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This report initially describes the Site Activity 

Analysis Package developed by the Building Research 

Establishment. This package is desiçned to collect and orga ~ ize 

production information on building sites using the dctivity 

sampling methcd. 

The author relates his experience of using the package 

to obtain the information needed to analyse the followin g 

aspects of the production prccess on 3 h ouse buildirg sites: 

al activity duraticns; 

bt precedence bet~ee n act i vities; 

c) flow ot :work. 

A new set of cornputer prcg rams producinç 

graphical output is presented. The set of programs 

mainly 

we re 

developed durin g the course cf this researc h ~ork in a rder t~ 

analyse the 3 production aspects gi ven above. The pro grams are 

intended to complement the tatulated printed output of the Site 

Activity Analysis P acka ge and to help overcome scme of its 

shortcomings. Th ey are fully cescribec and documented in the 

appendix of this report. 

Th e major findings related to the above producticn 

aspects stemming from the analyses of the 3 three different 

sites çre reported. 

the area. 

Suggestions are made for further work in 
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The in1tial aim of the present research work in 

programming tecbniques for building sites of a repetitive nature 

at the Department of Civil Engineering, University of Leeds w-cs 

to observe the progress of work on construction sites. I t was 

considered of fundamental importance te lay the foundations cf 

the research work on practical e~perience, rather than to · use 

only theDretical concepts. Th e review of the titerature · also 

indicated that there was a lot to be done in the area cf 

constructi on programming in order to reconci le theoret ical 

concepts with practtcat evidence obtained from building sites. 

The author went to the Division of Production of the 

Build~ng Research Establisbment and during a period of 3 montfus 

extracted production data from t h e files .under the 

supervision cf Mr. w. s. Forbes and t~r. 1. Freeman. The 

opportunity is taken to ackn.c,wled,ge their g reat contribution to 

thls work and to thank them for their encouragement. 

Conclusions · and remarks presented i.n this repDrt 

express only the author~s ~iews. Th ey should be taken as 

general ideas about the whole construction industry and building 

process and are not related to the - particular 

construction' tabour force cr rnanagement of the sites analysed. 
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The baslc features cf this paclcage are given belDw .• 

They were extracted frorn the BRE research notes No. ~43/BO (12) 

and No. 13/Bl < 13). 

The activity samplin g appr~ach is based on t h e 

assumption that a sample taken at random from a large group 

tends to have the same pattern of d1str1bution as the large 

group. Thus, what operatives can be abserved doing at times 

chosen at random will reflect hov, on average, they spend the 

whote of tbeir time. In practice, a record is kept of what each 

operative is o bserved to be doing at particular moments, 

randomly select ed. These observations are kno~n as •snaps~. 

The distribution of observ~tions between the choosen parameters 

(for example, ~orking at task, relaxing, receiving instruct4ons, 

etc.l is an approximation tv the distributiun o f the 

operatives•tjme bet~een these parameters. The greater the 

number of nbservations that are made, the ~reater the accuracy 

of the approxirnationt so that the freque ncy of 'snaps• may be 

arranged to give results of the required accuracy. 

In the site studies carried out by BRE the need has 

generatly been to determine time s pent on tasks and the pattern 

of working- in time and in place · ~ se tbat observations are 

r equired annotated ~n time-retated operational and geographical 

terms. Be~use of the large amounts of data accumutated, 

automatic data processing techniques are essential. Therefore ., 
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observations on s1te are recorded on special forrrs, suitabty 

coded, which can be fed d1rectty into an nptical reader ~hich 

transcribes the recordings on to magnetic tape in a form 

suitable for direct input to a computer. Tne optical recording 

sbeet can be seen on figure 01. 

Activity samplinQt as a means of obtaining accurate 

feedback of resources used during the progress of a construction 

project, has only been employed in the UK as a research tool; 

for examplet to study the effects of a particular design factnr 

on productivi ty. Because ~f the complexity of the analysis, 

production nf results has been protracted. However, the speed 

and simplicity of the anatysis avail~bte througl tte new BR~ 

Analysis Package means that the rGle of activity sampling can 

no:w be reãssessed• In particular, the potential of tne approach 

as an a1d to construction management is worth e~amination. 

Normally the BRE employs 2 ubservers full time on site 

and experience h as shown that they can cont r,o l up te 

100 operatives by gúing ;around t:h ~ si te at ;hour ly intervals. 
.,, ,., 

But observations made nnly ~wice a day, at randcm, coutd still 

give data o f suffi cient accur.acy for many 

contract~rs•requirements. nbserving at this frequency should 

not prove an unreasonable expense in return f~r hard information 

on resource usage, the pattern of uork on site, continuity of 

effort, performance Df different gangs of sub-contractors, and 

realistic me.asures of the effect of design on ~roductivity. 

Some simulation studies at BRE cf the results which can be 

obtained ~ith this frequency nf observation are sbcwing this to 

be practicable. 



Snap observations should be made discreetly, so that 

the operatives are not disturbed. One nf the rnajcr advantages 

of the activity sampling rnethod compared with other production 

analyses techniques tike work study is that operatives do not 

have the feeling of being observed, and hence are nct tempted to 

cbange their pattern of work. 

Because all the men are not been observed Bll the time 

the results will be !n error to a certain extent. The size of 

the error will · depend on the frequency of the samplin g and the 

labour content of the item being measured. Thus the sampling 

error effectively sets a ltmit on the level of detail that is 

measurable. There is no bope of ever measuring accurately small 

amounts of labour input that are not repeated. 

In experimental wcrk at the BR~ it has been usual to 
· . . ·. 

design the otservational system to be able to measure a unit -· of 

work estimated at 1% of the total man-hour requlrement to an 

accuracy of plus or minus 5% with 95% confidence lirnits. 

For 95% confidence limits, the formula giving the 

relationship between the degree of ~ccuracy and tbe number of 

observat;ons is tStevens - 23l: 

A : 2 • !.l-P! 
NP 
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wh ere: 

N total number of observations; 

A degree . of accuracy (in decimal forml; 

P = percenta~e of occurence oi activity Cin decimal 

form •· 

The whole process of site analysis consists of 3 

different phases. The first phase is concerned with tbe setting 

up of codes against which · observati -ons will be recorded. Two 

major families ~f codes are necessary: one defininç the units 

to be constructed and the tasks considered te be cbsErvable on 

site, znd another describing the operatives, their trades and 

skilts. The second pha se uses a package facility to check the 

observat ions consistency: sue :h errors as non-exi ste nt 

operatives, dates and daily working hours and non-conformity to 

the codes previnusly set are si n,gted :Qut by the prO-gram; t he 

user can correct or detete such observat1ons. In t~e last phase 

instructions are given to t~e computer in order that t~e desired 

computer print~ut may be produced. 

The s y stem currentty availabte at the - ERE is very 

ftexibte and allows the user to spec ify the parameters 

(heading s) under which the data i s to be presented. Ea ch 

individu.at snap observation contains 6 basic piece s o f 

i nf-ormat ion: 

Bl date; 

b) hour; 

c) observer number; 
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d) operative number; 

e) location <building units: blocks, ho-uses, 

storeys, etc.l; 

f) task (stage of ~ork~ operation or activity>; 

Information contained in items •e• and "f• is in fact 

represented by several codes arranged in an hierarchical 

structure. For example, each site contains a number of blocks; 

each block contains a number of houses or storeys; each unit of 

construction reQuires several stages of ~ork to be compteted; 

each stage of work is formed by different operaticns and all 

cbservable work on site can be recorded against a set of 

activities <handt1ng t ~orking, being 3dle, ~alking, etc. t. 

Operatives 1 numbers should be carefully · s e lected to altow each 

range of numbers to represent particular · characteristics of t~e 

work f<Jrce. for exampte, it is possi?le to di-vide the work --• -
. ·-- . ~· . -· ..... _ 

force by trade and then, inside each trade, by status (skilled~ 

non skitledt foreman, etc.). Up to 8 different hierarchy tevels 

can be set correspGnding to items nefl and •t•, and up to 3 

dtfferent b1erarchy -levets can be set .for the work force. 

This maximum total of 14 pieces Bf inforttation <item 

•d• could contribute with 3 different records and itens •en and 

•t" together could coltect up to 8 di f ferent records) are 

compared in pairsy giving a combinatorial tntal o~ at least ~O 

d,fferent types of data tabulation. Noreover it 1s possible to · 

perform ,all these t abut at ions us ing a se lected data banlc; ·- th i s 
' ·--~ .... ~ .. 

data selection is again made using one of the basic pieces of 

in f .or mat ion; it is possibley for eKample. te select data only 
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for the carpenter trade or for work perfarmed in the morning. 

A lmost e v e ry as pect of the allocat1on of man-hours on sit e can 

be anatysed using specif~c fo rm a ts of the package output. 

The package output comprises tables where row and 

column headings are taken frcm the 6 basic pieces o f 

information. At the users cboice, the tabulated values ca n be 

expressed in man-hours, man-days, percentages or averages. It 

1s also possible to pradu ce bi stograms. 

Som e tahtes are absotutely essential for a ny 

construction managerial systern, like the ones aggregating the 

total nurnber of man-bours spent in each house cr stage of work; 

some other tables are useless due to the levet of detail they 

imply and hence the innacuracy ~f results; some tables are 

useful under very specific reQuirements, like checking the 

performance of each individual observer on site concerning the 

possibility of optical reader s he ets being filled in at the site 

office rather than on the rounds. A set ~f examples is given in 

figure s 02, 03t 04, 05A, 058, 06, 07 and 08. 

Figure 02 gives a simpte breakdown of tbe total number 

of hours spent at the Ladygate Lane site, according ,tc the majcr 

stages of work. The information in t~i s table can be used to 

estimate laboor costs for each stage, to assess the stochastic 

variabil1ty in terms of man-hours required, or to check if any 

improvement due to learning phenomenon has ocurred, once the 

block•s startin~ order is known. 
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Figure 0 3 shows the breakdown of man-hours spent at 

the leve l of activities by each onE of the trades present on 

si te. It could be used to check if subcontractor trades have 

different patterns of work, as far as non-productive time . is 

concerned, compared to ma~n contractor workers. 

Figure 04 depicts the progress of ~ork for · the 

operation •water pipes, tanks and cisterns". It is possible te 

note at once the low number of hcurs wcrked each week <at teast 

40 man-hours per ~eek can be e~pected, that is, at least one 

operative worldng full time -in the .uperation in e.ach block). 

he total ~peration's tabour content in each block ran ç ed from 

61 to 217 man-hours, but the operaticn~s duration was on average 

some 2 0 weeks, g ivin g roug h ly a o average of between 3 and 10 

h~urs worked weekly in each btock. 

Figures 05A and 058 repeat the same type ~f tablet but 

indicate how the wiring operaticn proceeded at 2 diff.erent 

At the first, Ladygate Lane, the operation was in fact 

performed as 3 different and separate sub-operations. At t he 

second site, Pitcoudie 1, design ~as rationalized in order to 

altow ~ne single visit by the electrical trade. The tab le 

suggests that this was in part acbieved. 

Figures 06, 07, .and 08 refe r to t\:ie anat,ys es of 

individual operatives•performance. Figure 06 sho~s , th e -blocks 

where each worker has mainly devoted his activity. ~hite it is 

apparent that each ~nrker concentrated his effort in pa rticul.ar 

btocks, H 1s .worth notin_g that practically all workers visited 

alt btocks on s i te. 
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Figure 07 examines the performance of each operative 

in terms of productive and non-productive effort. For example, 

operatives No . 110 and No . 175 had low productive times 

, . Cactivities fl = making the building grow physically and 

Hl = handling) and high n.on- produ c ti v e times <activities 

W = walking, N = idle at the work place and A = absent>. 

Finally, figure 08 shows the operatives 1 attendance 

and turnover. At this site -only 6 generaL labourers -we r.e 

required due to the nature of the work and the t~tat ~ork 

content, but 36 different general labours ~ere employed, giving 

a very high turnover rate. 

Da ta fr o m 3 bui ldi ng si tes wer e readi l y · av:a i tab le at 

the Building Research Establishment. This research ~ork intends 

to use information obtained frnm these sites to analyse the 

following asp ects of site programming: 

a) sto chasttc duration . of op eraticns; 

b) stochastic amounts of res~urces reQuired by the 

ope rat i ons; 

c) progress pattern of operaticns trate of progress)i 

d) precedence between operations. 
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The family of ta b les with tim e p e riods <m onths, we e ks 

or day s ) as row he a din g s and tasks <stages of work cr 

operations ) as colurnn headin~ s wa s found p a rticularly useful, 

since it can p rovide data by wh1ch to examine the f o ur items 

above. 

Fir s t ~f all it wa s nece s sary to define the tevet of 

detail to wh ich the table s would be built. At the 3 sites, eac h 

block co ntained a m1x of dwelling types: 2 perscn, 4 person, 

5 person, 7 person and 9 per s on houses, single, 2 and 3 storey 

h ouses, and even in one s1te, a small p rop ortion of 3 and 4 

st o rey flats. For eac h hn use some 30 t o 4 D sta ç es of ~~rk Mere 

defined. Ea ch stage of work wa s further subdivided into 

operations like: 

stay e of wo rk J operations _________ _:__~- · -· --------------------------- ----'' ~-
ele ct rical t 
i n s t ;a t la t i o n J 

I 
J 
I 
j 
J _________ -_ _ 1 

- wiring and conduits; 
socket outlet s c~ s \dtch es and fitt'ings; 
conduit · and meter s ; 
app o rtionable to stage only <heading used 
wh en it was not possible to altocate t b e 
task being performed by t h e operat i ve 
to one ~f the 3 precedi ng op er~ti~ns). 

.. -----

OperatiQns were split in elemental activities like 

h a ndli ng , cleaning too ls, measuring, remed1al ~ork, working 

product i vely at the task 1tsetf, etc. 

With a view to reduce the bulk of computer printouts, 

estab lis b ing a level ot detai t likely to b e meaningful to 

management feedback informaticn sys tem s , and bearing i n mind 
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that the accuracy of any activity sampling method incre a ses with 

data ag Qregation, it was dec1ded to build tables at the level üf 

blocks instead of house s, weeks instead of days or mcnths~ and 

stage s of work rather than operations. 

There was also the possibitity of buildinç the t a bles 

using a particular set cf etemental tasks-, t.hat is, man-hours 

presented in each table will refer only to handling, makin~ the 

building grow, etc •• 'Was decided, however, t-o use the 

aggregated value of all et~mental tasks. As a result, man-hours 

recorded a gainst each pair cf row and column heading s will 

contain productive, ~ncillary and non-productive tirre. 

As already mentioned, in tbe past the BRE h as used 

activity sampling comput er programs on a specific basis, 

tailnriny each prog ram to the special requirements Gf each si te 

and the research ~ork being carried out. This new Site Activity 

Anatysis PEckage <S.A.A.P. for s ho rt) ·is int ended as a general 

packaçe, applicable t.o any foreseable size and type of building 

si te. 

In order to simplify the commands to create the output 

files, a rather generous cutput tayout -was devised: for 

~xamplet man-hours presented in the tables can vary from O to 

99999 ~hicb implies that a maximum of 18 columns are produced in 

each computer page. Not m.ore than 30 rows will appear on each 

pa _ge. 
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The result of this decision is t h at computer pri n touts 

<~re in general buU:y, a nd it is necessary to do a l o t of 

clerical work p etore the tables can be properly analysed. · The 

largest of the 3 sites, P1tcoudie 2, involves 42 stages of work 

and 53 blocks. The whole wo rlc on site t.c.ok 9Ll weeks to b e 

completed. The author produced one table giving weeks as row 

heading s and stages of work as column heading s for eac h of the 

53 blocks. The total number nf comp uter pag es output was: 

94 weeks at a max1mum of 32 weeks/page 

42 stages at a maximum of 18 stag es/pa ge 

= 
= 

3 pag es 

3 p a g es 

To tal number of pa ges = 53 blocks * 3 ~ 3 = 477 p a g es 

If an analysis in terms of days rather than weeks was 

choosen t b e numbe of pag es w.ould be 7 * 477 = 3239 pa ges. 

Atl the 477 p a g es were separated, cu t a n d g .lu ed 

together in order to produce a clear p1cture of the progress of 

work in eac b b lock. Moreo vert reductions using xerox ..o r 

pho tograpb y might be necessary in order to a rrive at worka b le 

sizes of tables, with inevitable tosses in printing ctarity. 

Whichever rows and colums are c bo osen, the i nf orma ti o n 

conveyed b y the tables is a l.ways man- hours, roa n-days, 

percentag es of man-hours ar h istos rams repre senting one o f these 

values. There is .. "'lcc facility to include a third variable in t h e 

t ables. For examplet if 1t is intended to follo~ the movement 

of operatives from one block to a notber duri n g the construction 
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period, 3 variables a r e involv e d: ti me, l o c3ti on 

operatives~ Several t ab les ~ould be required to conduct this 

analysis, each one correspondin g to one blockt to one oper a tive 

or to ~ne time period, wit h rows and columns correspcnding to 

the remain;ng variables. It is not possible to inctude the 3 

variables in one unique 2 dimensional table. 

The BRE uses a photographjc technique to analyse the 

precedence relati o nship b etween op eraticns: t h e computer 

printouts of each operation are reproduced cn a transtucid sheet 

of plastic and superimposed ~ne on the top of the other. 

Th e author intended to simplify t h e analysis of t h e 

data relating to the stag e durations, precedence, and seauence 

of work fro rn block t o b lock by creating a number of com p uter 

programs t o dr i ve t h e p lotting facilities at the University of 

leeds. The pro g rams ~ere specially de\elop ed to make it easier 

to compare a g reater number of variables at t h e s a me time, 

mainty vhen examini ng t h e progress pattern o f different sta g es 

of work. The info rmation ma de availabte by the Site Activ~ty 

Analysts Package is rearrang ed by the user o n a i n teractive 

basis ~nd disptayed 1n t h e form of g rap h ical output using e i ther 

Video Oisptay Un it t erminals, or Calcoomp 1 012, or Calcoomp 1 0 3 5 

hard copy plotters. 

