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:.?REF'~~T0RY NOTE

,
t

~easuresand means to increase the output end improve the efficiency of the

buildingilldust~have for a long time been th~ subject of special attention of the

EeE Committee _on Housing, Building and ilanning. It was early found that strong

efforts'must be made to adopt as far ~s possible in~ustrial principJes of production

throughout the building proc~ss. ~t the same tiillc, it ~s recogaized that building

production showed many specific features which made it impossible to make use of the

experiences gainad in "the lll8J1ufa.cturing industl'i.es "vithou"t cl'l'cful adaptation. on

problem whicr called f~r special study was the rela.tionship b~tween the length of

series of id~ntical products (buildings, sections of buildings, or building

components) and the cost ~er. unit, i.e. the effect of repetition ~n building

production costs.

A fil'st attempt to quantl.fy the ~ffect of repetition in building wa.s made in an

enqui~ undertaken between 1960 and 1962. The results of this stu~, which

exclusively dealt with ~he relationship between the size of series and unit costs (1)

in the manufacturing of build~ng materiels and components were published in 1963 Lli/.
The next stage of '~he work, which ends ~ith the publication of this report, has

been d€voted to a study of the effect of repetition on building opera~ions an~.

processes on site. The s~uqy was requested by the Committee on Housing. Building and

Planning at its twenty-fourth session in June 1963 (see report, document E/ECE/HOU/105).

~~ outline of the stu~ and methods of work were discussed at a meeting of experts

organized by the ECE iu close collaboration with the International Council for

Building ~csearch, Studies and Documentetion (CIn) in October 1963. (2) It was agreed

that an 8nqui~ Ehould be undcrt~ten which would draw on the data and information

alrea~ available in participating couL~ries. The Secretariat was therefore asked to

prepare, on the basis of information to be submitted by Governments and any other

relevant material, a provisional report for discussion at a meeting of expe~ts in

the autumn of 1964 (see document HOD.COST/I, para. 16 and annex 11).

Fursuant to this decision, a draft report \HOU/BU1LD/3 and Add.l) was prepared

by the Sec~etariat with the invaluable assist&nce of two consultants s ~r. G. HIERHOLTZ

The references in square braCKets relate to the bibliography (annex Ill)

A list of the experts who tooIt part in this meeting will be found in a.nnex 1.
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of the Cent-re ScientifiCj,l1c et Technique du Bft.timent (France) and i,ir. G. SEBESTYEN

of the Institute for Building Eco~omy and Orgailization (Hunga~).(1) The report

was examined by the ·.lo:r'~dng ?a=ty on "bhe Buj 1ding Il1dust~ at its first session held

in November 1964. (2) The -,','o:,king :C~rty accepted the draft report. in principle and

agreed that it should be completed as rapidly as possible for gengral circulation~

Gove~ents were i3vited ~o submit comments and othp.~ relevant material which could

usef~lly b~ tcl~en into accol~t in the p~~parati0n of the final version of the report

(see document. }~Ov/12l; HOU/BUILD/8, pare.. ::). The recommendation made by the \'.'orking

rarty was subsequently endorsed by the Committee on Housing, Building and Flanning

at its twen~y-siY.th session in llay 1965 (see report, document E/ECE/HOU/lll,

para. 12).

Accordingl~', the Secretnriat, in collaboration with its two consultants,
,

i.ir. HIERHOLTZ e.nd v.r. SEBESTYE:'J has revised and conlpleted the report in the light

of the discussion at the first se~sion 0;; the -'~orldng Party and of comments and

material received from Governments u~ to 1 June 1965. The final version of the report

'i3 now being published under the sole responsibility of the Sacretariat.,

Relevant material fo:, the study has been received from twelve countries, n~mely,

Bulgaria, Czechoslovakia, Finland, France, the Federal Republic of Germany, Hunga~,

the Netherlands, Norway, ~oland, Swede~, the u~rainian SSR and the United Kingdom~

In addition to the participants listed in annexes I and 11, mention should be made

of ~he valuable contribution to the study ma.de by ~',r. l,'i. THIEBEL, Director of t.he

Institute fo= Building Research, Hanover (Vestenl Gernany),

~r. A. FJ~S~m and ~r. R. huGSTED, Civil Engineers, the Norwegian Building Research

Institute, fur. ~. JACOBSSON) Director of the ~ational Swedish Council for Building

Research and Mr. K. aOfu~NSSON, Civil S~gineer, ~B Skgnske Cementgjuteriet,

Stockholm (Sweden).

The evidence presented in this report emerges partly from national studies

already published and partly from other relevant information submitted by Governments.

The lack of a common approach and of uniform concepts in the collection and presentc­

tion of data. ha.s prevented a more thorough analysis of the material. Extreme caution

,

•

(1)

(2)
~,ir. SebeEtyen has since been appointed Vice-~.~inister of Construction.

A list ot participants in conta.ined in annex 11.
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should be exercised therefore in any direct comparison of the results obtained in the

variou~. countries. It should be mentioned, moreover, that the main purpose of this

stu~ is not to provide ~ scientific analysis of the effect of repetition on building

operations but rather to present in a logical form the information available in

order to help Governments in their policy making. It will be th~ task of national

building research institutes and the~r international organizations to go mor~ deeply

into the subject.

The repol~ comprises six chapters and four annexes.

Chapt~r i introduces and summarizes the report and sets out certain conclusions

which would appear valid at this stage, as well as recommendations for further

res~arch tc he done in this field.

Chapter 11 presqnts and analyses the available evidence of the effect of

repetition on operational times. The two main sections are devoted to a theoratical

discussion of the problem and the results of field studies, respectivel~r.

In chapter III follows a discussion on the effect of repetition on buildine

costs, with particular reference to expenditures on the building site. ~~s in the

p::evious cha.pter. the two main sections are deeling with pl'incipal issues and results

of pr~ctical field studies.

Chapter IV is devoted to a discussion of the conditions necassary to achieve

favourable effe~ts of repetitive work. It provides a rather comprehensive analysis

of ~he different obstacles to efficient execution of work on the building ~ite.

Chapt~r V deals with the problem of organizing bnilding production in order to

obtain the maximum benefit from the effect of repat:".tion. Specific attentior. is

paid tc the "flow-liJ'l'1" method of organiza.tion, waich hns been found to be the most

effective menns of oreanizing highly repetitivo work.

Chap·~er VI pro"idos a brief reyiew of problems which have been dealt ,vith in

some of the country reports but which, though related to the subject matter of the

study, do not li~ strictly within the scope of the enquiry.

Anncxef; I and 11 list the names and functions of those who pe.rticipated in the

two ECE meotings at which re~pectivoly the study was launched and the draft report

exa~inod. In annex Ill, the bibliography,are listed the published reports referred

to in the stud~y. Finally, annex IV provides a brief description of a method used

in the UKrainian SSR for the calculation of the economic ~ffect of using flow-line

metho~s in construction.
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INTRODUCTION, SUl'J!'JiliY, COl';CLUSIOUS AiID R.:.cei'~ .....ND:.TIONS

INTRJDUCTION

Background

One of the most serious problems facing Governments all over Europe today is the

inability of the building industry to keep pace ~Jith the ever-growing demands for con­

struction work of all kinds. !n most cou.Y1tries available labour resources have been

fully taken up and the possibilities of effecting t1echanization and "everyday ratio­

nalization" of ~ite work already largely utilized to raise the capacity of the building

industry. At the same time" there is a continuous demand for industrial buildings and

public works, necessary to allow for a further zrowth of the economy, combined with

rising needs for housing and social service buildings such as schools, hospitals and

assembly halls. Particular efforts are cnll~:Hl for in the housing sector. The hard

fact is that the present rate of dwelling construction in many countries is not much

higher than what is necessary to )revent a deterioration of ~resent housing standards.

The production l.evel must in some cases be raised, not by 10 or 20 per cent, but by

200 or .300 per cent, if an acceptable rate of improvement is to be achieved. In

addition to these enormous reCiuirements for new construction comes an ever-increasing

need for maintenance of existing buildings, withdrawing from new production an

increa sing share of skilled lahour force.

It is natural in such a situation that GovemlJlents look for radical measures and

means which could help to increase substantially the output and productivity of the

building industry. The generally accepted solution to this problem lies in a far­

reaching application of industrial principles of ~roduction throughout the building

process. Any industrial production is based on the rnanufacturin~of identical products

in long series and the application, as far as possible, of specialization and mechani­

zation in the production process. The problem now arises how to apply these principles

in the production of buildings. rlust the whole buildings be produced in lar~ series

or rather the components from which they are asseuhled? How far should standardization

be brought in order to result in optimum solutions from t.he econondc as well as

functional points of view and under c~fferent conditions in terms of weight, cost and
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~izc of building components, transport distances, and so on? Can any appreciable

..:i..mprcv-3men".:. of labour productivity be achieved by training ,in the case of building
. ..

o,erationz carried out on the site and, if so, l~{H1.-(. is the economic gain to be obtained

therefr~m?

~~e production of buildings - in particular i~ industrial forms - no do~bt

pre:ents a nlwb~~ of technical, organizational, economic, ae~thetic and social problems

':!hij;'!~ are ::'lot common to any other product destined for mass consumption. At the same

tirrle, the need for a 6eneral increase in ~roductivity and ou~put is perhaps more ur~nt

in the :Juilding industry than in many other branches of the economy. For this reason,

th3 SCE Housiag Commd.ttee(l) decided to start special investigations on an inter­

national le7el into the effect of repetition on costs and labour productivity in the

building industry. The e,eneral am of the studies was to find out how and to l'1hat

extent industrial principles of mass production could usefully be applied in the buil­

ding ~roduction process. The first stage of the wc~k, tmich dealt \dth the relation­

ship between the size of series and unit costs in the manufacturing of building

materials a~d cc~ponents, was completed anc the results published in 1963.Li27 The

secc~1d enquiry on the subject, the results of la/hich aI'S published in the present report,

t~s b~en devoted to the effects of repetition on building site work •

.?l£'-.,)o~e of the study

~h6 main pu:pose of the study as set out in the agreed outline, was to establish

the j,ullle.nce on labour productivity and building costs of the scale of production and

the Gegrec ef repetition of operations carrieQ out on the building site. Particular

att':ni~:i.on was to be :?aid to the specific problems of ;naintainin5 continuity of work on

tt~ b:.Jldinb site despite adverse influences of external conditions. It was hoped

a18,) that, the stl'!.dy could p!'ovide some ac:.vice and guidance as to suitable methods of

orga~izacion ef the site work, with a view to avoiding or limiting the effect of

adV8~S3 f~cto!'s and thus exploiting to the oaximum extent the increased efficiencies

to b~ gFined from repetition.

-------
(1) J~ter transformed into the Co~~ttee on Housing, Building and Planning.

"

..

J
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The results of the study were to be used by Governments in elaborating technical

and economic policies, with particular reference to the sl,utable scale of building

operations and the creation of conditions necess~ry to improve the productivity of

house construction. rhe results were also to serve contractors and building organiza­

tions in p1annin5 housebuilding projects and in estimating their cost. Finally, it

was hoped that the study would provide useful information for devising suitable for~

of remuneration of building labour in different phases of the building process.

Scope of the study

In the outline of the study, its scope \rJa s restricted to the -f.ollowing three ­

broad aspects of the problem:

(a) the effect of repetition on oper~tional times;

(b) the effect of repetition on the cost and productivity of building

operations on site;

(c) the organizational problems which have to be solved in order to

achieve the benefits of repetition.

In the collection, analysis and presentation of the data, separate consideration

was to be given to three related fields in Hhich the effect of repetition could be

studied, nalnely:

(a) operations: the wr:Jrk of individual gangs on the building site;

(b) dwellings: the total amount of Nork of all gangs empl..Jyed in

the production of a dwelling;

(c) projects; the averaoe amount of work required to produce a

dwelling in repeated contr3ct~.

l>'4ethod of work

It was av-eed th~t the cnCiuiry should be basec on the data already available in

participating countries. Gover~~ents were invited to collect relevant rraterial from

such sources as research institutes, labour organizations, contractors, building orga­

nizations and public authoritiE's.l~hile recognizing t.hat the comparability of data

would be greatly improved if national information were collected according to a common

plan and an agreed set of definitions, it was appreciated that such a procedure would

lay too heavy a burd-:m on ~)articipating Governments; it was accordingly agreed that.
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the information should b~ co~unicated to the Secretariet in its origin3l for~,

together with eX2lxn~tions ~s to the coverage, method of collection and analysis,

statistical significance ~nd so on.

On the basis of the inforQation thus collected, the Secretariat was to prepare

3 preliminary report for ex~~ination by ~ gruup of experts. ~t w~s envisaged that,

arising out of the enquiry, proposals might be elaborated for a more comprehensive

study, basee on the collection of fresh ~ateri~l according to a common method and

an agreed set of definitions.

SlF-j i:ARY ;..Ni) CONCLUS IONS

General

..

As was to be expected from the net~ods of work adopted, the contributions of

countries to the study ':'..re uneven C!.nd inco·Jplete. Nevertheless, except for the

s,ecific question of the effect on production cost of repeated contracts, all

3spects of the study h~ve been covered. On8 c~a,ter of the re?ort Qeals with the

effect of repetition on operational tice, ~ainly frow the point ef view of the

effect of tr~ining on l~bour productivity. ~nother cha?ter contains the evidence

received of the effect of re,etition on building costs. The conditions necessary

to achieve favourable effects of repetitive work and the org~niz~tion&l problems

involved in its execution w€re found to call for snecific 'ittention and analysis... ...

Two separate chapters have therefore been devoted to these aspects of the subject.

A concluding chapter hes been 3c1ded to provice a brief discussion on cert~in other

closely related Jroble~s.... ~

In t~e soci~list countries ef eastern £urcpe the seri~s of identical building

oper:.1.tions l.re often of sue". io':qni tude that the s:,ecific ::;>roolelils connected with

the running-in of :>roduc tion proc esse s ~rG of' ne;., I ibible significc:.nc~. Furthermore,

the specifjc w~y of organizing site ~ork usu~lly e~ployed in these countries (the

"flow-line" r.lethod, see chr.)ter V), is b'lsed on .:~ ;:>redeterl:lin('c' output, involving !l

large nW'.1ber of :1iJ,h ly s-..Jec ial i zec. sir.lple bui lding operr:. tions. These reasons may

". •
,

explain the lack of co~preh~nsive Qat~ contributed to the study froQ sO.Je of those

countries. The careful b~1~ncin5 of ~~n~s of o/er~tives working on the s~~e

flow-line is however likely in t~e future to c~l] for the ~ost ~ccur~te and

penE:trating knowledge of :'.11 factors "lffectin.;.; t'le labour ;}roructivity of rlifferent

oper~tions in these countries qS well.
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idcl1l:,i.GJl builr:1J.n£ ;;pa!'Cl.tions normally prevailing, the problem of the influen~e 0f

to ::: .':"Y;-:, TilE; ''::.L'U.\. of -(.he rr.at'i:.er is that trit~ series ol repeti.tions arc often r-'J'~',

..
~~ ,~l·'.OI'.' for R stable opere tivnal .':.:1 ulZ to be attaine(1 lJ~f/)rE; corrq::<; e i:,Lm

',llhJ~ _'3,';;'C .. '·.ogethsr ,...ith Lbe u..11"ertainty abuut a n:umber 01' .;;;d:.e,c!1:.l

:~act.c.:~ "f~cci.,.~:i:'P· ~"l:~.r?,:·iollal tir.:8. eZ'Glai!1s the ~):;:cblems '3.risir~c in all ki;.-:c..s of pre-
....... ".. - ~

.,..,' "' ...... '" . f c:..J" ~ ',' '1';".tJ.J..~ JJ..tl.l. c , (J.. 'J ... _ he. .... ! t.r·,~ cxeclltion of builc.1ing opera.tiotlo i:::- ofte:i1 r:.h;:raeT '?'::'i z;;d hy

'j nl'\"'\',"'''')' '='.1 'j-'; 0'1 ~" It' ,pr ~ ~"n or r·a·... ; ~at·: r·n- . J..J .• '.' .......... v_. ... ...... ~, v.:. Cl i.,L.\.w ...v·. Thcl ~rinc~p:es of sciel1tifi~ ;W.:'lager~ent a.re;;

repUi';;' }.Jl·0yides 3'TidE:llCe of the pOCSJbi}ic.J~ - through pro:::er plannin~ .- uf kC'e~ing

.,
:'t" ,1,.1:: SQlOO t.ype of 1.Jork lor 1eriod s of ~p to a couple of :feD.l';3 ~

DC;:jDl·~.e 'i,l:~ un·rren Ii:-'itU:'E- J.f the i •.,foT'Ieat.ion. provided :'or thE; st"-.ld;~r, \."Li.\~h has

sc::irws;,,y' 2.imi·;· ~c. tl1p. dCi):,h e.nd flUc.nti:'ati-..re ar:al;'{sis of the effect 0f re'Je:'i'~.:'o'1 on

bnll::.Lr.ne ~~.t~ "'''L~k> cA'l"':'5.;n ~en~.,."Ql conelu~io!ls uay be dra1.m.

!U ion the n'D: ll,;l~(;tur~ng ind'ls'l.ry; lacC'ur j)r(,C:uct.ivity end pro(1t.:.c~io:! costs in

bu~-C'·.llg L~.epend 01': tll.8 te~lU1olo.;y- u~ed ,md. the .::xtem.. ot' routine r..t;:,ained. by the

0p::l·.::.:'in::f. J.;o:.h j. ~ cJ.~ors ::.rt.? :Ol1s:,c:.el';" Lly an6 f,,,,vour201:v aff'2: ctec as the scaJ.c -:,f

thE; .i I :G-::'~:':i. ~ativll for adcliti onCl 1 inifS stment. in (;c u.i. iJi7iCn". . .

". •
lill'-)'),,;::' \~,;l··(..:l:: 14 1:'J1i.-:j8 to th~ ai->plicat~cn of tl1ir' rule ~ Tts fact t:1F.1.. the \'~orkerE and

n'.>"c t.l~~, i' '':''Jdm ~ ;·~Vp' +,(j be m~V'6d from on~ ~..or'{i.l"g area to al~other an-: that:. t.}:..,) ,..;orldng

are::.s ~.r:; )nJ ~~ ~)I.'o,,~ :::ion':l1J~ 01' gu.nlzE:' d and ac.apted to product:i on; ~:""rev('mts '1 li':"re ll-i.r-

r~."'c:.; .l~> b~t~J'9.".:: ~.IJ.t~on and mcchnni7,atic.m of the \\·ork. The s:)ecial }Jl."oblems ')f dPPl.V­

hI,; :1' l":'L~ ..;)tJ'."j..:;,l l) ....Lncif'l~s of pror.ur.tiun in baildiIig should) howeYel', no t. be '~xa.e~e~"c.ted

anU. ':':~,)illo nOlo b.~ :' LJcwc-d. to excuse the U,3e of obsolete t..cchniqu€~ rtnd 0ut-<)~-dai,e

InE'l·hoJs ("\J: r,lRo'1.Ll!g c:.r.d ol'£,onlzation,
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The comparativelJ- primitive circumstances under which site work has to be

performed and the unfavourable influence of unforeseeable external disturbances

render the problem of co-ordination and continuity of work more difficult to

solve in building than in other production work. Indeed, in each specific case,

the advantages of specialization must be very carefully weighed against the

problems of co-ordination which, under unfavourable conditions, may lead to an

extension of construction time an( thus t.o an increase in indirect costs (labour

on-costs, short-term financing, costs or rents for mechanical equipment, over­

heads, etc.).

Generally speaking, it would appear that the process of improving labour

productivity through the re~etition of a series of identical building cperations

does not differ from tha.t observed in the rrlanufacturing industries. The rate and

degree of improvewent de~end largely on the n::.ture of the building operation, the

number of operatives ~ngaged in its execution and the stimulation of the workers,

e.g. through the remuneration systerli.. Tte::lain difference as compared with manu­

facturing lies in the number of adverse factors influencing building work. It is

not enough to ensure that bailding production allows for repetitive work in lar~

series. It is of e;ual importance to ensure tnat the conditions necessar,y to

achieve the favourable effects of repetition are fulfilled. From the evidence

presented in this report, it is clear that building rr.anagers and supervisors ­

and son..etites also public a'W.thorities - grossly underestimate the importance of

continuity of work. Breaks in time, a change in personnel, the removal of

working teams from one task to another, and other measures a.imed at utilizing

available resources to the maximum extent, may well defeat their object. The

key to maximum productivity in repetitive work is the opposite of improvisation,

namely, thorough preplanning, careful organization and scrupulous maintenance

of continuity of work.

,
,

j
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Certain secto~s of construction activity, in particular housing construction,

are partic"ilarly well' suited to the application of industrial principles of

production. Governments would find it profitable to ensure, or promote ensuring,

th:at thesafavourab1e possibilities of increasing the output and improving the

efficiency of the building industry are utilized to the rr.ax:imum extent. This
,

can be done by the adoption of long-term financing and investment plans for

residential construction and by other measures aimed at securing a continuous

housing output.

Governments could further ;>romote the developmen". of industrialized building

by ensuring or fostering the organization of demand for ~.()nstruction work of all

kinds in such a way as to avoid unnecessary variations in the products and

services required ef the building materials and ~onstruction industries. The

principal means of achieving this goal is the unification of building bye-laws

and regulations and the adoption of national or inter~ational standards for

functional requirements, qualities and dimensions of the building products. (1)

Typification of designs based on scientific research into users' requirements

should provide the basis for standardization and dimensional co-ordination in

building.

It is recogn:'zed that demand, even if organized to an opl:.imum degree, will

remain diversified and geographically scattered. The series of identical b~lding

works to be carried out may therefore differ in length. It is of great importance

for the achieving of maXJ.mum labour productivity that the methods and organization

of building operations be adapted in each specific case to the size of the series •
•

Governments are thus recommended to disserrdnate information about the methods of

work and forms of organization that are most apprOpriate under different conditions.

(1) See the recommendation adopted bJ- the Committee on Housing, B~lding and
Planning at its twenty-sixth session, in ~jay 1965 (document E/ECE/a: U/lll,

annex I).
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Effect of repetition on operational time

The basic effect. of repetition on building operations and proc.esses on site is

the successive reduction of time required to execute identical operations car~ied out

repe~t~dly and successively. Thp. favourable influence of repetition on operational

time is due to increased labour productivity achieved by training but also by

successive iffiprovewents of work method and arrangements in the immediate environment

of the a~tual operation, es well as a steadily improved attuning within the gane and

between the gangs engaged on the operation.

For anal~ical and planning p~ose3, the gradual im,r.ovewent of labour

productivity attained by repetition is usually illustrated by means of improvement

.£.!!!:.!!! shoring, in one way or the other, the relationshi.p between the operational time

and the ~ber of operations completed. The general shape of improvement curves is

well known: the operational time is always greatly reduced at the b~girining of ·the

work sequence, while the reduction in time required successively decreases.

