232,

1S

CARPENTER FIRST FIX

OF

FXTENSTON
(xx IMDICATES A MAJOR ITEM)
EXTENSION

164,36 *+
136,32 *+
15.96

296 h4



X Tmea

1T T e T

T oYY Oy

L YL O ]

P ) TOEEENEEE. 3 eEp T M % T WY YTy w7 TR M w W

yMEET ¢ 3T AR ST AT W AT ATY ML o L T T v
[ : i

WK

CaTrGnpy

TYFMS

14

|
YIER

2707
P2y
3717
2737
149G
R2AD
1251
%350
25%4J
T25E
T2AF
EY4:1)
B2AG
T24¢
244
R2LE
TEAC
TlLE
T55mMm
Ai4B
T2A
T
L1 ¢
THOA
Lihp
T35
T35
RETFE
270
2i4)
T30R
28506
332n
KLk
22458
T25¢G
25
AL}
T26K
t35F
T74LH
325D
T304
THOE
i7ea
37?7
Z2RA
355w
3290
T372F

SUPERSTRUCTURE =

DESCENDTINA

URDFER

233,

CARPENTFR SECOND FIX

OF

EXTENSTON

(+* IMDICATES A MAJOR TITEM)
EXTENSTON

3I73.00
280,00
224,00
165.00
118. R0
112.48
57.60
57 .40
48 .00
43,20
3R_A8
32.04
31.80
30,00
27.20
27.00
2H.2R
25.00
21.60
15,44
4,84
()
14.40
13.50
13.50
12.00
12.00
Q.75
2.60
9 .60
Q.60
9_60
.00
9.00
R,LQ
R.&0
AR.10
R.10
R,00
2.00
7.5%0
7.20
7.20
7.290
7.20
7.20
7.00
6.00
5.78
5.76

¥
* &
LI
* W
4 %
* %



WOPK CATFEGRARY 1R SUPERSTRUCTURE : CARPENTER SFCOND FIX

TTFMS  IM  DFSCENDING  (OPAOFR  OF EXTENSTON

COMTIHUATION (**x INMDICATES A MAJOR ITEM)
TTFM EXTENSION
TE1F 5.70
T26H 5.50
225¢F 5.40
331¢C 5,95
Z5Lm 480
THOF 4,80
3o &,R0
129k 4.R(O
T 3AE 4. RO
T2RH 4.20
EEET) L.00
TP2HE 3.85
T45H 3. 84
T300 3,80
327 3.664
226F 3,60
T27F 3.60
T32H 3.640
TILE 3.60
Z3AF 3.60
Z3AR 3.36
3280 3.34
Z24D T .00
3200 2.80
TIAC 2.52
59K 2 .40
27 : .24
240 2.16
2244 2.10
ZPRG 2.10
374G 2.140
SN 2.00
TLLN 2.00
33AD 2.00
342 1.948
7251 1.92
32RC 1.80
Z2OA 1.80
230¢ 1.80
3293 1.75
B74LF 1.75
227H 1.68
132¢ , 1.68
3318 ) 1.65
51N 1.A5
32746 1.50
T2RJ 1.50
2341 1.40
Z2Rp 1.40
3% 1.40

234,



WORE  CATEGORY

TiFss
COMNT IntiaTION

1k

N
TTER

TLTE
231F
TILK
3340
T3%E
TLAA
332K
2AQY
I30F
LHOH
227D
R2RF
227K
R340
T34H
T30k
2Ti0K
230k
1350¢x
T30y
2s50¥
R0k
TINK
750K
Ti0k
330K
250K
330k
3Nk
2E0y
230k
230k
30K
730K
TINK
ANk
T30k
350«
23Nk
150x
RI0K
230y
Ti0k
240K
50k
330«
250K
T30K
350K
TA0K

SUPERSTRULCTURE

DESCENDING

235,

ORDFR

CARPEMTER SFCOND FIX

OF

FXTENSION
(xx INMDICATES A MAJOR ITEM)
EXTENSION

1.40
1.35
1.00
1.00
0,90
0,90
0,80
0,80
N.64
N.60
0,40
N_40
0.30
0.30
0,30
0.20
H.20
0,20
0,249
0.720
0,70
0.20
n,20
0.20
0,20
n.20
H.20
0,240
n.20
n.20
n,20
n,20
N, 24
N.20
n.20
0,240
0,290
0.20
Nn.20
N.20
N.20
n.20
0.20
n,24
0,20
0,20
0.20
0.20
n_ 20
N,20