The remainder of this re p ort describes the se t o f 

computer prog ra ms devel o ped, and puts f~rward a s e ries of 

conclusi~ns based on t h e ~raphs obtained so far. The com p lete 

set of computer programs anc their documentation is pro vide d in . 

the Appendix to this report. 
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Bef~re proceeding further, t he literature on t he 

pattern of pro g ress on building and civil engineerin g s1t e s is 

reviewed. The review witl be seen t o suppcrt some of the 

conclusions reached at t h e end ó f this report4 
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=-~~~l~~-Qf_!h~bit~L~!~~~-= 

Sever a t auth ors, aft e r investi gating the dura tion, 

precedence and the progress pattern of ope raticns cn site, hav~ 

come to conclusions substantially suported by t ~ e results of the 

analyses carried out durin y t~e caurse of t his present research 

work. 

A rep ort by t h e Uni ted Natio ns <6 ), wh ile study , n g the 

effect of repetition on building pro ductivity, found t hat some 

operations were performed in a discontinuous rna nner. Figure D9 

extract e d f r om t he rep ort sha~s t h at ope rat i ons numbe r 3 and 6 

were perfo rmed disc ont i nuously in t he regicns t abetl e d A a nd B. 

Forbe s ( 9 ) pr o duc e d a p icture of the prog ress of work 

on site depicting the increasing confus i on in the pattern o t 

work as the fin a l stag es of construction were reached <tig. 10). 

The first 3 stag es of ~ o rk, substructure bea ms, flo cr s la bs and 

tbe housing s he ll erecti o n, were done c ontinuously, wi t h few 

work1ng ptaces bein g t ~ckled each week. The pro gress tines of 

these st~g es ar e cl e ar and do no t overla p . The re ma i ni ng st ag es 

of work, dry - lini ng s, j n isting , joinery~ plumbing, e lectric a l 

f itting s ~nd decora tion, were p erformed under a con f used pattern 

of work. 

Fi g ure 10 was originally drawn in cotour; 172 houses 

are plott e d i n t h e y axis; ea ch weekly ocurrence o f a 

particular stage of work was r e presented by a cotoured rectang le 
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with tength ecual to 1 week and hei~ht inversely proportion a l t o 

the number of stages ex ~ cuted simultaneously in each h ous e in 

that week. 

According to the o f balance principles 

<see Lumsden - 15), all stages of work sh~uld produce a proq ress 

pattern similar to the ones presented by the initial stages in 

this figure {substructure beams~ floor slabs and hous1ng shelll. 

Forbes observed that this was not so because the final sta ç es of 

work were done ~ith a great number of interruptions over a very 

long period of time. 

The unusual form of th~ progress tines may be 

critic;zed because they were obtained using stages of vork 

rather than activities or cpera tions; the stage ftelectrical 

fittings" should at teast cvmprise the operatinns "first 

fixings~ and •second fixings", as it is normally ccnsidered to 

do in building construction netwcrk prog ramming t B>. 

In t h is particular research exercise, known as the 

Fincharnpsteadt project, the first staçes of work were carefully 

designed bearinç in mind constructinn methods on site. The 

final stages were not so designed. Reflecting upon this 

experience and considering other studies done at the Buitding 

Research Establishment, Forbes CID> concluded that design which 

takes into account cnnstructional aspects is the kEy factor if 

continuity of Mork and clear patterns cf progress are to be 

attained. 
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A report by Ann Foras Forbartha <22 ) corr cbo r a tes t he 

hypothesis that continuity of ~ork is difficult to find in hou s e 

building construct ion. Figure 11 was tak~n frorr the ir study 

based on observations made an a site with 17 blocks of 2 storey 

semi-detached houses. 

P igott <16,17), also fr om Ano Foras Forbartha, 

detected a g rea t number of visits by each trade to com p lete the 

sta ges of work on a house buildin g site <see tatle 011. He 

related this l a rge number of work interruptions to t he w ay 

di f fe rent subc~ntractors undertake their tasks cn a number ~f 

sites simultaneously; whenever there is a potential disruption 

to their smooth flow of work they tend to leave the site. 

Shortage of materials and design-related problems caused less 

than 10% of the interruption s . Repair work and o r gani z. a t i on a l 

problems Cmainly related to subcontractors) caused more 

than 88% of the interruptions observed on 3 sites. The majority 

of the work ~a s subc~ntracted, even for the initial stages l,ke 

ground floor slab and block~ork. 

An operation can be defined as a subdivision of t h e 

total ~ork content of a project that is perforrned by a specific 

trade in a continuous manner, that is, without interruptions 

other than ~eekends, holidays and strictly unavoidable ones {8 ). 

It can be defined als n as the smallest practical unit of 

construction work in the sense of being measurable (12). 

According to tbe former definition, BRE studies have identif,ed 

as many as 300 operations on a typlcal s1te were theoretically 

only 100 were needed and expected to ocurr. 



Fine {7) stated i n a p aper d ea ling wit h t e nderi n g a r.d 

est1mating problems t h at: 

•some part of almost every job lles outside 
the expe rience of the estimator or of other p eople 
wh om he may consult. !n t h ese circumstances ~ ç uess 
must be made and the major fuess is nearly always the 
one which purports to defi n e the subtasks out c f wh ich 
the project is to be built". 

Th e f a ct t hat operátions are not easily identified and 

classified suggests t h at t h e observable pr~gress pa tterns of 

some operations mi g ht in real1ty ccrrespnnd to the pro gress 

pattern ~f sets cf sub-operations. If this is true, it is n o t 

surprising that t he se so called operations are interrupted 

several ti me s, take a l o ng time period to be c o mpleted and are 

done in parallel with, rat h er i n sequ e nce to, their tec h nically 

precedent operations. 

Roderick <19) c o mpared the network drawn bY the 

contractor for a particular s 1 te with what really hap p ened 

during construction. He found that not ~nly did d1sc onti n u1ty 

of wo rtc give rise to acti\t i ty's durati on s far g rea ter tha n 

initially planned, but also that activities like ground floor 

slab, brickwo rk, first fixings, plastering a nd ceiling we re done 

in parallel tfi g . 12 and 13). 

Hall and Ball <1~) wer e a ble t o find t he sa me 

discontinuity o f effort and overlapping of o p erations in civil 

engineering bridge construction. 



To the best of the author's knowledçe therP is nc 

research paper bascd on practical observat1ons Qn site, to 

support conventional ideas used in building programming, such 

as: 

- continuity of work in eact operaticn from practical 

start to completion; 

- rigid technical precedence constraints between 

operations determining that they are perforrned in sequential 

chains; 

c~nstant levels of resources deployed to each 

operation; to the contrary, Roderick (10) found tnat resources 

were deployed to each individual operation acccrding to a 

"S" shaped curve <fig. 1~); 

- durations of operations given bY the quotient labour 

content/number of men assigned to the job. 

It is with this background in mind that the following 

chapters should be read. 
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The programs herein introduced use the graphical 

~~ subroutines contained in the Ghost Graphical System developed by 

r \.I 

(J 

( J 

Culham Laboratory (4). lhe reader should ccnsult the Ghost 

Ma nual if an in depth appreciation cf t h e computer soft~are is 

required. 

Software output is briefly commented on in this 

O section 1 and examples are given to show the type of informa ticn 

that can be derived from their analyses. The major research 
'1 u 

findings sn far arrived at using t~is graphical technique of 
,, 
u analysis are presented in the fotlawtng chapter, wbjch is 

o 

o 

o 
o 
o 

ú 

( 
v 

l_; 

devoted to a summary of results and conclusions. F urth e r 

examples of output are also introduced in the followin g chapter~ 

Production data feleased by the Building Research 

Establis hrnent comprises information ab~ut 3 differert sites: 

Stte Name I Number of Number Gf 
I Houses I Blocks 

-----------'-------- J --------
Ladygate Lane I 72 I 10 
P i t c ou di e 1 1 11 2 1 2 -c; 
Pitcoudie 2 I 283 J 53 _____________ l ___________ t _______ _ 
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The following programs are specially desiçned for the 

largest of the 3 sites, Pitcoudie 2. Mincr alterations are 

required before using these programs with data froa the other 

sites, mainly in the area cf size of arrays and limits to the 

Fortran loop functions. Graphical ~utput generalty requires 

attention to aesthetic aspects and clarity requ~rements~ Any 

mod1fication to the present prograrns. wh ile keeping their main 

structure and logical sequence, should be made in accordance 

with the above requirements. The author has found that prograrns 

specially des1gned to take into account the characteristics of 

each particular site are more flexible than generalized programs 

in terms of computer graphics tay-out. Modifications to suit a 

particular site have been cornpleted ~uring a 2 hour session in 

an on-line computer terminal. 

The same types of graphs were produced for the 3 sites 

and the following ex~mples could have been taken from any of the 

3 separate studies conducted. L ikewise, the conclusions 

presented in the last section of this report are based not only 

on tbe Pitcoudie 2 graphs but cn the total set of graphs 

produced for the sites. 

Thts hou s ing sche~e bad been developed in cansultation 

with archttects and engineers in the Scottish 0€velnpment 

Oepartrrent responsibte for 1-Lousing Standardst engineers . in the 

Fife region, and the Oepartuent af Engineering in the Glenrothes 

Oevelupment Corporation. The information reproduced in the next 

paragraphs was taken from an internat project report (23). 
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Pitcoudie 2 is a continuation scheme from P itcoudie 1, 

on a bigger scale of operations. The objecti~es of t he 

Pitcoudie 1 and 2 projects are to study possible savinfs of time 

and money due tn rationalizing the process of traditional house 

buitding construction. These objectives were to be actieved by: 

a> the sequence of operaticns being identical in each 

house; 

b> the st.andardization · of building components 

Cwindows, floor joists, partitions, etc.>; 

c> the use of a simplified form of construction: 

concrete floors, which are not common in Scotland, are finished 

tn receive thermoplastic tiles without t he use o f an 

intermediate screed; walls are of a thict sin gle ccncrete b lock 

and internal plasterbDard lining in P itc~udie 1, and the 

traditionat cavity brick/block walt with a thermal linin gb oard 

in Pitcoudie 2; 

d> the coordinaticn of dimensions; 

e> the carefut attenticn t~ plumbing, electrical and 

joinery uork to require fewer, larger and m~re independent trade 

operat íons; 

f) the contract documents and drawings .atlowing 

i mproved communi cat ions b et,ween des itffl and bu; ld i ng te ams. 

A special cons;deration in Pitcoudie 2 is the 

re-examination of t h e relat~onship between house s , roads, 

footpat h s and courtyards. 
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Seven different house typ e s are us e d: 

- 2 persons singte-storey sout h aspect; 
- 2 person s single-storey north aspect; 
- 4 p erson s two-s torey; 
- 5 person s two-storey south aspect; 
- 5 persons two-storey north a spect; 
- 7 persons three-storey; 
- 9 persons three-storey. 

The 7 person and 9 person house are 4 person houses 

with an additional storey, 9 person hou se having an additional 

annexed rooru on the first and second floors. There are also 

2 three-storey and 2 four-storey blocks of f lats prcviding mixed 

accomo da ti on for 2 persons, 3 pers·ons <one disabled) and 

4 persons. 

Some special houses and flat s for the disa bted are 

provided. The differences tetween scut h aspect~ north aspect. 

and disabled houses are mainty in the positions of doors and 

windows and in increased sanitary facilities for the latter. 

Single and two-storey hou ses have ducted uarm air 

systems <equally d1v1ded between houses ~ith gas and electric 

systems>. Three-storey house s bave either ~et radiator gas 

systems or electric storage heaters. Flat s use electric warm 

air ducted partial syste ms, with bedrooms beated by electric 

storage heaters in 3 person disabled flats. 

Apart from these d1fferences i n heating 

positions of doors and windows, and increased facilitie s in 

disabled hous~s. the houses can be considered identicat as far 

as the construction process is concerned. Obviou sly t he blocks 

of hou ses differ in size because each cne has a particular mix 
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of housin~ types. Flats employ a different construction metbod 

·nvolving intermediate precast floors. 

Pitcoudle 2 specifications are given in table 02. A 

schematic representation of the internal tayout of each type of 

house is given in figure 15. A. general site tayout is given in 

figure 16 together w,th the housing mix of eac~ b lo c k. 

F,gu~e 17 reproduces the planned flow of wcrk f o r e a c h h ou s e 

typei as noted by the Pitcoudie 2 promoters, the flow of work 

is basically the same for single, two and three-storey houses. 

The Building Research Establishment•s production 

analyst used the following hierarchy of headings to record the 

snap observaticnsi 

- Level 1 : 

- level 2 : 

55 blocks of houses, correspcnd1n~ te 49 blocks 

numbered frorn 1 to 49 comprising hcuses only, 4 

blocks numbered from 50 to 53 comprising 2 

2 four-stcrey blccks, and 2 

block 60 is used to record all 

three-storey and 

artificial btJcxs; 

stage-related external w.ork that cannot be 

associated with any particular block; bloclc O is 

used ta record observat1ons that can neither te 

assiçned to particular blocks nor to particular 

s ta ge s o f w o d::; 

houses within each btock; some blocks (like 

No. 15) are very small containing onty 2 dwetlings 

for 2 persons, others <like block No. 31) have 
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10 dweltings; when it i s not possible to relate 

information to any particular house inside the 

block the heading •appnrtionable to block .onty• 1s 

used; tbe mix o f house s in each block mar be 

be t ter appreciated after consulting figure 15 and 

table 03t where the total internal area of each 

block is gi ven. 

- Levets 3 and 4 : 

s tages of ~o r k and operat1ons; each house 

building proces s is divided into 42 stages of work 

and each stage of work is furt her civi ded in to 

operations; whenever it is not possible to relate 

an observation to a particular operation within a 

stage of work, the heading •apportionable to stage 

only" is used; a complete listing of the stages 

and respective operations is given betow, exa clty 

as set out by the Building Research 

Establishment•s producticn analyst: 

St ages o f Yor k Ope r a t i c n s 

1) Foundation 

2) Substructure 

A - excavate trenches 
B - concrete 
C - shuttering 
D - reinforcement 
K - apportionable te stage only 

A - brickwork 
B - blockwork 
C - lintols and service entry 

ducts 
K - apportionabte te stage only 



3} Ground floo r slab 

4) First-storey 
superstructure 
and i:ilso: 
6) Second- storey 
8) Third-storey 

10) Fourth-storey 
s uperstructure 

5) Second-store_y floorinç 
and also 
7) Thi rd- storey, 
9) Fourth-storey 

lll Roof carcassing 

12l Eaves to apex 
superstructure 

13) Roof covering 

14> Scaffolding 

15l Glazing 

floorings 
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A- fillt ha r dcore and blindin9 
8 - slab, dpn, edge in s ulation 

and reinforcement 
C - f loo r ing 
O - precast conc r ete ftoor units 
E - precast concrete sta;r units 
F - machine guide and shuttering 
G - s l'ip s teps 
K apportionable te stage only 

A - brickwork te external walts 
B- blo~kwork te externat walls 
C - blo~kwork to party wal l s 
O - doar and window trames 
E - dpc~ lintols and 

window c1lts 
F- stud partitions 
G - rendering to party walts 

anc stair wells 
H - temporary buttresses 

for brickcwrk 
J -
K -
A -
c -
o -
E: 
K -
A 

R -
c -
D -
K 

A 
B 
c -
K -

cav; ty wa ll insulation 
apportionable te stage 

ftoor j ois t s and ties 
flooring 
precast concrete floor 
precast concrete stair 
apport 1ona ble t<: stage 

trusses, wall plates, 
tasciat ties anc braces 
sark i ng 

only 

units 
units 
onty 

asbestos cavity closers 
ceiting insulation 
apportionable to stage only 

brickvork to flank walls 
blockwork to flant walls . 
blockwork to party walls 
apporti~nable te stage only 

~ fett, battens, tiles and 
roof lights 

K - apporticnable to stage only 

A - bricklayers scaffolding 
B - external scaffolding 
K- apportionable to stage only 
L - carpenters scaffolding 

A -
B 

K -

gtaze doors and windows 
mastic pointing around doors 
and windows . 
apporticnable te stage only 



16J Harl ~n:J 

17l Stai rs 

18> Ory-linin;Js 

19) Joors 

201 Joinery 

21) P tumb ing 

22> Etectrical 

23) Heating and ventilating 
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A- harling ano metal trims 
B- expansion joint filler 
C - mastic pointing to 

e Kpa n si on j o i n t s 
O- remove efflorescence 
K - apportionable to stage only 

A - tirnber sta1rs, balustrade, 
trim and soffit 

8 - metal handrails anc 
balcony balustrades 

K - apportionable to stage only 

A - plasterboard te external 
walls 

B - plasterboard te party valls 
and partitions 

C - plasterboard to ceilings 
O - paramount partitions 
K - apportionable te stage nly 

A - external doors 
9 - internal doors sets 
C - door and w i ndow re veal s 
O - ironmongery 
K - apporticnable to stage only 

A - timber skirtings and 
doer facinqs 

8 - plastic skirtings 
C - kitchen units 
O- bath panels, trims, shelv1ng 

and boxing pipes 
~ - tiling showers 
K - apporti .onabte t-o stage only 

A - gutters, down pipes and 
rocf ·flash ings 

9- soil and ventilati~n pipes 
C - hot and cold water pipes, 

tank, cistern and lagging 
O - wash basin, bath and wc 
~ - rad1ators and pipes 
r - gas pipes 
K - apportionable to stage only 