It is of vital importance for' the planning, execution and rCi:luneration' of

repetitive work to be able to anti..:ipate the rate and degree of ililprovelnent of labour

productivity in the running-in process of different building operations. For this

purpose, data on actual improvement achieved have been analysed by Qaoy research

workers, with a view to finding a generally applicable formula or theoretical model

which would enable re?etitive work to be planned in a scientific way. Examples of

such lJlodels are ilresented in chapter 11. The American ",.'RIGHT found that

in the manufacturing industries, the improve~ent curve could be described by a

logarithmic regression function or power formula, corresponding to the following rule:

the accumulated mean value of operational time~ is reduced by 20 pex cent, when

doubling the n\Ulher of identical operations. The i\orwegian Building Research.
Institute has found that in the building industry, the improvement curve could best

be described by lueans of an exponential function, which ~ay be e~ressed in the following

way: that part of operational time, which can be reduced by routine acquiring, will be

reduced by half after constant nu~bers of repetiti~ns. Other theoretical formulae for

the calculation of the repetition effect are reported from Norway and from the United

Iangdom.

,.
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:ae second main part of c~apte~ IJ 2resen~s the observations sub~itted by

diife~cnt count~ies on the effect of repetition on 0)~rntion3l ~i:ne. The material

is =f!lated, on the one hand~ to the executiun of s'~ecifipd individual building

opel·~,ii.on;:, and) 011 the othei', .~() the j, e"j?eti~ion of &,TOUj? '5 of operations required for

the (\xecution of fn~ct.ional b:.lildir.g units, namely irier...·~.ic:l,l b1.!:i.ldin[s, ~.dentical

dwc:i.iil1g~ and ilentic2,l s t\:>l'e:r~ ir, multi-family bt!.iltL.ncis ,

I:11prOVCm€n-~ Cl:.rVGE· fer '~he Alf.~J:vicl~!..buj}f1intL(,Derati()n~, ' sselJbling of

formwol'1i. II
, 11 concrctini£':, "dis:i1o.'ltli.::lg of fo:rQworil'H and ., flo'Jrl~,yingrr he-ve been

l'ep',uuuced b:r w'ty of e"'C;or1:v1e from the c()1~!;jr0hensi'~e ~tudies under'~alten in 11estern

r,.C'l·~::'lny in this field. Dr,l',a or. '~hc increase of labo'.lr r>roduc tivi ty in 'iihc repeated

The :!?rench cont~'ibutio~

tu +,"'U st,udyJoiltciI"'.s info:rmatior.. on the rej?eti ~ion effpct on the time required for

rss -~li101ing fOr;jl';Tll'~' erectinG "tunnel shutt el.'i:lgs ll ana :Jrefabricated panels and for

The a.ssembly of heavy concrete elementE, -J:i.acing of forrnwork elements,

lu)j~,-~.J j ur; of bolts for fo!"m,~·orl~, )lacing of light ~oncretc insulation, fixing of wall

~c:~~:.a~r03illC!1ts and aS3cmb:!..ini, of fralneworl~ fo:'..' !lC'ist.ways have been aaalysed by the

N0~~~p~an Butl~ing Re5ear~h Institut~. 1 n u. ,Sw0'lish st.udy of forty-f .Jur one-family

li!)\~.iC:3, thf' pn-:,iro work on the building sj-t" \"0.::; Clivided :nl.o nearly lOO different

,..., ("'~ -1-" 0 ns
"J•.J •• J. I.J.. i

tcrl!tl.cr \Vi tt int'crm:ltion l~,bont breaks of lFffe ....·cr.·t lund.s ~ wetl,·~hf'.i.· ccnditions and

o'~'~"":"J:' "~r1.~tor:: bcvi.nr; c~!' irlflpblCf: ou ~.{]bour lnodu~ti':~.·::':', By WG.-y of example, the

).n:l):)u.r producti ;rity .1chieveG. in +,he ~ollawinu thr0c orcra.t.iuns is re:;:>o:...ted: "sa":in::;

ar.rl 8~::cting 10aclIJearina stru~ture". "set.tine: u;: of cO::1ld.necl ki ·tc~len and hathroo'il

e!(:r.:cn-',jg" anG. limaltiag o:!.' roof tl·..lSSeS on si-~.ell.

ring

nnll '':;;'':0.cution 01' -i,lLC f~_:.:~t staee of uric1H;o:'li -1nu .l'J.o:'lrhcf1rdinr are re:Jortcd.

:' l.gU't'C3 on -::'otal labour COllSUiilp~,ion for th'] e~cc'...iOl~ of iLe.nt~~1.-2.Lf,ii:l.i.!2:.!

l~.~.i.~'<~":'.!lr:E. ere ~.'lot.erl from ~tudies tl·l'Lel·talc0n ill F inlallrl; rra:1C e i {t,weilty simil'lr :

bl0c!rs contai!'.ing 1,(:10 flats): Israel {tl,'O icienti.GfJ four-storey "bllildings), ?oland

(J.; ve irlcnticuJ. multi-storey blocks of flats), Sweden (t","c l3rcuIJS of identica.l sinGle­

.r .l:l'.i ly hO~.l3CS), the Ukraillian .s.si~ (six hlent~.cn.l fi. ye-storey I.lul';"i-f cl,;i1i l~r buildings)

"~(j ~'l,) United :'~i n[;dom (pr,irs of i.dentical 51'1;:]. e-fnmily houses e:&"ected on iive

~tfi~£cnt sitc~).
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The results of detailed calculations on the time required for the production of

ideutical dwellings in series of different length are reported from Czechoslovakia.

Information received from the Netherlands contains figures on the labour consmaption

in the construction of 240 identical flats built in three-storey blocks.

Information on the total labour requireillents for the completion of identical

storeys in ~ulti-family buildings has been sublnitted by Finland (twenty identical

storeys in five four-storey buildin~s and eighteen id~ntical storeys in three six­

storey point bloc~s), France (135 identical storeys in nine prefabricated point blocks

and fifteen identical storeys in a slablike fifteen-storey building), Israel (four

identical double storeys in a ten-storey building), ?oland (eleven identical floors

in a thirteen-storey block of flats), and ;;estern Germany (fifteen identical storeys

in a high-rise building and eight identical storeys in three d fferent buildings).

Analyses of the effect of repetition on labour productivity on site are hamIlered

by the influence of a large nw~be~ of adverse factors and outside conditions affecting

the execution of operations. ~~lmost all work sequences studied in this report were

found to have been more or less disturbed by bad weather conditions, breaks in ti.ae,

changes in the co!nposi tion of work gangs, and the like and many processes had suffered

from lack of planning and wanagement efforts. Despite these unfavourable influences,

which are the subject of a wore detailed treatment in chapter IV of the report, it

would seem to be possible to draw some &eneral conclusions on the basis of the

material collected.

h successive improvement of labour productivity is achieved in all kinds of

building operation, carried out consecutively and continuously in series, provided

the capacity ~f the operative(s) is not predetermined or seriously affected by the

output of machinery or equipluent involv~d in the execution of the operation or by the

capacity of other operatives whose work is closely linked to the operation in question.

In most of the improve.'!lent processes studied, one could observe two phases,

namely: an operation-learnin& jJhase, during which the workers ~quire sufficient

knowledge of the task to be performed ~d when labour productivity increases rapidly;

and, secondly, a routine-acquiring phase, during which a gradual improvement of labour

productivity is attained through a growing faniliarity ,rith th~ job and through small

changes in work method and organization. In ~ost cases an a2proximately stable

operational tLne is ultLnately achieved.

,

i
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In practice, it is often difficult to draw a distinct borderline between the

operation-learning ~hase and the routine-acquiring phese. Nevertheless, their

existence should be borne in mind when a.ttempts are made to c0mparc i::lprovement

curves obtained from different '10rk gangs. If the members 01 a gang have worked

for a long time together and if they are familiar with the work process in principle,

this means that the gang has already passed part er the whole of the operation-learning

~hase. The improvement aC~lieved by such a gang cannot easily be compareJ with that

of a newly established gang carrying out an operation with which it is not f~iliar.

The exact shape of the Ln?rovement curve, i. e. the speed and de~Tee of improvement

at different staBes, depends on the nature of the operation studied and the conditions

under which it is performed. The improvement of labour productivity due to repe~ition

is the combined result of better knowledge, better organization and better co-ordinatio~

of the operatiDn. Simple operctions, consisting of a limited number of part-operations

and calling for a minimum nllinber of instructions~ normally show a rapid increase in

labour productivity, and a stable operational tiIiw is "J.chieved cO.:lpara:tively soon;

the degree of improvement depends by and large on the ureci5ion called for in the

execution of the work. 1LS the complexity of ~ building oyeration increases, the rate

of improvement is slower and :\ stable operational ti,ile te,kes lonf:,er to hchieve.

Another important factor influencinG the ilJ~rovemeut )!.'ocess is the degree of

mechanization, i.e. if the operation calls mainly for physical strength rather than

technique and training. In the former case, of course, there is Q natural limit to

improvement. The size of the work team has also a substantial bearin~ on the

improvement process: the lnrger the team, the more th~ timD cnd effort required for

co-ordinating the W'orlt. In tile ~xtreme case uf indi vic1uD.1s carr'yia~ out their taSlts

independently, there is, of course, nu co-orclination ?robler:l at a11.

I t is cl6.ilned in some of t·he rnports submitted for this stud)", t:lat the ~)o ssible

degree of im~rovewent achievable by repetition is greater in non-trnditiona1 o,erations

than in traditional ones. Such Gbservatiol1s ln1.y be attribut.f'd tn diff ~rences J.n the

nature of the o~er~tions involved, as discussed in the ?revious paraGraph, and to

differences in the level of 1?re~)lanning, or[:"n.ni zatioll ~11c:l supervision of w·'Jrk.

Thus, for instance, the division of building operations hetwcen a few traditiona.l

crafts does not provide for a sufficiently hiJh degree of specialization. A skilled

bricklayer h!l.s to know how to execute a wide range of different ldnds of brickworl~ and
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~c is ~aldolI: left to i~prove ;lis uoility on one single ~y;Je of work during a long

If, however! :'. brir.'{l~Yf\r s::>ecializes in only cne type of brickworl~, n.

~u~stnntini in?rov~~ent ef ~is cn?~cit~r c~n be ~chieved ~~ ~~S been reported froo

so:ae of th~ c~.stcrn 2urop'~:ln cou.'1tries . lnfoTI)ation received froD the

.\(;l.;u.rln.nds 5ee.l~ to (:('nfir:·.1 that, ;)rovid::l! :::uff'icie:lt specialization and ;:>roper

cr~anizatien ArE: aiiI>J.ii.·d; --: vcry cOI1sider::'>lc ir:,rovement in l~bour productivity

C~I! b~ 'L ttained by repo.ti tien, even if the wcrk ::'ethoc~s l";Jay be c lassificcl llS

t r:1di tionr.l.

Furtherr.ore, the notion "tr'1ditioull"' ii:1~lies that the o,?el.'ution in question

i!' "orr.: or less ~mown to the> oT)cr1tivE; o::.n(1 that t:H! 0"geration-Iearning phase of

t~~ i~provu~ent process rlurin1 w~i~h oost of t~c improve~ent in l3bour

•

!>l·OGUr. ti vi ty 1. s a ttain0t::. has ·11 rt~nd.y o0cn passed, In the case of non-

t.r·~c!itionc.l Oi)~r3tion~, it is natuT8.11y difficult to Imow in adv9.nce how to

t)N:·~ni7.~ thE; "ork in the .~os·t ~f~i~ient way, :::.nd this I:-:ay contribute to an

~xc.~ptionI111y hi:~h lnbour conslli.1ption in the very first o:Jer3.tion cycles.

In ':iE:w (,f the .~r(;~t va:ciety of' indiV"i(lu:ll building oper:l.tions, it is not

tr~ ~(: ~x,ecte<! tl1a"" ono sing-h' nather.:~tic"l.l for:-J'ula. or ;:lodel of the imprOVei!lcmt

~rocess cuuld be appli~uble to Jvery kin~ of oper~tion. Cn t~c other hand,

.I. :11.' en t i it: ~rou~ of 1'v:t i vi tie s :md c;erations nee e ssary tc co:nplete a building

:)~ ;n.;-t of a builtlini..' could nlways b~ coasirlerec! us u. very cO::J?)lex over-flll

(' I'" )0:::' tinn, si:-;j l"l r to th!.1 crnpl lc:.. ted p.sse;:,bl inl·. ODera -~ions stuciied in the

~.. ~.r.llf~c turinr; inclu strie s. i'he :-:.3.in d.ifference woulG lie in the alwost un I ir:li ted

·l'~;.ji;er r)f ed':~rse fac tors anr! outsi de c(m(~.itions 'lffec ti 1:; bui Iding work • It

('OU}(~ Lt: t'.ssumcd~ t~lcr€fcrt:, that th0 pattern of iiJprOV8oent in the building

;r;r}u.:;try ~houl(t he si:'iln.r tr that III the ;~anuf~cturinr. industries but that

3--:.scd nn the3C n.ssuT:1ptions, the

\;X;'f!CtCrl r2c:crer.:::e in the: uverai;'c r~eun -rnlue ')f oper~tional tices, for cllr.:h

(~VJ~ 1 in.:. of thE! nu~~(:r f)f f:x~:cutiODS; S:lculr: .In the :mi l(an~ industry, lie between

,"ro ;~l~ 20;)er cr:nt. ~\'hic:' i.s v~:lic' in :-R.nufacturin::-.
~ ,~

The ~ctual percenta6 e

s;.l)ul(~ d f.... ,H1nd on th8 c:fficiency of t1-1e ortZnni z.~tion of building operntions in e'lch
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iDl~vitiu~! case. This h~~othesis seems to be confirmed by the results of studies

cont~~bute~ to the report. The ,ercentage i~provement of oV9r-all ti~e conslli~?tion

observed at well-organized buildin~ sites varies between 8 and 13 ~er c€nt for each

doubling of the nwnb~r of executions.

~r.~~-2f reD~tition on building co!!!

To achieve im~~, ved labour productivity by repetition coulQ be a target in itself.

Eu';;' -t,lle ultimate aiel is, of course, to attain a favot:..rable effect also on buildin[,

C0GtS. The economic aspects of re~etitive site work are dealt with in chapter III of

~h? ~eport. Here ~~ain, there is a section devoted to a theoretical discussion of

th~T?=oblem, and ~otheI' to the results of field studies.

The economic effect of re~etition of site operations is due to a decrease ~n

oper~tional costs: on the on~ hand, a,nd to indirect cost sa~ngs caused by the reduction

Ol construction time (lower labour on-costs, costs for finance, ~achinery and equipment,

etc.)~ on the ot.her. The direct savings in oi.>erationa.l cost.s de}enc:., in turn, on the

gred.ucl decrease in operational ti~e attained in repetitive work, on better orsanization

a~~ g~oater specialization of the ~rk, as well as on the higher decree of tuechanization

'whic;! may be justified in se.... ial pruuucti.on. -,.'hen such rationaliza-tion involves

illY,:)~tr.lent~, how'ever : it is of extre.ne i:":l:?ortance to :;.>redetermine tile run size correctly.

If ~:, ~ ~un size i~ over-estirnat~d - i.e. because new requirements call for new

te~l',r-ologies - a real loss ,nay easily result instead of an economic [:;ai n•

.t'.n iml.lortant factor influencing direct as well as indirect buildin6 costs is the

~T~ of rewuneration ~ystem. If a purely hourly wage system is e~~loyed, the entire

c:n~cmic gain from improved effici~ncy will a~pear in terms of lower wage costs. 0n

+'L~ o~~er hand, as the earnings will not reflect the results of the work, the operatives

w~~l lave no Great inducement to i,nprove their a~ility. The effect of repetition could

the~efore be ex)ected to be co~paratively small, and thus also the indirect savings

C':l('~:"[~inti from the reduction of construction tim~. Tlle advantages and disadvanta.g~s

of a purely )iece-rate system of remuneration are the reverse of those of the ~ourly

;'-..J.gc system; small or no so.vir.r-;s in direct. wages, but substantial indirect savil1l;s due

~J t'1'] sho:..·test iJossible construction ti,nc. In .nany countries a combination of the

t·..o s~{stlems has been found I;\Ost economic and efficient, and several examples of such

5yete~s are provided in the report.
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Data fro1l1 Czechoslovakia, referrinr:, to the construction of ty:;>e clwelliIl[;s in 1'959,

illustrate a reduction of dif~erent cost cV~2onents and total building costs when

increasi~ the run size o~ identical d·~ellings. The savings, due to the effect of

repetition on operational costs and to the acceleratioIi·ofthe production cycle, were

calculated by e construction enter~rise. The savin6 in total costs when increasing

the run size fro,n 250 to 2,250 ,-Ta':. estimated at 9.4 per cent, From the Netherlands,

it has been reported that ~ decrease of 20 Jer cent in tot41 buildinti costs is possible

by increasing the series of identical dwellings from 72 to 432. In Finland, labour

costs went do,vn in one case by 14 )cr cent anu in another by 18 ~cr cent, when identical

buildinGs were erected cO:1secutively. In .:estern GerElany, a reduction of 6 per cent

in total buildin~ costs and of 16 )er cent in costs of wall construction was observed

in a study of 500 terrace houses erected in two phases.

The very few and scattered data that have been made available concerning the

effect of repetition on buildinJ costs do not perillit a proper analysis and evaluation

of the different factort; affectine;; cost se.l7in~s in rejati tiv& worI~. tIowever, all

infor.~ation s...tbi:li tteCl. on the subj ect, as well 6.~ hYI>otheses based on the effect of

reret:. tic.n on o:,)era.tional time, .;?oint clearly to the fac'~ that substantial savings in

buil~in£ costs can be ~ain&d both directly and indirectly fro~ the repetition of

identical b~il~ing o?erations in lon~ work sequences. ..vailable evidence seems to

indicate t~at, in construction according to ~odeT.n .netnods and techniques, implyin8 a

hidh cegrec of ,:wchanization and. specialization, indirect savines Gained from a

reduction of construction tLle ,Predomina.te and are growing in importance. Operational

costs do not decrease to the same extent as labour productivity because the wages of

the workers are nor~ally lid:eu in SOille way or another to thei~ ~ut)ut. Thus, in most

cases, the re~etiti~n of identical operations has a favourable effect, not only on

labour costs but also on w~~es.

Conditions necessaEY to achieve favourable effects of repetitive wor~

The basic con1ition for achieving favourable effects of repetition is continuity

of wor~. The o?erations to be carried out have to be identical (o,orational

continuity) and t;ley have tJ be executed by the s~ne operatives and, as far as )ossible,

without breaks (executional ccntinuity). ..ben operatiQns of a re~etitive character

It.re ccrried out, in a factory, i'~ is l-:lerely a matter of thorouch ...>r(~)laJl1J.ing, careful

org~·.zatinn arid observant control, to ensure that the work will run continuously and
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undisturbed by e:~ternal influenc es. For o'?crations on t:le building site, conditions

are less si~?le and the problews relating to production less easy to foresee and tac~le.

Buildin5 02erations are adversely affected by inclement 11eather, tiifficulties of access,

delays in t~e delivery of building materials, special ~roblems arisinG when worl~ has

to be carried cut far above ground level, and so on. '.i':..ese external influenc cs not

only i~pede the efficiency of work, they also cause bre~ts in exec~tional continuity

and thus prevent the full effect of repetition being a hieved. ~eal o~erational

continuity is also difficult to attain, since certain bui.lding operations hav'e to be

adagted to differences in the nature and slo,e of the Ground and other site conditions.

~.~any eX8ill;l1es of the serious adverse influence of external disturbances and of

breaks in continuity on repetitive site processes have been submitted and are reported

in chapter IV. Tae results of breal~s in o:.:>erational continuity have been observed in

Finland, France and the Netherlands. The effect of time breaks on labour productivity

in relletiti ve worl~ sequences l1as been re:;>orted by Finland, Sweden and the United

Xingdoul, and tile effect of change of operatives by Sweden and the United ;angtioi'J.

The problelil of sufficient wor:c s';;ace for different [Sall[,s si:l1Ultaneously calryillg out

task.,; on thE' si r,e has been hiE:;Llighted in t:H.. t~etherla~1ds contribution. The infl\.lcnce

of inclement weather has been studied in Finland and France. The so-called "end effect",

1. e. the increase observed in operational ti.ne per unit when a series of operations is

approaching its end, has been illustrated in several of the exarn?les submitted.

The evidence ~rescnted in this report clearly shows that even comparatively small

differences in the operations to be executed (uperational disconti~uity) as wcll as

time brealts or changes in the personnel executint;; the wor:,., (executional discontinuity)

seriously affect the improvement process. In fact, bre~ts in continuity can, under

unfavourable conditions, almost corn:)} etcly neutrali ze thc repeti tioil effect. Brea!{s

in continuity are ..lost often caused by external influences, but cau also arise frum

inadequate or~anization of t~le work or fro,;l the fact that the project does not lend

itself to proper organization - for exam:}lc, if the space available is insufficient

for repeti t·i ve worlt.

I nf luence of external conditions on si to work can llurdly be avoided al to[;ether.

Their adverse iLlplications, however, depend on the nature and duration of the

operations. r,Tet building processes, such as bricklayin~;, concrete castinc and

plasterinG, are generally scnsi ti ve to weo.-i.,llcr conditions and, at the same time, talte
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more ti~e to execute th~n d~ processes of the ~sseT.jly type. The key to

increased inde?endence of such influences seems, therefore, to lie in a more extensive

use of prefabricated components, jointed by dry ffiethods on the building site. This

does not ~ean, of course, that favourable results of repetition cannot be attained in

wet building processes. ?rcvided adequate measures are t&ten to ensure continuity of

work, a high de~ree of im~rovement in the labour productivity of wet building
,

operations can be achieved, even under winter conditions, as has ~een }roved in m~

of the studies su?~lied for this report.

Inadequate organization of work on site is often due to insufficient knowledee

of the organization ~ethod most suitable to repetitive work of a ~articular kind and

duration, or to ignorance of the serious i~l:)lications of br·aks in continuity. In

repetitive work, the traditional i,nprovisation of site wor~t must be re?laced by thorough

preplanning and organization of the work, based in each case on the length of t~e

series to be ~roduced as well as on other relevant characteristics of the project.

For single projects, in particular thosp relat~d to urban renewal, it may someti.aes

be difficult to ol~anize tae work in ~he best possible way, because the project does

not allow for sufficient specialization. In the construction of new housing areas,

however, it should be possible to take fully into account executional requirements in

the design of buildings. This can be done either by a close collaboration between the

designers (the to\rn-planner as well as the architect) and the buildin~ organizations,

or by the designers themselves a.cquirinti sufficient ~Ulowledge of the lJroduction

requirements.

The material )rovided for this study seems to indicate that builuin~ work is not

seriously a.ffected by the heiLh-l;, above ~round level at which it is executed, at least

not in the case of buildings of less than twenty storeys. Some o,erations are

rendered socewhat .•1Ore difficult with tile increasinf:> ~lci~ht of the building but,

provided the storeys are identical, 2roductivity is still positively affected by

repeti tion. ·.i1lic~ of these triO factors )redowinates will depend on the nature of the

construction work and the efficiency of its or~anization.
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The increase in o.:?erational time often observ~d at the er:.d ~)hc.se of re;>etitive work

sequence s seems in mO~lt case s to be che to 'Uodific::!. iions and f'_''l(~itien s o~' c.:?cru tions which

arc callod for in th~ end phus,::, ~.• e ·)PQ1~f.l. tiC~l·.. l 2.1 s~ c~tinui ty. SometiF.'es, howe...·er1 th:?

end effect has been found to be due to lac:.. of planninG and .nana~eoent.