WP K CrTERDRY

17FMS
CONTYSUATOY

THF

1K

PN
TTEM
130K
T30K
140K
T30k

WUORK

SUPERSTRULTURE o

PFESCEMDING  URBDFR

CATFGORY TO0TAL 15§

238,

CARPEMTFER SECOND FIX

OF

FXTENSTON
(«+ INMDICATFS A
EXTENSION

0.20
0,20
0.20
n.20

2191.73

MAJOR ITEM)



LGPy, CATEGHRY 14

YTEMS [N
TTFM

T0RC
TOHRF
TORH
208D
ZORG
2RRG

THF WORKX

FABRLF DUCT :

EXCAVATION

DFSCEMDING  OPDEFR  OF FEXTEMSTION

CATEGORY TOTAI

237-

(x+ INDICATFS A MAJOR ITEM)
EXTENSION

67.50
32,40
25.50
4 .50
2.16
2.16

TS 152.06



CMORK CaTERORY 20 CARLF DUCT : FORMWOREK

FTFMS  IM DFESFENDIRNG  ORDFR  OF FXTENSTOM .
' (+% IMDICATES A MAJOR ITEM)

TTFM EXTENSION
Tya| ‘ 101.50 ¥
ZH0M 20.70
209k 17.50
750 p 16.110

THF WArRK CATFGORY TOTAL 1S 155.80

238,
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WPy CATEGORY

ITEMS

THF

71

IN
TTFM

209n
IN9F
THOG
TOF
THQF
IH9F

WORY

CARLF DUOT @ RFIMFORCEMENTY

DESCEMDTING  ORDER

CATFGGRY TAOTAL

239,

1S

CGF

EXTENSTON
(+% IMDICATES A MAJOR ITEM)
FXTENSION

15.20
15.20
12.00

¢.00
9,00
9.00

51.40



S s et w = WY FowE T W g

VORK  CATEGOFRY 22  CARLF NnutT + CONCRETE

TIFMS  IM  DFSOENDING  ORDFR  OF FXTENSION
| (%% IMDICATFS A MAJOR ITEM)

TTFM . . EXTENSTON

00 : 12.00 "

1908 0,60

200 A : 9.00/
THFE WPk CATFGORY TOTAL IS 30,60

240,
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"APPERDIX 7,

n

n -

Ll

Costs of substructure

o

Coste .of éuperstructure

-eXcavation

- concrete
~ reinforcement
= . formwork

= . hardcore

concrete

- formwork

- reinforcement

- brickwork and blockwork

241 ,-

[. - Records -of achieved performance collected for the Stores Block of
. the Stores and Office proaect . ‘ ‘

Page
242
243

244

245

246
247
248

249

250



' > contract sropes amn QEFICEBLOCK o 'settion _.srazes
. o B date_19 - 10 - 1912
CTNTTY | ESTWATED | RUTHORTSED T REVSED | 9 | VALUE FREVIOUS | COSTS INCURRED  |TOTAL REMARKS
05T ACTIVITY VARIATIONS | EST. RCT.| WORK | OF WORK | RECORDED | IN THIS . CosTS B
ODE CosT + QR — | CosT "COMP. | EXECVUTED | COSTS PERIOD T0 DATE
XCAVATION - £2533 .. | =£106 £2427. -1 100.. | .£2427 Re-check = |746 hrs @ 90p= 671 Operation carried out
. B R - . Y . -{on time 60 ™ © 100p= 60 - by- machine as against
o . | sheetas pachine costas’'= 328 £1059 the estimated value
T = - o calculated on hand
- St R Tl dig around piles
- . - e Complete remsasure
I o L o . carried out by the
R surveyor = .
B, Py B e O Complete check through
——— e . —— e - e - time sheets to give
—_ ———— - . _. |final accurate costs
]
_ E —— .- — — - — S
—t : ) Site decision to use
' - Eiehil St ‘ small machine on
N e SRR FUUOSM |V (NI - excdvation proved -
o e ) . N ' valid - '
, =
. - ~3




L f}oﬂ’fr aCt STORES AND OFFICE _ﬁi.ocic _

- section_.swoms

,5_- - date_1r9-10-1972

CTIVITY
05T
ODE

ESTIMARTED
ACTIVITY
COST

“RUTHORISED
-VARIATIONS
+ OR —

REVISED
EST. "ACT,
CosT .-

Wo

Yo 3
R |
COMP.