A- .,iring 
8- socket outtets, switcbes and 

f i tt; ngs 
C - conduit and meters 
K - apportionabte to stage onty 

A - gas heatin~ unit and ducts 
8 - electrical heating un1t 

and ducts 
C- air e~tract unit and ducts 
K - apportionable to stage only 



24) Decorat-ion 

25~ Ftoor fin1shes 

26) Cleaning and snagging 

27) Additional sound 
insulation 

28 and 29> not usedt reserved 
for unexpected 
ocurrences of work 

30l Reduce levels 

31l Soil drains 

32) Surface water drains 

33) Gardens 
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A - artex 
B- tape and fill joints in 

p tas t e r boa r d 
C - emulsion paint to walls 
D - çloss paint to internal 

surfaces 
c - 9loss paint to external 

surfaces 
F - si~ma coating Cstairs, 

land ings, etc .• ) 
K - apportionable te stage only 

i! - screed 
B- floor tiles 
K - apportionable te stage Gnly 

A - clean out prior to execution 
B - snagging after occupation 
C - ctean out dur1ng 

construction 
K - apportionable te stage only 

K - apportionabte te stage only 

A - strip topsoil, reduce levels 
and cart away 

8 - ti cy eartnworks around sit e 
C - cover up courtyard areas for 

prctection 
D - clean off courtyard areas 
E - break up and cart away rock 
K - apportiGnable t~ stage only 

A - excavate trenches 
and bad::fitl 

B - l~y pipes and granular 
ma te r ia L 

C - ~onstruct manholes 
K - apportionable te stage only 

A - excavate trenches 
and bacldilt 

8 - la y pipes and granular 
ma te r ia l 

c - construct manholes 
K - apport'ionable to stage 

A- çarden paths anc steps 
B - bin stores 
c - fencing 

only 

O - screen and retaining walls 
~ - v1re supp~rts 

F- replace topsoit 



3~) Landscapinç 

35) Road s and public 
footpaths 

36) Site establishment 

37» Gas 
and also 
38} Wa ter, 
39) E:lectricity 

41}) PD t el eph one 

41) TV relay 

42) S t r e et lighting and 
na me boa r ds 
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G- r~tary dryers- all work 
K - apportionable te sta~e only 

A- return topsoil and form 

B -

c -
o -

F 

K -

moun ds 
publi c seats and play 
e qui pment 
play areas - all work 
cobbled edging to courtyards 
fenc ing 
concret e blocks for 
f ire path s 
apportionable to stage only 

A- kerbs, ba se and surfaces to 
roads and courtyards 

B kerbs• ba se and surfaces to 
f.ootpaths 

K - apportionable to stage only 

A erect and maintain offices, 
sheds and compounds 

8 - temp~rary fencest access and 
utHities 

C- ~isits to stores and offices 
O - plant maintenance, cleaning 

and re-fue t. i ng 
E- general cleaning up 

around site 
K - apporticnable te sta ge only 

A - excavate t renches for ma in 
catle/pipe :and backfH l 

8 - Cay main c ab le/p ip e 
and fittings 

c - exca va te t r e nch for house 
connection and bac I:: f i ll 

o - lay house connection 
cable/pipe and meter 

K - apportionable to stage only 

A ~ ll wor k 

A - 3ll u:ark 

ll, - s t re et tighting, alt work 
8 - st re et na me boar ds, all work 

----------------------·---------------------------------------------

- Level 5: 

all observations are recorded aga1nst cne of the 

followjng activ1ties , no matt er what headings are 

used far higher levels in the hierarchy: 
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Fl - making the building g r ow <adding 
materials and componentes to the 
house in a productive way> 

Ul - unloading 
Hl - handling around the site 
H2 - handling from stack to workplace 
Su - supervision 
Tl - setting out anc measuring 
T2 - testing hot water pipes, drains~ etc. 
Pl - preparaticn of materials 
Cl- cleanJng tools or clearing up 
N - not working while at the wcrkplace 
I - not working while around site 
W - walkinJ 
Bk - meal breaks 
Ro - work stopped due to the weather 
A - operative not seen during the round 
Rt - work repeated 
F2 - tay bricks/blocks to rule 
F3 - lay bricks/blocks te tine 
F4 - spread mortar bed 
?2 - cut bricks/blocks 
P3 - prepare rncrtar 
P4 - set up line 

The setting up of the site hierarchy is entirely the 

responsability of the production analyst. It should be dane in 

accordance with the objectives of the site analysis exercise to 

be conducted. The settiny up of the site hierarchy is dane 

previous to the start of the ~orks on site; it follows from 

previous discussion in tbis report that it is not always easy to 

define this site hierarchy so as to make sure that it will match 

the actuat building process on site. As a good guide, the 

production analyst should try to define each operation as 

broadly as possible in crder to encompass a significant 

proportion of work on site, ~hite ensurinq that it will be 

perfurmed by only one building trace and occur ata unique 

period of time during construction. Small proportions o f 

man- hours are relativelly more innacurate due to tre principtes 

of activity samplinJ; this innacuracy can render useless the 

output tables produced by the Site Activity Anatysis Package. 



Due to small differences in the s i te hierarchies it is 

not possib le to c ompare directly the analyses for the 3 

different sites: in Ladygate Lane, ground floor panels 

correspond to one stage o f wo rk, w'hile a t Pitcoudie 2 the 

equivalent stage, fir st-stor ey superstructu re, contatos bri ck 

and blockwork to external watls, door and window trames, cavity 

insulation and stud partition s. 

In this s ection oach one of the programs cevelo~ ed is 

briefly described, graphical output is presented and the ma j or 

f i ndinçs that stem from each graph are dis cuss e d. 

A complete documentation o1 each program, comprising 

the Fortran p ro gram itsel1t input fites anda graphical eKa mp le, 

is g1ven in the appendix. 

The computer prc~rams dev eloped fo r Pitcoudie 2 are 

designed to use i n fo r mation aggrega ted at the level ct st age of 

work. Some conctusicns taken from the graphs nay be crHicized 

because the lower lev e o f detait- ope r ations - was nnt 

invest igated. Howeve r, for the ladygate Lane s i te, ana lyses 

were carried out both at the leve l of stages of wo rk and a t the 

level of operations without significantly different results. 
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The production tables cbtained from the Buildiny 

Research Establishment cont a in both p roduct iv e anc 

non-productive a llocati ons of man-hou rs. The graphs presented 

in this report can be redrawn using ~nly productive hours. 

The respective merits of usin g the total number of 

hours or only productive hours to investigate the pattern of 

progress ot work on site is open to discussiún. Cne of the 

major objectives of this Site Activity Analysis Package is te 

provide teedback informat ion to e sti ma ti n ç depart me nt s. 

Non- productive hours shoulo be included in estimates whatever 

typ e nf production feedback is obtained from site. Forbes (12) 

maintains that labour rates shoulc not ccntain non- p roductive 

time, and suggests that this should be included as a global 

figure at the end of the est1mating process; the fact that 

non-productive time is retated to organizationat aspects cf 

construction sites and building companies rather than to 

physical quantitles and type of wo r k is given as t h e 

justification for this pracedure. On the atber hard 9 includi ng 

non-productive time in estimates at the level of stage of vork 

o r operation s•mplifies the whote process of feedback and labour 

cost control. 

Information obtained from t he Building Resea rch 

Estabtishment was in the form of tables showing weeks as the row 

headings, stages of work as the column headings and man- hours as 

the tabulated values, on e table for each of the 53 blocks. Th i s 
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program s1mply plots the information contained in these t able s; 

the proçram output is a ç raphical r epresentation of the tables 

used as inpu t. Stages of work are arranged in a ba r char t 

format. nly stages 1 tG 25 are included, because the remaining 

stages are mainly related to external ~ork. 

Yeekly totals of man-hours allocated to each stage of 

work in each block are transformed into •colour censities" by 

the use of the subroutine 'Call Thick' (see ~); this subroutine 

draws n-1 parallel lines alongside a central line; the length 

of the tines drawn corresponds to one ~eek af work nn s,te; the 

value of n" is given as a parameter for the subroutinei t he 

g reater the nurnber of parallel lines drawn the wider and 

apparently t e more colourful becomes the rectangle representing 

the number of weekly man-hcurs allocated to the stage of work; 

a suitable scate is choosen to relate man-hours to colour 

densities, for example: 

Range of man-hours 
l 
1 n 

I Numbe r of 
I parallel 

J I lines drawn 

-------------------------------------- ~ ------'-------------From 1 te less than 5 man-hours I 1 l 1 
From 5 to less than 21 man-hours I 2 t 3 
From 21 to less than 41 man-hou rs j 3 I 5 
F r o m 41 to L e s s t h a n 81 ma n- h ou r s l '+ I 7 

From Rl to tess than 121 man-hours 1 5 J 9 
M~ re tha n 120 man-hours l 6 I 11 

This scate corresponds roughly to hat.f a m..an - day, half 

a man - week, one man-week, 2 man-weeks up to mo r e than 3 

man- weeks' work. The form of each graph will depend on the 

scale choosen and any scale can be rap1dly implernented in the 

program. 
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Fi~ures 18, 19, 20 and 21 are examples o f t he 

raphical output produced by this prcgram~ The figures convey a 

more concise and a ctearer imaye of the progress of work in each 

block than the printed output tables from the BRE. Informatton 

on each block can be anatysed in terms of stages of work 

duration, technical precedences and weekly intensity of work. 

For example, the stage ndecorat,on• took nearty 20 weeks to be 

completed in block 1 (fig 18l .and block 11 Cfig 19> and was done 

in parallel with stages Pdoorsfl, "joinery" and ~stairsu. 

Figure 20 is a grãphical representation of the week 

versus staJe of work tabte for block 17~ This black is a very 

small one, containing only 2 2-person houses. Nevertheless, the 

total duration of ccnstruction for this block is very similar to 

that for block llt with 8 4-person houses and 2 2-person houses; 

this can only be so if the average intensity of wort ~n block 17 

is low compared with block 11. 

periodsi 

Figure 21 shows that block 44 was done in 2 different 

first, atl substructure and carcassing, and then, 

30 weeks later, dry-Linings and finishings. The reason for this 

is prob3bly that block 44 was used to accommadate site offices 

during the early stages of construction. 

Four ditferent periods of work can be identified in 

each graph Csee figure 191. The f1rst cne corresponds to 

substructure (foundationst substructure and ground floor 
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cone r et -e s lab) ; the second one relates to what can best be 

described as building carcassing Cfirst, second and third-storey 

superstructures, floors, roof carcassing and coveringH a tt e r 

that only the stage dry-l inings is carried out; near the 

completion of this stag~ the finishing operat1ans are started, 

including ser~ices {plumbing, heating and electrical workl, 

wood~ork Cdoors, joinery ano stairsl and decoration. 

This possibility of divid1ng the construct1on orocess 

into four broad areas is further investigated in the next 

program. 

This program allows the ptotting of any number of 

stages from any nurnber of blocks simuttaneously. Different 

calours are assigned to each sta ge of work (up to a maximum of 4 

colours - black, red, green and blue - according to the 

Calcoop 1012 device). Weekly allocations of man-hours to each 

stage of work in each block are represented by colours densities 

according to a user selected conventiQn. Each range of values 

in this convention - is associated with a paramater of the 

subroutine Call Thick, exactty as in the preceding program. The 

convention used in figure 22 is: 
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------- --------------------------------------------- -
1 Parama t er I liJ Lmber of 

Range of man - hours I fo r the I pa r a l le l tines 
I s ubroutine I drawn ______ ______________ ___ ! ____________ ! ____________ _ 

From 1 to 20 man-hour s J 1 I 1 
Fr om 21 t D 40 man-h ou r s I 2 I ~ 
~ore than 41 man- hours I 3 I ~ _____________________ , ______ ______ ! _____________ _ 

This graph corroborates the idea that t he s tages of 

work we r e pe r formed in four different gr~ups with r espect to 

time. Various combinations of colour assignment s te the stages 

o f wor k were tri ed but the clearest picture emerged with the 

colaur convention appearing in the rig~t hand side of figure 22. 

!t is wor t hy of note that: 

al the stages of work foundat1on, substructure and 

gr ound floor slab were performed at a rnuch quicker pace than the 

others; 

b ~ tt,e sta,es of work correspcnding to carcassin;J .and 

dry - linings were interrupted by hclidays between the 40th and 

45th week but the fin1shin;; stages were not so interruptedi 

cJ blo c k No. 44 did not follow the building s equence 

a f ter the ca r cassing period; 

d) the y axis gives an approximate order for the 

start s and completions of the stages of work. 1n fact, in this 

figure the y axis was organized according to the starting arder 

observed for the stage first-storey superstructure. This is not 

to say that all stages of Mork vill have the same starting order 

as the fi r st-storey superstructure. Any staçe of work can be 

used to organize the y axis. Figure 23 depicts the approximate 

flow of work on this site using the same starting order as in 

figure 22. 
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This program can be used to reproduce figure 10 which 

was produced manuatty by Fcrbes for the Finchampstead project. 

The main feature is its capability of conveying at a glance t~e 

amount of interference between staçes of work and the production 

characteristics Cduration, precedence and intensity of work) of 

these newly identified groups of stages like substructure. 

carcassing, etc •• 

The bas1c idea behind program P2NG~R was to obtain a 

pictorial representation of the average duraticn of each stage, 

its precedence relationships, and the intensity of effort by the 

operatives. 

The prograrn superimposes all 49 graphs produced by 

program P2NETJUN. This is not straightforward because each 

block has different total durations and diff~rent group of 

stages durations; for exampte, some stages of work took much 

longer for some blocks than for others because they were 

interrupted by holidays. Suoerimposit1on requires the bar 

charts of each block to be as similar as possible ~ith respect 

to time in terms of group of stages duratiGns and total 

durations. 
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From the prev ious graphs it becarne clear that H is 

possible to differentiate sta g es of work in t o well defined 

groups. The bar chart for each individu al block from No. 1 to 

No. 49 <blocks Nos. 50 and 53 are flats with a different bar 

chart structureJ was divided ,n four g r oups: substructure, 

carcassing, d r y-linings and finishings. 

The graphs produced by program P2NETJUN were used to 

determine the practical start and completion date s for each of 

these g rnups of st age s within each bloc k. An averege duration 

for each group was calculated. Thi s averaçe g r oup duration was 

then used to establish a standaro bar chart framework. The 

st anda r d bar chart framework developed for this particular gra ph 

s hown has the following characteristics; 

group cf J duration I accumulat ed duration 
stages I j <milestones) 

-------------- J -------- 1--------------·------------
substructure 1 9 weeks l week O to the end of week g 
carcassing j 13 weeks J week 10 to the end of week 22 
dry-linings I 11 weeks 1 week 23 to the end of week 33 
finishings I t week 34 onwards 

-------------' --------'-----------------------

~ach group duration was compresse d or decompressed to 

fit this t ime structure. Finishing stages were left unchanged, 

but in all blocks they were made to start in the 34th week~ 

After th,s e~ercise of fitting each individual block bar chart 

into the standard bar chart framework, man-hours allocated to 

ea ch block were aggregated and plQtted, s tage of wcrk by stage 

of work and ueek by wee k. The exact procedure 1s futly 

explained in th e source copy of the Fortran program P2NGER 

presented in the appendix. 
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A geometrical sca l e was u s ed to r epresent t he 

aggre ga t ed amount o f ma n-hours allocated in eacr week. The 

scale below was used to provide the pararneter s for 

subroutine Call Thick: 

Range of man-hours 
I Parameter for 
l the subroutine 

Number of 
parallel 

t he 

I catt thíck I lines drawn 
---------~---------------- t _ _________ ) _____________ _ 

From 1 to 40 man - h{')urs I 1 I 1 
From 41 to 80 man-hours I 2 I 3 
From 81 to 160 man - hours I 3 I 5 
F rom 161 to 320 man-hou r s I ~ I 7 
From 321 to 640 man-hours I 5 I 9 
From &41 to 1230 man-hours 1 6 I 11 
From 12 31 to 2560 man-hours I 7 I 13 
From 2561 to 5120 man-hours I 8 f 15 
From 5121 to 9999 man - hours 1 9 1 17 

The absolute amount of aggregated man-hcurs has no 

special meaning because it is a function of the subjective 

standardization procedure used. It can be used only on a 

relative bas,s, comparing the allocation of effcrt within or 

between stages. 

Figure 24 shows the aggregated bar chart drawn by this 

pro ·;;wam. It gives a rough icea of the precedence retationships 

between sta;es of work, tneir durations and ocurrences during 

the construction process. This figure provides evidence that: 

a) average durations in each block were very tong; 

for example, doors and jo1nery work took more than 30 wee~s to 

be completed; decoration took even more than this; t h e 
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electrical stage of work that was carefully designed to require 

only one visit by the electrical trade took 1~ weeks to be 

completed; 

b} the technical precedence between stages did not 

requ1re tbe completion of a supposedly preceding stage of work 

to allow the succeeding one to start. Stages of work 

overlappedt they were done in parallel rather than in sequence. 

The envisaged flow of work presented in figure 17 vas not 

followed 9 and the sharp separatian between the work of different 

trades did not occur; 

c} on average e.ach block took 60 weeks to be 

completed. 

Any particular set of blocks and stages of work can be 

examined using this program .. It coutd be used to investigate 

only one-storey blocks or cnly blocks containing 5 person 

h ouses, etc •• 

This program simply aggregates and plots the weekly 

total number of man-hours spent in each stage irrespective of 

block. Figure 25 is an example of the output this program is 

capable of producing. Not only blocks 1 to 53 are included in 

this case but atso block 60. 't.s mention earlier, whenever it is 

not possible to relate the stage of work beinQ observed to a 

specific block the head1ng "block 60~ is us~d. For the majority 

of internal stages of worlc, i.e., the ones with icentification 

numbers between 1 to 26, the amount of hours recorded under this 
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block 60 heading 1s not more than 12X, but for the external 

blocks, i.e., the ones with identification numbers 

between 30 to 42t the majority of tne work was recorded under 

this heading. 

In contrast to program P2NS[R where man-hours 

allocat~d to each stage of work are transformed into man- h ours 

allocated to standard sta]e durations, this program aggregates 

the ,ndividual amounts of man-hours exactly 3S they appear in 

the week versus stage tables obtained from the BRE. If the BR~ 

tables are con . idered as a matrix, these stage man-hours form a 

band of values, roughly approximating the progress pattern band 

used with line of Balance prcgrammin~ techniques. This is the 

reason why the aggregated bar chart picture 

called warawn from the line of Balance•. 

in 1igure 25 is 

The scale used to represent the intensity Qf effort 

applied to the stages is the same as in program P2NGER. 