In' sUUinary, the following factor::: contribute to a maxi.own fe.·~ourable effect of

repetition on the building site:

(a) architectural and structural plans ensuring maxim~n iclantity of

o:?erations;

(b) ade~late si~e of ,rojects allowing for sufficient s)ecialization

as \.,ell as sufficient s1'8ce for eaC:I of ·~~c \,;,o:ck gangs in~lOlved;

(c) proper .:?rel,)lannin[£ and organization of site ....'orks; .....nd

(d) adequate day-to-day management and supervi s ion of .3i te wor:...

Planning and or!~anization of repetiti ve. ',';ortt.

In 50-called "tradi tional" cons'iiructio!l, :mrticularly of sinGle objects, :..nowledge

of the worl... to be exccuted j ... r<enern.lly li.·ni te(~ while t~le nu-nber of f~ctors influencing

the production is large. letailed prci>laIli1ing and systcLlatic or~anization of the "..orl\:.

ar') therefore often ':)u'; of tlle qllestiol"i. Li J~lany c~_ses t.he site ,",or:.. is ~tartec. even

before all drawings al1cl sQe~ifications a.re available. In such circu.:nstances the

efficiency of the building wor!~ \'1ill dc')enc;. exclus1vely on th ..~ alJili ty of the

supervisory staff to j.ml,)rovise apu on tl'~e \:or~tersT Jecree ef flexibili t~r a.nd skill.

·,/i th increasin[; size of buildine:, ~. ro~ nct., rind ~I'owinr; u~e of rc)eti ti ve t'lOrlt

process es, the need for u,.?-to-datl.3 :net.hocls ai.' plnn'lin;., or8ani zn,",jic n anti sU:Jc~visian

~f site operations is more and ~ore accentuated. This problem ts dealt with in

ch~pter V.

For several reasons, t~1e o.:)timu:n dcg!"e e of spcci ali zation of \:o!':~ increases l:ith

t.he length of the series 'Jf i den'"ic:al Oi)crc.tions to be p('rformed. III t.he case of

~ighly repetitive construction )TOCeSSes, i~ has been found ~ost effective to or~anize

the work Accordinc to princi)los very si.Rilar to those used in the mass production of

consumer ~oods on belt lines. The buildinJ cannot, of course! be moved from one

worliing ~tation to a:lC ther; instead) t.rIO o.:.>erativ€';.: lH1VC tv :i1o'·e bE't\~('en different

working ['.reas. Hevertheless, flow-line construction is based, li:~c mnnufacturiIl[;

)roccss es, on t,:lC se2arD:' ion of tll<' )rOdllction ~)roc€sS' int'J Slwcific and simple tasks
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which are carried out by sllecializ.~d w0r:~ers or teams of \';or:~crs. Flow-line

construction also, like bel t-l~,ne producti.cn, works v,.itL a stable output which .nay

be adjusted fro..~ ti,Je to time ~d th the increasinG ability of the vlOrl{ers.

Flow-line ~ethods of construction are bein~ used in all Euro~ean countries but

it is in the socialist. countrj,os ,.;f' eastern ~uro)e that they have been ,nost thorOU€;:lly

stu~ied and widely a)plied. Indeed, the concentration of deiill1Ild in these countries,

the centralizatioil of invc~klent :;:>rograll1CJeS o.Ild of architectural and structural

designs, and the concentr~tiuJl of the ccnstruction industry have created particularly

favourable conditions for the re)eti~ion of building oJcrations. These conditions

are bein6 utilized to the UUJost by ;.t~ncar~iz~tiQn and ty?ificatio~l of buildings,

building COID?Onents and techuQlvgical Jrocesses, the s;)ecialization of building

enterprises and tile allocation uf a cJr...stant or inc!'easin[, atllOunt of work to each

enter)rise .

.A comprehensive theory of tile flow-line method, including &. ter..linology of ::'lore

than 150 conce?ts and a series of formulae have been established in eastern Jurolle;

some exaaplcs of the notions uscd ~re provided in tha~ter V of the )resent re~ort.

Constant attention and. research <1re devoted to the perfecting of the ,;lethod,

inter alia., by the c2plication of networ~.. }lanning and COlilputer techniques.

Substantial savings in ter~ls of labour consUill~tion as well cs building costs,

due to the use of the flow-line method. of construction are reported fron Bulgaria,

Czechoslova~da, Fr:lucc, hiln.~::try, the Ukr'r..inian S3a and ',:estern Germany.

lrres)ective of the siz~ Jf the ~rojeet and the deGree of s~ecia1ization a,~lied,

it is of extreme i820rtance tLat the )lannins and or~anization of site work should be

based on the best )()ss~.ble ~mcy;led~c of tll':; effect cd re~)cti.tinn ~n different, ~dnds of

buildin~ o)eration.

In the case of smJ.ll 3.r.d ::lc:d.iU;-I1-·sized ...)roj ects, a stable operational time is

se1doUl achieved before cOffi::?letinu of the construction l/or~ts. This ,.leans that the

work is carried ou.J" under the 'J)erG.tion-learning and rGutine-acquirin~ )hase cd the

ir:1)rOVement process and that a c,lidinG ,Llroul..lcti vi ty hn.s to be ex:?8cted thl'ougllOut the

work-period. It is ryarticult.l.r1J'· im )(Jrtant -L:H::reforc~(j allow for Sue!l an increase
4 .L

in the productivity to be ~ttn.ined by flexib1~ 0r~anizational arranuements. The

eXj?crience t;;,ained in ~orway ~ho\'lS that it is not an insur,.lOuntable tas:':. to api>ly

scientific )lannin8"Jf sito )roc 0sses eveil \',-hen the series arc CO;l1i)arati vely ILni ted
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and therefore a considerable adjustment of construction time has to be made to

take into account the extra time necessary for the runnin~-in of different building

operations fJ.§l.
In highly repetitive work ~rocesses, where an advanced degree of svecialization

can be applied, the running-in process is passed I~ore quickly and has, on the whole,

less influence on the planning of the work. Accordingly, execution of the wor~~

can be based on a stable production rate established from the ultirn~te or basic

operational times ef the different tasks involved. Since, however, for practical

reasons, the different operations are normally linked tOGether (chain work), it

is most important that the different work gangs be properly balanced and

synchronized so that one work ~anG does not impede another. For this reason it

is equally.important in the orGanization of flow-line ~rocesses to ~ossess the

greatest possible knowledge of the rate and scope of i~provement that can be

expected for different kinds of building operation.

Related ?robleills

The material analyse~ in this report has sho'fll clearly the difficulties of

isolating the influence of aDjr of the wide ranee of factors affecting building

production. The effect of re)etition on building operations is only one, and

perhaps not the illost important, of the consequences of introducinG large series of

identical building components or functional units in the building trade.

Further~ore, the effect of repetition, even in its widest context, is often

overshadowed by other important factors influencing building production. It has

been noted that certain external conditions and other factors impede or prevent

the drawing of reliable conclusions from data collected on buildina sites.

In addition, building costs and labour productivity are substantially affected by

the organization ~nd mechanization of the work, the size of contracts and

building enterprises, the technology used (size ')f buildinf)' components, dry or

wet processes, etc.) Some cX~il~les of such influences are provided in chapter VI.

It is necessary, therefore, to view the effect of repetition on building

operations in the wider context of measures and means aiming at the transfer of
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building from a handicraft ousiness to a fUlly industrialized sector of the

economy. The further success of the inwlstrialization process ,rill, to a

large measure, de~end on the objective and ?enetrating analysis of the

re!ationship and interde..?en~ercc of all -the rele':ar..t fact.ors influencing

development. International exchro.nge of exp9riance in this field, which has

aJ.:w:'eM~r given scme encou:;;·aei.ng results, will probably prove even more

import,ant L'..nd useful ::'1.1 the ft:.tur~.

P~"'C(;~')rENDATIONS FOR FUR'l\HE~ STU.DIES.._-----_..,------
The studi e~ so f:--.:· under-t<:Lten do not permit of recoCIlLlendations to

Gov~rnments on how bes~ to orgunize a basis for building production. ~hile

i +, j. S l'eali zed that many Govcl:"nments :na.y have only limited possibilities of

inf~uellcing the 10c~ti0:1 of ~lant for the production of building materials

and components, it is f1lt ~hat a generally applicable ~nowledge of the problem

would be va.luable. But the optimum organization of the building production

process" including the: design, manufacture and transport of building materia.ls

end componel!ts and the C onstI'uction work on tIle building site, depends on such

a..ride range of local conditions, presr.l'iptions and so on, that an internationa.l

enquiry or re".riew of actual production patterns would seem less profitable.

It might be foun1 useful~ therefore, to restrict a study in this field to a

theoretical analysi~ of the interrclationsili~ of the size, weight and value of

buildi~g components, 5cal~ of p40duction J transport costs, and consumption

2.nt.cnsi~y. 'l'he aitr. of such an unalysis would be to establish a eenerally

e.pplicp,ble model, showinci the quanti tati ve relationships between the factors

men't.ioned. Thi<> dcdel could then be used in different oountries, applying in

each cuse the ~arRD~ters valin in the country.

It would be useful also to investigate further the effect of repetition on

djflerent types of buildiug operation in order to arrive at a scientific basis.
fO:i" the efficient plannin3 of build~_ng worlt. It ,vould also be useful to study

th~ effect of rep~t~tion 0n the organization and cost of building design. Such

~tudics arc: ho"ever, lilore of a building research charactl'lr and could most

profitably ba carried out unde~ the aegis of the International Council for

qui.lding Resp-a.rch, StuQies and Docunentation (CIB). il.. special CIB working

•
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CHJUlTER 11

EFFECT OF REPETITION ON OP:ER."'TIONJ~ TI12

INTRODUCTION

The basic effect of repetition on builping operations and processes on site is

the successive reduction of time required to execute identical operations carried

out repeatedly and successively. The favourable influence of repetition on

operational time ·is due to the increased pro~uctivity achieved by training but also by

successive improvements of work mathod and arrangements in the immediate environment

of the actual operation. The nature of this phenomenon is well known but experience

concerning its intensity is still rather limited.

The purpose of this chapter is to review various theories on the nature of

improvement processes in building, as proposed by different experts in thib field

and to present the practical results of fiele studies into the effect of repetition

on separate building operations, groups of operations or the entire site work of

a building project.

In most of the countries' contributions to this s~udYI as well as in

specialized literature on the subject, it is claimed that two principal phases of

improvement are to be diEtinb~ished, namely:. .
(a) the operation-learninb phase, i.e. the period during which the worker

acquires sufficient "know-how" of the task to be perfurmed; ond

(b) the routine-a.cQuiring p;ul.se, C:uring which successive .improvements of

performance are achievp.d through growing familiarity with the job and

through small changes in work Iil(>thoG and organization.

It shoul<1 be borne in mind that the two phases often overlap, the second

beginning before the first is quite finished. It is therefore rather difficult

'(,0 distinguish clearly uetvreell them. Some experts are of the opinion that the

first phase itself is a combination of two distinct sub-pha.ses, namely:

(a) the initiaJ. orgo...lization of the work, which may take some time, depenciub

on the knowledge and ability of the job manager; and

(b) the real operation-learning phase, i.e. the period during which the workers

are being tought how to carry out the new job.
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The improvement of operational times achievec by repetition during the

phases described, is usually illustrated by means of Jmprovement curves showing the

decrease in ~anhours nod the number of operations completed. These curves may

refer either to the unit time or to the average operational time of all finished

operations, i.e. the accum~ated mean value. The total ~im~ necessary for the

,roduction of all units 01' the spoed of production may also be used. For obvious

reasons, improvement curves sho~ing the decrease in unit time when repeating a

particular operation will have a steeper ~ourse than the one relating to the

accumulated mean value of unit times. The ?hysiQal unit of measurement may be

over-all units of surface or volume (square metre of floor space, cubic metre of

building volume, etc.), functional units (room, dwelling, storey, section of a

building, com?lete builcing, etc.) or units of construction works (cubic metre of

concrete,squc.re metre of shutter-ing, etc.).

The general shape of improvement curves reported by different experts are very

similar. Thus, the operational time is always greatly reduced at the beginning

of the work sequence, while the roductions in time requirec successively decrease.

During the o?eration-learning ?erioc an uninterrupted and continuous decrease

is seldom obtained. The curve flattens out before falling again. The reason for

this is often that the operator wakes some minor changes in his motion pattern, ~.g.

he employs more com~ined motions. i~other reason could be fatigue caused by too

great a concentration, both physical anc. mental.

The routine-acquiring ?erioc may occur either as a direct continuation of the

operation-learning period, or every time a new work is started in the field in which

the operator is trainorl anc. qualifii:c,. In the latter case, the pattern and thel.im

of the job are kn0~~ to him. ~ew features could be the cesi[m, ~art of the equipment

or external conditions. In connexicn with the starting of new work, o.dditl.ono.l

time of an operative nature always occurs which more or less s:;:>lits the first

ope~ation cycle. The operator, or work gone, must find the right rhythm and

distribution of tasks. Thp perationnl time then falls as the operation is repeated;

it will, however; fall more and more slowly. j~ftel" some time the curve flattens out

before a reI atively constant operational time is obtained. By repeating a certain

motion pattorn the ability increases, anL the motions of the body and the hands are

reduc~u to a minimum for the operation concerned; the eye motions will also be

reduced as ability anL knowledge of the motion ~attern increase. Furthermore some

minor method improvements mi~ht be introduced, e.g. a knack, a change of the order

of the part-o?erations or of a combination of motions.
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THEORETICAL MODELS

The effect of £epetition on op€rational time has for a long time been the subject

of keen attention and study in the manufacturin8 industries. Despite the main

differences between manufacturing and building, it is natural to try to make maximum

use of the experience gained outside the building industry.

Power formula

One of the best known studies in this fielc was published in 1936 by the kmeric~,

WRIGHT!l) It denls with the prol esses of routine-acquiring in the se~ial production

of aircraft. ~'rright studied tha accumulatec mean values. If the times per unit aru

denoted Tl , T2, T3 , ••• Tx ' then the accumulated mean value t x for the first x units

will be:

t =x

'] + T + TI 2 3

x

••• + Tx

b
Wright found that a logarithmic regression function of the form y = ax

can be used as t x can be representee as a function of t l ~ld xl' namely:

-k t
t = t x = I

x 1 trx
In this formula -k is a parameter characterizing the improvement curVe (the

" elasticity" of the improvement). Wright determined k 3.3 0.322. The equality:

= 0.80

= 0.80

l;

resul ts in 'fright t swell-known 80 per cent rule, saying that thl] accumulated mean

value of operation~ time; will be reduceti to 80 per cent when doubling the number

of identical operations (figure 1), i.e.

t
2x

t x

Obviously the totnl accumulatcG operational time (Y) can be expressed by the

formula:

y h+l l-k= a x = a x

because: y t t l
-k

tlx
l-k

-. x -- x x =x

(} ) The presentation of Wright t s theory follows mainly ['i_7 (sce bibl iogrllphy).
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From the equation t x = tlx-k e simple functio~ can be derived for ~ho time per

Wli t 'f which is sufficiently f.l.pproximate for x ,> 10. This function reD.C.s:
x

Tx

The time por u~it T is in direct proportion to the accumulated mean value t ,
~ x

for

T 'f /l_k/x-k
/I-kITl x

-k= =x 1

t tlx
-k

=x

T1 = t
1

t T1x-k
=x

which f:£ivcs:

T = (l-k)t
.It x

4 ..ccorcin&; to expcriencf- gaL. ec. in Finland n.nn Sweden, Wright t s law is valid in

;>rinciplE: also in the buil(~ing industry. The avet'ag~ mean value of time per unit

alway~ d9crens~s Ly a certain constant pcrr.entage when the number of units is

doubl~d. The percentn~e dep~nds to a great extent on the character and difficulty

of the operation in qu~stion, but is in general lower in building than in the

manufa.cturing industries. The t;quivalent of Wright's 80 per cent has thus been found

to bo 87 to 93 per cent in building operations of a repotitive nature. The lower

~egree of improvement in building is to be expected, since th0 environment in which

buildil1~ is clone ehanrcs from nay to day and undoubtedly influences the process of

routinc-ceq~iring.

iuthough the ccincidence Lctween experienco gained in manufacturing and in

"uildinr~ is Rooe' , it has, l:".ccording to information recei Vc(~ from Finland, often been

soen that in uuilc.ing the operational. tl.mc cccreo.ses more rapidly immediately after

•

the sttu't thOll is o.ssume(~ in Wright' 5 theories. In most cases the renson is to be

toun~ in ~~fectivc p~climinary plcnning of the building site, involving an unnccessnrily

high consumption ()f labour nt the beginninG of the work sequences. It may be eonclude<l

'th:1.t preliminary planning hc..s n. er<.:::'..t effect an labour consumption.
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Filure I

Time consumption in the serial assembly of aircraft accordinl to WRIGHT

(United .States of America)

• JJ

O.....- .....--T-..,..-.,..........,.-...,..-.,..........,.-...... I
G ~ M ~ N ~ ~ •

/,fJ+-~--..,;::......~---___=--_-------1...................!
aG.t--~~~-Lr-....;-~-~-~-3

l&t-t~---------------~

2()'f"r-----------------

1

•

tU~--------------,_.::::3Il"'"

/,()1----~_==_--....:::...J.......------~

1).8-t---------:::l.....~--_=_.....:..1llw::---_!

a6-t----------...:3I....",.----

2,fJ .......E::'""---------.-----......
1.& -t--.....~--""-""'_.;~-----------1

Source ~[t].

a = A••embly of aircraft (101 101 .cale).
b = A••embly of aircraft (linear .cale).
x = Number of units.

y = Time.
t = Accumulated mean value of operational tlm.. per unit.

2 = Operational time per unit.



This ~o~ula establishes the function not for the accumulated mean value but

hccording to SThNFOan it

Vx + B
or'1 =

x

or T
x

1

- 0.5n ....:

..{2

-0.5
y = a.x

/x + B
y:;:

If B = 0, then

Taking into account that

whore H == "halving-pa.rometer" which is a constnnt,

Tb - tho ultimo.te (basic, ic1enl) operl',tiono.l time per Wlit, i.e.

the extreme vo.lue of the function T when x ... ~ c.:- ·x
T

l = the initial operationnJ. time per Wlit
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Another version of c power (logarithmic) function hus been proposed by the

American'STANFORD, namely:

y = a (x + B)n

or with the symbols used above:

T
x

= TI (x + B)ll

T
x

wherefrom:

for the individual value of operational times per unit.

can be assumed that:

This rule would result in a 70.7 per cent reuuction of individual operational

time per wlit when doubling the number of operations.

Exponential formulae

The Norwegian Building Research~nstitut0 has fOllilG thct the routine-acquiring

process can be described by means of an exponential function L 2_/. On the basis

of field studies a formula has been established corres:)om~ine to the following rule:

That part of operational time which can Le reduced by routine-acquiring will be

reduced by half after constmlt n~bers of repetition. The formula proposed reads as

follows:
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If the initial anc ultimate o~€rational times together

are known, the halving-parameter can be deter~inec from the

is referred to in the contribution receiv~c from Hungary.

with one set of x/T values
x

following function, which

(see also figure 2):

logtr -T I - log/T -T I
1 b x b

Tha Norwegian Buildin~ Research Institute L-16_7 has

for the total operational time (Y):

H =
x loe 2

also proposed a formula

T
. 0

Y = xt = T + He--,r­
x b

Wherp. T and H are parameters decidiag the initial speed aDd time correction
o

to be made.

The speed of the proc~ss at any time may be expressed as:

T
o

-If
= l+e

dY-dT
b

The total time correction 6. Y may be ex~ressed as:

= He

T
o--H

If T = 0, the total time ~orrection is H and the initial speed of the process
o

is ~, meaning that the proces3 starts with double time requirement compared with

the basic time requirement - th~t is half speed. This explains why the parameter H

is called the "hoJ.ving-:;:>arameter".

In practical planning, the Norwegian experience has shown that the work on

the first working unit will often start at half speed, i.e. at a unit time 100

?er cent higher than the basic rate. This means T = 0 and a time correction
o

for the gong time equal to H. The tim0 correction thus always refers to a certain

gang size onc the total time correction in working hours is H multiplied by the

number of men in the gong (provicec the work starts at half speed).
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Fi,ure 2

Operational time per unit in relation to number of units (Hun,ary)

N N H

Source : Information received from the Government of Hun.ary.

x ::: Number of units.

y = Operational time per unit.

Tb = lasic (ultimate) time.

T l::: Initial time.
H::: Halving parameter.

h l = 1 ha ~: 4 h3•
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Other formulae

A somewhat different approach to the theoretical stucy of improvement processes

is rep9rted to be used in the Un.ited Kingdom. The notions "improved a.verage" (t.)
1.

and "measure of improvement" (m) are introduced where:

'I' +T + ••• +T
t. = P + 1 P + 2 x . and,

1.
X - f'

t t.
.100m = x 1.

t.
1.

.100
t.

1.

t
e

t
em' =

Measured in this way, the time required fur the o~eretions, stUdied by the

Building Research Station, improved on an avera.ge by 8 - 12 per cent; some non­

traditional operations alone showing ~l improvement of about 33 per cent. The high

ra.te of improvemeht is typicnl for non-tra<1itiona.l opera.tions where new techniques

are to be learned.

The model used in the United Kingdom, like the Norwegian formulee quoted above, is

based on the assumption that the improvement CWl attain only a certain relative measure,

independently of the number of operations. This ma~' be correct although, for series

occurring in practice, the same result CWl be obtained ~ith the formulae used in

Sweden and Finland, which do not exclude, theoretically, Wl unlimiteG process of

improvement. The simplicity of the UnituG Kingdom model can be re~arded as an

ndvOlltage; on the other hand, in pro.ctice, there ma.y be some uncerto.inty concerning

the end-puint of the ",)arly" series.

When colculating the improved average, the first "p" operations are not taken

into account. . It was found tha.t m normally varies between 2 and 6 per cent.

An alternative measure of improvement (m') can be obtained by expressing the

difference between the average time of the early series of o~erations carried out

before the steady level of time consumption ha.s been reached (t ), cnd the improved
e

average of the remainder (t.) as a percentage of the average of the early series:
1.