VALUE
OF WORK
EXECVUTED

PREVIOUS
RECORDED
CosTS

cés"rs INCURRED

N CTHIS

TOTAL.
COSTS

TO DATE

REMARKS

UBs.
ONCRETE

g5487

L e i

100

| 2463 -

[P - - — e e im e s B
——— & e ot r—— - —~— -t — RIS S - —— — e tamae -
*
. .
- —_— e i o - [ e — - —
-
. .
B UWHSMIINS [ R i o — — et A —
N . ———
F
.
E
— ¢
.
3
. '
- — v - s e e
——— e —— - . - - -
.

Re-check on ESb.hra ® 90p = 3157

time sheets

PERIOD -

£

30" @ 100p =_30

“
.
- - ————
.
L
FE A e T T YT B

Ay m i o meaaet -

£345

This activity done .

entirely by own
labour _

Complete remessure by
the Surveyor -
Complete check. through
time sheets to give

final accurate cez*a

- .

- -
- - -
e = e b w e e
P - s



Cohjiract smoims AND o:é'mcé_s'r;ocx |

“section_.storss

date 19-10-1972

(CTIWITY
asT

L DE

ESTIMATED
ACTIVITY
CosT :

TRUTHORISED
VARIATIONS

4+ OR ~

REVISED
EST. ACT,

Fo
WORK
COMP.

VALUE
0F WORK
- EXECVUTED

PREVIOUS
RECORDED
CosTsS

COSTs INCURRED
IN- THIS
‘PERIOD

TOTAL

JCoSTS

10 DATE

REMARKS

'CBS.

telinw=
‘orcenent

£924 - -

CosST .

£844 ,'.

e e et vy e R
—— [ O - et ———— — e ey -
- e S, e e .
RN U S, .— e
[ [—— e a gy .I - ——— . -
d
t
S * .
- ¢ - —— [P .
-
. R R — ——— —— -
- - - —— v em et o n
.- o . - oty b - 84
ISR AU U S -t oy— o e e
- L]

. £844

Re-~check on
time sheets

LY

Sdb~c6ntractdf
30 hrsa @ 90p =

10 ‘" @ 100p =_10

o i e ekl aigie me s s p e
- a1
- e -

£
650
2T

£687

This activity mainly
done by sub=contracto:

Complete remezsure by

the Surveyor

Lccurate breskdown of
| sub=contractorst cost
available in this

instance



. cOntract. SIORES AND OFFICE BLOCK |  gection _STORES
. y | date__19-10 - 1972
TCTIVITY | ESTIMATED | AUTHORISED | REVISED 5% | VALUE PREVIOUS | €OSTE INCURRED T -
L0ST ACTIVITY | VARIATIONS | EST. RCT.| WORK| OF WORK | RECoedED | IN. THIS . - *crgs% REMARRS
_CDE cosT + OR — ' | CcosT COMP. |- EXECUTED | CosTs PERIOD T0 DATE
SUES .. : . R | .-" | _ ¥l e T
Form- £2072 7 . ~£126 £1946 © " | 400 ~ | £1946 Re-check on | Sub-contractor 1905 This activity dore
Work e e 1 et e R Y FR . - time Sheets 1 1 9 hrs @ 100-. = 119 ) . par’tly by [e) Tpel 1&b0ur
——— - T, SO et — ‘ 5 ™ o 0=_45 £2069 and remsinder by sub—
RN JUUI B e | vime e e - e — - . |contractor
- i S T = et — e - Comple'!:e' remeasure by
N SR O — - SRS the Surveyor . ... . .
I N S T _ ) _|complete check througl
L ) ) I i time sheetm to give
T final accurate costs
"—;3 - TSIt BIpNpPIO - e - Sub-contractor costs
- @ - - ORI Y IR include for extra worl
I . L . B on caps due to '
L . R : inaccurate piling.
= - - Yalue of this extra w¢
- - e built-up on a daywork
- basis ' '
SR .
~3




. cO n'-'{- act_SIORES AND OFFICE BLOCK

section s

date 19-10-1972

cés"rs INCURRED .