When used in conjunction with program P2GRTO, this 

computer software is useful for prcvidtng a general picture cf 

the progress of work on site. The start and finish cf each 

tradeYs work is ctearly marked as atso is its intensity of work 

(number of weekly hours worked>. 

The totat duration of work on site, not considering 

the external works like gardens, landscapin g , rcad and public 

footpaths, can be taken as 85 weets. Comparatively speaking, 

this fs not much greater than the 60 weeks observed in figure 24 



depicting the average bar chart of individual blocks. Th ·1 s 

means that each block took on average 70% of the total time 

taken to complete the whole site, or in other words, it means 

that the time taken to complete the individual blocks and the 

whole site is of the same arder of magnitude. Building uork 

spreading over several blocks at the same time instead of being 

concentrated in a reduced number of blocks eacn week is one 

possible explanatinn for this. 

The programs so far described are useful to analyse 

the progress of wo rk as a whole, ~nd for studying g roups of 

stages of ~ork tram subsets of bui lding units <blocks, houses, 

etc.}. Individual stages of uork a re analysed or compared using 

the next 2 programs. Bo th prog rams enable the user to choose 

any particular set of blo cks for analysis using any particular 

•colour density conventionn. 

The first p rogram devel~ped was P2GRAF~ Cne initial 

d1ff1culty ~as to find a suitable order fcr the y axis, to 

represent the sequence of work frcm btock to block. As shown in 

figure 16 blocks were numbered from top to bottom and frnm left 

to r1ght. The unique clue found in t he drawings ~as that 

blocks 1, 6 , llt 15, 18, 19, 24, 28, 2:= and 31 we re situated in 

the nt-1rst area available for buitding 11 • No other information 

was available about the sequence of work fram block to block. 
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Therefore it was decided to investigate this aspect of 

the sequence of work using a block ordering from 1 to 49 as the 

y axis. 

progr am. 

Figure 26 is an example of the output generated by this 

Clearly stages of work did not follow t he 

sequence 1 to 49 in terms of their starts and completions. The 

resulting confused progress pattern meant that this y axis block 

ordering was not useful for comparing the patterns of progress 

of 2 different stages of work, or for analysing singte stage 

progress patterns. 

A better procedure was introducedt which vas caoable 

of finding the arder in which individual stages of work were 

sta rt ed. Whenever the number of man-hcurs allocated ta a stage 

of ~3rk is greater than a given amount, the work in this stage 

is considered to have started. There is no point in saying, for 

example, that a stage of work has started because one 

observation was made of an operative just, say, visiting the 

l4ork place. 

For the remainder of this report this minimun number 

of man-hours choosen by the user as indicative that the stage of 

work ha~ really started will be calted the starting parameter. 

For each starting parameter a d,fferent block starting 

order and a different graph~cat representation of the progress 

of work on site could be obtained. Figures 27t 28, 29 and 30 

reter to the same stage of work, first-storey superstructure, 

but different starting paraffeters were choosen in each case. 

Even with 1 man-hour as the starting parameter, the pattern cf 



work is clearly set; the stage occup1es a band of some 10 weeks 

from start to completion, with the majority of the effort 

concentrated in the 2 initial weeks. The aggregated total 

amount oi man-hours allocated weekly to the stage in this 

particular set of blocks is ~lotted at the bottom of the figure~ 

Figures 31 to 45 reter ta the stages joinery, plumbing 

and decoratian. A completely different pattern of work emerges 

with each starting parameter. For example, no clear pattern of 

progress w1th respect to major effort 1n the joinery stage 

appears in figures 31 and 32 using 1 or 5 man-hours as the 

parameters, but with a 40 man-hours paramet er 

(figure 35) it becomes apparent that this major concentration of 

effort took a relativelly smalt proportion cf the total stage 

duration in each block <between 2 and 3 ~eeks). rt is also 

apparent that th,s major concentration of effort followed a 

steady line cf prog ress trem block to tlock. 

The same could be sa1d about the plumbing stage 

alt hous;;h 2 well defined tines of progress appear usi ng 

1 man-hour as the starting parameter <figure 36) while a 

10 man-hours starting parameter (figure 37) 1s rot able to 

,produce any clear line of progress. 

Figure 46 shows that the stage second-storey floor~n g 

comprises in fact 3 operations. No useful information can be 

obtained using a y axis block order trom 1 to 4~ as in 

figure 47~ The site hierarchy set by the Building Research 

Establishment analyst assumed that only 2 tasks would be 
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performed under the tteading second-storey ftooring, tbat 'is, 

floor structure <ties and joistsl .and floor'ing <the other 

operations defined under this headin~ are related to the flats 

where concrete floors and ccncrete staircases were used). 

Figure 48 depicts 

dry-linings stage due to 

Figure 49 presents the same 

the interruption Qf 

holidays from week 40 

stage ~ith a y axis 

work in the 

to week 45 .. 

block order 

from 1 to 49 emphasi1ing once more the importance of finding the 

correct vrder of starts when producing U:ds type of gr.aphs. 

This program P2GRAF is useful for determining the 

progress pattern of single stages; it can also be used to give 

a rough idea about average stage durationst levels of resources 

available on site, and precedence relationships between 

different stages. Figure 50 proves that, in all but 3 blocks, 

ground floor slab precedes first-storey superstructure; 

furthermoret there is a large time buffer between these 2 stages 

of ldork. It is worth noting that the starting order is arranged 

according to the f~rst stage - ground floor slab - ~ but 

the second stage did not follow the same sequence. 

that 

The comparison between the progress o f work 

in 2 stades can become confused when there is a certain degree 

of overlapp1ng. Figure 51 compares the progress of ~ork cf 

second storey-flooring and second-storey superstructure; the 

first part of second-storey flooring precedes second-storey 

superstructure, but the last part of flooring comes just after 

the latter has finished. In this case, even if an apparent 
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but in figure 52 it 
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the precedence analysis is straightforwará, 

is nct easy to assess the cegree of 

overlapping between the final part of roof covering and the 

initial work on dry-linings. 

The next program evolved from this one. The author 

tried to develop a better way of Qualitat1vely analysing the 

degree of overlapping between 2 stages of work. 

For a given staçe of wor~ this proçram aligns 

verticaly the stage of work starting dates of a numbe~ of 

blocks. In other words, it brings te the vertical the inclined 

band of progress that the stages of work ncrmallY show; all the 

bloçks are shown to have that stage of work starting 

simultaneously. The starting arder that appears on the y axis 

is given by a minimum number of man-hours altocated, the 

previously referred to starting parameter. When 2 stages are 

being compared, the starting order is given by the f1rst stage 

input. Horizontal shifts te the left given to the first stage 

of work are equally given to the second st~ge of w~rkt block by 

block~ 

This program is not able tQ show the progress of work 

througnout the project durat·on as prograrn P2GRAF does, but it 

produces a clearer picture in terms of stage durations and 

precedence between stages. Figure 53 allows the reader to see 

th3t the stage roof covering unquestionably preceded joinery, as 
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can be expected. It reveals thet the overlapping between these 

stages indicated in figure 24 is limited to only a few bloc~s. 

Figure 54 shows that the stage dry-tinirgs took on 

average almost 13 weeks to be compteted Cat least tbe majority 

of work did, total duration was more than 3 weeks) anc that it 

was preceded by second-storey superstructure. The pace of work 

in these 2 stages was different; the time gap between them 

increased when the final blocks ~ere reached. The aggre;ated 

plots at the bottom of the figure give some rough quatitative 

indication about the precedence relationship between the 2 

stages. Th;s form of progress presentation makes it i mp () s si b l e 

to detect the interruption due to holidays as seem in figure 48 

produced by program P23RAF. 

Figure 55 compares roof covering and 

improving upon fi " ure 52 as far as clarity in depicting the 

overtapping between stages is concearned~ 

Figure 56 investigates the preceder,ce relationship 

between first-starey superstructure and second-storey flooring; 

a small proportion of the secand-storey floor1ng ~ork was dane 

just after the major proportion of first-storey superstructure 

work,. Likewise, frorn figure 57 i t is appar e nt that 

second-storeY superstructure had started only after this small 

proportion of second-storey flooring work was dane. 'Jnly 

Both block 41 did not follow this precedence arrangement. 

figures show that the majority of vork tn connect1on with 

second-storey flooring was done after first and second-storey 

superstructure were virtually completed. 

--~-
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This construct,on pattern is what can be expected in 

this type of house construction, where external first-storey and 

second-storey bric~work are operationally split by floor 

joisting. This dictates d"lscont inuity of workt and Forbes (10} 

suggests modif1cation of this traditianal design t allow 

cont inuity of worl< -:-c take place. 

The reader is reQuested to compare f~gure 57 with 

figure 51, which was drawn using program P2G~AF, and which was 

also intended to assess the overlapping between second-starey 

superstructure and second-storey flooring. 

It is possible to combine figures 56 and 57 into a 

unique one, thus comparing 3 stages of work at once. !t is 

necessary to introduce only small modifications to the P2NLOB 

program. A different colour density scale s~ould be used: t he 

band tnickness of the tar]est all~cations of man-hours should be 

reduced, in order to allow 3 stages of work te be drawn within 

the slot reserved for each block. 

Drogram P2NG~R provides a rough indication of which 

stages of work should be comoared using prograrn P2NL08 in order 

to have better ins i ght 1nto the precedence rel a ti onshi ps 

existing on each site; H is obuinus that decoration should 

succeed foundations o r fi rs t- s toreY superstructure bu t, 

unexpectedly, in this analysis of Pitcoud1e 2 the author found 

that decoration was performed in parallet with stages 

doors, joinery and services. 

like 
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The unce rtai nity regarding the precedence 

relatinnships created by the observed tendency for overlapping 

between stages requires a large number of comparisons te be 

made. The max1mum number of comparisons that can be made for 

this site wtth a total of 42 stages is 42 x 41 = 1722, or 961 if 

the user does not want to compare each pa1r of stages twice, 

each time with one af them as the leadin~ stage determining the 

start1ng order. The author uas able to cut down this number to 

some 150 comparisons using program P2NLOB. Although this targe 

number of graphs provided a very gooc qualitative understanding 

of the real precedence relaticnships bet.ween stages of worlc, it 

proved to be an expensive exercise in terms of computer time and 

plotting resources. 

A useful set of graphs obtained using program P2NLCR 

is described belo~. Figure 5 8 shows again tbe first-storey 

superstructure sta~e; this stage took on average a maximum of 

14 weeks to be completed, but the majority of the effort was 

allocated during the f1rst 2 or 3 weeks. 

Figures 59 and 60 refe r to the same stage -o f work, 

joinery, but the iirst cne uses as startinç par amet er 

5 man-hours and the second 40 ~~:an-hours ,. The f irst graph 

suggests that this stage took on ave r age some 23 week:s to be 

performed. The second one indicates that the major effort in 

this stage changed 1ts relative posit1on as new blocks were 

tackted. In the first blocks the major effort ocurred at the 
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end of the stage duration while in the last blocks the major 

effort was applied right at the beginning of the duration. The 

same conclusion could have been obtained from figure 35 which 

was drawn usjng program P2GRAF. 

The same change in the relative position of the major 

effort with respect to decoration can be noted in figure 61. 

Apparentty, the total duration of this stage of work rema,ns the 

same throughout the project construction, block after block. 

However figure 62 indicates that the practtcal duration of the 

decoration stage decreased as the operatives progressed through 

the site; the major effort occurs closer to the start of the 

stage and the remaining man-hours are less and less siçnificant. 

Figures 63 and 64 are used to demonstrate t h e 

capabilities ot this program to illustrate total overlapping 

between st ages of work. In figure 63 roof carcassing marginally 

prec~des roof covering, but, apa rt fro~ this initial lag, both 

stages proceed in parallel untit the1r completion. The stage 

superstructure eaves tu apex ~as rnainly related ta brickwort; 

it was done at the sarne time as brickwork for the seccnd-storey 

superstructure (figure 64). 

Figures 65 and 66 r e turn to the analysis of the 

second-storey flooring stage of work, which is the object af 

several figures in t hi s report. This stage in theory conta1ned 

2 operations, flooring-structure <t ie s and joists) and flooring. 

It is cle a r that the seccnd operation of this stage of work, 

floorin g , ~as performed under the same env1ronmental condit1ons 
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f,rst part of dry-lininys. As 

<me partially gtazed before 

flooring and dry-linings could start. 

Figures 67, 68 anc 69 refer to glazing. Generally 

this stage of work is a very important milestone in the building 

process because it marks the moment when dry proc~sses 

substitute for wet ones. Glazing was done after second-storey 

superstructure (figure 67) but in parallel wHh rooi 

covering (figure 68>. Both glazing and roof co~ering were 

necessary to provide a ~aterproof environment for the succeeding 

dry t rades. The dry-linings stage of ~ork was started only 

after the first part of glazing was completed, as can be seen in 

figure 69. 

When analysin~ this stage of work it becomes difficult 

to understand the reason behind the subd;vision ot the stage 

into a great number of small sub-tasks; on average glazing 

lasted more than 30 weeks and some 8 separate visits 

necessary for each block. 

we r e 

Figures 70 and 71 are presented in support of the idea 

that the dry-linings stage of work can be taken on its cwn as 

one of the four major groups into which the stages of work were 

divided <substructure, carcassing, dry-linings and finishings). 

Here joinery and decoraticn are shown to start after the major 

effort by the dry-lininys trade was allocated .. Similar 

precedence relationships would be seen if graphs depictin~ 

dry-linings versus heating and ventilaticn, doors and windows, 

electrical installat iont or p lumbing were produced .. 
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Figures 12, 73 and 74 exemplify the overlapping 

tendency found within the finishing stages. Decoration is 

compared with heating and ventitation, electrical installation, 

and joinery. Only the electr•cal installation stage seems to 

occupy a Well defined posit~cn in time, always before the major 

effort in the decoration stage. 

The floor finishes stage was considered to be the last 

stage accordinJ to the planned flow of work in figure 17. This 

held ~0od for some blocks, but for th~ majority of thern work cn 

decoration continued well after the floor tiles were laid 

<figure 75>. It is interesting to ~bserve the oifferent pace of 

work in these 2 staJes; as floor finishes proceeded at a slower 

pace than decoration the time gap bet~een them increased. 

The P2NLOS software is atso useful te point out 

circumstances in which expected precedence relationships did nct 

occur. The Water Authority mains connections and the plumbinç 

installation seem to bear no relationship at all either in terms 

of precedence or pace of work <figure 76l; this could be 

considered to be unexpected because it is generally wiser to 

test the ptumbing installaticn with the mains already connected; 

in such a case these 2 sta g es of work wGuld bear some 

operational relationship. By contrastt figure 77 makes it clear 

that the electricat installaticn work and the Electricity 

Generation Board work had some retationship. Figure 78 shows 

that harling preceded dry-linings. The planned flow of work 
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pr esented 1n figure 17 indicates exactly the opposite since 

mastic pointing to expansion joints Cincluded ir the harling 

stage) was scheduled to star t after plasterboard to external 

walls <included in the d r y- linings stage). 

The various examples of graphs produced u s ing program 

P2GRAF attest to the fact that each stage of wcrk had a 

differen t starting order. ~oreover, even the same stage of work 

could have different starting orders using different starting 

pararneters. Frogram P2STJN ~as created to investigate starting 

orders, using 3 simpter approach than program P2GRAf. 

Figure 79 studies the j o inery stage of ~ork. It can 

be seen t hat the lines of starts for the given starting 

pararneters lay inside a band of 15 weeks. Figure 8 r e f e rs te 

first-storey superstructure: a much more stable set of lines of 

starts is presentedi chocsing different starting parameters 

would not determine very different dates for the start 

in each bt ock. 

o f wo rlc: 

Figures 61 and a2 are used t~ plot the line of starts 

of 6 major stages of work cn s1te, namely first-storey 

superstructure, roof covering, dry-linings, joinery, electricat 

installation and decoration. It seems that each stag~ had its 

own starting order and neither the selection of a particular 

s tage as the leading stage Ci.e., the one that provides the 

starting order in the y axis) 9 ner the selecticn of a specit1c 



se t o f s t a r t i n g p a r a me t e r s 1 s c a p a b L e o f produ c in g a b e t t e r 

agreement bet~een the starting llnes of the various st ages . 

Nevertheless the gene ral trend of the pace of starts is similar 

for all stage s, whichever tead1nQ stage and set of starting 

parameters is choosen. 

Figure 83 shows that even for 2 very related stages of 

work like r oof carcass1ng and r oof covering the 

was not the same. 

Sev erat pape r s with tine 

starti ng orde r 

o f balance 

prograrnming technique tike the works by the Builoing Research 

~stablishment (3) and Lums den C17), emphasize the use cf 

g raphical methods to control the progress of work cn sites of a 

repetitive nature. Figure 84 presents the start tng lines of the 

25 sta ges of work cornprising the majority of the irternat worlc 

in Pitcoudie 2. The ç r aph is very confusing due to th~ lack of 

a rigid sequence of starts, and because several stages of work 

started almost simuttaneously. 

The usefulness of controlling progress on site using 

tine of balance graphic3l methods is challen ged by figures 24 

andas: a National Buitding :. ::~ ency r eport C1 '3l su-:HJests the 

selection of only a suitable set cf stages of work for site 

progress controt; only the 9 most important stages of work Cin 

terms of the number of man-hours atlocated to themt are plotted 

in figure 85 but still the grap~ re mai ns canfusing and not 

usefut for site p ro gre ss monitoring. 



Oifficulties with monitoring site progress ~esulting 

frorn the unique starting arder of each stage of work, as 

hi hl i ghted by the last program, led to the creat 1on of th is 

program P2STAJUN. Each 

its own starting order. 

stage of work is plotted according to 

No y axis annotation is given, because 

each stage of work would determine a particular one. 