•
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R£SULTS ~F FIBLD STu~I~S

Systemctic c.nd c·")mpr~hensive field studi0S int~ the .... ffect I)f repeti ti0n nn

buildin~ ')p<.ratilns.1n sit"" hav(; be.cn cr.rri",d 0ut f.1r a lon~ time in ~1estern Germeny,. .
in :p2.rticulc.r by t!1v Buildine Rus~arch lnsti tUt8 in Hanover 1:3 - 6J o.nd I-lBJ.
Int(rcsting r€:sults ·.f c:.d ~1"IC studit:s in tllis fi8ld art;; r"p)rted cls'! from

Cz~chosll)vakia, Finlf~ncl,. France, IsrcL 1, th0 N.;therlr:.nc1s, N,rwny, Pnland, Sw~dGn,

tnt' U'n:ranian SSR 8.ncl th ... Uni t ... d lCin~d',m. TIlL infr;rrIUltion r~ceivE:d cmcerns :)n the

'nt: hnnd th..: vX0cuti,n if specifi.ed indivi(~ucl building ,jpLrutLms and, "m thu ot:lvr,

lver-cll fi~ures nn t~l(" time. c'Jnsumpti·,n,f t,r,:"ups CIf c~ctiviti€;s andTp~rc.ti("lns

c,lnncctt:d with the exccuti)n )f id~nticcl ouildini;s)r builc:.:.in~s units - f·)r instancE.:,

identical dWt:ll ings, iilUS€S, pairs·f l10USLS and st'Jreys If buildin5s•. S ')mt:

countries' have supplied mor..: indirect .::vi<.h:ncv ,-~ tn\? cffi..:ct f'\f rC:i:ll::titi0n. Thus,

f0r instance, c')mparis)ns r)f lcb:'1ur pr )cluctivi t.:.' hav\.. b~~n mE'_dL iJetw(;:e:n I)bj 8ctS

('lr~e.nizl:d in et traditional way cnd. 0bj ects r)r~eniz..:rl c..cc:"Irdin~ tl thl:: flow-line methnd,

or bbtween building cntre.cts "f uifft:rcnt sizes. Sinc"" thu ·:-bjects are not ide:ntical

r,r 6v<.;n, in s·)me ct.s~s, sirni12r, the. rl.'sults _'1' such C0mpcriS1ns arc in(:vit,-..bly

effected not '"Jnly by rt:p::ti ti0n but by m::..n) ~thcr imi1r')rt,:nt fc.ctf)rs and heve th~ref"rc

b~un prcsentl.'d sl.'parct~ly in ch~pt(:rs V t.nd VI.

Studi~s of individual buildinb 0pGruti~ns

The Buildin~ Research institutE.. in Han"'lvcr, 't,!l;st~rn Ge:rmnny, has assisti1d in the

or~anizati0n 11 several buildin~ sites with c view to pr!)~otin~ n wid~r utilization

f)f th6 rep~titiun 6ffcct in building uperatifJns. In this c0nnexion, detailed

investi~a.ti(\ns hav~ b'::t:n uncertn.ke:n int·") th(: degrt:c 1"£ impr"Vl.'m6nt p'")'3sibl~, in

terms r,f costs and time c Jnswtption, in diffl.:rcnt !\in<ls (If individual buildin~

Iperations. The results of suct studies undertuken in the p~ri0d 1950 to 1960 arc

presented in c comprehensive r~p0rt ~)~, fr0m which l.igur(: 3 is taken. Tne figure

relates to the c,)nstructi~n If in situ cu~t cmcrctc: f l')()Ts. ImprOivcm~nt curves

are rep')rted f'0r the thrt:·(: mcin "ptrations, n~mvly, c.ssl:mblint~ (If t'ormwr')rk, cl)n­

creting, and dism~ntling (If t~.i.I fi)rmW,)r:~. ;.s cnn bL seen, f'~ substr:.nt:t.al reducti"\n

in the tilDE: r""quired wcs ~;,chiev\:u in th~ ,pert. tir,n f.:..ssemblinb1f f0rmw')rk; thl.:

manh')urs pur squf'yre: ITIL tr.:: )f ll,f)r spacE.. (ltlcrf:asLJ. fr~m 1.40 rLt t~c first ~x~cutir,n

to 1. 04 in tht: sec0od, i. e. by 25 pl;r c(;nt. 'fl-,l; impr, veml:nt a~liev\..cl in th0

fl)llowin~ executinns ~f the w,rk was 13 per cent ~nd 11 per ~Lnt, respectively. Th~

cl)ncrE.:tinfj 'lp(.;rutirln Shl:WS ~ diff\:.'r<.;nt pattern ':f improvement. In tbe 1'irst eight
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Time f;onsumption in the serial execution of dismantlina formwork,
assemblinl formwork and concretinl (Western Germany)
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• :: Djsm.ntlln. the formwork.
~ :: An.mltllnl the rormwork.
c Concr.tlnl.
• _ Numb.r of operations In ord.r of constructl.n.
, :: Manhours per ..uar. metn of floors.
,':.:. M.nhours pe' cubic m.tn of concr.t•.
I -. Floors alto.. the It...m"tnt.

11 = Floors .lto.. the fl"t "oor.
III = Ploors .lto.. the SHOnd "",.

Ma = Ace-mul.t_ m..n .alu. of " pe' n Metr•.m. :: 0......11 m... ..Iu. of m " pet" nMt....
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s··quences I)f this '1percti'in, the OU1"put was approxiIto.tely stable, requiring about 5

mnnhours/m
2

of ~'l"ll')r spac'~,. 1'hl; m:i.xing of tlH.: c·')ncr0te was then r€:;-orgaLi '7.0d, which
2

r(;:sult~d in a fe.ll in labrlUr consumptir'ln t,) 3 nmnhours/m. It is thus')ovi;)us ihr..t

thif1 operati~n was h~r.vily (lepundt.:nt on the. t:'cth(.·r inf10xibl.~ ·")utput ,..,f a machine

and that the effect ")f rcpcti t.i ,n wr.s a f8.~t,:r r:f ri:lr..tivcly small i:np"lrtcnci.: tr)

labour prnductivi ty. ;.s t,; the dism~.1!j.Pf..)1' f orUiw')E~, thE t.:ff cct ': f rc:peti ti·)n VTCS

found tn be something internedi ..:.ry b<::twet:n til~ tw') ,..,tt~cr :"\pcrctionb dt:.::cribed. The

conclusion wa.s drc.wn that t;1(: r·)ssible imprr)V~ment in labnur productivity as Cl result

of rep~titit)D is grvcter f,r c0mplico.t\.;(~ ,jperati0nj:;, such as asst;mblin~ :1f fl)rrnwf)rks,

thon fQr simple '1p"'re.tir:ns (J.ismantlink ')1 i ()rmwor:~s) •

.motht:r important conclusion <lrc..wn in the ';1 E;8t G( rmlln r..:pnrt "ms that the imprrWt:­

ment possible is much sme.ll~I' in truCli tinnnl, wt.l1-l'i.ncwn ""perations tl1C'.n in new

op ....lratil)ns which ere not fc.milit:r tf) tlw w;.>r~\.\.Jrs. Thus, f,r instanci::., it Vias r..lrn0st

impossible to 0bsvrve any impr~vement ir- bricKl~)ing, whLr~~s th~ tim~ consumption

wus ff)und tc dl:1crfJas<: qui tc su.bsl,r.ntinlly when rcp.;,t'. tinE such ~p~rn.ti"ns to s

p,ssemblin#.$ ~f Iv.rg{; pa.n(;;ls. This, f)f c'lUrs r;, is r~t;hr nnturl'l since in the i'0rml:r

opcrD.+.i·)n tlu: ')pl:lrati In-learninl:S P~li.1S(; ')f the impr"lv(:ml·nt pr )cess hc:s tn 01..' pr-ssed

by th~ workl"':" bufr;re hI:: is rccoenizcc1 us c. skilled crdtsme.n. It is intcrestin€; t)

note in this connexil",n, IF)wev{;r tiLet in some countries consLierable, .

improvem<:nt .)f' lrb0ur prnductivity in b,~ le:· 'n~ h~s ;"':n rchiLvud 'oy stri<'t

spccializhti)n within the crr~f't, i. l..';j ~ljr_\.cr lr inc 't eum .1f w)r:"crs i~'1int only

"lnc kind .... f brickw0rlt..

~..n interesting eXo.mpll;t illustr.... ting tl:" f~et t~Hlt rcp~,titi')ll is .lnly cnl:' ,)f the

factors affecting Inb.. ur J.,r"\ductivi t.y, is supplice. in t;lL s:l.Ine r"",P.)rt. Tht.:

op ... rc.ti'1n StUrlil;d wns fIr. )r-l;~ying. The w )r,~ W:'.S unlh'rtn~~dl Subs0Cfuently by tW)

diff erent buil<lin~ c'mtrc ct')rs ....~mpl J'y in:" Jii l' I. '~-cnt g~ngs )1' workers. In tl1L first
') 2

case lihe lab')ur consumption <Jeerc:r',sed. fr'iT! 2.13 mc:nh'lurs/m' t·) 1.71 manhcurs/m •

'l'hc workers f)f the spcor..d c'"'ntr::ctr,r G.t first n(ed,:<l c,'nSill\·rr.bly !ll(lr\..,' men hours ~r

square metrt::: t:Uln tlw first r::'.nt,_ On the .)'t,i:cr lii:nd the scc"nl! .c:,cng, GS time pnssed,
,')

was abl~ to reduce its tim,' cqnsumpti')fi tr; 1.<;2 m[1ll~1Iu,,·s/m~. 'fhL' efi'~ctsd th<;

diff€rcnt fnctqrs contributing t.) this rl·sult art. nlm,st impl1ssiblL t r,! sel~;lrn.tL'.

J.ssemblin~ of 1 )rmWlrrl:., (~. ;ncrL'ting nnd f! ssemb 1in~; It' prd'n.ori cEl'i,\'d b ui 1<1~nf~

c..,mpon~nts (st:-.ircc.s\... uni ts) :H~V€ been sllbJl ct tll Rtudy nISi) In FinL n,.l llncl Frunct.

The rcsul ts Bt:nerally c(,r.fir!11 th(~ ~V(:f'tL'rn Gl'rm[_n lnv,;stit!,ati')J}s, i. e. the improvcml2nt

()f lub')ur pr()ductiv~ty in CllnCr( tint.• us ~ result '1f j"('pcti tinn, i~. vt:r), ~l ,lW, whi 1<.>
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t ...:." is t~ stt:o.:p d~crt:r..st: in l~b)ur consumption in the c,sscmbling Df prefabric£'_tcd

"la 1" S.

, 2 :;. J :.(.,5 <- and 5, tf'.k~n fr0m tnu .UPJ:!;1:. study, sh;-,w the changes in time requir;:;cl for

~ .. ', '~'~':cuti'lra rlf W'l 'den f~rr:lw0r:'{ durin~ tee builGin~ of' successive storeys. In t~le

.. _ rs: Cl s~~ tht: accumulc.tu! ml.'G.n val ua "If t~i\'; ')perctL)ncl time exactly foIl JWS "\'iright 's

~ .~\/, 'fhe; r.\'L'rr~gt: mt.~r. v(~lu~ 'Ne.S ::""'und t"l d~cr(;f'.s~ t') 87 pE.:r cent when the number ,')f

... l. C-.J ~j 'IllS Wc.s d'lUb 1e":. In th\) se c(jnd cc-st: th0 time requir~d also decr(:ased !6rc.dpelly,

"l' i. lo.~'- l:ithtl1 str.rc:,Y. f:--.::n, in tht: fr;111wing st·)r0Ys, an incr""asu c()uld bb

'! g. r·...... (~ ('ut: pr"'b~bly to') tl:i,; 1I~~eiE>flt uffect" e.DC "end eff cct" (set:: C~1o.pter IV).

'j' Al ,,('su 1ts ryf f'. rrt)nc:.i~ study, ",hi ch wn s unGertaken by the Ccmtre Scientifique 3t

i·:cr ,:.i'l'lr, c1u Br.tirn(·nt: wurL' ·)utc.inu!l f'r1m t.:1C: '1bs<:rY2.tirm "f nine identical point

"J 'c.'.:; L7J. l'hn uui1din~s Wl.'rt: ",rectul by five different builcling c,)ntractr.rs but

tlll. J·,~:i\llt.s c')incic.:.e f~irly w<.ll (!'~'!.~~_~l~~d-!t). Thus, the time requireC! f0r

...:s ;.'. I ~ i Il~ f"rmwllrK "..nd c')ncr(.;tin~ was bvtween 30 '.nd L,O pt.r ct:nt ~1.igher at tI10 first

. :. ',: :: 1"cr, r. t tht: sixth, w.~.i 10.: th~: c·")rr0sp'mdine dif fercoc.·! for ..::r0ct,ing prdf~1:);I..icctt;:d

: '~j~ 1 S WIH~ ar(\unrl 125 pl.'r Cl.:nt <,fiBu~~).

:;1. tH ~·.o.s h t:tln 'lbtl'. inl.:d :::.1 S"J f'r')!n c.nl)thcr !,renc~l stud;y regcrdin15 the man-day

c .. '· ... ;.~liti~u t·"r L'rf.:ctint:; "tunn~l-shutteJ:'inf:,s" (st\;'el f')rmworK. for the c.')ncrl3ting, iQ

'.. • • ... \. I ,f t.ht: wells cncl ct::lb.ng 'If ,.ne r;).)m). 'l'he m.")nthly Clveragi; f,lr this

i,l' j';. ~ "11, which was rt::pi.:att:rl 553 ti~t:s, f(>ll fr'lffi 2.8 to 0.79 mall-days pur unit

. r . ,:1" ,~, a ,.~ thf.:r stc1> 1c ,t>r:)(luctivi ty b,]ing ·;btained fron aoout th(~ hundredth r(:peti ti0n.

~ t i. ".ll"~ 10).

';;'" 1l1f !ueuct: .,J. rej?L'ti ti·lO 'in the ass.:.rr.b1y nf £llo'f<V.Y c,ncr(;;tc elemt::lnts, placing of

.··:...... :-k I:lcmonts, hc.nGliJl~) ,!I' b')lts f -1' f')rmw:)rk, l,Jlacin!:; 'd li~ht cr)Ocrcte insulatir.n,

i ~.xi.n·· :,1 wall md:.sur~mo.:nts, cnd assemblinf:; ef lrcJnvwrlrl';. fr,r 11r1 h:·tways, has been

.... Lt··. i '.. b r' t,,1,; N,' rwt:rA~. rlui 1('. iIlE, l1e:s.;e.rch In.-;ti tutc .r '2_7. .t.ll th(: improvement

j. • ... ~5S·.... C; stUllic(: w.:rl: f.'"lIH1 t, fit intr. ;'11 .. r..nd tl:.c sc.mc pe.tt~rD, nam.-.;ly, "that part rlf

t.;lC ~r·;!1.uctif)n time. whi<-:l c'lulc: Dv l'C<.lUC':l: oy trainiut" was cut d0wn by half p..ftor c

':'1;'.~ tr.:-n, numbt. r (. f rl.p·· t.i t. i -'llS". Tlh-. indlvic~uo.l impr Wi,;ment curvc:s f'1r the c.sscmbl in~

·d· h\..::\'.~· ~f)ncrE:t(? .:l(.;~e.lts an(~ thL' ;-.l1Jlulin€; 'f h-Ilts c..r(; shown in ri£:iurl:s 11(c.)_!-,!1d jbl.,

l"sjJl·~Lvcly. it is ,d inter\. st that tn.; t:e:crL'csl: ,if (,pl.:ratit>Dcl time is still

'." t i r. :.~O le aftt:r th.:: ho.u(~..: ~nj 'If 22,000 h,.,1 ts. Of pE!rticulf1.r interl.·st, 1l 1)wevcr, is tr.e

r •. ~111~ (·f c:. clt'tail .... (~ anc.lys.i5 l' all tll .. (liffl~rlnt li>t;ra.ti~ns stuc1icu. It WE.S f:nilld

tnnt d tb.. CUrvl'S wcrl. harrnr,nlzt.d by usinE., the "ur.lvink 1;"lrnmut< r" as thl: scull: f0r th<:

r;; 1:- ~I'l,.i tht. "Vt:rc:tion~l tir.lC 0xprcsS£:G as n Plo rCc.ntaku \)f thl.: ul timat<..; ')pcratir)na.l



Flp'e 4

Time consumption In the serial execution of wooden shutterinl
in an eipt-storey buildi"l (Finland)
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Filure 5

Time consumption in the serial execution of wooden shutterin.
in a fifteen-storey buildinl (Finland)
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F.,ure 6

nme consumption in the serial execution of assemblinl

and dismantlinl formwork (France)
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Fllure 7

Time consumption in serial execution of coneretin. (France)