IN “THIS

TOTAL
CosTS
T0 DATE

REMARKS

RCTIVITY | ESTIMATED | AUTHORISED | REVISED % | VALUE PREVIOUS
LOST ACTIVITY | VARIATIONS | EST. 'ACT. | WORK | 0F WORK RECORDED
_ODE CosT + OR ~ | COST .- COMP. | EXECUTED | C0OSTS
Hardcore | "£472 CO4£119 o | £591 100 | £591: Re-check on
B U, (N B e LI . time gheets.
. ..h.)‘. - - B e e —" - ..__-_..4.---_-, B v W . — - — - - - - - -
——— e ——————— e hr— = aEta o — P —— R
o

PERIOD

744 hra @ 90p = 6
50 -" @ 100p = _50

L3
LS
-
.
+
P
- —
.
a

¢

£
69

£719

Work dome by own
labour .

Different material use
from that origionally
aspecified required an
increased labour rate

_‘ _ |Complete remeasure by

the Surveyor

Complete check througl
time sheets to gilve
final accurate costs

o
. -
-
s -
— et e ———— .




4.

.

REVISED

-

CO nt ract smonrs .m omicztf'niocr

9o

date

‘section __.SrTorss

RCTIVITY
CosT
CODE

ESTIMATED
RCTIVITY
CoOST

AUTHORISED
VARIRATIONS
A OR =

EST, RCT,
CosT

WoRK
COMP.

VALUE
OF WORWK

r EXECUTED

PREVIOUS
RECORDED
Co5TS

IN- THIS
PERIOD

COSTS INCUQRED

'TorAL
CosTS
T¢ DATE

REVRRKS

SUPERST,

- Concrete

| e1235 -

.
SR . i ——

[PV AR [ - e faima [P

e | e e L e iy o [ e

- B i Y DRI I S ——— -

| £654

41. ..

.NIL

4

£520

£520 -

High level roof now
changed to insitm slad
resulting in extra cost

. |15.9.72

- -gp-—-

' £1058 -

- etgs

&3

19.10.79 -

CTRITS6 T

~EN3: -

1032 hrs @

. E

0p = 929

- £1029. -

Complete check through . .

tine sheets to give
revised coat

i

. — 100 * @ 100p = 100
_:. u:,;:f f— - - —— —— ‘- [ —t . e . . -
T o D N R cT i o Costs incurred correct
T SR Ik B tant sl M - £ to date btut not possibdble
.- - R e I R IV - LT £1029 200 hra © 90p = 180 to work out Yestimated.
i . .. e . 30 " @ 100p = _3__ value™ . at present duve
: £210 - | £1239 - |to large number of
. o . : variations o
o ~e e el R B Bt e e e Note 20% of- activity
s SOVUPUSMISI OO, SRR S - cost used for-the. .-
e | . . execution of 4% of the
. . |work in this peried ‘
3 fr : AR



. - contract_srorss am orrIce BLOCK seciion _ . srorss
B _ | date.
RCTIVITY | ESTIMATED | AUTHORISED REVISED % | VALUE PREVIOUS COsTS INCURRED TOTAL - EM
COsT ACTIVITY | VARIATIONS | EST. ACT.| WORK | OF WORK | RECORPED | IN ~THI® - cgsﬁ’fi REMARLS )
CODE CosST - 4+ OR — CosT COMP. | EXECUTED | CosTS PERIGD T0 DATE
- Formvork |- £1018. +£250 . £1268 . - |25.8,72 . .  |Additioral formwork
- e e — R e gy L E66T ¥IL . £920 £920 . in high level roof
:m““ - I o o o A11 work undertaken
- ol by - aibll Bttt Bl - - by Sub-contractor -
) 1950~ | “gz218= [15ga72| v - |- , . Additional value for
1 ) TR B2 | T E2684 - £920 Sub=contractor = 619 %2:;"32:32;&3”‘1 o
e I - o B - e Daywork labour = .7311 T
phshdial Eehat s tasd el 17 hrs @ 90p = _15 S ‘ ork labou.r bro
L ; Dayw ught
- - e v e e #1365 ‘2235 in from other site o
e —n - ' - 1during National Building
- R - - SNV Strike at premium :
———ie — - —— . payments,
. " ) . 6.1 .72 E “ o 1onger practical -
.......... ce - proposition to collect
96 £3089 accurate coats because
— ' sub-contractor will not
' keep them separate from
SEPERVIY (PSP RPN R e e e e other activities and . ..
bt cmme e | cmemmme e e | e . . B the office block =~  *
—— =
<