Figure 86 shows various tines of starts for the 

dry-linings stage of work, each one obtained with a different 

starting parameter. A decreasing number of blocks is plotted 

with increasing ~inimum parameters because the maximum weekly 

allocation of man-hours in some blocks was not as high as t he 

starting parameter choosen. rompared with the previcus program 

output, this form of progress display has 2 major advartages; 

a) graphical control of progress on site is easier 

due to the improved clarity; 

b) information is prcvided concerning the pool <Jf 

work available ahead of each trade; it is poss1ble to kno:w the 

number of blocks started by the preceding trades~ It is 

necessary to ascertain that the number of blocks started <and 

here started can be understoad as lmplying a major effort in the 

s t age s t ar te d > is a good indicator of the work being mace 

available by the preceding crews. 

The major shortcoming of this form of presentation is 

that precedence bottlenecks in the work flow of individual 

blocks are not detected. 

-·---



Ideally the l1 ne balance technique gives 

1nform.ation not only about precedence bottlenecks but also about 

pool of work a vailable ahead of each trade. Oue to the 

uniqueness cf the starting arder af each sta ge of vork, tbese 

important features of the l1ne of balance progress control 

method are lost and can only be partially restored by programs 

P2STJN and P2 STAJU N. 

The pace of starts of the 21 mcst important internal 

stages of work texcludin] cleantng and snagging> is given in 

figure 37. The reader is requested to ccmpare 1t with figure B4 

in terms of clarity and usefulness for site progress control~ 
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developed tecause t he 

by the 

quick, 

S'ite Activity 

flexible or 

economical to analyse the wealth of ioformation stored after the 

use of the powerful Building Research Establishrnent activity 

sampl ing method. The eKtraction of information from the 

computer files is rnade easy by the simple set of instructions 

contained in the package manual <22), but the computer printouts 

are bulky, more often than not needing a lct of hancling and 

rearrangement of the individual pages <includinç cuttin~ and 

glueingt to allow a better appreciation of the irformation 

conveyed. 

The graphs developed are a step forward in terms of 

clarity and conciseness; the use of colour density instead of 

the number of hours allocated weekly to each stage of work could 

be more meaninQful when a general appreciation of hcw Ean-hours 

were spent on site is desired. With srnall modificat1ons to the 

programs it is possible to provide nurnbers insteac of colour 

densities, exactly as with the computer printcuts tables, but 

usinJ a smaller size of paper due to the fl e~ib ility in plotting 

character sizes .. 
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The gra~hs add to the usefulness of the Site Activity 

Analysis Package output becau s e they can handte a greater number 

of variables than the tables, which are usually restricted to 2 

variables, one for the 

heading. lhe graphs 

row 

are 

heading and one for the column 

not a substitute for the tables, but 

should be used in conjuction with them. Numerical and graphical 

analyses are equally important to study the progress of work cn 

buildlng s1tes. 

Some ~f the disadvantages associated with the use of 

graphs are: 

al they rely on scales and conventions to transmit the 

informationi in this report the scales and ccnventions vere set 

on a subjective basis; 

b) they make use of plotting devices rather than line 

printer ones; experience ga~ned using the computinf facilities 

at the University of leeds indicates that plotter devices are 

slower, more expensive to run and more prone to bre2kdo~ns than 

line prínters. For example, comparing the progress of vork cn 

different stages taking only 2 stages at the time requires a 

very large number of graphs <some 150 as in Pitcoudie 2), 

representing a costly and time consuming exercise in terms of 

plotting resources. 

At the beginning of the computer software development 

the author was hoping that graph1cat output on its own would be 

abl~ to provide the necessary information about the sequence of 

work, the durations of stages of work and the precedence between 

them for the 3 sites for which data was obtained at the Building 
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The author now feels that the analysis 

of production data usin~ mainly graphical methods is lenghty and 

impracticat. Statistical and regression analysis techniques 

will be used to help obtain data necessary for the research work 

in programming techniques now being uncertaken at the Department 

of Civil Engineering of the University of leeds. 

Some examples of graphs were produced in the precedin9 

chapter in order to make the reader a~are cf the graphical 

software capabilities. !n tbis section conclusicns are drawn 

from the complete set of graphs developed by the author, 

encompassing not on Ly the Pitcoudie 2 site but also the 

Pitcoudie 1 and Ladygate lane sites. As no numerical analysis 

has been applied so far, conclusions stem directly from the 

information the graphs are capable of conveying. 

The more important conclusions obtained so far are 

given below. The reader is requested to bear the review of 

l1terature in rnindt comparing the major findings here presented 

with those oi other authors. 

The durations of the stages of work are greater than 

could be expected from the division of average labour content by 

the number of workers assigned to each job. Figure 58 shows 

that first-storey superstructure took on average 10-12 weeks to 
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be completed. lhe total number of man-hours spent in each block 

ranged from 106 to 532 , with an average of 275 man-hours. 

The Site Analysis Activity Package altows the user to 

know exactly the size of gangs, operatives' identification 

numbers, and gang composition <propcrtion of unskilled to 

skilled workers) allocated to each stage of work. Unfortunately 

the author was not abte to get those tables from the BRE. 

Assuming several gang compositions with each operative workinç 

40 hours per :week, the expected durations of the first-storey 

superstructure stage would be: 

J Total number of men in the g2ng 
_______________ ! ____________________________ _ 

I 1 I 2 1 3 I 4 I 5 
Number of I _______ J _______ ) ______ l ____ l ______ _ 
hours 532 I 13.3 J 6.7 I 4.4 I 3.3 I 2'97 
taken by 275 1 s.9 I 3.4 1 2.3 I 1.1 I 1.~ 
the stage 106 J 2.1 J 1.3 I o.g I o.1 I c.s 

_________________ l ___ . ____ , _______ l _______ l _____ l ______ _ 

Only in the worst case , that ist stage labour content 

equals to the maximum number of man-hours allocated to any one 

of the '+9 blocks and only 1 rnan assigned to the job, is the 

calculated duration greater than the real one. It is reasonable 

to assume that in this stage, involving mainly brick~ork, the 

gan9 was formed of at least 2 rnen; under this assumption each 

man will be working only 12 hours each week on this stage. 

Forbes (!O) found that houses with a total labour 

content of 800 man -hours were bu1tt in 40 weeks, giving an 

average of only 20 hours worked per week on each hous e, 
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irrespective of trade or stage of work. Aoth f-lgures include 

productive and non-productive time. 

Figure BB deals with the plumbing staQe of work. The 

actual number of man-hours allocated to each block was between 

55 and 407 with an average of 13E man-hour s. T h~ g raph 

indicates that the average duraticn can be taken as 45 weeks. 

The following operations we re recorded under the 

heading: 

a) gutters, downpipes and roaf flashings; 

bl soil and ventilation pipe; 

plumbing 

c> hot and cold water pipes, tank, cistern and 

laggin::;; 

d) bas in, bath and w.c.; 

e) radiators and pipes; 

f) gas pipes. 

The dispersed aspect of the figure coulc have been 

determined by the fact that it actuatly represents 6 different 

operations; each operation coulc have been performed in a 

shorter duraticn with a higher retative density of man-bcurs 

applied to it. Qnly analysis at the level of operaticn rather 

than stage will sh cw if this is so. For the moment it is worth 

mentioning that the intended flow of work <f,g. 17) shows only 2 

visits by the plumber trad~ and t hat the notes a nd 

specificat1ons about Pitcoudie 2 <23, says that: 

- - .. --· --- . 
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•Rattonalization of house bulding construct,on is 
achieved by careful attention to plumbing, electrical 
and joinery work, forming fewer, larger and more 
independent trade operations•. 

It is possible to count on average 8 interruptions of 

work for each block in figure 8 . • 

The electrical installation had been the object of 

special concearn in projects Pitcoudie 1 and 2. Previous 

experience with the Ladygate Lane s ite ~see 11> was aç~tied to 

these prcjects to modify the des1gn and constructicn methods to 

mak.e the stage electrical installation a one visit job. Th is 

stage was divided in 3 operaticns: 

b) socket outlets, switches and fittings; 

c> conduit and meters. 

Under traditional design practices this sta ge would 

correspond to at least 2 ~isits, first fixings and second 

fiKings. The one visit job intention was partiallY ach1eved 

acc ording to figure 89 and figure go; both figures are here 

presented just to compare once more tbe output of programs 

P2NLDB and P2GRAF. The greater part of the work was dane in the 

2 or 3 initial weeks, but the actual total duration was still in 

th re~ion of 10 to 12 ~eeks. The n~mber of man-hours allocated 

to each blnck ranged from 36 to ~a2 with an average o f 

164 hours. 
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Figure 91, obtained usin~ program P2GRAF w1th an 1 to 

49 arder of blocks as the y axis, and f,gure 92 obtained usinq 

program P2NLOB and a starting parameter equat to 1 man-hour, are 

also presented here; they illustrate that the apparent duration 

of the electr1cal stage conveyed by the graphs can be misleading 

if the proper starting sequence is not used. 

Real concentration of ~ork was found cnly in the 

initial stages corresponding to substruture Cfoundations, 

substructure proper and ground floor slab), harling and floor 

fin,shes. 

The average number of man-hours allocated, the 

standard deviation of the number of man-hours atlocated, the 

average duration and the average intensity of work <number of 

man-hours per week) for these and other staçes of work at 

Pitcoudie 2 are listed in table 04. It is worth r€memberin9 

that stage durations are taken rcughly from P2NLOB graphs, they 

do not represent an accurately calcul3ted value. 

Figures 93t 94 and 95 reter to the harl,ng and floor 

finishing stages. Figure 94 is incluoed to derncnstrate once 

more the importance of finding the correct starting arder of 

blocks. 

In the light of these findings it is suggested that 

the concept of stage duraticns should be reviewed; ,nstead of 

talking in terms of an absolute duration, from the start of a 

staçe to its finish, it Mould be better to talk in terms of time 
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reach a determined level cf effort, cr time taken at a 

sustained level of effort, cr, finally, in terms of a set of 

duraticns describing more accurately the varicus phases of the 

allocation of resources to a staçe. 

Oue to the fact that the various stages of work took a 

long time to be completed at these 3 sites analysed, it might be 

expected that the precedence relationships between stages was 

not o f a head and tail type , but of an overlapping type. 

Figures 24, 56 and 57 confirm this; proportions of the work cf 

one stage are preceded or succeeded by propartions of the work 

of the other stages. This is not a new concept: reported 

researcb wcrk by Carr (5) and even commercially available 

the i n t r c du c t i o n o f network plannin g software (15> allow 

lead/lag factors Coverlapping factors» 

stages of work. 

betYeen activities or 

More analytical effort should be directed to the study 

of the overlapping between stages of wcrk. Le~d/lag factors 

should be obtained from practical observation. The author was 

not able to find any research ~ork giv1ng quantitative guidance 

on these factors. The graphical analysis of these 3 sites did 

not make it clear if the overlapping factors 

throughout the construction process. 

rem2in constant 
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The conclusions relating to the durations of tasks cn 

site suggested a new concept: we should talk in terms of the 

duration of each phase of the resource allocation process for a 

stagei 'for example, 'H could be said that 60X of the stage was 

completed within "nl" weekst and the remaining 40 X took 

"n2" weeks. Here again it is suggested that the precedence 

between stages should be def1ned in terms of ~rcportions of work 

accomplished and thus allowing technically succeeding stages to 

start. 

The derivation of such overtapping factors based on 

proportions of work would make it possible to draw qu1ckty 

aggregated bar charts like the one shown in f,gure 25. This 

aggregated bar chart depicting the start and finish of work in 

each stage can be used as a master prcQram of buildinç works. 

Conversely, the overlapping factors can be obtained by the 

observation of these aggregated bar charts on a number of 

buitdinJ projects. 

At the sites analysed each stage of work was performed 

with a slightly different starting order. In Pitcoudie 2 the 

work evolved from northwest to sautheast, as can be seen in 

figure 23, but no 2 sta g es of work were done in the same 

sequence, block after block. Sequence of work bere is defined 

as the arder in which a specific trace tackles the various units 

under construction on a repetit'ive site; obv'lously it is not 

related to the precedence tetween stages ~ithin the same block 

or house. 
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This finding represents an additional difficulty to 

the planning and control of works on site using a Line of 

Balance chart. The actual sequence of ~ork is n~t known in 

advance to the site prograrnmer, and hence he cannot arrange the 

units of construct,on alon g the y axis. On the evicence of this 

research work it would only be possible to define strategically 

the desired trend of progress along the site. 

The majority of building sites contain non- similar 

units, that ist blocks differing tr~m each other in area, number 

of storeys and facilities~ In these circumstances the sequence 

of work can be optimized taking intc accaunt not only equioment 

layout, site supervision and rnaterials handling but also the 

labour content of each unit tHareli - lS>. The evidence of th;s 

present research work suggests that it would be worthwhile to 

employ this optiroization technique only ~hen it could be assured 

that site control would be sufficiently tight to force the 

pre-planned sequence of work t o be follo~ed. 

Bishop (1) and Forbes CIO> founc that the work tends 

to spread over the whole site instead of concentrating on 

particular units. The former suggested t hat site programming 

and control should com promise between the adopticn of a rigid 

sequence of wo rk and the possibility of diverting work to 

different blocks whenever production snags occur with the 

present btocks beinJ undertaken. According to him, working 

simultaneously in variou s units allows greater flexibility in 
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to reduce 

idte time on site, at the expense of ef ·f· ciency fmore time is 

spent setting up, ctearing out and walking from work place to 

work p lace). 

Forbes believes that the key to productivity on site 

is design taking int o account production methods. Thi s would 

allow concentration of work on the building units and hence a 

shorter time to complete them. At first sight it is not 

possible t o understand why cancentraticn of work cn its own 

could ensure better productivity; putting it in a different 

way, why should it be more acvantageous to tackle the work unit 

by unit than to undertake a battery of units simultaneously? 

Pigott (18t19) found some c o r r e L a t i c n between 

d;scontinuity of work and t he total number of man-hours taken by 

the ope rat i on s. He proposed that the key is sue to increase 

productivity on site is to provide a large work poGl ahead of 

each trade, mainly subc an tracted ones, thus avo1ding their 

constant movement between a series of different sites in search 

of "snags-free" runs of work. Under this premise, sticking to a 

fixed sequence of wcrk does not produce g reater work pools than 

tackting the tasks at r3ndom. 

This research work sugge sts that the more important 

elements in sit e programming and control should be rese arched in 

close contact with contra ct ors, 

subcontractors before the concept 

site managers, foremen and 

of concentration and ri g id 

sequence of work are taken as the main ieatures of welt 
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organized sHes. •ceanwhile the concept of worldng pools ahead 

of each trade could be used. In fact, the fixed sequence of 

work approach is a particular case oi the pools of ~ork ahead of 

each trade programming strategy. 

The consequence o f stage dura ti ons exceeding 

expectations, and the spreading of work to the entire site is 

that blocks took a long time to be completed Ccf the same 

magnitude as the time tak~n to complete the whole site). 

This makes it difficult to control the progress on 

site based on number of btocks completed or even number of 

stages completed. The feedback of production information based 

on completed units or stages is nct available till the last 

periods of work on site. 

It is suçgested that these absolute indicators ot 

progress achieved on site should be substituted or complemented 

by others, relative and subjective in nature, like proportion of 

work complete d, available work pools ahead of each trade, 

non-productive time achieved, etc •• 

Two major suggestions stemming from the ~crk developed 

so far are made betow. 
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a) ~ore research work should be dev~ted to t he 

analysis of the progress of work on building sites. T~eoretical 

developments in this area shoutd be welcomed onty after the 

concepts of precedence, estimation o f task duraticns and 

sequence of work are exhaustively rev1ewed based on pract·cal 

experience. It is not recornmended to proceed with th~oretical 

works in the area using the traditional CPM, P~RT cr Line of 

Balance approaches to the aforementioned basic aspects of the 

building programming issue. Neither the review o f the 

literrlture nor the analyses conducted during this research work 

g i v e s up p o rt to the trad1tional concepts of task duraticn 

estimation, precedence, or sequence of work. 

8oth the Site Activity Analys1s Package and t~e 

graphical software here presented are capable of ~roducing anc 

organizing a huge amount of feedback information. The author 

feels that the production of this wealth of data is expensive 

and time consuming when applications at the level of the average 

building company are envisaged. More research work is needed te 

define which tables, graphs or numerlcal parameters are 

important, in arder to make only these availatle to site 

managers and programmers. The overloading of staff with 

feedback informatíon should be avoided. 

does not 

In this sense the graphical software here produced 

help, unfortunately, in selecting fundamental feedback 

data ar to reduce the arnount of information ~roduced. It is 

able to improve the output of the Site Activity Analysis 

Package, mainly by condensing infcrmation in a pictorial form, 

at the cost of usin2 slower and more expensive equipment. 



Neither can the t ab L es produced be c omp le te ly 

substituted nor can the graphical software entirely complement 

information previously available. ~ore research work is needed 

in this are~ to derive simple numerical indicators capable of 

summarizing the status of the proçress of work on site. 

bl New planning techniques should be devised to 

overcome the problems that traditional techniques face when 

trying to model the work on repetitive building sites ltke the 

ones studied here. Discontinuity oi wcrk, paraltel inste a d c f 

sequential precedence relatianships between stages, lack of a 

fi x ed work sequence fr om block to block, and difficutttes in 

controlling a g reat nu mber of stages of work by graphicat means, 

shauld a ll be t a ken into account wh e n oeveloping a new technique 

or mod i fyin0 t h e existing ones. 

The author f eels that a t e chnique ~hich cculd overco me 

ab ove difficulties woutd be tased on: 

I) the use o f s tra tegi c m i te st ones: t hes e mi lest ones 

could be represented b y s p eci a l dates, s pecific percenta ges ~i 

work ac h ieved or specific buildings units completed. ~ s a 

suggestion, these milestones could te obtained using the same 

procedure a dopted t o pr od uce fi g ure 22; severa l stages of work 

are grouped according to common ch aracteristics a nd t h e 

completion dates of these gro ups of stages are taken as 

milestones, both for site progra mmin g and site control. 
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Milestones could also be set using informaticn derived 

from progress "s 0 curves. These prngress curves can be obtained 

by sev~ral 

optimization 

methods, for example, 

of resource mobilization 

r equirements or management decisions. 

historical records, 

costs, contractual 

In essence, these strategic milestones shçuld be used 

instead of a deta1led programmin g of works at the level of 

blocks and operations. 