fJfJ

~

..- ~
~W" -

~~

/
..,
~~~~.".

~
~ ..........

~...... .... " .. ~ -::-"-- _or.::,: ~..::::..-
t1fJ \ .. ~ .... / ... .-....~ ...

\
~

..~ .....r--- ". ~ ",- I""" r ..I..::..,...

'"''"V

IfJ(J .. r--

2fJtJ
I 2 .1 4 5 6 , I , If) 11 12 1,~ 14 '"

Source : [7] •

Note : The five thin lines refer to results achieved by five different buildin, firms.
The thick line shows the aver.,e result.

x = Storeys.

y = Manhours per storey.
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Filure 8

Time consumption in serial placing of panels (France)
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Filure 9

Operational time expressed as a percentage of basic operational time in
the serial execution of assembling and dismantling formwork, conc.retinl

and placing of panels (France)

!J

Source: [7J.
x = Storey••

y - Operational time expre••ed a. a percenta,e of ba.lc operational time
( actual time on the .Ixth floor).

I - A••emblln, and dl.mantlln, formwork.

11 = Coner.tln••
III - 'Iaeln. .,f pan.I,.

x
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Time consumption in the serial erection of "tunnel formwork" (France)
y

I

•4------1963------....4-------1964--------••
Source : Inform.tlon recal.ed from the Gowernment of France.

• Numlter of months (calculated on the basis of workin. da,.).
, Manda,s per erected unit.
J, F, M, A, etc. Janullr" February, March. April. etc.
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Time consumption in the serial execution of buildinl element
assembly and handling of bolts (Norway)

a : Buildinl element assembly.

b Handlinl of bolts•
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Source :(1].

a x Number of assembled elements.
y Averale manhours per element.
z - Production series ira the ord.r they were assembled.
H - Halvinl parameter.
Tb- Ba~ic (ultimate) op.rational time.

b x Thou,ands of bolts.
y Operational time per unit.
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time ~n th~ Y ~is all the curves had tU0 SUM0 shcp~. By displacing,th~ individuel

curves h0rizontally th<::y full int(~ ,"'n-;; sinf:slo curve, t:~<:: i!.cnerc,l impr'"lvement curVG

C~.~...!i£ur~ 12) •

Th€ rep0rt of El. study on tiw efL:; ct ,f rl;;pctiti ')n tIn buildilli.;; '1pt.'rations undt:rtl1.lH;n

by a §wedish cnntract")r conteins a l<'t of inirHmc.ti')n)n the impr' vement prt)cesses of

individual buildin~ 0porati~ns ~l.~. Th~ subj~ct 0f the study was a 5rQuP ')f 1ne­

family houses including f0rty-fJur units ~f three diff~rcnt types. The fact that the

h')uses were n0t quite id£nticcl was of little imp"rtance, partly b\;caust: ')nly Cl

limited number fif J~0r&tinns were cff~ctcd by th~ differences end partly because

pr'lductivity was expressed in manhf'urs per unit of material and nl)t per houst:. The

entire work on the building sit~ was divided int') Dearly 100 different ~perati~ns and

the study as a wh~l~ c')mpriscd ab~ut 30, 000 ,)bstrvati~ns. Detail€d records "f actual

time spent on the different ()perllti Jns wore~-:cpt, to'JE;tther with inf·')rms,ti0n abnut

breaks ')f diff erent fi.inds, weather c'~Drliti'~ns and )th(.r fnct )rs having n.n influenc~

'1n lab·')ur productivity.. It was f1und that clmost all 0p.:;rati)ns we:re (~isturb.:u at ;"ne

point l)r annther by different kinds CIf adverse- fact·'r impcdin~ an efficient eXl;;cuti)n

r)f the work (see chaptt;r IV)" !~~))~.}!~.!:!1_cL!1, ~l~wev't:r, illustr~t(; impr(~vcmli'nt

curves which arc nr.t tOr) 6rav\jl~, di);tn rtec1. Ll.f auv~rs\.,: fE'"ct~rs" T~l~Y ~:~ 'w, ,.·n the)nl.

hend, the ')puretir1nc.l time per unit (a c,ntinu 'us line) and the calculc.ted accumulatt.d

mean value of th~ npcrn.ti,)nal times (a b ...··~.<.:n j,inc). FigurL 13 illustratt:s th~ In.b\'~ur

pr"ductivity achieved in .!E:.'!.i~:_apd erectinli; _t:~c: l,~",:,.b_\;_e.rinb str..u..£.~. It S~l )uld b~

n0t~d that the fifth and thl (;iGht~,;, ~xecuti.,ns wl:.:ru disturbed by rainy wt::ather. Figur(

14 refers tn th~ ~_tiD8 up ·~t_<:..:!.lbin9d ~:i.t.~;.,'.~..!.?_nthr).'"lm,t.'lemcnt.~, includin~ th~,

chimney. It' can be sel.n that t~1C cff e C't ')f rrutine-ncquirint-s is qui tt::- c()nsi<1L're.bl~

in' this I)pcratifln. 'rn~ curve inclunes an Ll eml;nt :"'f 'lperntion-l cernin~, sinc .... somt:

(Ji' the pers'mnel hu.~ n0t \:lo.rlicr pn.rticipatcd in this Itinc. r,f w)rk. Figurt: 15 r~lat€s

to the making 11f rf)nf trusses 2.~.i!.£. Th~s ki.nd ,-f 'lp~r{1ti{)n is mucl... lcss

complica.ted than t:lt: atlsl;mbly r"Jpcrc. t.: rinS studiec by ",1rikht in thl' o.ircrat t industry,

nnd the pr)ccss "'If r,'utinc-('.cquirin ls is ti1\.~rl.f"'r(; m,)rL rapiu and the timt.-pt:r-uni t

curve bocomes stnbiliz.:.d m)rc quiCKly thnn is prl;sumeu in \'tright' s thc.-,ries.

4.cc'lrdintsly, tht: 10gari tilDli c . ~n",(,i(ln nf till.: nccumulatell m"an vnl u~ is n"t. E'. strllight

line in this C&st:.
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A study of diff'~rent methods of house construction, carried out by the Building

Research Station, United Kingd~m, presents comprehensive information on actual manhours

spent on different kinds of operati9ns carried out consecutively in serie~ ~8-7. The

results are reported in table I, where the figures relating to operations considp.red to

be of a specifically non-traditional character arc enclosed in a triangle. Similar two­

storey semi-detached houses of traditional brick (type a) and three types of non­

traditional construction (types B, C and D) w~re built on five sites in ciff~rent varts

of England by different contractors. Between twenty-five nnd sixty pairs of houses of

two types or more were built on each sit0, there being not less than twelv'~ identiccl

pairs of one type on a site. In recording the bu~lding times in this study, u pair of

houses ~ather than a single house was us~d as the bnsic unit, because each pair of

houses formed. a single structure. 'I'hl' measure ~f improvement used wE'.s the pcrcentag<;l

increment of over-nIl avera~e over the improved av~ragc achieve~ in the ccnstruction 0f

the la.ter pairs of houses (see "Othi:lr formulae" at thti end ')f thb section "The0retical

models," a.bove).

Table I

Influence of trade and house type on improvement

(United IG ugdom)

(expressed as perc~ntagc incr~ment of over-nIl
nverc~e over improved average)

6 I 3 ,. ~:
- . - ." ,. ,. ,. 10'

5 I~- ..-11'" 16 I

::~_ :.~ __ ~? .. __ ._~J
8 4 14

575

6 9 3

5 0 1

Trade

Bricklaying

Roof tiling

Concreting to walls

Ca.rpentry

Prefabricated partiti0Ds

Plumbing

Plastering

Electrical work

Pa.inting

1Source: LSJ ·

Traditinnc.l

3

5

6

6

4

9

5

•

B

6

Non-traditional

c

4

D

5

I

I .
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WE REGRET YHAT SOME OF THe ,AGU IN THE.-c ~ FICHE CO'f1Y OF THII REPORT MAY NOT. lit TO THE PROPER
LEGIBILITY STANDARDI, EVEN THOUGH THE 1Eir; .-oIIIeLE COPY WAI USED FOR "'&PARING THE MASTER FICHE.
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Detailed r~corda aDd improvement curves have been provided for several operations

on different sites. So!ne ot the work sequences have, however, been dis1Qrbed by

different adverse factors. In this chapter, therefore, the mor~ regular curves are

presented, D8IIl8q those on the erection of plasterboard partitions 'figure 161,
elect.rical carcassing (t1gUEt ~7>'J first stage ot brickwork (fisure 18) aDd noar

b')a:-cHng ~1Ee 19! •

Data on total labour consumption vere obtained in the~ stud7 of forty-tour

llIla··temily houses L-1J. The over-all time consumption vas studied separately and vas

not dertved from a SUlIIID&tion of the times required to execute the different operetions.

The total time recorded thus covered A1.l time, including breaks caused by bad 9<:ather

conditions and other adverse factors. The purpose of the study vas to show what

actua1.lT happened on the site end not what might have happened if the conditions had

been ideal.. In addition, however, the observations were so numerous and. the duration

of the stud7 so long that occasional external influences could not appreciably' affect

thap1cture as a whole. The results of the study' are shown in Ant. iO.. It is

ilriiertistiDs to no~ that, contrar.1 to the experience gained from the st.ud1' of most of

the individual operA.tion~, the total number of manhours required tc complete a house

fell r~gularlJ· according to the theories set by Wright, i.e. the acCUlllD1atecl mean value

of the operational time decreased by a certain proportion after eVer7 doubling of the

number ot executions. !he proportion vas establish~ at 10 per cent, which _aDS that QD

ea.mvalent ot Wrights l 80 per cent rule, valid in manufacturing industries, should be

a 90 per cent rule ~.n the btJilding industry. Further studies carried out bT the same

blrildiDg CO'ltractor cont1.rmft this theory. Thus, another object observed showed an

iJaprovement ot total tJJIle consumption corresponding to a 92 per Qent rule.

The total number ot manhours required to complete pairs of houses was recorded also

in the~ study alrandy referred to L-7J. l)aure 21 shovs the improvement

curvea obtained from t.he study of the number of m8Dhours required for the superstructure

of pairs of identical, traditional houses erected on five different sites. Since the

houses \IGl"e of traditional design, the materials and operations vere not new to the

operntj.ves, but even so in most cases a considerable reduction in the time consumption

over the first few houses could De observed. In tJ.me 22 a comparison is made between

the improvement curves obtained for 1.raditional and non-traditir,n:1l houses erected on

the a8mO site. J.s can be seen, tho decreaso in manhours required is substantial over

the first seven pairs of hO~lses. Tho fall of the curve relating to the non-traditional



ST/D:E/IlOU/14
page 58

houses is sharper than t.he other; nevertheless, it never tal18 below the carve ot the

tr8d1tioa.l houses.

!he over-all time COD8WIlption required to bu.11c1 identical JIIllti-storey blocks ot
fiats has been S'tudied by the·~ Inst!.tute ot HoU&q. !he study referred to tive

bu1.1d i DI., each with five store78, er~cted in the town ot PoSD8J1. The tollow1Ds tae
consumption vas recorded:

~ ...,1.3
I 5.17

II 4.22

III 3.84
IV 4.02

V 3.42
1!le tu. ~ptiOD tor the last buildiDg was thus on13 66 per cent ot that tor the

:tiret baildiDl. SiJIlilllr rv::t'11tflt have been nbt.,,1ned ..1t:t~ trOlt ~ther studT ot three

ideDUcal blow ot flats built in Poznan.

ID 1....1 the total tim6 reqta1red tor the erection ot two identical tour-star.
bu11diDls, bI1ll:t succee8ivelr, vu recorded. ID comparison v1tb the first baildiDI the

vorldDl hears tor the second build1n& amounted to 83 per cent. for the struc1;ure, 98

per cent tor t1DiMiDg works and 83 per aent tor the subcontracted work.
Observations on the construction of six identical buildiDgs in the DarDitsk

district in· nev in tbe ~ap SSi, have shown onl¥ a s11ght increase in labour

productivity. On the otb~ hand, a considerable increase in the productlv1t1' ot the

tower-eraes was ob8erved and the construction time was graatq reduced.

It has been reported trea~ that a clear erfect ot repetition has bean.
observed vb8l1~ are be;:.ng erected b7 the same supervisors aDd the same

organization, .eveD when they are not erected OD the) 3am.e buildina site. Thus, for

iDataDce, in one cont.ractlng firm it has be8l1 possible to reduce the D18Iber of ..moors

per cubic metre of buildings· trQlll .about 9 to about 4 in the course ot the last five

1'ears (SN nun 2V. The decrease in t1ae coDlRllllptlon :I.e regarded as beiDg due

mainq to the ·gradual training ot supervisors aDd operatives. Although COI18tructiOl1

tecbDo1ol7 aDd the dearee of mechanization have developed duriDg the period revieved,

these tactors are not coDsidered tt> have 1r0000t about such an appreciable iJDproVeuDt

in labour productivit1'•

•

•

•
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ptDa
'
],., in hSM. a survey has been JD8de ot the tilDe CODSUII8d tor the bI11ld1nl

of OODtaininl altolether 1,010 tlats aDd assembled trOll ic1eDtical

OCMIpOD8D'ts. !he successive times ot erection tor the different bIlilcl1.s, which were

st.ltaueoulT CODStructed in two sequences b7 two P'OUpaI ot workers, clear17 teM

tovarc4 aD appreciable reduction, as can be seen trOll DI1JE! 24. Some ditter-mces

betweD tiltl baild!DIS, however, 1apeded 8D7 more spectacular saviDl. This vill be
•

diaGWIlecl turtber iD cbap1;er IV.

ID Cseoboalovald.a the Research Institute tor BuildiDg Production iD Prape has

uadert.akeD • _taSled aDa],..18 ot data OD th6 t1ae required tor the proc1IletiOD ot
briok-tJpe .alt1-.toreT buildin•• Ct1'P8 structure G-S?), erected iD 1959. !be tlM

CODInIIp1;101l tor. d1tterent series ot 1cleDtical clvelliDls vu not derived trca actual

proc1Iaat1oD lut vu calculated from actual t1pres obta'ned iD the producUoD ot 175
..1]1"11. !he rellUlta of the.e calcalatiolUl are shovD iD~.

ZIIlM..i

RIm slaG
It.

125 2SO :n5 500 750

Manhours per dwelllnl 8'10 6SO 595 5~ SOO

Index(a) 146 110 100 91 84

Source: IDtoraation supplied by the Goverament 01 Czocboalcr1f8lda.

Ca) BetereDCe run a1&.: :n5 dwellS•••

Da..... reported in the UD1Il studT L9J reter to the coutruction ot 2JIJ dwell!ap

ot ODe aDd the s_ tne. lbe dvellinls were ldeDtical portal tr.e fiats built in

1ibree-at0N7 blocks. TIle structural dea1p ot tile tlats vu staDdard aDd tredit1oDal.

!be t1M required vu 1,990 JD8Dhoura tor the first dvellinl but 0D1T 732 tor th. last,
tile uer..e maber ot _mows per flat in this series beq 882. !be lIIproVeMDt

curve obl;e1Md in this s~ is ahoVD in Dan 22.. In oonaiderq the results 1t

shoulc1 be borne 1D Jd.nd that the tipre on .nhour eonsvapt1on relate to all activities

OD the construction .ite, both b.r the principal contractor aDd by the aub-contractors.

As CaD be seen, the lIIprove••t in labour productiv1t7 at the ead ot the aeries ls

rather ....t. levertheless, thv conclusion vas drawn that tor this tne ot dvelU.

---_ ..-.._------------ --_._-_._.
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.......- na alae~...... at·~ I#J clvel11np~_ IveD it tile labour

I.M ,t.... _IJt. 1. iD DO ., 'affected bI' ezt.end1. tile 1eDIth. oi". series,

....... u.. JfIlq1I1ft4 tor tile nwnSna-t.n ~ the~ process 111 spread over a

...... et "11~••, .... tile • ..w.aw __ Y8lM of eenhanrs per dwelli•

v1U ...... tartt.r. Acoord1Dl to the report ot the stud7, serles ot at least 300. ..
to 600 ldIDU381 ""]t"ls (""'1", OIl tile 00D8trGcU0D _tbod) should be orsaD1sed
it na1 '-ftu of aerlal pndacUoIl ar. to be acb18Y8d. lUad, speci-1 tsed aDd

...,_ ?II" of ••a tor all labaarere have beeD tOUDd poalble 0D1T it the

...1'_ to at leut ODe dvel]!.. per workable clq.

la • a.&IIl ... V, tile 1aboar 1IlpIt tor carl71DI oat tbe tr.ework of 5 identical
..dd••'al 1Id.Wngs vu recordld. Bacb mild!... had 4 stor. aDd 'Wo .trances both

11.t'. to e1Pt nuts. !be 1oIdbear1D& .]18 were cast in situ, ~l. the external

.11... t1ooI's .........bled trca prefabricated coa.cr.te .1Me"ta. the iIIprovemeet
. '" . . . ". ".

la 1.....~Yi_.. CODSlderable, cleaNu_ troa 1,980 __ours tor th. tirst

nanr la .... tint ladldS", to 480 .tor the lut atore:r in the last -.mIdt.. A. c.-
..... ,.. tile illpl'OW8.1lt illustrated iD Qare f!6, the labour ooasuaptlOll dU

.. taU qdte n.acU~ -YiDI troa tile la8t fioor ot ODe build!"I to the tirst
a.o. of --', tile ..oars shoue4 a .1J.&ht 1Dcre.... tlds ill probabJ, clue' to tIl.

t .. tbd donp DOt qu1\e ~Ucal; the bottca floor ot a hd,ld'•

..,,7]11'~ 'WOrk than the O'tberll, even it th. clve1I1DlII are bT aDd
• , • . r • _ ••••

-.. of .... _ tJpe u 1B tbe o1iber noon.
Sledler nsalts bave .. reporW also iD aDOtber DIId.IIl stud7 1'81ard1D&. the

ft'...-k~ of tUee slx-storey polDt blocks, each COJlt.elnt• tIl1rt7 flats.
&11 la .... JIftYlou8 cue, the lo8dbear1Dl .]111 were cas. iD situ aDd tbe exterDal .]18

aid noon 118ft COD8Vacted trea prefabricated concrete e18lD8"t1l. The maber ot
.......... atoN7 -- dOYIl troa 1,800 for 1ibe tlrst t100r iD the tirst blIl1ldtDl to
650 t. tile 1ut atoN7 iD tile last lmld lna ca.aa.zv.

ODe of aaI WM, obteelDed tna the ,...".., stud7 a1.reaIdI' aenUOD8d above L7J,
n .... to ~ ot aiDe ldeDUcal, pen:q pretabricated polDt blocks, ca.cb

~ of n.ne. ldeat1cal Rorqa above paouDd n.oor (see Aaa...a>. the

pd__ of 1sIpnt•••t, le .....ralll" Ule 8_ iD all the bd.ldlncs obeerYed, the

eezt_ dUt.... be'-_ tile t.prCWeMllt curves being 0D11 9 per C8J1t. T1M corunDp­

U. taUa n-di1r tor tile ftrst tev fioors aad is almost stable ... trc. the sixth

•
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•
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storq. .l slight ~crea3e in the manhours required vas observed for the execution of

the last tev storeys. The difference between the aritilmetic mean value of time

COD8UIIlption tor the optimum sixth storey tWi the first I eecond, third, fourth and fifth­

storeys was n per cent, 24 per cant, 12 par cent, 8 per cent and 4.4 per cent,

respectivel1'. The total e:tra. title raquired durirg the "run..'ling-in" period of
. .. .. . . . . . ..

construction was calculated at 6 par cent of tho total number of manhours for con-

struction of the buildings.

In another l'£e.p.9S s';;udy the t~.Il1e consumption was recorded from the construction of

~dentical storeys in slablike, fl1~on-storeybuildings. assembled f'rom complete13' pre­

fabricated la.rge. ponela. The a.ccumulated mean VlJ.l.ue of' r~ours required to complete a

storey decreased in this case !"rem 32,000, after the f~st 'floor, to 5,500 when the last

floor had been completed (figgr....l.'2). It Is interesting to note, however, that if the

first storey is disregarded the time consumption per storey increases slightly' vith the

height of' the building. It l-l(\uld seem that in this particular case, where the storeys

were veJ7 large, the effect of repetition was achieved already at the first storey and

that turther improvement in labour productivity was !:lore than neutralized bT the

unfavourable influence of increasing height (particularly ot rind on the large ponela).

Two )latern GermaJ1 examples of results of investigations into the effect of

repetition ot ide:ltical storeY's in·.multi-family buildings are illustl-ated in tJ,gure 1Q.

l1IPJ:I.,JQ.(a). shows the consumption et manhours L.,. the construction of walla, floors aDd

staircase of a building e:-ected at Berlin-Roseneck. The super-structure of the building

consisted ot fifteen storeys (plus two b~er..ent storeys), each noor comprising six

dwellings. The walls were cast in situ.. In the basement the construction of external

• walls called tor 10 manhours/r.l2; then the title consumption tell to 6 manhours/m2 on the

sixth tloor and further to 3.5 I!lanbours on the last noors. The time necessary tor the

construction of the intarnal unlls was reduced from 7.5 to 2.8 manhours/m2• Similar,

reductions "ould be observed tor the naors alld the stail·case. The over-all manhours

per sqttar\l mE;tre of 11ving floor spaCtl was 10 in the basement and only 4 on the last

nOO1-S. The increasing vert1.cal transport distance boo no adverec infiuence on the

labour consumption, i.e. no "hoight off'ect" was observed. Similnr rosul1is vert?

achieved in tho construction of eight storey residential buildings at Sprendlinger

~.

------_._-------------
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stOrey 1 and 2 (COrridor 1)

store,. 3 aDd 4 (Corridor 2)

storey" aDd '6 (Corridor 3)

Stor8T 7 aDd 8 (Corridor 4)

were:

. ..

Me :rdIl 'FWRrk ~"

1 100.0 100.0 100.0

2 94.0 96.1 86~8

3 71.6 72.9 63.1 '
4 88.0 84.6 76~4

S tTI ~O 88.7 84.2
6 75.2 73.2 71.5
7 88.2 82.2 64.9
8 63.3 SO.7 68.0
9 '73.5 60.2 63.1

10 62.3 52.7 66.2

11 107.3 - -
!b8 vork1Jil hours required tor the erection of a ten-store1' build!DI have b88n '

reported traa 11£_. !he apertaents in the building vere of the split-level t7J)8 with

a Oc-OD corridor tor every two store,.s. Tbe actual vorJdDg hours 'per pairs o~ storeys'

I
100

88

84
82

,ObeerY~~ODS' ,811 the~1rDe ,r~ed. £fJr the construction ,ot re1.Dtorced. COJ1~ete "

tr_s on 1deD~ical_ ~s of·. thi.J'teen-storq block otnate have. be. made in. PoaD4m,

bMIIl. !he ~S'U1~s ~~.'De4', expressed in~ ot, JD8Dbovs per' Ctlbic metre o.t
CODCrete, ,are set, 01l$ "low, in iDdex form.

lloor

.. ,
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!be prerioWl chapter has clearly shown the gain iD labour cODaWlPtion on

.ite that can be attained by the repetition of identical building operations.

this ga.iD could be a target iD i_elf. It .hould also be bome iD mind that,

..._ it DO spectacular co.t savin:s are achieved on the building site, the

iD'kodllOtion ot large series of building compoilente and tunctional UDite has a

.ub.1ieDtial bearing on __1 buildiDa cost through the favourable etfecte ot

repeUtion on the ~J:Cduction cos_ ot building ma1ierials GIld cOllpOnen., as well

. as on the cos_ of desi8l1, p~gruning ane. overhead. One ot these aspec.,

DaIIeq, the effect of repetition on the p~duotion eos. of building materials

aDd cOll,1)Onente has been dealt ri th in a previous stuC1¥ by the mE. fBT Other..-

cost el_en.. affected by repetition rill be discus.ed iD chn.p1ier VI.

In IIOSt cues, the iDcreased labour produetivi1;y attc.iDed by repetition of

building opemtioDS on si1ie is BCcompa.ni.ed by a reduction of operational coate.

ae purpose of the present chapter is to stu~ the nature aDd degree of this