- L I T T TEETTRTY Y X VWY YT Wy ;
e . : rAaTAaT AT Ay YT N 1!‘7)”’!!'}?‘1'!7. _ -y r'r‘r'r " - Fw v x5 b

'{ 'f . contract_smms mmomzmex i . section _ Stoms

| | _ : ;- date
RCTIVITY | ESTIMRTED | AUTHORISED | REVISED % | VALUE PREVIOUS CosTs INCURRED TCTAL REMARNKS -

CosT ACTIVITY [ VARIATIONS | EST. ACT. | WORK |" OF WORK | RECORDED | IN "THIS . COSTS
CODE CosT + OR —~ ° | COST - | CoMP. | EXEQUTED | COSTS PERWOD - . " | TO DATE

SUPERST. SR

" Rein- CEBgTT | ; ','. + £60° ) '.‘.‘.1_'44- T 125,8.72) - - . .o - Lo - _ - 1 Additional reinforcement
forcemeny - --wo— - flom mromem o [ eer e AT geR NIL 1 g180 _ 2180 inhigh Jevel ?oof.

AR R DA SR P P! R I AP | 421 work doms by
o o R , o Sub=contractor.

- =180} —£324 [ 4539572t o | e [ R - | Extra value for .
AR il Kb ba - Sl .- |- R180 130 3:“ o &30 %ema;":i::i::miﬁtgul

i wem et [ e ,,.. B3 | oo e | e e : 1 - No longer practical t S A
NI VORI N FESUTRII A et e e . . -+ wwe= | proposition to collec ‘
N o : 96 [ &M &0 U T . accurate costs because
e RS AU . N et b b sub-contractor will not
o o _ ' - ‘ ' : _ ' C T _ keop them separate from . .
. . . .. ,. PR T TR S .... - .'_" v e e .. PRI B T Other activitiesand - I“’
SabibIa R B S I ' the office blogk '

[N - ]
- . <
L]
- \ 3 - — - . i
- - N .- PR [ U DU AU - .
g etathet bl - - - [ ~ -_n--‘.,
’ } "
- - - -y *
. g
N i . .
—ee o L . R, ' P
DU [, e ) I
1.
i |
B PR —— - 5 " T
‘ i ; .
—_— . . - ;
) ~3
-
.
L] r '
Az R, S ey RS ECTL LT e PP = - = h




. contract_srores anp orrrce mrock - section_..__srores
. ‘ : | date

RCTIVITY | ESTIMATED | AUTHORISED | REVISED % | VALUE PREVIOUS )

CosT ReTVITY | | VARIATIONS | EST. RCT. | WORN | OF WORK | RECORDED | M- e - oo oA REMARKS .

C.oDE CoST + OR — | CosT COMP. | EXECVTED | COSTS PERIOD TO DATE ‘

UPERST.. ’ ' R L. -
Brickwork < £9312 - . . B5.8,72 S . . ; This includes external '
and e . . e N ~ Cant '
o R S D o R I Sub-contracter £1719 | eiqig | ¢ imternalwork
SRRt I e Sl IR K11 work undertaken

‘ . SUNDUUIE [RVRNPUNE IR - by sub—contmctor

BN U T (A - (51 i B e Do 0f bond ohinend

R R R BT T &80 | sm9 | subiontrastor 672 causing & Feauction
- ‘ LB M2 |35 me o oope 31 | - .| in Bi1l rates .
T S = e £003 £2622

o %’ O B ro.0.7d - - I
S v |85 | £7888 | E2622. Sub-contractor £1606 | £4228
", St ' e Bt oTE | e . Difficulties experienced
Sy - e, in pursuading Sube

“98 \ £9089 £4228 Subwcontractor £1656 £5884 contractor to return

S to site to complete ‘
B ) - e remainder of work :
R — . . i Large eaving is due

— VRN (. R R to the efficiency of

: thia sub-contractor
o : § -
- ) 3

VL P

C wm wm e ey
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