II) the use of percentage of ~ork as t he major 

measuring unit when planning and controlling building work. The 

same approach and 9 raphical presentation of the Line of Balance 

method could be used, but instead of depicting units <blockst 

houses) on t he y axi s, percentage of ~ork ~ould be displ~yed. 

Buffers between sta~es of work measured in pbysical units are 

replaced by percenta~e of ~ork ffade available by the precedin~ 

trades. This presentation is not ne~ <see 2) but it has not 

been sufficiently reported and investigated in the literature. 

This report has shown that the percentage of work 

approach could also be extended to the concepts cf single stages 

of work duration and precedence between sta ges. Bar charts are 

easity dra~n when the relative positicn of each stage of work 

bar is determined by the percentage lead or lag factors of the 

o t h e r s ta g es o f 

production rates 

WOl'Ko 

and 

The 

factors 

e~istins 

affecting 

methods relatin!J 

productivity like the 

learning phenomenon, weather and overtime, cculd be easily 

extended to accommodate this percentage approach. 
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It was suggested that milestcnes could be provided by 

the project prcgress "s" curves; conversely percentage progress 

curves of individual stage s or groups of s tages can be added to 

produce the entire project "s" curve. In thts sense, this new 

approach improves the speed ~ith which cash-flow anatyses may be 

performed. 

The underlying assumption of tbis new proposed method 

is that the precedence relationship between stêges of work 

within each unit being contructed is not the most im~ortant 

factor ,n assuring a continuous flow of work on site, and hence 

good productivity. 

further research. 

This hypothesis can only be proved by 
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Table 01 

Number of Visits to Blocks to complete Operations 

I 
OPERATICN J MAXIMUM J MIN1~UM J AV:::RAG f 

----------~------------------- ) _________ 1 _________ 1 ____________ _ 
Gr ound Floor Slab 1 E ) 2 J 3.~ 

Blocbwrk 1st. Lift I B I 1 1 3.6 
B lo c k wo rk 2nd. L i f t J 7 J 1 I 2. 7 
Roof Trusses and Timbers ) 10 I 3 I s.~ 

Roof F-inishings J 11 I 3 I 5.4 
Ext. Infill Panels J 17 J 4 J 8 .1 
Fl oor Joists and Flooring I E I 3 I 4.5 
Ext. Plastering I 16 I 4 I a~s 

Int. ory-lining I 16 J ~ J 8 .9 
Joinery J 28 I 4 I 11.4 
Cellular Partitions I 6 I 1 I 2.6 
Plumbin g I 22 l 6 I 14.2 
Electrical J 13 I 3 I 6.9 
Floor Tiling I 1 0 I 1 I 3.6 
Internal Paintin~ J 22 j 3 J 11.0 
Extern.al Paintin.J ) 14 I 5 I 8 .3 _________________________ ) ________ , ________ ) ____________ _ 
Total 1 22 6 I 50 I 111.0 ____________________________ , _________ ) _________ ! ____________ _ 

Table taken from reference number 19: 
P i go t t, P. T. A_Er_Qdu~..! i" i!l_ .§..!!!.!Ü:_ .Q f Ho,!!g_B u i!.Q.ing, 

2nd. Irnpress,cn, Dublin, An Foras Fcrbartha 
- The National Institute for Physical 
Planning and Construction Research - , 
Oecember l974. 



Table D2 

Pitcoudie 2 

General Specification Notes 

----------------------------------------------------------------l 
)Foundat ions: 
l 
J 
I 

houses generally 570 x 150 mm.; ilats generally 
750 - BOO x 230 mm. concrete strip foundations 
<1:2:4} with 4~0 mm. minimum ground ccver at all 
external and party ~alls. Foundations to flats 

) 
I 
I 
I 
I 

1 have bottom mesh reinforcement. 1 

'-------------------------------------------------------------- ' 
J I 
J Sub-Floor: ccnsolidated site fill to within 350 mrr of floor I 
J level, thereafter 175 mm. well consolidated I 
J · hardcore with 50 mm. sane blinding fini s hed smooth I 
J to receive dpm. I 
J -------------------------------------- -------- - --- ---- I 
J I 
J DPI"i: "Vis que e n 120 O" da mp- proof rremb r ane in sub - f lo o r. I 
) __________________________________________________________ , 
l I 
JGround Floor Slab: 125 mm. concrete slab with rresh reinfor- I 
I cement; 600 mm perimeter insulation 25 mm. f 
1 thick; surface cf slab floated to 2 smooth 1 
j surface and finished with pvc floor tiles I 
J on •ounlop smoothfloor• latex screed. I 
J ----------- ----------------------- ----------·-------- - ---- I 
1 1 
JDPC: •Nurtene• damp-proof ccurses in ~alls. I 
J ___ _: ____ ___ ___ _ _ ___________________________ _ ____ . __ _ _ _ _ __ f 
I J 
)Underbuilding: Houses - 255 mm. thick "Thermalite" concrete I 
1 blocks laid ~ith 50 mm. vertical coursing and I 
J 1/3 bond hcrizontally; · I 
J Flats - non-loadbearing 255 mm. overall I 
J thickness with 102.5 mm. outer skin, 52.5 mm. I 
J cavity concrete filted up to dpc and 100 mm. I 
1 •Russlite• concrete blocks <7.0 N/sq mw.) innerl 
1 skin; for loadbearing ~alls the inner s kin is J 
J 140 mm. •Russlite" concrete blocks <7.D Nl s q l 
J mm.l and overalt thickne s s thus 295 mm. I l ______________________________________________________ l 

1 ' )External walls: Houses: 255 mm. overall wHh 102.5 mm. bricl<, I 
J 52.5 mm. cav1ty and 100 mm. "Russlitew I 
1 concrete block <4.12 N/sq mm.) inner skin; I 
J Flats: non- loadbearing 255 mrr thick overall l 
1 with 102.5 mm brick, 52.5 ~m. cavity and 100 I 
J mm. •Russliten concrete block inner skin t7.0 J 
J N/sQ mm. on ground floor of 3 storey floors l 
1 and ground floor plu s first floor cf 4 s torey I 
J flats; 4.12 N/sq mm. bl o cks on first and I 
l I 
J <to be continued on next page) ••• I 



1 
I 
I 
1 
1 
I 
I 
I 
1 
j 

J 
I 
J 
J 

••• <continued from last page) 

second ftoor of 3 storey flats and second 
plus third floor of 4 storey fl a ts); for 
loadbearing ~alls the inner skin is 1~0 mm. 
•Ru sslite" concrete blocks <s trengths a s for 
non- loadbearing walls) and overall thickness 
thus 295 mm.; finished externally with 20 mm . 
dry dash render; internal linirg i~ •sriti c h 
Gyp s um Vapourcheck Thermal Lining• fixed by 
modified "Thistlebond" method (25mrn thick 
board) and nailed with 3 rows of 3 nails per 
sheet; U value of 0.67 W/sQ H ceg C for 255 
mm. walt; 2 person houses only have Cape "U 

I 
I 
I 
I 
1 
I 
1 
I 
I 
I 
I 
J 
I 
I 

1 Foam Plus• cavity in s ulation. I 
) ______________________________________________________________ , 
J I 
)Party ~alls: two skins of 100 rnm. ~Russlite" concrete block I 
I <4.12 ~/sq mm., 1250 kg/c. m. densityl generally I 
J w i t h 55 rnm. c a v i ty ; b o t h s i c e s .o f w a ll :w i t h I 
1 8 - 12 mm. rencer and 12.5 mm. plasterboard fixedl 
J by "t h istlebo nd• methoc; psrty ~alls between I 
I ilats and h ouses will in some instances have 1 
I higher density and thicker blccks <see above). J } ______________________________________________________________ , 
J I 
)Intermediate Floors: Houses: 20 0 x 50 rnrr~ joists at 45 0 mm. r 
l centres, buHt into walls; where built I 
1 into party-~alls, joists are J 
I iire-stopped with 12.5 mm. "Asbestolux" r 
J plates; 19 mm. chipboard ilooring with I 
J higher dens'ity grade in bathrooms; 9.7 1 
J mm. plasterboard ceilings for 2 storey l 
J houses and .12. 5 mm. ,plasterboard for I 
I 3- storey houses; I 
I Flats: prestressed prec.ast concrete I 
J units, 200 mm thick; design certificate , I 
J to be supplied by llianufacturers; 22 mm. f 
1 T. and G. f loorir.g on 50 x 50 mm. j 
I battens on sound insulating Quilt I 
1 (battens not fixed to floor urits); 12.5 1 
1 mm. pl.asterboard ceilin_çs on 50 x 38 rnm. I 
j battens fixed to t imber in s erts in I 
) concrete floor units. 1 } _____________________________________________________ 1 

l I 
]R oof: "Redland Delta" tites on 50 x 2~ mm. impr egncted I 
J battens, breather felt type lA on 12.5 IT'dt• bitumen I 
J impregnated black top fibreboard s arking on "Firk" type J 
J roof trusses .at 600 mm. centres generally; 100 mrn. I 
J fibregla s s roof insul.ation irnmediately êbove ceil'ing; r 
J tcp floor ceiling to be 12.5 mm vapcur-checked I 
1 plasterboard. I I __________________________________________________________ I 

J J 
1 tto be continued on next p age) ••• I 



J ••• <continued from l as t page) I ) ______________________________________________________________ , 
J I 
J!nternal Partitions: 50 mm. "Par~mount" partition s . I 
! _________________ ~---------------------------------- J 

------------------------------------------------------------1 1 
jloadbearing Partitions: 75 x 5 0 mm studs at 4 DO mm centres I 
J lined uith 12.5 mm. plasterboard. I l ______________________________________________________ ____ , 

J l 
JGlazing : 2 person hou s e type only to be double çlazed ~ith I 
J "Pilkington's "Plyglass" sealed units; all other 1 
l hous€ types to be sin g le glazed. I ! ____________ _____________________________________________ ! 

J I 
jWater Storage: 7 per s on and 9 p erson house types <~ storeys) I 
J to have 180 litres capacity combination I 
J "Elson" tanks; all cther dwelli~gs to have I 
J 135 litre capacity "El son" tanks. I I _____________________________________________________________ I 

1 I 
jHeatin~ : sinçle an d two - stcrey house s to have ducted warm air I 
J SYSTE M <APPRO XI MATELY SOX SPLIT BETWEEN G~S ANO I 
) and electric}; t h ree-storey houses tG be either wet I 
J radiator g as system or electric storage heaters; I 
1 flats <all electric>, to have warm air ducted I 
J partial system ptus bedrocms heated in 3 person I 
J disabled flat by electric stcrage heaters. J I ______________________________________________________________ I 

Table taken from reference n 23: 
Scottish Oevelopment Oe~artrrent, Urban Design and Research 

Division, ~i!~g~gie_~~~~l~g_Q~veloom~~!_1QL 
§.l~!!!:.:!:!!!~~Q~y~1QE!!!fD.!_IQ.!:i2QLI!1J.2D' 
Edinburgh , Scottish Development Cepartrrent, 
March l979. 



Ta ble 03 

Mix of Dw e lling s Typ es i n e a ch Bloc k a n c 

B loc ks To ta l I nt e r na l Ar e a 

I 
Block J Number of h ou s e s cf each Dw €l ling Type l Totat 

~ -------------------------------------------- ~ Internal J2 P e rsonj4 Pers onJ 5 Pe rsonj7 Per sonj9 Per s onl Area 
l ________ l ________ , ________ j ________ l ________ ) 
1 Ar ea I Area I •r e a I Area J Area I s q. m. 
J 49.5 J 7 9 . 2 J 9o . o I llB . P I 142.2 I 
l sq. m. 1 sq. m. J s q. m. l s q. m. j s q. m. ) 

----- J ________ ! _______ .! ________ ) ________ J ------- } ___________ _ 
Hous i ng Bloc ks 

------------------------------------ ---------
1 1 2 4 I I 45 9 
2 1 5 J I 45 0 
3 1 5 l l 450 
4 J I J 3 J 2 I I 50 B 

___ _5 __ j ________ j ________ l __ 2 ___ j ________ l ________ j ____ !!2Q __ _ 
6 l J 7 I J J I 55 4 
1 1 I 4 I I I I 31 7 
s 1 I 4 l J l I 31 7 
9 1 I 4 J I 1 J 31 7 

__ !Q __ l _______ _l ______ l_ __ ] __ _l ______ _j__ _____ j ___ .§~Q __ _ 

1 1 J 2 l J E J I I 8 1 <? 
12 J 2 I I 6 J I J 639 
1 3 J 2 J I 3 I I J 36 o 

1 4 1 J J 4 J J I 3ó c: 
_ _1 5 _j ___ _z ___ l_ ______ l_ ______ _l ________ l ______ _j _____ 22 __ _ 

1 6 J 3 J J l I I 14 8 
17 1 2 I I 1 J I 9 9 
18 J J s I J I 1 396 
1 9 J I I 5 J I 1 45 0 

_ _gQ __ j ______ l ____ 2 ___ l ______ _l _______ l_ ______ _j ___ ~~.§ ___ 

2 1 J J J 3 1 2 ) J 50 S 
22 J I 4 I I I I 3 1 7 
23 I 1 s I l I 1 3 96 
2 4 J 2 1 J 6 l I I 63? 

- 22 __ j ____ ~ __ _l _______ l_ ____ 5 ___ j _______ l_ ____ __j ____ 222 __ _ 
2 6 J J J 4 ) l l 36 o 
2 7 1 I 1 s I 1 I 72 o 
2 8 J 2 I I J I I 9 9 
29 J 4 I I J 1 I 1 t? a 

--~Q __ j __ _g_: _ _l ______ l ________ j _______ j_ _____ j _____ 2.'2_ 
3 1 1 I s I 3 J 2 l I 90 4 
32 l l s J I J J 396 
33 J I 4 I I J I 3 17 
34 l J 3 l 1 2 l J 475 

_ _2~ __ j ______ l __ _1 __ l _______ j ________ l_ ____ j ___ _dll __ _ 
l I 
J (to be c ont in u ed on n e ll: t p a ge) • • • I 



J ••• (c ontinued t r em l a s t pag~) 
j 

----------------------------------------------------------------
3 6 J 4 I 6 1 I 7 3 8 
37 J I 7 l 1 53 o 
38 J 2 I 3 I I 36 3 
39 l 2 I J 4 J 1 1 4 5 ~ 

_ _1Q __ j ____ ~ ___ j ________ l ___ _l __ _j ________ j ________ j ____ 2~ª---

41 1 I J 3 1 I I 210 
42 l l E J J 2 I J 713 
43 J J 3 J I 1 I 1 I 49 9 
44 1 s I I J I J 241 

_ _12__j ________ j ____ 1 ___ l_ _______ j ________ l_ _______ j ____ ~tl __ _ 
46 J I s J I 1 I 1 I 657 
4 7 J J 1 3 J 1 J 1 I 531 
48 J 2 I 2 I 1 J J 251 

~_j~ __ j ________ j ________ l_ __ _l ___ j ________ l_ _______ j ____ l~Q __ _ 
Numb e r 46 1 79 I 114 J 1 3 I 3 I 2 55 

_ _Qf_tiEQ2~2 ____ j ________ J_ ______ _j _______ _l_ _______ j __ ~Q~~~~--
Tctal ar ea of Ho us ing Blo c k s 2 0.756 

F lat s 

5 0 1 4 ... J 4 • 1 1 60 4 
51 J 3 * J 3 .. J l 45 3 
5 2 J 4 * I 4 * J l I I 60 4 

-~2 __ l ____ J _! _l ___ ~L! __ l ________ j ______ __ j _______ j ____ .1~;l __ _ 

Nu mb e r 14 * I 14 * I I I I 2 s 
~f FJQi~ _____ j ________ l_ _______ j ________ l_ _______ j ___ ~!êi~--

Totat Area o f Flats 2.114 

--------------------------------------------------------To t al 50 ? 3 114 J ~3 3 26 3 
Number J Units 
o f Unit s I 

Total Area of th e Si te 

• - 2 pe r s on and 4 per s on flat s h 2ve a 
different area than 2 p erson a n d 
4 per s on houses. 