favourable economic effect. Unfortunately, very few data. have beeD made available

on the subjec1;. Even relevan1; information con'tains figures that are of a very

geDera1 cho.racter. Production in la.rr;e series atfecte Co number of cost COli­

POlleDte' other than operational. costs a.nd, indeed, the totel cost is c.tfected by

all factors' of economic efficiency, of which repetition is only one~ It is

ditricu11; therefore to draw film conclusions from the ti:;ures sUPl'lied on total

co.....

tllJl)Bl!ICAL DISCUSSIOlI

•• economc effect of rePetition of' buildin~ operotions on site renlte from

'two different and equally impor1iaDt sources, nameq,
(a) a decrease in operational costs, due to a !DOre etticient oreaniaation

and execution ot the work (improved labour productivity and perfected

equi~ent)J

(b) indirect cost savinGS clue to the reduction ot construction tilDe,

achieved by the ris. in lBbour productivity.

"'--- ._-_ .... ---------------------------------
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The savintJs in direct "pero.tioDQI coste are due, on the one haDd, to the
. . .... ' .' . . .. . ....

Gftdua,l decrease in operationc.l time attained in repetitive work, discuased in

the pr8'rioua chc.pter ot this r~rt;, aDd, on the other, to a bet:ter.orgaaization

and greater specialization ot. the work, justifying in turn better and _re pnciseq

Adapted equipeent tor 1!he execution ot the work and also the introduction of new. '

methods and techDiques. Considerable savings could be attained by ,u~li.ing the,

tint ot these two ettects only, i.e~ rithout challging the organization aDd

teclmoloD' ot the work~ More spectacular savings rill appear. boweyer, onq when

the tull B.dvanteees ot large series ere exploited by the ~eater specialisation

ODd better equipment ot the workers. Such specializr.tion would also haTe ,the

additional adV'GIltage ot enabling unskilled workers to be uaed iD production to. . ,

a rider extent. !his ettect is ot particular importance iD the building inc1ua'tr7

where, in almo.st all Europea.n countries, there is a serious shortage ot akiUed

worken. In addition, the wider use ot unskilled workers miCht lead to a turther

drop in labour coste, since no:amlly UDSkilled labour is paid less than skilled

worken~ This is not alWD¥s true, however; in the case of highq specialised

-unskilled" workers such as concrete workers or CraDe operatiTes, the salaries

can SOIDetime. be hiGher than those ilaid to skilled crat....en.

The indirect savinas gained trom repetition which Are due to a reduction of

consUuotion time are substantial c.n~ ot ~:rc'rine inIporie.nce. Pirat ot all,

improved productivity in the building industzy enables GIl increaae in national

income and i" thus ot ;;reat iIIIporte..'"lce to the ecoDDII7 as a whole. Purt.be~re,

the reductio'1 in construction time tavourc.bly influences a nUlber ot cost el_ente

such as labo\a" on-coste, costs (or rents) tor machinery and equipaent, oapital

costs durina construction time, and 80 on. tioreover, throuJh shorter construction

time, invesiment will the sooner become ettective.

!he extent to which improved 1D.bour prot!uctivi" mq influence builc1iq coste,

direct.~ as well as indirectly, is to a large measure detemined by the 117•• of

reanmere.tion Adopted. It a purely hourly wage sy.tem is -.ployed, 'Ule _tire

economic ge.in from imp1'OYed etticiency due to repetition rill appear in the.
building c081is. On the other lu:.nd, this _,yanNa, where the eta1"Jlinas of the

labourers ere independent. of the resultAs ot their work, does not. greatq incluce

them to iJlr.i?rove their c.bility. The extent ot iIle repetition ettect. CAll therefore

------------- _.._---
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be apeotec1 te be' couid..trabq ..uler t.ban in a sy.t. where the' 'workers bave a

tail' possibility ot sha.riDg the benetite u-ained tro. an improv_ent ot their

ou'tput. Pu-theaore, the indirect savings ot buildinC co..... , _ersing tro. a

recluotioll ot cons1iruc'tion tme, rill be cOl8para.t!vely -.ller in a 8Y8"- which

does DOt prollOte the highest pos.ible degree ot Uaprov.ent. 'lbe o.dvaDtages

aDd c1isadYal1tGgea of a purely piece-rate qst. ot 1WIUIleratioD are the reverse

te tbose ot the hourly wage &ys.... Thus, the direct sariDp iD tems of

recluoed waae co.te 'per unit Are com,parc.tively small, While 1Ihe indirect savings

uaual17 azoe aubstential.

lhich r-.meration qat. bives the opt:1lama reaul't8 in teas ot bui14iDt:

co.... dependa on the conatiou and circwutances ct each cue. Very otten, a

coabiDatioll ot hourly WI1o{;ea and a. bonus for won executed ho.a ~een found to

coat!tute the mst etficient soluti.on. In 80ae countries, bourly waces ~e paid

c1.uri.Dg the operation-leaming period cnd a piece rate for the r8DainLlz pari

ot the work sequence, bo.aed OD the ca.pn.city attained by tho workers by the cd

of their operation-leamiDe period~ Thus, iD most casell, the repetitioD ot

identical opemtioD8 haa a. tavourable etfect, not ODly on labour costa but also

OD the waaes of the workers•

.lccoZ'diDg to experi8llce gained iD the lletherlaDda, a cleo.r etfect of repeti tiOD

OD labour CODlI18ptioD rill be o.chievod only when a. WIlee system is a~lied that

otfers the required iDo8DtiTe~ In thi. country, Q. syst. has beeD succes.fully

used based OD the applic:t,tfl)n to each tuIt et a piece rate calcula.tod fl'Oll aD

e.tiaated basic tille conau.ption, plus aD Q(!dition per dwelling, which decreo.ae.

accorcli.DS to the serial d..ellinc number. .These a.dditiona ore fixed iD such a

wq that the rCIImDero.tioD remains constant when the routine acquired compli.s ri1ib

'libe expected oalculated 1aprov_ent in lnbour productivi'ty.

!he import'lllce of the highest possible labour ~roductivity ODd .bortest

po.sible .CODIlVuction tille ae.a to be .stendiq cro'rinC, a trend whioh would

apPear to fn.'YOur the WIG of piece ~te rElluneration in onc fon or "..nether.

On the other hcnd, incroasing sp«::cio.lizQ.tion and frequent orgtmiaation of worka

acoo~g to firm schedules, based on ilre-detenained ta.rcota for each building

te.. taking p~ in the p~duction procea., 00 not 0.11011' tor much vario.t.ion in the

oapa.city ot 1IOr!ter8, cmd hence do not, nece.aa.riq call tor piece-rc.te r-.unera.tion.
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eowwn, to all wap-.,..'" i. tile DeK for a cOllpreheuive CDc1 peneUatiDg

~1"" ot tIl. eft..t of repet.1tioD OD Uftereot kinds of builc1iDg operation~

gut. apuot t~ tile possible .aTiDga iD operatioJUU co...., .ergiDg from the

_'tIIa1~_t ot labour proc1uctivity a.s a re»ult of the repetition ofideDti-

oa1 tio.., i't i. possible to increase efficiency tbrOuab the re-organize.tion

ot _* aoooztiDa to Dew principl.s, to utili.. the long .eri•• of identical

~ti_ tor 8p8OiAlisatiOD ot the wOrk DIld to introduce Dew iaDd b.t"'r· mechnni­

oa1 -.u....... Saob -ratioJialiao.tioD, of coune, iDYolv.. iDcreuec1 iDTe.tmeutal

ill _*.i.~ -.u....., i ••~ higher capital co.... per _"r~ tIle.e exWn-iaitial an ncoYftec1 podua)q 1ilrough lower co.... p.r unit~ !he opti.Dna

laY i 'on heariq ~en4_t on tile 1'QD .i.e of identioal operatioD8~

.....rtaao. of .. OOftect p:rec1....1'IIiDatiOD of tile rail .i•• ·abould be s....ed

la tIda -.xioa. It, Q8 •••tiIl•• ba.pp_, the rail .i•• i. overestillo.ted

bee.... Dew ftflldr_... call for Dew tecbDolocie., n. real 10•• IIa7 e..ily result

tutee4 of ollOmc gain exp.cted. '!he hiatory of techDical d.....lopaent

.. ..., 1.. ot tHhDiccU illpZOT__'" falline abort of anticipated resul....

, ••_. tile zwa si••• wen not lQZ'g. eaou3h to juatUy the iDitio.1 oc.pitGl

lana....... o-'Uor. IIonovar, a high degree of apecia.1iao.tioD' cula for B hialt

....... of 00-01'diaatiOIl wld.ch IIOMtia•• iJlplie. OD extensioD of cOD8VuCtion time

aa4 Ialatae.. o.uh-a 00... 'lbe op..... lw.1 of iIrv......_ GIld .tanf'}udization l

.....,Oft, ..... to be caretulq ••died in each specific CB8e~

ItUDDS

IDfo.-tioD ..... b•• rec.ived from C.ecibo.lovolda. regardiDg ca.lcule.ted

••• __eel OD the deto.il.d a.aalysia of' a.ctuc.l oos. recorded froa the construction

.0'1 ..... 1MIilcUD~ ('9Pe 0-'7) iD the yea.r 1959 QIld relctina to an a.DIlua.l output

of 350 - ,." ••11iogB. The reduotion of different oost cOmpOnents oDd totBI

00••, •• 'to tIl. eftec" ot rep.U,tion on op.ra.Uono.1 c\)ata and to the ACcelera.tion

01 .. pna.tiOD ~1.; as calcula.ted by the cons-uuotion en'k1'priaes: is shown

la~ !he figure. in the table record the iDtlueDc. of r.,.tition on site

open"'... 0DJ;r GIld tbua do DOt coyer the ecoDOlde. ariaiDa froll th. prefa,!)rico.ti.oD

01 1a:rIe ••n •• 01 COIIJ»OD.- in ettici~3t p.manent fACtoriea. More deta.iled

lato~tio. OD the nlatioaahip betwe. run si.. a.nd the ooat of 1c.bour ODd

••o••foal eqai,..t is y~rided iD tabl. 4, th. illpact of a shorter CODSWuO­

tioD tiM OD tIl. 00.' of aeoh aDioo.1 equ1paent due to 4 IIOre ntional utilizn'tion

,
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Table 3

"

n/£CB/JI>U/14,.,e 81

- - ~-. -- .. ··---m l
•

•• E. • •
Index ot:.

• Bun .i•• I eo.t ot Oth.r
(maber ot RaIl toteJ. i Co..... ot labour :..haD- directt , OY.dleod
dwe1l!Dp) . • i •• co..... IIQ,teriala i co..... icB! co.... ~ co••

t
J ' 6"• equip-,

'_eat
. ;

I125 50 110.7 I - . 12.4 3~3
. .

I t •• •• ••
250 • 100 100.0 75~0 1O~6 2.2 1.8 10.4I

tI
500 I 200 96.5 14~8 10~0 1.8 1~7 8.2

750 300 92.3
I

72.9 9.3 1.1 1.5 7.5
!

1,.
,

600 91~0 72~9 9.0 1~0 1.4 6.7

I t'I 1

t 2250 900 90.6 , 72.9 9.0 0.9 1.3 6.'i., , ,

f. 8oU1"OoJ IDt~...tiOD auppUed by the Goy___t 01' C~echo.loYDkia~ t

, l

-,

.. t
i . t

Index ot co.... (a) Ieo.t per dwe1l i DC
• BuD .i•• (C.ech cm..)t

r (Ihab.r ot
dwelliDp) 11...e. CnD•• WellSe. : CnD••

I . ,
I125 8700 1 460 117 148

250 7 400 990 100 , 100

500 6 900 745 93 I 75•

750 6500 660 87
I

67.
I

•

i loan.J IntomatioD .upplied :,y the GoY.~8Dt ot C••cho.loY8ld.a

; •
(.) u.ter0lM:8 J:UIl .iz. = 25\.· ,111elliJl6a.
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ot the plaDt is pa.riieulArq .triking. It i. e.,"-tee! that tb. io....l co....

could be r.duceel by 18 p.r eet U the NIl .iz. were ni.eel t:&'Oll 125 cl1re1liDp

io 2,250 aweIJjaB*. .l 6 per- c_:' Pin 00u1.4.~ b. aobift'eel by doubling
tb. ·PJ:04uotiOD to 250· -d~'11~; .. . -_ , _ .. - -- ~._-= -.' .,' .;. ~ .

ID th J9I!4I, coaafeDt a tioD hGa tor· a lone time b.en paid by

the 'buiid1Dci r.s8Uch iDatitute II·StichtinC .RAtjob.o.... to probl_ 01 eftieient

bo_tba:ll'UDB_ la this CcmaalOIl, .tuc1i•• hay. ~;.-.;'~, iIlt.;~a~· iIlto

the eft..t ot repetitiOD OD the ay.race eo.t ot c1nllillaa~ III a report published

ill 19621JgJ, it wu ooaoludec1 that houaill;; p1'Ojeo'" baY. to b. split up iIlto

saftl.i.~1arp .m.. ot- ia.tieal d".11in~, ~~. tb••i •• ot tb•••ri••

bu a laftuabl. iIlt1uao. 011 both tb. aY'race ..b.r ot •••u.'_cl 011 th.

ay.... bailc1tq eo.t per chrel1iD3~. III a builcliDg orcanizatioll p1'Oduoillg about

1.' aw.~. p.r' _ or 300 dn1li1lgs per year, tb. calculated .aYings gaiIled

tn. aD iDeA.... ot 'tb. ..ri.. ot id_ticc.1 dwe1li1lgs t1'O. 72 to 432 - ritbout

ob_at.. tb. ouiput p.r y.~ - G80UIltecl to DO le.. tbaD 3,5OC t1. clwelliag, which. . .

oorr.apo" io a -re4uotioa ot 20 p.r ceat iD th. tote.lbui1diDa co••~ .A furth.r
. .

41Onu. ill. but Jc1:h'a_c~at 01 about) p.r cet would be c.obi!Yed il the a.~i•• 01

id_tic&! dwlliap Rn rai.ed ~' 1,1,2· .(••• liS»£!· ~~>.~

... pidaao. to th. eftect 01 rep.titiOD 011 buildiDa 00.... could be d.riyed

al80 tZ'Oll a r.,ort pnpare4 by the wittu'" lor Bui1clilla a.s.ucb iD 'SarIDy.r lJJ.
!la. obj......WJ..cl COllprised a~ut 500 ter:nc. boa••, .rected ill two pbaa.s iD

1"2 aD4 1953 OD a aite iD a. SlWUZ'b ot 1Icabara. .l aubstcati&1 :lJl&)ZOV_t ot
p._tin"" 01 labOUr· aacl a.nu. iD co.... wer. aoM!Yec1 iD tile .eoolld pJaaa.

..•. . ... - : -~- - . -.. -::. .- ....

01 tb. wom. IIaua the bui1cliDg cos'" per square •••• ot 1irillg tloos- apac.

...... nduoed InIl 20) Ill-to· 190 IIi, i ••• by 6 p.r cent. .A de1icJ.led ~ia ot
the haul....tWae4 in di".ret kiDda 01 buildiDg op.ntioD rwea1ec1 tia6t· tb.

·s-ecluotioa iD._ClO•.-' .!o..~ b. rel.rred aJ.o.t euluaiY.q to a. aariD£t in the 00."

. 01. wall ooU'buc'UOIl_ the ooa" 01 tbia opentioa c1J:Opped by 16 p.r cat, wld1..... '" .. '. .- ..
tb. otbe... s-_jlle4 pnotica1.q-eh8nCe4.

Paftu.nbl. eooDOllic reeal'" 01 rep.""tiOIl ••e be. nportec1 also 11'0.

!DJ.A- OD. a. buildiag .1te a.. B.laiDki, tb. lIQIlhoua requincl aac1 tile aalari.a

paid tor tb. OOIl8Vuetioll 01 .ix id.Atica1 re.idatial but14jnp were s-ecol'C1ecl.

Ill. but1c1iDga ..r ••ix .to.... Mab _4 had two en"naee., .&Ob 1eac1iag to

,

, ..
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eighte~ :t1a.~. the construction work wa.s carried out in three [;I'Oups ot
. .. . .. .. , ..... . ..

two buildings each. Groups 1 a.nd 3 bo.d the same ma.ster ~uilder, 'the 88IIe

auperYifOrJ statt and 'the _ame opero;tives, while group 2 consisted ot _tirely

c1Ut_rent lc.bouren, All. 'three groupa hnd e.xc.ct1y 'the same mecboDical

equi~t at 'thei,r disposa1~ !he tolloring Are 'the resul1ie achieved (in

pero_ta.g.s) I

Salaries

GroUl' 1 100 100
Grcup 2 85 89
~~3 n ~

In GIIOther example trom linltmd the ettect ot r81>ot1tion wo.s exQlDined

in the cOIUlWuctioD ot a residenti:J.1 uec. OTer c. pericc! ot tour ye::.ra.

the objec1ie ot reaea.rch were three-stor")' sleb-like building., ~ll ot the

a.. 1&'Pe~ Th. develo::.-_t ot mcnhoura required and lo.bour coats in the

different s~ea ot cOll8truction are :;iven below:

Construction am. a3 lie.nreuracW Sa1Aries~-.!>

1. (1961 - 1962) 22 )cc 100 100

2. (1962 - 1963) 53 000 95 96

3~ (1963 - 1964) 54 330 85 88

4. (1964 - 1965) 92 900 78 86

OYer such a long p.riod ot tille, so•• chongea were naturally mnde in

ill. -rkina technique., but the DUllbv cmd nat.ure of all t.1l. vari.oaa part.

operations r.aincd the SOlle.

•
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CH.t.l'Tm IV

CCNDUIONS NECESSJ.at TO ACHIEVE PLVCmWUE EPJ'&:m OF aE:.'ETITIVE vomc

INftODJCTION

_It an impl'Ov_on" in operc.tioJ1£.l time cnd 0. deerea.se in building costs

are to be ob1;Q.ined Cos (i, result ot r",eti tion, cer1i6in conditions mus" prevai.l.

rhe IIOS" iIIpor'tant of 1ihese con~i tions is continuity of work. The opem"ions

to be carried out must be identicc.l (opera.tiono.l continuity) c.ncl they Mve to_

b. executed by the same opentives and, a.s fc.r ne possible, without breaka

(_ecutioua.l contiDuity). The' fulfilment of t.bes. coDditioll8 is tC'eili...-.ed

by:

( .) o.rchi'tecturc.l a.n<l structurel plnns ensurinG mexilllum identity

ot opere.tions;

(b) odequo.te size ot projeets o.llowin{l tor sufficient specialization

ca well o.s suttieient space tor each of the work 38Dgs involved;

(c) £)roper preplc.nninB cnd or:::c.niza.ticD ot site works; c.nd

(d) o.dequa.te ~-to-da.y mBDo.a.en" c.nl. .supenision of siW work~

'lhen opera."ions ot Go repetitive cho.racter o.re ca.rried out in a. tC'etory,

i" is mereq a. -mo.tter of tboroueh preplcmdncr, ea.reful orguiJlo.tion &!ltl

ob••l"YQDt control, to ensure tJ:Int the work rill run smoothly cnd ri thout ::o~e­

seeable disiurbances. .1.11 the ta.voumble ettects of repeti"ion ma.Y then be

contident~ expected.

UntortUDate~, for opero.tions OD the buildine sito, conditions Bre less

simple cnd the probl..s relc.tod to ~l'Cduction 1es. enS)- 1;0 toresee and tackle.

Buil4;1Dg operations a.re indeed subject to muy more or less disturbing influences,

such CUI ...eo.ther conditions, accoss ditficulties, manpo...er instQbility, delqs

in the delivery of buildin;J mc.terio.ls cnd dmrings, 82eciel l'robl811S arising

when work hD.s to be co.rried out tar tWoVO cround level, r..ne. so on~ nenl

operationo.l continuit,y is o.lso difficult to nchieve, since the buildiDa neces.o.ri~

has to be c.da::?tecl to diftereJ)C.es in the fta.ture and slopo ot the around aDd oibor

siw conditions.

It is not euy to tinl out exc.ctly to who.t extent different adverse

i.ntluences may c.ffect the process of illlprov_ent expected o.s 0. result of repe­

tition. Yet SOlle indico.t.ions a.re obtaino.iJle trom much ot the b:usic IIBterial tor

this rtQOrt. A ten_tive nne~sis of these indications is presented b.lo....

J
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CJPIIA!IOHlL conDUIft

!he buis ot all beDetite achievable trom repetition ot building operation.

i. operational conti.Jv.,i1;y, :J ~e~ the lIOdaJ to be rweBted Mve to be ideDtical.

'!his do.s not meaD that the buildiDZS or dwelling. necessBril,. heve to be

cOllpleteq ideDtical but that their construction should be broken do1fD into as

8IAD)" identical operations as possible. The Swodish report, alreacV' referred
. - -

tolJ.J, give. et. good illustration ot this: while the end ;.>roeucta were

dUtereilt, a._.t all building operations were ideDticc.l~ OD the other hand

the organi.ac.tion ot repetitive work is ot course to.cilito.ted it the d1relli.naa ­

or eYen the whole buildings - are identico.1~ Acco1'di.na to experteace p.ine4

iD th" NetherlgDda, it is I80st important that the d"ellinas be identical.. .
EYeD very -.all difterences iD end produc'k sometilles impq substeDtialq

difterent production opemtions~ Thus, tor instance, limited dittereDce. in

the ~eD8ions ot building unite, pn.rticulBrq in uni co.lling for the us.blinC

of fomwom, or ditterences in the joints bet.ween uni , rill each time

neces.itate A ftre-thinJdDg n ot 'the organization ot the work, BB well BB IIOditi­

cations iD the el.en.... ot IIQterial or in the equi~ent aaployecl, or both,

which iD tum rill require the worken to reco_ence tbe improv_ent proce.s

ap.iD GIld et.gDiD~ The tilDe consWD.Ption c\U"Y'e rill accordinaly be very irregula.r

ODd qui_ unlike tbe iJ!J.prov_ent curves illua'tmted in chapter 11.

An ex.-ple ot the iDtluence ot bre0.k8 in opere.tiona.l conti.nui1;y is sOO1l11

in ~igare 32, 1iaken froa a report fro. FiDIQlld. This illustrate. the time con­

saap"lon recoZ'ded tor ditferent building pz,ojec.... constructed by one GIld the seme
..-

buiYi-DB ti1'll~ !he buic t,ypes of the bui ldings were ,dJlila.r, but ditterence.

appeared, for instance, in the dinsion ot roOIU in ditferent tloors of the seae

building. Genemlly speaking, no decisive eftect of repeti;;ion could be

observed.

!he unta'YOurabll' 1ntl'tenco of opemti:»naJ. ditferences ri thin Co proen-e

of buildings cas.bled fro. qui to identiCAl components can be seen trom the

Prench s1iuq, alre~ reterred to, resa.:N1na 'the construction of twenty blocks

coniGininc !,ClO dwellings (see ti"!!e 24}~ All the flnta were identical
. . . .

except in nt8ber ot roo..: tOUl' of the blockr con't,ained one- nnd two-room flBts

onq, while in the others there .ere ~wellinaa ot ibree, tour or five I'OOm8. One

block OA) consis'ted of two storeys, while 0.11 the others hnd five; the.e

...._...- .....• -_._------



.•. _ ••. __ ..•.. L _

S'l/ml/ImU/14
pap 94

dissildlAritie. - chielq the· lut one - il've rise to couiderable dit~ereDCe.

iD 1ibe con.tructioD tille ger room~ (In the cOllpal'ison, 1ibe kitchen and

batbroOll iD. each flat "ere counted a.s together conatitutiDe one zoom) Aa

CaD be .een, the bre.. iD open;tioJlC,1 cODtinui" di.turbed the s_eml iapzov...

• ent C1D"'f'e, which DeYerthele•• r-.a.ina a.ppc:u-ent.

A .trild.ng illustration of the i.JnporicDce of operetional cODUnui" has

been supplied iD ~ SoV.1q undertaken iD the lfetherJo.DUliOJ, fro. which (.iSH' 33

i. reprocluced. the iDt01'lD&tion relates to the building of 230 sWlar one­

fa.iq house. of vArious size.. The fir.t. 126 house. had a cubic cont.t. ot
225 .;J each, then forty-eight. .ere pJ',--jec'ted with a cubic cont.t of 311 .,

each, GIld finally tit'ty-six with a. cubic contet ot 298 -' each~ "the

• construction 1'105 was .0 organized tbc.t, when a gang of lI01'kera had cOllpleted

i_ wcK in the last. house ot one type, it. proceeded, tive or 'ten llinutea later,

wi.. the ••e job on the tir.t house ot the Dext 't\Jpe~ ft_ the gaDg cbanBed

OVft' to aDOiher type ot house, so ID8IV' el_en.. coutituting wJaat. .... to all

inteD_ and purposes the s.e job had to be .mditied that. the BBDa again requirec1

• long time to get used tn i t~ The planned c1ittenntia.tion iD. this particular

fie14 alone increased the labour co.ts by about 1,000 florins per dwel1.iDa~"

EXlCU!ICIIA.L COIITJIUIft'

It QD iDtel'l'Upuon occurs in the cour.e ot the execution of a. .equea.oe ot
id-.tica.! opera.tions, o..,j,ng to either It. tille break or a cbange - whe.er ~lete

or parf,ial - of 'the operat.ives concerned, the illprov__t cUZ'Ye will sho" •.
discont.inuity ot 'th. general cha.racter ahoWD. iD tiNe 34, taken troll •• Swedish

"pori [iJ. The tisure illusva,.tes It. .cdel used tor the atucl¥ ot th. :lDtlueoe

ot breoka in c.-:ecutioDG.1 continuity. 'lbe a.dditioDal tille conaGlption created

by the break (the M-tched a.rea. in the tieu.) was toUlld to b. v.rT aub tial,

a concluaion which WI208 conti1'lled by' obserr:l.tion. ot ac1iu.a.1 lIOl'k pzoc ~

It was pointed ou, iD the report. that while auperriaor. usua!q 1aIo" troll ex­

perience that aoo'tb-l'UDDiD.g opere\iona a.re odftDiogeous for both .e contractor

ancl 'the -.ployee, there ia parha.pa DOt the s_ awo.rene•• ot .e .ttec'" ot

iDdiYi4ual .a..-n.s, ,specialq concerning th. n-a.llocation ot labou. It-.Y

be just u expensive to und.riGke UDConaidered n-alloca.tiona ot lAbou u to

let .ochiD.ry sioDd idle.

..

,

I

I
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time br.aks.