2 2 . 8 8 o 



Table O" 

Stages of Work Average Total Allocation cf 

Man-hours te the 8lccks, Standard Oeviatior of 

this Allocation, Duraticns and Average Weekly 

Allocation of Man-hours 

. J J 
Sta ge I A l 8 I C J O ) E I F j G I H 

----------------I _____ I ____ I_ ____ I ____ I_ ___ l _____ l _____ l ____ _ 
_ [Q~!!Q~!i~D _____ l __ i!_l __ ~~-l---~-l---~-l---~_j __ ~Q_l __ ~~-l-2i~-
_SuQstL~~!ur~ ___ l __ §~_l _ _l§_j ___ ~_j __ l]_j _ _1z_l __ 32_j __ 1~_l_Jl~-
_&!:.!.._E!2.2!:_.§!..2!2_l_!Q.!Ll __ ~Q_J ___ ~_l ___ 2 _j __ l~_j __ 2 s 1_ _ _2~_1_ s 41_ 
First-Storey J I I I J I 1 I 
_.§~E~!:~!ruct~r~l-~IÉ_l __ 2~ __ _§_j __ ~Q_l_~2_l __ 46_l__~g_l_i2Q_ 

Second-st Drey I 1 1 I I I 1 l 
_E!Q.2rjns _______ l __ ~1_l _ _lr_J_ __ S_l __ ~Q_l __ 1!_1 __ 18_~2-l _ _If_ 

Second-st orey J I I 1 ] I J ) 
_.§~g~r~if~ctur~l-~2~-1-~§_j ___ ~_j __ ~l_l __ l2_j __ 47_l __ §~-l-~11 _ 
_ R.2Q!_Çar~assin:sl __ .Q.Q_l _ _ll_L __ §_l_~~-1---I-l __ 13_l__~Q_l_ll2_ 
Superstruct ure l l I J 1 I l I 

_E a v e ~-iE...:AQ~_l_S 6_l _ _21_j ___ ]_j __ 2~Ll __ l.Q._j __ l~-1-~~Ll_1Q2 _ 
_ 8_Q.Qf_,Ç.Q~~.d!!.9 __ l __ ª]_j __ ~ª-l ___ 2_1 __ ~~-1 __ § _j __ ll_l __ g:r_l_112 _ 
_ Sc2!fol diDS ____ j __ ~&_l __ ~1_j ___ ~_j __ ~~-j ____ 4_j _ __2_j __ l1_l __ §l _ 
_§12~1ng _______ l_32_l __ 11_l_ __ ~_l _ _&~_J ___ 2_l ___ 1_l_ __ ~_l __ 2f-
_tlª~iD2 _______ l_!gl_l _ _§~J ___ l_l __ ~g_j __ ]2_l __ 63_l __ 2i_l_l§~-
_g~Ü!:~------l_!±i_l _ _lQ_l __ !!_l_.1~-l 3 I l.Ll __ JJLl_--11 _ 
_ Qr:r=1jning~ ___ l_d§l_l_176_1_ __ 2_l __ 2~-l--21_1 __ 1l_l__§Q_l_dd~ 
_QQQ!.~ ________ l_!!!Ll-~U ___ l _l __ §ª_l--ª_l _ _l.§_l __ ~1_l __ ªg_ 
-~gln~~ l_lfl_l __ ~~-l ___ §_1 __ §2_l __ ll_l __ 23_l __ ~~-l-l!±J _ 
_ Pt~mbin~ ______ l_!~:.ê_l_-ªLL-~_j __ z_g_l ___ :r_l __ l.LL_g~_t_ a1 _ 
_ Et~ctri~ª1_ ____ l_!~~-1-1QQ_J ___ ]_l __ ~~-1--Z1_l __ ~~-l--2ª-l-g~Q-

Heating and J J ! 1 I I I ) 
-~~D!i!~tion ____ l __ §.1_l __ ]l_l ___ 2_l __ ~~-l---~-l-_1l_j __ ~Q_l_~s-
_Q~.f.Q!:E ti.2n _____ l_!il3_l_192_l __ lZ_l __ ~.Q_l_JLL_M_L_~l-l_!±Q~-
_f.!Qor_Finish~2_l __ ~2_l _ _1'ª_j ___ g_j_ __ 1.Q_j __ 8 l 17 1 26_l __ i1_ 

Convention: 
A - average number of m ~ n -hours allo ca te d to each 

one of the fir st 49 blocks; 
8 - standard ceviation of the nureber of man - h ours 

allocated to each one of the fir st 49 blocks; 
C - avera g e net duraticn of tbe stage; this net 

duration is obtained consideri ng the 
number of ~eek s ~hi c h have rrcre thar 
4 man-hours al located to it; this net 
duratinn is substantially less than the 
total duration of each sta ge in each block 
tin this later case the wo rk interruptions 
are incluced in the sta~e duraticnl; 

O - tctal nurrber of ~eeks that t he stage ha s been 
tackled cn site irrespective cf block; 

(to be conti nu ed cn ne~t page) ••• 



••• <continued from last pa ge) 

~ - avera g e number of rnan-hours weekly allocated 
to each block considering that the stage 
total allocat ion o f man- hou rs to eac h b lock 
is the average allocation rninus cne standard 
deviation <units are rnan-hours/weekl; 

F - awerage nurnber of man-hours ~eekly allocated 
to each block considering that the stage 
total allocation of man-hours te each bl~ ck 
is the average allocation (units are 
man-hours/week>; 

G - average number of man-hours weekly allocated 
te each block considering that tt.e stage 
total allccation of man-hours te each block 
is the avera g e allocation plus one standard 
deviation <units are rnan-hours/Meek.); 

H - average number of man-hours weekly allocated 
to the stage irrespective of block <units are 
man-h our s/.weekl • 

. ·-~--
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Figure 

Recording Form for the Optica1 Reader 

Ref.: 

Forbes, W.S. The BRE Site Activity Ana1ysis Package, 
Bui1ding Research Estab1ishment note n 13/81, 
Garston, BRE, January 1981. 
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tRE SIH ACliVITV •~AlYSIS PAC'4'f 

FIGURE 2 
R O \I SFLfClJO~ ~II,..HR ~ STA'F 
COLUMN Sflf[TIO~ ~U"'B(R 3 ~~ nrr 

-----------------------------------------------------------------~------------------------~--·------------------
' CLA~~ ~lAr.f :e 1 nr r rt n~ CO~FS 

' 10TA L I 

Man-hours allocated ' co o r o 81 ftl 83 RL R\ ft~ •7 "" 80 e 1 o e 1 1 : 

------------------------- ----------------------------------------·-------- ------------ ---------------------------
' o H04 <I~ 77 1óR ?~ 64 , n 5 1D 60 os 1 4 o 670 : 71 6 4 

to the Stages o f Work on ' ST1 SHIP li\PSOIL ' 3 1 2 , 
1 ·' 

1 3 1 o o 5 3 3~ LO 154 
: ST? S[l OUT : 1 4 3 20 , ' ?O 4 5 R 1 J 1 : 1 o 4 

the La.dygate Lane Si te, : ~0 FXCHAH : 37 b 1 1 R n 27 ~o R3 H LO ?6 o '60 
: 514 (IIN(P[Tf f0UNDAT tONS: 21 18 ,, 3R 2~ 1 37 30 11 3 6 245 
: 515 SHU1TERING : 33 ~o 1 n ·' , 1 5S 71 ?7.3 

broken down by Blocks. ' SH 8Pttr PH5 ' 1 a L ' o s 6 La I 

5T7 fUUNOAT In~ IIAllS : 137 80 8~ ?7 70 32 2S 62 52 52 666 I 
5H "ARD[OWF ' 04 74 1 no ·' 7 64 42 1?9 1 ~ 6~ 46 2S 6 80 I 
STO O f !NfOOfFHfNT ' L 3 ~ , n 4 36 ' 4 5 76 I 

511 O HOOP SI A~ ' M lO <I~ 7S 50 H 1 ~ 15 6 15 60 361 I 

s l 1 1 SERVICFS : R 1 6 1 R 5 S4 1 4 17 1 L 138 I 
511 3 G f PA ~F I ~ : 108 20L 131 7L 74 1 s 1 162 1 08 71 44 15 1 1 43 I 

5114 8~~0 COIIRSF : 4 ~L 1 2 ~ s H 7 1 1 12a I 

511 5 FLOOR ' 10L 173 13~ 1 no Q~ 127 193 , 21 so , 19 H 1 27b I 

5116 H PA w r 1 5 : 123 2S6 1 os 1 6' 01 7R 1~3 140 7J 80 36 1 L18 I 

ST17 QUOr 61 na 1 4 o 1 1 7 131 1~R , 5 n 6R 07 o o 18 1 1 21 I 

S118 TILI~G : 3 71 L?O ~n "'~ '17 '90 447 ?67 275 1 o 1 193 38 0 0 
5110 HAI fOLDI~G : 1 5 L 1 ~ 1 726 1 ~R , LO 1 } 1 173 o~ 1 (lO 1 21 l'6 1 7 5 s I 

STIO OUORS ~~n ~INOOIIS : 59 5 818 R4~ 67.7 ~ 1 n 0?7 1023 502 54? L30 2H 7164 I 

51?1 8WIOIIOU 3nA 2~2 '<lO 1 R 1 J72 ns ?o 4 1 81 ?So 140 1 0L7 3 s 24 I 

S 1 ?3 P~AST[RP. OARO : 3 61 4~7 ?07 4AI\ 41\~ '· 1"' 716 L 1 O 34~ OI 1 1 5 L 9 1 L I 

' s l2 4 PLUMBI ~r. 272 3~4 "4 44/l '57 463 H6 20Q 3~6 240 87 3680 I 

Ref.: : 5T75 fLEC1RII'AL : I ,o JO 7 300 214 H2 16 7 sn5 193 20A 1 Q 5 L~ 3 0 \6 I 

: S17.6 r,AS ' 
Q 18 o 77 L1 17 on H 87 ' H6 I 

: 5127 WEATING : 18• 1 Q 4 '3 1 1n >9A '~R 355 ?84 264 137 L6 27\6 I 

F0rbes, w. s. H0use Building : S17R O(rOOAT IOW 4 89 7H 797 5" L75 • 71 ~13 · LRL 4UL J76 203 57 0 3 I 

: S1?0 GLA71NG : 17 1 b 1 R 1 n 1 7 Q 5 21 11 1 3 71 2 0 3 I 

Productivity at Ladygate : 51.10 fLOOR f1~15HFS : 44 87 R~ o ·' 73 10? 04 7L 130 5 ~ <14 o no I 

Lane, Hillind0n, Building : 51 .I S GARAGE5 116 5 2 1' 1 R A Q 1\19 1 680 I 

: S 136 n~ 1 w5 I 27 1 A >n 11 1 1 o 3 L 5 SH7. 5 '1 3 ' Research Establishment : S1H MAIW SfRVICF~ ' 7 2 1 5 68 a7 I 

5TH •••AOIIOR<S : 5 1 6 7 3 3777 3103 I 

Internal N0te, Garst0n, BRE, : s TJ9 r, .c. W OF W~ ' ' I 6 • 4 L 1 ' lHO 26H 
Mar c h 1980. : s T40 ~JH f~1Afll J 5H~fNT : l 3 ~ A ' A ~ L ? L 2l 08 73\7 

-------------------- ----------------------- --------- ---- - · -------~------------ - ----------------------------------I TOTAL: ~504 407~ <2S7 \05' 4314 3•9~ 4/H ~1 SS 371 ~ 350A 31001 86?1 6H1 7 ' --------------------------------------------------- -- ----·----------------------------------- - ----------~--------

F I G. 2 
/ 



FIGURE 3 

Average Number of 

Man-hours spent by the 

Trades in each one of the 

71 dwellings of the Ladygate 

Lane Site ( broken down by the 

Activities listed at the 

bottom of the Table ). 

Ref.: 

Forbes, W. S. House Building 
Productivity at Ladygate 
Lane, Hillingdon, Building 
Research Establishment 
Internal Note, Garston, BRE, 
March 1980. 

IRE SITf ACTIVITY ANALYSIS PACrAGF 

ROW SfiECTION ·~~BfR 11 lAA~F 
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CO O f 
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H f I T H f A T ANO VfNT f: o , 
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w 8K ri. 

5 z , 4 p , o ? I 

4 z ,, ~ 

o o n 
n o n , , 
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n o 4 1 

o o o n 
o o ' I 

n n n 
n o 4 ?. 
n o .o n 

CL •~~ roo!S : TOTAL 1 

f1 Hl P1 RO RT su TI+ 

73 141 2 , o 13 7 ; 274 I 
~, 14 z , n o n : 63 ' ~H H 5 , J 2 1 ; 237 I 

o n n o 1 n : 2 
2 , n ·O o : 3 

54 5 , , n o , : 70 
4Q 5 2 o , : 63 

? o o : 2 
.H Q 7 n n o n : 57 
H ' 

, o o n : 4Q I 

' 
, n o : 5 I 

32 6 , n o o : ' 4 5 
~ , n o : 7 

~4 Q 3 o o n : !5 I 
4 1 n o : 7 I 

------------------------------------------------------·-·----~----------------------------~----------------------: TOTAL: R 13 , 4 6 47 ?4 S64 

J. . Abaent 

I . Non-productive around aite 

N . Relaxation at work-place 

BK . Tea breaks a.nd excess meal 'brealal 

CL . Cleaning up 

F1 . Ma.ld.ng the builcl.ing r;rov 

~36 ?n ' ' 17 H 

H1 • Rar.dling 

?1 • ?reparation 

RO • Rained-off 

RT • Repeat-"Wor'k 

SU • Superviaion 

: 96Q I 

T1+ • Y.e~rLng. (and includes unloading in 
this table) 
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FIGURE 4 

ran-hours allocated weekly to the 

Operation 11 Water Pipes, Tanks and Cisterns 11 

broken down by Blocks ( Ladygate Lane Site ). 

Ref.: 

Forbes, W. S. House Building Productivity at 
Ladygate Lane, Hillingdon, 
Building Research Establishment 
Internal Note, Garston, BRE, 
March 1980. 
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FIGURE SA 

Man-hours allocated weekly to the 

Operation " Wiring, Conduit and Boxes " 

broken down by Blocks ( Ladygate Lane Site ) . 

Ref. 

Forbes, W. S. House Building Productivity at 
Ladygate Lane, Hillingdon, 
Building Research Establishment 
Internal Note, Garston, BRE, 
March 1980. 
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FIGURE 58 

Man-hours allocated weekly 

to the Operation " Wiring and 

Outlet Bo;xes ", broken down by 

Blocks ( Pitcoudie l Site ). 

Ref.: 

Forbes, W. S. The Relevance of 
the BRE Productivity Studies to 
Estimating, Building Research 
Establishment Note n. l4J/80, 
Garston, BRE, November 1980. 
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FIGURE 6 

Man-hnurs spent by the 

nperatives n. 1350 to 1379 

( painters ) in the operatinn 

" Emulsion paint to Walls and 

Ceilings ", brnken down by 

B1ocks ( Ladygate Lane Site ). 

Ref.: 

Fbrbes, W. S. House Building 
Productivity at Ladygate Lane, 
Hi1lingdon, Building Research 
Establishment Interna1 Note, 
Garston, BRE, March 1980. 

8Rf Sill ACl!VlTY A~ALYSIS PAClAG( 

CODF 028! E~ULSION PAJ~T TO ~ALLS A~D CEILJ~G5 

RO~ SELErTJO~ ~UM8FR 10 OP[RATIVE 
COLti~U HLECTJO~ ~UMB(R 3 8LOCk 

:DLOCK CLB~ !:ODES : TOTAL 1 

CODF : O 81 82 &3 84 85 86 ~7 AR 09 910 812 

1 3 50 : : o I 
, 3 51 : : o I 
, 3 s 2 : : o I 

1353 : : o I 
1354 : 1 : , 
1355 : : o 
, 3 56 : 0 I 
1357 , , , 

I 

1358 : : o I 
1359 : : o I 
, 360 : o I 
, 3~1 : 13 53 2 68 I 
, 3112 72 77 35 7 2 : 193 I 

13~ 3 RT ~3 4R , 2 6 14 , 6 ?2 7 , 7 3 290 I 
, 3h4 : : o I 

1365 : o I 

13h6 51 65 29 , 6 7 3 : 170 I 

13~7 52 61 47 2 , 61 I 

, 3t. 8 : : o I 
, 3~Q : 8 1 : 9 I 
, 370 : 2 29 6 1 , : 39 I 
, 371 : , 1 o 2 : 13 I 

, 372 : : o I 

1373 : 1 2 8 6 18 30 , n 11 2 : , o 2 
, 3 74 : 1 1 20 1 H 7. 25 9 4 80 
1375 : 2 11 11 7 , n 3 14 , 59 I 
, 376 : 3 , 2 23 7. , 32 I 

1377 , 2 32 , ? 14 6 , 73 I 
, 378 : 0 I 
, 379 : o I 

: 10TH 269 324 176 ~~ 58 7~ 97 At. t.~ 56 23 1 2 89 I 
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FIGURE 7 

Percentage breaking down 

of the Number of Man-hours spent 

by the Operatives n. 101 to 176 

in the various Activities 1isted 

at the bottom of the Tab1e ( Lady

gate Lane Site ). 

Ref.: 

Forbes, W. S. The Re1evance of the 
BRE Pr0ductivity Studies t0 
Estimating, Bui1ding Research 
Estab1ishment Note n. 14J/80, 
Garston, BRE, November 1980. 

ICHI. S[Lf(TIO"l rllHIO[It fO 0P(IATIV( 
Ct'HIJil., ~(LE(TI\>"'1 mneE• 7 

'ltCE,.T.&r.[s 

-----------·----------------------------------------------------------·------------------------------------------c"• coors t f O f Al 1 
c~n! : \J 8l Cl r1 M1 '1 ,z tO 1T SU T1 

----~-------------------~--------------------------·----------------------------------------------------·------·-
? ' ' 1 e , 

101 0 1 J 0 J 1 57 4 e 16 5 I 1 r H 1 
1 nz 1 1 ~ 1 61 2 o 2J 1 1 .7 
HJ 1 O 1 ~ 2 O 60 2 2J . I r 1 
104 : 1 O 2 5 l 6J J I H I r 7 1 
105 : 2 5 A 1 60 ~ H 1 J O 1 5 
106 : 4 I 8 5 1 67 2 1J o I s 
107 : 0 6 7 1 65 4 I e 15 0 1 5 
1 r.~ : · 1 o 5 6 61 ' t 1J I 1 5 
110 1 1 J 7 1J 5 0 '1 5 2 17 6 e I 1J I 
tS1 : 24 1~ '' • r e r 
171 ! 0 0 2 A l 2 ' 6 4 1 1t 0 1 7 
172 : 1 ' l 4 1 l 1 U 75 11 1 7 
l?J I J J 1 0 1 7 51 19 1J 1 & 1 
1 .,, : z ? l o 1 O 4 6' 1 17 r ~ 1 
n5 , , 2 H · o 2 12 < 1 , , , 

I . 1'6 : 0 0 2 5 1 J 2 6 7 I 19 J 7 1 

----------------------------------·---4-----------------------------------------------------------------·--------
l TOf .\l 1 1 I . I 4 7 1 1 41 21 3 I 11 l I I ! I OI 1 

-----------------------------------------------------------------------------------------------------------------

A = Ab:Jent CL 
I = Non-productive time on :Jite f1 = 

Clearing up 
Carrying out a task 
Handling 
Preparation 

RO . = Rained orf' 
RT = Repeat work 
SU = Supervi~ion 
T1 = Set ting out 

N = ~on-productive time at work place H1 
W = Walking P1 = BK = Heal break!l P2 Cutting block!l 
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FIGURE 8 

Man;_h0urs spent weekly by Operatives 

n. 1 t0 35 ( General Labourers ) in the 

Ruislip Site. 

Ref.: 

F0rbes, W. S. The Relevance 0f the BRE 
Pr0ductivity Studies t0 
Estimating, Building Research 
Establishment N0te n. 143/80, 
Garst0n, BRE, N0vember 1980. 
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30 
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lO 
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7 

o 

x _ Date of executlon (number of worklng days). 

y = House number. 

50 

1 _ Sawin& and erectlon of . load-bearing structure. 

l = Fitting of mouldings and window-sills. 

6 = Support-pole setting for non-bearing w;a.lls. 

1, <C, S, 7, 8, 9, 1f, 11 and 1l = Other operations. 

Figure 9 

Observed Continuity of Work for different 

Building Operations ( Sweden ). 

Ref.: 

Committee on Housing, Building and Planning, Economic 
Comission for Europe, United Nations, Effect of 
Repetition on Building Operations and Processes 
on Site, Report of . an Enquiry undertaken by the 
Committee on Housing, Building and Planning, 
New York, United Nations, 1965. 
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Figure 1 O 

Observed Progress Pattern in 

the Finchampstead Project. 

Ref.: 

Forbes, W. S. The Rationalization 
of House Building, Building Research 
Establishment Current Paper CP 48/77, 
Garston, BRE, September 1977. 
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Figure 11 

Observed Progress Pattern 

on a Site with 17 Building 

Blocks in Ireland. 

Ref.: 

Shanley, L. F.; Keaney, B. 
J. An Examination of Labour 
Content in Housing, Dublin, 
Ann Foras Fbrbartha, May 
1970. 
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é] 
p Plaster ground floor 

ofo~ • 
r----~· I 'J 1st fixings ground floor 

~~~ 
Brickwork ground floor 

. o o CJ 

11 

.----~., Ground work and drainage 

10 15 20 25 30 35 40 
Project weeks 

O 100 man hours 

Figure 12 

~o 

o o 

45 50 55 

Comparison of actual and estimated Stages 

of Work Durations in the Construction of a 

large Office Block and a central Warehouse for 

a Public Utility. Histogram of actual Resource 

Usage ( Units are Man-hours per Week ). 

Ref.: 

Roderick, r: F. Examination of the Use of 
Critical Path Methods in 
Building, Building Research 
Establishment Current Paper 
CP 12/77, Garston, BRE, March 
1977. 
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Actual Network of Operations observed 

in the Construction of a large Office Block 

and a central Warehouse for a Public Utility. 

Ref.: 

Roderick, I. F. Examination of the Use of 
Critical Path Methods in 
Building, Building Research 
Establishment Current Paper 
CP 12/77, Garston, BRE, 
March 1977. 
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Figure 14 

Cumu1ative Man-hour Graph for some Operations 

observed in the Construction of a 1arge Office B1ock 

and a cent~a1 Warehouse for a Pub1ic Uti1ity. 

Ref.: 

Roderick, I. F. Examination of the Use of Critica1 Path 
Methods in Bui1ding, Bui1ding Research 
Estab1ishment Current Paper CP 12/77. 
Garston, BRE, March 1977. 
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Rationalised Shell Dimensions for 2 person , 
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Pitcoudie Project. 
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Research Division, Pitcoudie Housing 
Development for Glenrothee Development 
Corporation, Edinburgh, Scottish Development 
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are not considered in this flow diagram 

- the stage of work is considered started in each block 
when the weekly allocation of man-hours exceeds 4 hours 
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I o - t, :1A:-l-HOUR 
o 5 - 20 MA:-1-HOUR 
c 21 ·- 40 MA:-1-HOUR 
n 41 - 80 MA:-l-HOUR 
!li 81 - I 2\l MAN-HOUR 
!I I 21 - 160 MAN-HOUR 
Jn!JII 161 - 200 MA~-HOUR 

IID! > 200 MA~-~iOUR 

AGGREGA~E::J VA :..UES 

o - 40 M~~-!-lOUR 

41 - 120 MAN-HOUR 
l'.l 121 - 200 MA:-1-HOUR 
!l 201 - 280 MAN-HOUR 
n 281 - 360 MAN-:-KJUR 
!I 361 - ..... '} MA~-HO:.JR 

B 4~ I - 520 MAN-~UR 

!1!!'lil 521 - 600 MAN-HOUP. 
a:m 601 - 680 MAN-HOUR 
1m! 681 - 760 :OW"-!iOUR 
!!!I!EI 761 - et,Q MAN-HO:.JR 
!!!a! ,. et,o MA~-~:.JP. 
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PITCOUDIE 2 

PRCJGRF.SS PATTER~ 

CONVENT !ON 

aJ JDZ:iERY 
M! N • NUr.B!:R Df t()URS PLO r ; E:) : 

AGGRéG~ rEO M nJ . PLOTTE:J : 

!ND I'I!DUK SH.GES 

I o- 4 :1AN-r.OUR 
~ 5 - 20 !1A~-HOUR 

I'J 2r - t,Q MAN-HOUR 
D :.r - 80 MAN-HOUR 
m 8r - r20 MAN-HOUR 
6 r2r - r60 MAN-HOUR 
a r6 r - 200 MAN-HOUR 
ll!!'ll! > 200 MAN-HOUR 

AGGREGA-: ED 'I A: .UES 

o- 40 MA:-1-HOUR 
:.r - r 2o MA:-1-~0lJR 

fl r2 r - 200 MA:-1-HOUR 
DI 2Dr - 280 M}.:-1-HO:.JP. 
!!] 2Br - 360 MA:-1-HOUP. 
!m 36r - 440 MA:-.1-HOUP. 
l!ll!l 4·• I - 520 MA:-.1-HOUR 
!l!'lJ 52r .. 600 MA:-.1-HOUP. 
I!!'D!I 60r - 680 MA:-.1-HOUR 
!!!'l2ll 68r - 760 MP.N-liOUR 
!l!'lm 761 - 840 m.:-.1-HOUP. 
!!ll!!ll!! ~ e;,o MP.:-.1-HOUR 
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:1J;i , !'l'út16ER O!' ~J:.JRS P~Or~E:J • 
~(GREG.~ : ':0 M!!; . ?L0<7E:J = S 

!~:8I'II:JU), :._ snGES 

I I o - 4 :'1.'. :~ .. '-:J:JP. 
5 - 20 MA'P>J:J;l 

r:; 2 1 - :,o MP.:-1-~ :J:JR 

c ~ . - 80 m.:-~ .. :~ouR 
D 81 :20 MA:-1-::DUP. 
n 121 .. 160 MA:-1-!iOUP. 
n 161 - 200 MA:-1-:-:0UR 
~ > 200 MI,:-1-:·:0UP. 

f.GGR~Gt. : F:J 'I A~. :JE S 

o .. ~o MP.:~ -!· 'JüR 
~~ - 120 :-~;, :~-:-:ouR 

!:'! 12 1 .. 200 MA :~ -:·:OUP 
[I 201 .. 280 MA)l-!·;JUP. 
[i: 281 ·· S60 MP. :~-:-:;J:JP. 

l!!:l 36: .. ~··0 :1),)l .. :cGUR 

D ~ :, I ·· 520 MP.:-1-.!éOUP. 

!!C! 521 .. 600 :1P.:>l-!"JUR 
!!:!;li: 601 . 680 M}. :~- :-:JUR 

~ 68! - i'60 MP, : ~ •. :-;;):JP. 

!!lml!! 76; .. 8.-,o :1P,.'l-:-Q:JR 
""':'lf!:! , tl•<> :1P, :~- :-!JUP. 
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PROGK~SS DATiF.R:-.1 

CONVE"'T:ON 

Jlli1 JOJ:;<RY 
M!J; . :-nmB~ri :Jf ~JUR5 ~~Of7[:J • 
iiGGR::G.\ :T:J MJ:; . ~LDHE:J 

t:i 
o 
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~ 
u 
~ 
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~ 
!!:!} 

!li! 
::r::: 
:am 
~ 
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!tl:J!·t : ~.K.lf.~ SHCES 

o - ~ :-lr.:~ .. :-;ou« 
5 - 20 r'1A:~-~iOU?. 

21 .. :,o Ml.:~- ~ !O:.Jf< 
I, i - 80 MA.~ .. :-:OU?. 
81 .. i20 MJ.:~ .. :-:ou;; 

i21 .. i60 M~.~- :cO;J'l 

161 .. 200 :11.~ -!cOU?. 

> 200 M•.~·-:·•JUR 

iiGGR:'G.'-'' ::8 'I ;,e,:J!': S 

o .. ~J M•. :~ .. :·:ou;; 
lj .. i20 Ml,:~ .. :·:OU?. 

121 - 200 :-~A:~- :-:ou?. 

20 1 - 280 MA :~ --~!JU?. 

281 360 MP,A-!·'JUR 
36 i .. ···0 MA~- :-;J;JR 
{,~i 520 MP. :~ .. :··JU~ 
52 1 600 !"V,:'I .. !éJUR 
601 - 680 M;, :~ -:-:ouR 
68 i - 160 M.>.:~ . :·:JUR 
761 .. 8"0 M1.:~ .. :~JUR 

> thO MJ.:'I -:-:ouR 
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.%GRfGATEO 

VALUES 
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----

I -I ....... 

__..L._ ___ _j_ ___ _..l ______ __ j ___ ~-· 

10 20 3D •o 50 60 70 ao 
IIEEKS 

-

90 

PITCOUDIE 2 

PROGRE SS PATTERN 

CONVENT!ON 

- JOJNERY 
nJN • 11Ul18ER Of HOURS PLOTIE:O , 
1\GG~EGATEO Ml"l • PLOTTEO 

AGGREGATEO VALUES 

I o- 40 M"N-HDUR 
f 41 - 120 Mt-N-HOUR 
!i 121 - 200 M"N-HOUR 
dl 201 - 280 M"N-HOUR 
llil 281 - 3o0 M"N-HOUR 
1!111 361 - 440 M,l.N-HOUR ., 441 - 520 M,l.N-HOUR - 52 1 - 600 M"N-HOUR - 601 - 680 M,l.N-HOUR 

lllll!!l 631 - 760 M"N-HOL;R 
ldl1!l 76i - 840 MN- HOUR 
ll!l!!'m!l > 340 M,l.N-HOUR 
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PIT C:OUOIE 2 

PROGRE SS PATTERN 

CON'J EN7 l ON 

- PLU!18lNG 

I 
~ 
a 
!'l 
1!'11 
!li • -

nlN . NU118ER Of HJURS P!.OTTEO ~ 

~GGRf.G~TED MlN . PLO':TEO 

!NOJV!OUAL STAGES 

o- 4 M/IN-HOUP. 
5- 2C '1/IN-HDUP. 

21 - 40 M/IN-HOUR 
41 - 80 M/IN- HOi.JR 
81 - 120 M/IN-HOU;< 

121 - 160 M/IN-HOUR 
16 i - 200 ~/IN-HDUR 

> 200 M/IN-HDi.JR 

-- ~..,. 

2o 

--i~ - .......... -I --... i -- I ----------------

__ f± __ l __ _ -- . ------ ------ -

-----.-
...... -f 
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I 
5 
!I 
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1!'11 
111 
!l!ll'J -mm I 

lu .. r.1'1. I R I 'f !ll!mll , 
1 

axaill ,_. I ln~D 
__ ,__ _ _.J..__ __J__ . . I III!'.Qll I 

30 •o 50 00 70 90 •o 
\/Ef.KS 

.... --- - ·-

A~GP.EG ATEO VALUES 

o- 40 
41 - 120 

12 1 - 200 
20 1 - 280 
281 - 3oC 
3o1 - 440 
441 - 520 
5 2 1 - 60él 
601 - 6 30 
63 1 - 760 
?o i - 840 

> f340 

M/IN -HOi.JR 
MAN-HOUR 
M/IN-HOUP. 
M/IN-HOUR 
M/1~-HOUR 

M/IN-HOUP. 
M/IN-HOUR 
M/IN- HOi.JP. 
~/IN-HOUR 

M/1~-HOUR 

M/IN-HOUP. 
M/IN-HOUR 

F I G. 36 

I 
~ 



~ 
u 
o 
..J 
(I) 

'•0 
36 
.:.I 
49 
:,a 
37 

"' o: 39 
::J 

38 o :r: 30 
:.7 

o 43 
35 
32 
23 

~ 46 
"' :: '" 
"' 13 

f! 34 
20 
1,2 
5 

r. 9 
8 
3 
28 
15 
25 
19 
18 
29 
:,s 
33 
27 
ll 
26 

~ 22 
2 

'º lO 5 
-' ' -n. 7 

21 
w i 2 c:; 
.. ~ " 
"' 17 

~ 16 
31 

0: 
loJ 24 
o 

6 0: 
C) •• as.- '-!! b'!t-- I 

~GG~[GA:D 

'iA~"E S 

l O 20 

... ....... -___,. -... 

... 
--... 

""' 

-...e. ,.., 

... 

--L~ 

--~--

3•J 

... 

I 

•o 

·-
I <e-- .aa :J ~ I .... """"' ----

L 

50 60 70 

P:TCOULJ!E 2 
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pqJGR:'SS PA TTE:R '~ 

CONVENT!ON 

5U Pc~Jr.BI::G 

Ml:i • ~UriBER ~F ~JU'lS ?LOT~~J • 

AGGR!:GArE:J Mlf.: . ?L:JTTE~ = 5 

... -

---------
:NOlVlOUA:. STAGES 

o .. 4 MA'I-- :·'OUR 

s 5 .. 20 :-'IA:'-HOUR 
r; 21 40 :1A:I-HO:.IR 

5 41 .. 80 :1A~-~OUR 

!:.'ll 81 - I 20 :1A'I-HGUP. 

mJ 121 - I 60 ~A:'-~O:.JR 

H I 6 I - 200 MA'I-:-;OUR 

9 > 200 :1A:,_;;ou?. 

I,GGR~Gi::c-o .,A~.~JE 5 

o .. 40 :1A :• -~OUR 
i,j - 120 :1~,:1-HOUR 

J 12l - 20J ~A:'-:iOUR 

~ 201 - 280 :-'IA:' -~iOUR 

j_ I I 
rll 281 .. 360 ~1A:'-~IOUR 

:!rn 36! ,-.:,o :-'IA.'I-!'iOUR - o .:; ,, ; - 520 :-'IA:,-HOUR 

~ 521 .. 600 :-'IA'I-clOJR 

n::z . 601 - 680 :-'IA:I-~OJR 

I~ 68 i i'60 :-'IA:'-~OUR 

!!:!!E! 761 .. g:,J :'1A~->:OUR 

!l!!:.!ll > 8:,o :-'IA~-:-,J:.JR 

80 
·~E~~5 

9J 
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PITCOUOIE 2 

PROGRESS PATTERN 

CONVENT!ON 

- PLUH8!NG 
111 N • NUH8ER DF HOIJRS PLOTi ED • 
AGGREGATEO 11lN • PLOTTE:l 

!ND!V!OUAL STAGES 

I o - 4 MJ,N-H!JUR 
B 5- 20 MJoN-HOt;R 
!I 21 - 40 MJ,N-HDUR 
!ll 41 - 80 r-!JoN-HDUR 
1!11 81 - 120 MJ,N-HOUR 
!lll 12 1 - 1o0 MJoN-HOt;R 
R 161 - 200 MJoN-HOUR - > 200 MJoN-HOUR 

AGGREGATED VALUES 

I o .. 40 MJ,N-HOUR 
s 41 - 120 MJoN-HOUR ,. 121 - 200 MJoN-HDUR 

!!li 20 1 - 280 MJoN-HOUR 
1!11 2Bl - 360 MJ,N-HOUR 
!11 36 1 - 440 MJ,N-HOUR 
!1!!11 441 - 520 MJ,N-HOUR - 521 - 600 MJ,N-HOUR 
!dll 601 - 680 MJoN-HOt;R 
IIMI 68 1 - 760 MJ,;\1- HOUR 
lllld!! 76 1 - 840 MJo!'H10UR 
~ > 840 MJoN- HOUR 
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PITCOUOIE 2 

PROGRE SS PATTERN 

CONVENTJON 

1:151 PLUHB!NG 

11] N • NIJHBER DF HDURS PLDTTED ~ 

AGGREGATED !1lN . PLDTTED 

!NOJVIOUAL STAGES 

I o- ~ MJ.N-HOUR 
s 5- 20 1'1J.N-HOUR 
ri 211 - ~ o MAN-HOUR 
!11 ~1 - 30 MAN-HOL;R 
111 31 - 120 MAN-HOUP 
d 121 - 160 M.AN-HOUR 
d 1 ó1 - 200 MAN-HOUR - > 200 M.AN-tiOUR 

AGGREGATED VALUES 

I o- ~o M.AN-HOUR 
m ~ 1 - 120 MAN-HOUR 
!:1 121 - 200 MAN-HOUR 
!11 201 - 280 MAN-HOUR 
1m 281 - 3ó0 MAN-HOUR 
mJ 361 - 440 M.AN-HOUR 
!!la 441 - 520 M.AN-HOUR 
l!lllil 521 - 600 M.AN-HOUR 
DDII 601 - ó80 M.AN-HOUR - o8 1 - 7ó0 MAN- HOUR - 7ol - 840 N.AN-HOUR 

l!ll!mlll > ::140 MAN- HOUR 

"" 70 DO 90 
\lffKS 
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< 18 s 41 - 120 MJ.N-HOUR ,_ .,., 15 

1!1 121 - 200 MJ.N-HOUR 
~ 11 z 

10 !li 201 - 280 MJ,N-HDUR 
ffi 6 !ll 281 - 360 MJ.N-HOUR 
Cl 

"' 2 - d 36 1 - 44 0 MJ.N-HDUR o 1 - ld 441 - 520 MJ.N-HOUR 
ldl 52 1 - óOO MJ.N-HOUR 
mil 601 - o80 MJ.N-HOUR 

AGGREGATED I 
LL I I ~* i I I= 

68 1 - 760 MJ.N-HOUR 
?oi - 840 MJ.N-HOUR 

V~LUES lõllll : 34C MJ.N-HOUR > 
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