. !be .->s" cQllDOn break in executionel contiauity occurs when a. team of

worlutn pertomiDg c. 88C!uence 01 iden"io~l opera.tions hc.s to interrupt itswo. for ~ leDls-1b ot 'tille. It the break is coaapamt,ively short .~~ ....

wo* area lott unchnnaed, o.s tor iDstoaoe, in the cue ot Ileal bree.ks or daily

breaks, the workers "'ill IWt lo"e IlUCh of their a.bility duriDlr the br.ak 8I1d

the iJlpzof'GlDen1i :::.>rocess rill oo~U!lue c.lmost undisturbed~ It, on the contro.ry,

•• break is. lOne-"" r..nd in p~-ticu1U' if the workers ere cccupied on other

IdDds ot nc"lvity durinG the l)reak, or it 'libe woJ"k arer.. is beinG c1isergGDi.ed

~~tt ot o+.her cctivi.t1.es: the ~terrupt·ion yil1 resu11; in a serious decrease

iD the capaci1;y ot tile wodt 1;e8lll. T!te improv_ent process rill baTe to re-

COIIiInno. wi.1il a ce.pncii,y Yell beloW' t.bat achieved before the breok. But the-rate ot iml'rovement Zlo.y 'p~ba.bly ~e considero.bly tBst·er in the .econd run. If

the work sequence is :t'cr;eatedly interrupted, the improv_ent 8urve rill be snw­

Uke, divergiDa suba..taDtia1ly from t,bo,t which would have be. obtainc.b1e bad

tIl. aequence not been interl"up'ted~

The· ildluenct,. 01 ti.m4 brenlts (In the prccees ot improvement JDa7 be seen in

time' )5, takel1 from thu .3we(,ish rvpori [iJ. The entire work ft.8 ca.rried

out in this case by ~. same· cpero.ti'?es, but 'they were twice compelled to break

ott. !heae interru,ptior.. ~r~ily lowered their CD.l'Q.ci ty in the work,

p1"ObBbly ceco.uae m¥'y ot the dimehaions tbey neede(} to ~Te nt, 'their liDcertips

were torgotten. Anothel- iMpor'~'1; facto,. wn.s that. the more or les. rationo.1

ennzo_ent iD which +Jley had wc:ncec before the interrup-sionsdet.ericrn.ted Bat B

re.ult. of the wrk ot ot:ler opcrn.tivea.

An ini.ereatina att..pt t:» eat.iJDetc the iDt1u8Jlce· ot tilDe breoks, on the

buis ot certnin r....smaption.. ,.1ft\8 o.]ao mcWa in the S!!C1iah report Li_7. The

.ttect. 0'1 int.crrup'tiions I)fter comr1et.ion ot the tenth QIlU the twentieth operation

wu aoalyaed ter differeni. kinds ot opera.tion (.e. tiaure )6). It WQ8 cODcll:ded,

in_r alia, i.bnt tille 10aao. due to interruption ot work .equ.oes will l'lenerally

be greater the :i.o.ter the break occurs in the preduct.ion proce... !be o.dditional

.tiIIe rill incree.se rlso "itit the relAtion be.een the atoppnce tilla and the time

speDt. on the work before tb" interrupt.ion. Interrupted product.ion prcc..~.es

will, ot courso: lerA 110 [,.rreat.er tiJrae lease. in the cue ot opemtiolUl where the

.ttect. ot rout.ine-ncquiring is high thnn where i·~ is low.
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AD illutntioll ot th. ettect ot a twe break is p:rovided alBo iD the

"I'Ori nceiYK tl'Oll tbe UDi'\eel KiAgc1o.. In the concreting operation shown

la Jlaa.Zl & OnD. bnakdo. caueed a. delay etter the tenth pair ot boUBe••

.. __ ... ...-ed, th. n_b.~ ot ..,.houn per UDit was. considerabq

Ial befor.. fhi8 ettect ot lnck ot contiDui.. PreYeDt1ng the con- '

U_tioa ot iDpn......... i. sbowa also iD tiggre 21; the last pair ot bouse.

d .ite D ...tarMd _re tbe.n ten acntbs atter the prerioWJ pair.

~tlaer ....,1. ot tile intlueDc. et br.... iD time on labour p:roc1uotivity

la .....titiY. 1IOzk bu b.. llUbmit'Md by Pilllect. and i. illustrated in tiF. 39•

.. eta_ rei.. to th. oo••"l'UCtion of torty-fi.... prefabricated one-t_q

_ ..., 8DC1 the op.ratio.. .~i.d wer. :

(a) iDaicJ.la.tion of external well element. (of a.bout 1.5 ton weighth

(b) paulllDg:>t c.iline; (li«1ht wooden .1..-_);

(0) iDa_llation ot pa.riitions (li~t wooden elements>; and

(4) iDatallatioD ot sockets.

!Iae ......tiOIl work ... ca.rried out in two s'tages: the tirst cOllpri.iDg

...... ni•• 110118•• GDc1 the secont six~. As cnn be seen tl'Oll the figure 39,

.. bnak _eel • rise iD labour COD81llptioll tor the tir.t t.bre. boae. iD the

.MODC1 seri•••

IIrn't 1

It is 4.t that a complete chcnge of the wont team occupied on the

_ati-. of .. op.ration oOWles G reourrtlllc. of IIOst ot the probl.s ot

,puatioa-1t.·lZ'DiDC aDd :routiDe-acquirine faced by the original ..... ot women.

OD tile , ..... baad, th. new tema ot workers COIl benefit trom th. p:rop.r

,~..tioll ot th. opentioD ::.ne. its enviroIBent. It is 0.180 pos.ible that

MM of .. .-p.ri.." aain.a by the origiDa.l work.rs could be .har.d by the new

-.-. I" 1. reaacu_bl. to u ...., tber.fore, that the cnpneit.Y ot the new tema

wlU li...nber. botw.en tile ori~l CAd the ul'timnte capacities ot the tirst

__• U tile origiDcJ. 'k~ is not entireq replneed, the ettect on the illP:rove-

_t .no... rill depend laI'geq Oil the importance of the r~laced operativ.( s) ~

A ohang. of the penoDD.l pedoming siJlpl. 1'Ork ot Co aPrrice cbameter will

...... 11tU• • ttec' OD the went, while the replcc_ent of the key lIOmer in th•

.... ooald b. as iJIporiell" as Go cban:Je ot the whole team.

.-
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The Sweaith report~~ gives a good eXAQple of the eftect of ch~ging personnel

(figure 38). The operation studied was roof-laying and the chanae of personnel took

placa between the fourth and the fifth unit. The c&.lculated total ti&e loss caused

by this cbange amoUDted to 47 -.ohours, i.·e. more than I nanweek. But this does not

thro~ ~ light on what happened on the other jobs. It merely shows - but this is

important - that the change of personnel was in fact justifiable only if a total tice

pin of more than 47 -.nhours could be expected to be achieved elsewhere. Such a

Dving is, hoyever, almost impossible.

The experience gained in Sweden on this 8ubject is confirmed by studies

undertaken in the United iCiJld2!. It has been reported, for instance, that where

there are constaut changes in gaD& formation, a8 is someti..s the case on finishing

operations, the blprove..nt is modest if not nil.

SUPPICIENT mu: SPACE

It all the different teams occupied in the construction of a building project

are to be able to work simultaneously on the same site, without losing any time,

one alter the other in long work sequences ot identical operations, the site must

provide adequate work space. This is an important. tact to re~mber, in particular

concerning multi-storey buildings, where the different teaas i~diately they have

finished work on ono storey should be able to start on the next. If the

construction includes wet proces.es, for instaoce the dr,ying and hardening of in situ

cast concrete, it i8 nece~8ary to extend the work space to take into account the

time requirod also for these processes. If the work space is not sufficient,

executional discontinuity in the operations will occur, with serious effects on

labour productivity. The provision of sufficient work space is obviously a

function ot a project's size and nature and the degree of specialization applied in

the wor.k. In properly planned and co-ordinated work loss work space i~ required.

A stu~ carried out in the Netherlands clearly illustrates the importance

of sufficient work space. Tho invostigations revealed that the DOSt economic

total work space in the particular case studierl comprised the combined floor areas

ot not less than twenty, and n~t more than thirty, flat.~, Tbe project contained

tour blocks with eight flats per floor. As two blocks glJ.\-e a work space ·.,f only

sixtoen flats the contractor discovered, after some time, the nece.sity tor



extending the work spc.ee to ccmprise twenty-four flats by inclu~ a third

block in the builclinS process. Later, he W88 led to includE' also the fourth. .

and last block ot the site, with the I:esl!lt that the la.bour Md equipment b&d 1;0

be put to work o.ltematively on the construction of substruoture and two
differ.t kinds of flat. (1) l:oreove~, the work space shraDk toWBrds the end

of the work from thirty-t1ro flats to twenty-four, then tG sixteen ODd finally

to eight because, orinrt to the methoi'. of wcrk adopted, the o,erations bad

adTaDced to Co hisher storey in the first tT:o blocks thc.n in the third, while the

fourth block was even furthor !lehin(l. The bn~ resul1;s ot the or8QDization of

work adopted are shown in ticure 40·.

IIPUJBICES OP BXDBNAL CRIGIN

'lbe most important externa.l ft\Ctor influencing buildint,; opemtiou is the

weather. Rain, 'rind, snow ~c::. cold wec.t!ler sl01'1 10wn th6 work rat. and som..,;.

tilDes render IU1Y kind. of orJc.nizc<1 work ~ssible. According to the experience

g;U.ned in PiDland, for ~le, the succession of seo.scns sOlletimes toto.lly. over­

sbade.. other ta.ctcrs attt't)'tinr; l.IuildinU work. If t.'le \'ICrk is completely stopped,

this crea;t•• not only uneaaployment but o.lso the disadvcnta;;es ot breaks in

continuiity mentioned in the forocoing po.raccmphs. In any co.se, t:le ~rk rc.te

.10.. down, partly' because et tho decreo.sed ability of the women cnd partly

u an effect of more direct influences - for i:lstance, wind blo~a ~e larae

.1 handled by crone, Cl' additional work necessary to se.teguard the quc.lity

ot the p1'Oduct in coId Md snowy "enther. The improvement curve shown in

fiiP!' J.2 could serve e.a an example ot the influence of unfavouro.ble ".ather

conditions: the tif'tb ond eicbth operations wore di.sturbe~ by milV' weBther.

An exemple of the see.s~na1 influence of inclement weather on the productivity

ot buildina operations is provi4etl in tinure 10, which. is tnken from 0. 81iucly

mad- in Pronce ot the lp.bour consumption required over a lona period of time

tor uectina steel sbutterinC et the tunnel type. As can be seen, the Dlaber ot

workina <Iqs Ba well as th! labour productiv i ty, is 8ubstc.ntially loyer in

December, Januo.ry and Mo.rch then in the prec~nc Md to'le subsequent months.

(1) The first three floors ot the blocks contained portal-frame flats while the
top floo'l' fla1is were of a gallery type.

•
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ADotller ._...~."faCtor subject 110 Ech" discusaion i. the .ffect of tile

lUg. of bpiHiDS'. So•• experte are ot the cpiDicn ~t this effect i.

negligible in the cue of buillincs of under _.tor storeys er so. Oth.~

point out that .weft1 slightly untayo1D'eble effects be=p.n to occUr as tIl...bel'

of" .to~ iacreaae.. ThwI, for ins1iGDce', 'the wol'kel'8 take are 1;iIle to reach
"11' 110* po.iUo", th. delivery of materio.ls become. oore difficult ..4 tiae­

eou-iaB, aac1 the wind is IIOre di..fficult to con~d vi1ih. Althcuah fi1'll

co_luioa. abould not be era- from the cbsenations se far me.c:1e, IDOI\Y studie.

allew ...t •• tiIae "t'Iinc1 t01' tile Tertical 1;raupori of el_en_ i. J.emlly

ot liJIitee! iIIportlcD.ce COlBpU"ed with the tiJIle for their loc.tina GIld UIlloadiDa.

the influence of tile wiDd is evi,:utq conMtioDed by the type of liftina equipment

used aDd the abape and weight ot the el_ent. A omne is of course mere

...i tiy. tbaD a boist, ODd c. lorae, llGht element more seriouq nlteo,," than Co

..ul, heav on.. This ia coDtil'llea by the Prench report. f17, l.t~ lThi C:1 Cur:CE were

pn••ted nlating to tile usembling of prefabricatee pc.nels and to the 'O~* ..4. .
oo_retiDg for the iD ,Itu out 10Bdbenring s'truetur. of sixteen-storey builcl1n(CS

eno'Mcl on a rather wiDq site. A slight increue in the operational tiIle was

ob.el'Yed for the panel-aa••blina work from the sixth storey upwc.rda, ...bile ...

CODer.tina 110_ ...re DOt affoeted by the increcaing heich" of the buildiJaaa (••e

Lime 2l•..~,
When e series of operntions is approaching ita ene, ~ certe.in increaso is

oft.. ob....... iD the opaatioD&1 till. p81" wdt, i. e. the 1"8t op8l'l\tiona

nqu1n .ere tiIIe than ibcse immec1iately precedinc them. This "ead eftec~ aa.Y

b. due to -the insUncUTe slorint: down which cccurs as one o.pproBChos one' 8 3Oel•

• r8O..er, c.t this s.ze, there is often c. relnxa.tion ot su~)el'Yision 3S well as

a. aegree of tli.aorganization, e.i~. cert..."l.in mnterinl8 ere r#lre~ aeinG clireoted

to other tr.aka. So.etime. the end eftoct hns beon a.ttribu'Md to c. fiZ'Oring t.a.r

.-oag th. woaers that 1ibey may be unable to o~taill Q. now job ,.,)}8I1 the present

one i. finished. Pinally, some eJQerte consider tbnt Co certa.in amount ot

lusituae IIa.Y be due to the frequent repetition :>1 idenU.cel operetions. With

the nu.ber ot repetitions usual in the buildinrt industry, a.t least in westem

Buope, ho....Z', 'lbe probl.s of lusitude would seem to be neclicible.
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Altbouab ot ill......rial aupplie4 tor ibi. repori c18uq aIIo.. tba..

iIle _4 ettect to b. tekeD into acCOQllt :la tile pJamiDC ot bailc1.:laa __. . . ... . .

C••• tigure. 5, 28 aDd 29) it i. tar 1••• iIIporte.Dt ill. clUtioulU•• eri.1Da
tJlOll tile :la'boc1ucUOD ot a Dn operatioD. Wbat .•uld to be _ .a
ett..t could :la ...,. ou•• b. attributed .illpq to ... ac141Uoaal .* nplrecl

:la oo_moD wi.. ill. __UOD ot ... last op8nUou iD a ••ri•••

,
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CBlPBIl V

PLAlBDO AID \lROAJIZATIQi OJ' BEPETITlVE VOBi:

DTBoplC'.l'IOH

It has been aho1lll in the preceding chapters that substantial improvements

in labour produotivity and reduotions of bui lding ocsta CWl be achieved by the

execution in!aQ.uence ot even a limitdd number r4 identical builcl1ng operationa •

It haa alsC' been ahc1IIl that the favourable effects ot repetition oan be part17

or even totally neutralized by the influence ef a number of adverse factors.

or decisive t.portanc6 tor the suocess ot repetitive site ~p.rati0D8 are the

thorOQlh pz.plaaniDS &Dd proper organization of the work. The present chapter is

devoted .zcluaive17 to tbese questions.

ID ao-oalled. "traclit1cnal" const1'\lction, partioularq of s!D&le objec'ts,

knovl." about the VOK to be exeouted is genera.ll¥ li:l1ted while the faotors

iDflu-,oiDB production are DUllereus. Detailed. preplanning and sy8tematio

orsardsat1on er tb. work arc therefore often imposeible. In a~ cases the

81te work ia atarted even before all e,11J,;Hd.~ BDd .p6~if'ioatioD8 are availer.ble.

ID such circucatanoes .t:ticien01 of the building ~ork: w1ll depend excluaiveq

on the iJlp:roviaaiiora abillt1' of tho 8l.lporviso17 ata1'f and on the workere' degree

at flezlbilit7 aDd skill.

It, OIl the other hond, oonstruction processes are hiBhl.1 repetitive, new

aDd bet'ter t01'll8 r4 orgcm.a.aat: I'\ft oan be ap})lied and are indeod neoessary. It the

••thod et orcam._a'tlon r·..-aina tr&4d1ttonal, t!le favoura.bla effects of re;>_tition

will be part17 or entirely lU(jt, Moreover, up-to-date methods of orsania4tion

8q help Dot cnq to reali•• the favourable effeot of repetition but also to

enhance it.

It mq be reoalled in ~his connonon that tll~ initial rate ot improvement ot
labour productivit7 attainable q, repetition is consider~b17 higher for,.i.ple

operations thaD tor Dore oOl'.ple.x on08, and that a sta.ble output :la attained

ocaparativeq sooner for the :toraer kind of operation. Tho possibilities of further

i~rovement of la~\r prod\lCt1vity through tha introduotion ot new teehniqu88 and

aore speoialiaed eql1ipment ::Lro a180 greater in the case of simple operations.

It i8 natural, therefore, to tl")' to divide the constrllctio':1 work into a lllrge

m.ber ot simplo opol"tl.tions and. thus to enable a. high degree ot specialisation

ot the opern'ives. Tbi:.;, hC'wuvo-r, nr{l~tN!' RArif\1l8 })l"vblcms of co-ordination
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!:.red. ia 0Il17 ~e..ibl. ~or larp projects. -The optiJm.uD degree ot speoialization

18 t'" iD eaoh 0... larp1¥ c1epeadeni on the si.e of the lNild.ing oontract.

!lIB

ID the o..e 01 hiBh17 rep,iitiYe construction prooesses , it has been ~OW1d

aoet .uGoti•• to orp.rd•• the work aocordiq to prinoiple. ver¥ .i.ailar to those

waed iD tbe aanu:tact\lri.ua iDc1uatrie. tor the au. produotion ot oorunaer BOocla.

~ to~ aite operatiou, thG produot cannot of oou.ne be aoved from one world.DB

.tatl_ to aDotGer, instead, the operative. ha.ve to move betw••n dif'~erent
. .

voltd.ac anu. the .oat oc.aGD17 118ed denomination at this method of oqanizi.rJB

the WOK i. the "flow-line ••thod", but oth.rs suoh as "taktarhel't", "travail

l la olld••-, "traftil oadaDGt", eto. are also used. The ~lo1l-liDe .ethod 1s

bM... OIl.he ~ioal e.O\1t1on ot oertain repetitive taeke b.J ep.oiali••d PDP.

'l'Jae wo_ i. uaa&l17 plumed ae ~oll0W81

(.) all tbe .eparate taaka, to be given to di8tinot op.rative-te.... or to

. ~t.ftIlt ooatn.ctOft, are listed,

(..) _ .. the Gpeatiou liate4 a "kq operation" i8 .eleoted, i.e. the WOK

tor which a replar J"eourrenoe .e.. to • etp~ iaportaDoe (~or

eDapl., tile P01.lri.DB at CODoret. wall8 ud tloors into larp torme), aDCl

the oorreapoodi. 0701. tiDe i. tixed,

(0) the whole plauiaa ot the titt.reDt operations ia then built up around

the~.. oaloulatecl, all the other operationa beiDB arrapd b.J
.1a1Da the te_ oODoerned, 80 .. to enable thea to tollo1f the •••

-.quao••

the o1lo1c. of It.., operation ia tundamontal. Aa, in practioe, it is not. ~...,..

poulb1. to adJUDt tIae ..bar et women ot a team aooordiJiB to theo17 - it ia

i.IIpoaalb1. to us. 1••• thaD 011. worker or to t.8. a traotion ot 3D operatin, tor.
iaataao. - there i. 'bound to be aome 81ao~( in the use of os.npover. In order to

keep tlaia to • ainl.. ancl to' ahorten as tNch Q8 pO.8ible "'he total till. on WOK,

tile kQ' openti. ahcu14 be O"lG o~ the "oritioal" operation in the sense ot the

Critloa1 Path .tllo4 (CRI).

Due .ttenti_ ..t be paid to tbe t~t that the work teau should Dot iIIp.ae
.e DOtlaer. 0D1.J OIl_ t~.. at & time ahould work at· arq one world.ng .t~tlOG.

la tbe pl...l.. of flew-lia. produotion, tb.re~ore, ohnrta are use4 which ahow

IlOt oal7 tho dGft10JlMllt of pl'OCluctiOll prooe.8.. over tille t but aleo :relatlcaaJlipa

•

•
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in space. In their simplest form, ~h6~1) oharts are very similar in l~out to ~

underground ra.il~ schedule I the line is divided into seotions with a s,eoial
. .

signalling devioe so that one tra~ m~ entel' a new seot;.cn on1.7 Yhen the preoedirlJ

train has actU3l17 loft it (fi8UN 41). B&1t on a. more oomplioated railva:r ohart,
" ' ...-.............

there are tra~ running at dittGrent speeds, express trains overtake slo1: trains

at certain stations, and even on s~le-track lines there are trains going in the

reverse direotion and. crossing at special ple.ces. In the saI:le Ya:¥ the simple. .
~lann~ of work described a.bove ma¥ -00 refined b7 letting some operations prooeed

simul'taDGous17 at diff.eren, apedds. Thi ~ may lead to a greater ef'ficienCl' ot t~~

workers. L:Utevi.ee there mq be trains tra.velling in reverse, that is workers

doing sOIDe operation in reverse order. Of' course the "crosainptf must be

judiciously located in order to 3.void "oollisions", i.e. one team ot yorke1'&
I

interfering with another.

In the early clal's of the flow-line r.etho(l., great emphasis 1188 laid on the

standarc11sation of build1np or building units, and the specialization of building

enterprises aocordiDB to the standardized products_as aimed at. DI.1ring recent

7ea.re it hae become olear in several countries that strict speoialization

aocordiDB to product is not alvqs possible, nor d08s it a.lvqs provide optimal

resulto. The neY ooncept of a :flow-line nonsistiDB of .tandard speoialized

teoh=101ogLes to produoe ve17 ditfo:l.'Ont products has been intro(1uced. 'l"his kind

of o~ga.nisation is cost valuablo to builc:ing entelprises :'n r.1udium-sis:ed to,":ns

,..here the inclusion of widely different buildinp in their icveatment plOJ". io

unaYoidable. Experiments of ·this kind t:.re beiDg o3.rried out, tor instanoe, in

Hl1!'J.6'&l7 •

i'llere is i;he problem of' hoY best to elaborate york schedules to take into

Q.Ocount the sueceesive iJDproveaont of labour prod~ctivit7 due to repetition.

'1'heoretio~17, tbel"e are two p08sibilitier:;, namelJ":

<a> to retain coutant the mlDber ot workem carrr1nB oUt the different

oper....tioDS ar.cl gradually do~ronse the time tor eaoh un!t ot the ~crk

process; or
•(b) to retain a oonst8ltt dpeed or the pl00cess and poadunlly reduce the

ma-ber of workers pertol'lUDB tho difforent t:18ka.
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Both methods h:.vc their advoca.tes. It the duraticn ot the ke7 operation is

dotermined QJ a technologic~l process (for inst3nce, the tice necessar,y for

hardening concrete), or Qy the c~p~ci~y ef cec~cal equipment, it would seem that

the only possibility of utilizing tha re~etition effect is ~ reducing the number

of workers. If technic~lly foasible, however, it would seeD more advisable to

ada.pt from time to tice the &oneral work rhythm of tlla flow-line, since this DO£LSure

does not involve brealdng up the g~ngs or re-~Dplcying superfluous la.bour.

In pr~tice, it is extre~e17 difficult to estimate in advance the maDhours

required for the many different opera.tions nccossa~' to construct a building.

I'or this reason, it has proved pra.ctica.l in sorae countries to train "emergenc7 ganssl'

possessing a wide renge of Skills, who opera.te outside the flow-line organiza.tion

and are able to help 3nY spocializad g~ that happens to be behind schedule.

Another possibility is to provide for so-c~lled "bumper opera.tions" in the flow-line.

It might be suggestod th~t a flow-lina with ~ increasing spead of production

be dra.wn up, according to the iClproved productivit7 obtained by repetition. This

would mean, for example, th~ graduo.l shertening of tho dura.tion ot repeated (C7clic)

processes and the gra.dual incrt1a.sing of l!J.bour productivity. Certain investigations

have begun in Hungar,y concerning the pessibility of organizing flow-line constructiOI

on the ba.sis ot m<1thematic'J.l J:lodels of the iJ:lprovement curves. In view ot the

complexit7 of the flow-line pl~ng method, however, it is not sure that the

intro~uction ot a new p~raaeter of this kind would be justified. It must not be

forgotten that highly ~tog~ted prodaction of consumer goods is scheduled over a

certain peried, on the assUClpticn of a. constant speod of processes. ~t this is

done onl7 atter a certain runtl1ng-in period, corresponding to the initial steep17

falling phase ot the improvement curve. Allowance fer 3 similar running-in period

might be BUgB9sted also when proeramcing construction flow-lines.

PRACTICAL APPLICaTICJl:J OF .£~ FLOlf-LIlr.& I{b~

It i8 in thf# socialist countrios of eo.atern Europe that tho flow-lino method

in construotion haa been studied 3Dd used the most. The ccncentro.tion and contr3li­

zation ot investment prosram&\os, of ':'..rchiteotunl and Ii"ructura! desip work 3Dd ot
the construction industr,y its~lr, h~ve onablod the repetition of operati0D8 OD the

building site in unprecedtJnted s~~rios. A. ltl.rge share ot housatuild.iDc (40 - 80 per

con~i8 projoctod QJ stato-Gwned ~rchitccturel ~nd structur~l ~roj~ct inatitut08

J
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~d oarried out by state-owned building enterprises. Housing estates are big- .. ....
and usually there is only one firo working on each building site. The firm is

thus able to evolve modem, industri3.lized methods of building and organization.

The local authorities and central departments which invedt in flats ~re directed

~ central governm~ntal institutions (state comcitteos for construction,
'. . . . .. .'

ministries for construotion, etc.), which iapose on them the use of centrally
designed type-proJects •...

Several means serv~ to attain a high degree of repetition in the planned

econ~ CountriOSI •

(a) standardization and typification of building components and buildings;

(b) planning according to the principle that, within a certain area, only

~ few standardized technclogies should be ased;,
(c) centralized long-term programming of capital investm~nts, taking into

account the principle mentioned under (b) and ensuring e rhlthmical

completion of buildings;

(d) specialization of building enterprisos, each ~nterprise working in a

limited area end on certain types of construction work only (e.g. the

construction of housing estatos);

(e) incroase of tho size of buildiDtt enterprises and alloca.tion of a constant

(or increasing) amount of work to le.rge enterprises.

While the long-term programming of capital investments in the socialist

countr1~s of eastern Europe does not form part of tho flow-line aethod, it is

higb17 sensitive to the requirements 01" tlolf-l1.no production. The lfOrk ia usually

organised only whon the long-tom invet3tmcnt plans have been fixed, it being aa8umed,

however, that full provision h~s b~en made for the 3pplic~ticn of the flow-line

method. Once theso plnns hevo bUi;;n fixod, the ellterprises mUf:;~ decide hOlf best to

break down the production proco~s by op\lratioll and by operators. A. production

rhltha has tc be est~bliBhed and the procosses must ~ co-ordinated in time cnd

space. This problom has been th(,'troughly studied, in particul:.l.r in Czecho8low.ltia,

Eastern Oermarq, Hungary, the Ukr3.ini~ SSR n.nt\ the USSR. A. oomprehensive thec17,

including a torminologf ot mor6 than 150 concopts, and n 8ori~8 ot tormulao have

boen established. Sec reports liil and Lii7(l)

(1) An nbridBed AbBtrGct or tbe lattur report do~ling with the Gconemle ctf~ct8 et
u-iD« flow-liD• ...uaou :la cOD_tnotlan, 1. pI'OYicl84 iD _ea IY.
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The even-r!JTthm flow-line (see figure ill is the simplest case, oocurr1q ftr¥

••ldom in practice, normally only in the erection of identical buildings.

Usually, the different element;::.ry or specialized processes (flow-lines) have

different characteristics that have to be taken into account. In this case an

Wleven-r&thm flow-line ha.s to be pl.:mned a.ccording. to the tiff... To1._

ot work to be executed in the different working a.reas. Figures 42(a) and (b)

show certain typical possibilities.

There are flow-lines of di£ferant occplexities, n3JDely I

(a) the eleaent&;l flow-line, .~nsisting of the oonsecutive performance

of' a single elementary process (e .g. pl:l8tering) on a number of' working

areas;
(b) the speoialized flow-line, which is an aggrega.te of' elamentar¥ flow-lines

united ~ a single Bystea of paraaeters and a single flow chart and

c~ncerned with a common product in the form of an element or part (or

installation> of a building;

(c) the whole-bW:-JAiM flow-line, which is aD aggrega.te ot specialized tlo....­
lines the joint product ot which is a finished building (or installation)

or a finished group of buildings (or installations) J and

(4) ~complex tlow-line which is an aggregate ot organizationally related
Whole-building flow-lines, linked by a oomuon complex produot (an entire

hOU8~ estate, complex industrial onterprise, ate.)

Continuo", flow-line production is ca.rried out b7 speoi.J.lized builcl1nB

orl&Dizations with a predetermined capacity and with the necessar.J equipment,

materia.l and technical rasources and funds. The pl3D for organizing the .Clrk

contai_ tiYe l'J~in points, namo1¥ I

<a> planning 'tno production progr~.J:lQe of the building organization and its

units in relation to the requiramonts of tha continuou8 flow-line

aethod; •
(b) deterain:...tion ot thi: structure ot the flow-lines (ace bolow)J

(0) determination of the dur~tlon ~d mothcd of the opcrationa in the

flOW-lines;

(d) doterQination of the requirements in t~ra8 ot production resourcea

(.aterial, labour, equipraent, etc.), tho sourcos from whioh thoy 08Il

be .et and the procodurc.~ and tiaing ef thoir l.elivo17; aDd

<e> determination of the etruotuN ot tha bu11t1i"B crsan1zatioD.

•
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Ions-term continuous flow-lines in construction 3re planned on the basis of

the following main principlesl

(a) production capacity is invaria.ble 3.nd balanced between all pa.rts of '1ihe

construction process,

(b) the construction process is uninterrupted ~d its speefi constant;

(c) .~nstruction firms use standa.rdized building components and

standardized technologies.

Several socialist countries of eastern Europe have worked out special

instructions for the programming of housing construction according to the flow-line

method. A Ukrainian publica.tion LIIJ prescribes the following minimum standards

aa cOIIpared vith no1"llaJ. valuosl

(a) a 15 - 20 per oent increase in l~bour productivitYI

(b) normal values of the number of manhours per cubic metre of the built-up

volume of buildings;

(c) a 15 per cont decreesG in the duraticn et construction,

(d) a 5 par cent reduction in tha catalogue cost ~f buildings, .
(e) the oompleticn of dwellings Jm1St be rbythmic :.nd even, the numbor of

dwellings cOJ:lpleted qU:lrterly being ~llowed to differ only b7 ..t5
per cent trom the o,vcrage.

The methods described al,ove are still under develcpm13n1i,.1Jui th.,. ~...,. .,
.Iona ......,1 aheel .-.JP. fo~ tla. ~118 of houlliJl!f produnion in ........

Europe. In recent years 8011e up-to-date methods have been added. In tho USSR

and Rl1ngaJ.7, work is beina dcne on the use of mathematical analysis and computer

techniques tor determining optimnl s~lu~ion8 fer flow-line cons~ruction. There

are reports from the Ukrainia.c SSk r.nd Hungarj' on the eu.ce8.f\1l use ot ol~c~ronio

computers tor the purpose of flow-line programming. In th~ UkrBiniu SSR, fer

example, Q, solution has been found tc, the pl-oblea of cnlculntiDa the optiDna rate

tor the COD8truction ot "ow1..~· estates, L"ld m~thods h~L"rG been deviaed tor

pnpar1Dc charts tor ~ht) long-te1'll planning of crnatruc~1on 'tv continu0U8 flow-line.

T.n 078r :m4 Ssolnok (1Ia.ID4P17), the flow-line pro~raamiD6 CJf induetr1!\l 3l1d other

buildinla has been made ~ means of 'he Criticcl Path .ethod.

Iu 1963, aa a ro8ul~ of tiow-linc conGtruct1on,conat~cticntime ~t the

Damitea housing developacn't in Kiev, Ukr:u.oir.n SSR, w:w reduced b.J 15 p~r cent,
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labour expenses by 13 per cunt ~d building costs by 12 pElr cent, compared- w1th

the state norms. In the flow-line construction of tao first unit of the

artificia.l f1bre plant in Cherk3.Ssy, tr.cerain1an SSR, ocnstru.ction time wne three

months less than the established norms; l:lbour productivity '"-8 incre38ed b7
14 per oent ani utilization of ~~ilding macbiner,y Qy 20 per oent; oonatru.otion

c~sts were also greatly reduced. 0

Speotacular results are reported also fr<:m other countrids. In Cseohoalovakia.,

labour oasts in briok house constructicn decre~ed b,y 50 per cent, the coat per

SqUllI'd metre of useful living sp"ce in brick houses by 17 per cent ·md .i.n large

p:mel house8 by 16 par cent Ll2.J. Tb~ tCverJlge 8IU111al produotion per wOKer in

Czeoh08lovaki~ hns ~sen to 2.35 tl~t8 (in the case of large p~e1 buildiDse,

2.82 tlats) as cctlp:uoed with 1.40 flats by tr~dition~l conatru.otion. The
. -

construotion ooats per 8qU~~ ae"\re of living floor arec h~ c.~ the 8N:le tiae been

reduoed trom 1,839 crowns to 1,694.

In 1I!..u1g&r.r, aD incre~o in l"bour productivity r....ng1ns 'b6tvaqn 20 nod 40 per

oent hns been ~tt~ned ~ using th~ flow-line ~othod. !ha aasaably time per

dvellinc d06re'3.Sed from 1.06 d~a und.er non-continuous orgnniz:l."tion to 0.56 - 0.83

~s. A d&tn.iled .';tth~matif\nl "!.n~L1¥8ia ef the results, tnld.1'1B into :lOOoUDt the

e.fteot of gr&du~l impl'ovame:nt in l:,.bour productivity, showed th3.t tho number o~

manhoura could be reduced 8t11l further tG1R'.rd.3 th.., value ot the ultbate

oper3.ticnnl time (0.33 dq'a per dwelling).

J'rom !u1pri3 it is ~pcrt~d that tho introduction ef flow-lino methods cd

construction se in-r h3s rosultad in en increaae in labour produotivit7 ot 8 - 20 per

cent, a reduotion in constXWIlctie'n time of :"l.bout 30 par c&nt and '1. deoreaee in

building coata ot 6 - 12 p8r oent.

A v),ri~'t ot thA flow-li:~tJ syatee, thE. "T:::kttLrbcit", bas 'been 8'9'01"4 in

Westorn OeraaD7 L3J. Its use br.:.s 80 ffJ.r beGIl restricted to individuel 'bIdld1Dc

sit68 but, it lleceas~r.J, it could bo .further devoloped fGr usa on a sequence ot
~Aildinc sitos. Thia 87stem distinguishes ~~tween whole ste", ~jo--41p•• (Gr'Jbtatt).
and specialiaeA~(reint:~kt). 1'he 8equenco ot whc,le atore.r tlow"111108 OaD

be eithl3r horizont.J.l or vertical. Tho speci:l.lizel tlow-linos c.m be repented. on1J
horizontnll.Y. It the ..l'lr~tion (cyclQe) of t.ho iDdiyic1u~ tlclv-lino proo...·O& ia

determinod in ~dV3nno, it ia o~llnd ~ tiD~ tlow-lill~ (Zcit~nkt); it i~ la

dutamincd by th-e vutput of indivi'!u:-.l 'Ifl)rk~r8 fIr ~. it la u~16d ~ 'aM
LI.f~ (r..olr,l.n...r.t'lktJ.
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111 the cOl18truction industry, unlike the m=ufD.cturing industrJ.G., tho e:turn.tion

ot tho ~d1vi~~l flow-line proceaaos c~~ot be oX3Ct~ ~uter.mined ~3-7. It ie

onq the f'oDlt\tiori of tha grmp th~.t :;.re determined in adr....nce; the duration ot
the inc1iric1ual proce8ses Will ol13DBe during tho 04Cccution of the build.i.ng(s) t ••••

.. a ..., ..... of ......'tMr but al. of routiae uquirJ.ae (Iinarbel"-a). t!len­

tOft " ••rilWa·-t1edb:Uf...,. ._ be tore.... ill orcler tIaat the work ot .... clift.rent

ae.np • ., be oarried out without h1ndrn.nce. Tte ropcrt citGd, while pointing .0
the tact 'that the introduction ot time flow-lines vould tleo.n ~ ~Yc.1'l. hiPer level

ot orBUisatiOJ1, eDUQeratofJ the ti1'ficul&ies invo1v\ld: .~·nce tho ~ticD '1f the

indi:ri.clua1. P"o8" has boon t1xed., ~ increase in th«l (.~uiput et 'the garac OrtD be

ao1l1eve4 otU7 'b¥ NdlloiDg the m.ber of the workers por Banc. Alt thia ocntradicts

the tlow-11l10 pr:lnciplo et opora.ting vith unch=.nged. gr.nge.

In the 8lfdiah report, .:ut interesting !:.ttompt la made to find thu relation

botween repetition and orgt'LDiz&tiol1 CiJ. It is 8t~ted that the c.na.lyeis ot
repetition ..... can onq be c.J;pectt-d to be of real v:1luc.:: when studies ara extended

to _brace wholo groups of opcr:.;,tior48 t th~ir in'tc:rdop~ndcncu end co-crdin~t10n.

~ the long view tho !\~ should b\3 to ann1¥sc buildtr..g !,rojects in their entir.;ty

and, it possible t to crer-.te a f'unction.Jl. basis tc'r pl:umins cnd t{,;r optimal use

ot all resourcos." The report contains a numbor of diagrams, BiJDilr~r to flow-line

CL~S but illuatroting also the effect ot rcpctiticn .by usi!'lb, 1nat~~d of

straight lines inclined curves to r~re8_nt the growth ot operational speed

(figure·43(a».

In tm lde:.l11¥ pl~od cn;! s¥stcmatic::.ll.f perfcrClt"!d s·::rica (:f b\.tild1l1B

operations, the workers' vccup~ticnal p~ttOrft ahould follow ~ regularly serrated

curYe. If' all produotion units ~ identic:l.l) the derivatiV\3 er the curve will

represont the operatives' . n.p~cit7 c.n the resp~otive job. The dori~tlve usual,Q'

rises with thu nunber c.'f W1its. 11' tbc opurativc is m(;.v~d ",0 n. new job bet'ono the

oriBin~ job tt~ beon ~ully complct~d, tbe r~utinc-~c~uiringproc~ss will be int~r­

1Upted c.nd a maxi.al efficioncy can no longur be ;;)xp.;;ct~d. This is illullltr3.ted

ia~t whoro th~ ide::,.l Cat','! cf two jobs, llUl:lbcrs 1 Cond 2, following e~ch

other is compa.red vi. th ·tha rt.'1sul ts nchiovod if <L reallooa.tiQtl c·f work€r8 is imposed

in the eourec of OXQcutivn. The considcrablo 1088 of" ti~C' tl~ be attributed to

inability to m~int;1.in ccntinuity of ilork; tbe !>o8sibl" Nsults of the improveJilent

process havo not been put to us~.

In reality, the occupaticn:il pnt torn W:lS found to b~ considerably more

diacormectod th:1ll in fi,:;ures 4J.W ~nJ. (,ll. A couple of cx.:::.mplcs Cl1'\) shown in
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figures 4!!!l :uld(ll. The curves represent tile performance of two wood-1torkara.

Obst)rvations relating to the 8~e jobs :lrc cncirclad.. Tho~ a.re or.ly slight

indic~ticns of serration. "Upon closer cX3min~tion one observes th~t the greatest

e;tf'~ots et tha experionce-learning ;rGcess come at the points where t~e se'rrated

pa.tt::.:%'I1 emerges wost ole-:.rl;r, ~flli"ch supports the ~otiJ.esi.a of additiona.l time. fer

in\errupted experience-learning lrooesses." Tho oorrel~tiona appear when

ocmparing jobs 1, 3 and 6 in fi.gur<rs 44111 and (bl with the routine-acquir1raB curves

of f1s!ge. 4.1.
Speoial stu.dies hs.ve recently been undertaken in France with a view to tind1Dg

the moat ·p:r~tic~ lfa.Ta et usiDg the CP:'! -:>.nd similar nt:t,lOrk a.:aa17sis methocl8 tor

organizing repetitive Yom. The results ot these investigations h:].ve alreacv beeD

applied on 39veral building sites, ~.g. en the cruoti~n of ~ series of 264 identical

single-t!}Oi~ houses. Electronic oo...Jluters were t.lSed in the plarmiDg ot the work.

Tho cUn difticultios were encountered in b.:'.l.~o1ng the different gangs ot operatives

so ~& to ::tinicizQ 't!'~e 'Wount of idle title. MlJ.jor Gttorts vere applied to oaldng

as Q~ operations :'1.8 possible sil.:ultanecus1¥ criticu., in the senso ot the CPK.

In NO£!ll, tha .ation~l ~~ilding Rosearch Institute has worked out a model fer

uae in the pl&nn1ng of building C'rer!J.tions. 'l".ne Q.odal tak~8 into account tho

e:tfact ot repetiti(~n CID labour produ"t1vitl' ~d providoil a special yardeticlt which

facilitates the plrmner'. o~J.lculaticn Clf total construotion time, includ.ibB the

correc~lon tor extra. "1"'mning-in" t1':'9. Da.t~ on "basil' c.per'!1tion31 times" tor

different kinds of' building op~ra.ticn a.nd for different sizes ot gang are reBUlar17

collectod br the ID8titu~c. The m~dcl'8 possibilities of bcint: 878tomntioallT ~d

gcientif'io~l~used ~ro ~her~£vre o~ns~untly im~rovifig. )~~rther experionce is

being pined by comp:::.r1ng the results 3ctu~11y ~1.ehi..;vt)d on the: b\ll.lding 8it~8

with those oalcul~tej on th~ basis er 'th.e thc0retical model. A briat report on

thQ results so far (.btuDed is givan in en....; Gf the pt.pore fer thf:,; tbird Cl!

Congre8s L16J.

•

•
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ID at~ has be. made in tbe pr.cCld1ng ch3ptera 'Jt this repcrt t., throw 80118

ll8Jrt, OD the relaUcmsbipe bet-.en the neture aDd 'run size of blildiq o,era.tl~. .",

the one b:Iad, aDd' the tiMccmsuapt1r.m, building costs ani mathoda ~ org,am.zing the
, , .

work, OD the other. !he ~sis h~s shl)'Wft the difficulties of distinguishing cla:u-q

the iDtm.c" of .,. aiDgle t~ctors amq tbe mtln, which llave a bep.,ring en bul;L11ng

producti~. 'lbe effect ')f repotiti'll 98 W1191gs; ?P!l?tl~ is~ OIle. :s..n..1 perhaps
.~~ .
'not tile ...t ~rt:mt. of the consequences ot introducing 1.'\1"[. serics ot identical

buildinc c~_te 'Jr tunct.ion1J. unite 1nt~ the building tnde. Purtb~mor~. tJi,i;; '.

effect of repetitioD..... in ita widest context. is otten overshadowed b7 other

iaportlmt taetore"1DtJ.v.anciDg baUdino rroducti:a, 15011£ :;,t tfhich have been discussed

in cba..... If. !he present chapter ~l.yees brietq certain other problems which are

close17 re1AtK t~ the subject ot tbe report ~ t\) which attenticn h.sbetrl, dMM)_j.p

ac.e of tile c_~aaa I'8CGived•.
iFr!WI gr (It Ga.~ OF re ,..

'!he etaadardbatiOD :uld 1;Jpit1c~tl,:m "t buil,iillg c\.qpoDeDta, functii'JIl:11 units Md

tecbn.,bglee ha... I!. t~.'fOUrtlble aconcm1c eftect, not~ on tbo pr:'duetioa, transport

3M aaMllb11nc ,?t bail.J1as mater1t:ls and ,components. but Us~ .'11 the V\iJry prognnlXting

3ftt! des1p of tbe 'buildings. In'1eed, mucb ot the standU'diz"ti,n and tJpification wrk

-.rpa tl'Gl the eftorts of big pr.~jectiDg enterprisas to ~d.)pt a. repe~ted app1ic~tioa

ot suocesetul technic'l1 solutions.

The·e13bor~~i... ot s~N'd drmdngs,spccit1c~tl~M:'tM wrk instructi:ma cl~ar17

Cll1le tor more cnretul atudJ'ttmt tba pr.,ject!"'Il e-t individual projects. In~,

tor iDatance, the tees tor dnld.n6 up docwnent~ti~n '')11 st~,nd'\rc:ized c~ent. are

2.S t1JMs bigber tbab the :>rdiDtll7 design tees. These highar design tees are

8C!')ft0llica.l.q justified 01l1T it th6Y cnn be GC:"Al~m1zcd b7 1\ rfJpe.,ted use ot the t,pe

plana. It econoed.c c:>nsi..:er3tions 1re restricted t'l the design t;:u, this would m;;:m

that the ~rig1nal high rl esign cost, plus thG cost et th~ noc~S8"!!.17 adftpt,.tttlon ot the

standard d.ravings t" the ~ctul'.l c~rdlti"n8 in a~ch specific case shcule b\1 Im.er th'Ul

the coat ~ 1ndi'fidaal1 esign. It seellS ~. it th\i;s', requirements are otte.-n m.)re th~

tulf'illed in maD¥>t the socialist countries of ~~8tem £ur')J)e, lIbere, ..,wtna t~

t.7P1t1cati.)ft and the us~ ot standard drawings, the average pr'}porti ~'Il -.,t tnt~l

buildiDg C:)8t,s devoted tI) the design of baildings hila buan brought down troIu around S

n/Jl:B/lDJ/14,...1"
~
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to about 2 per cent. Substantial s~~.~ deaip cost as !'. result i>t t1PUicatiao

haft been pined wo in maD¥ .stem European countrt.a, in particul.-u- in the field of
.. .. ~ .. , ..

s1ngle-t.1q house desilD_ In DeDm:uic, Prance M1d Sweden, tor __ple, there- ex:lats
.- ... - ..

series ot ottici'1l.1l' appl"wd designs 1lJbich are s~ld tor 3. YG17 low 'UId tixed price_

The importance and stelldT increase ot (!asign 3Ild proarWl!ina coats iD ..,.

European c~r1.s, ~ the substantial sa'rinp in tbese costs wbich ..~ to be possible

bT an iDc~sed use ot s~ard dr31d.ngs, spec1tlca.ti~ md work instructiona,. i.Seat.

tbat it V"JU1.d perhaps be uaotul t~ de'V:)te further atten.t1011 !Uld stq to., tb1e probla

iD the future.

!be •• ::)t tJ'Pitied designs !Dd standardized work de.cripU~ does DOt~eq affect,

.. hrlMt1I coat. It also tacillt"tes c,Jnsiden.b17 the YbdnistntiOft ~ contrc»l ?t the

1dlole btd.1~ process _ This is Ml i.ap#t~t point, S1nc3 the ."Jllinati~ and appr~d

ot indiYidW pr")jects is a t1me-conewntng teak which often -'it.utea It botUer1eck 1ft

the~ pl"tlCess.

If1Ihe labour procluctiYi't7 md lower bu1lding co ate are 110ft ofteD obsened ia

larp coatncta 1ihaD iD -.aller ODeS. T1'lG tavoun.ble ac..~c ettect of the btI ccatraot

can 1ft ... cues be tneed to s~viDp achieved __ bl1k parcbue of bu:11diDI _twials

aid cCllpOD8Ilts, i.e. tor tha eftect of repetitiz 3.Wl'.7 from the e1te, .1 to repeUtioD

111 tbe execution of the buildiDg openti:ms. In mabT cases, however, l.ar&e com~cta

are aplit 1ftto t,o., JD3q dittt.l"6l'lt IdDds ot building t'>r benefits of rapetit1".. to be

la1Decl. PIlrtb~rmore, 1ntormrti~ OD the ec~n'Jllic eftect ot the aw of coatract 18

often bued 'Xl statistical data collected tM1a projects tddeq ditterinliD MtuN

r-nd qu~1it7. _It JDi&Irt .u be, theretore, thst dittarencea in labour pr~U:ri:t.J'or

~i1dit:'8 coata between COll'tP!cts of eurerent si... c~ be explained. .". qateliatio

ditterenc.. in the nature :md quality ot the products coraparGCl. !be data recdYed aD "

the eftect ot ai.. of contracts haft tor thia reu.3ft not been coneidered re1...t tC)

the discussioa ~ etlects 01 repetition OIl blildiDg operati-,ns, but are set at

aepara~ below.

In the~ d"ta OIl bDildi.ng costa U'cl repl.!\r.q collected b.r the C.tral

lurem of Statistics. The mataria1, which is cl,aaitied, intor Ui'\, 1W ai.. ':Jt

.contnct, is tl"Ql!l time to tilDe nna1.;f8ed b7 the building reaef'trcb iDatitute ftSt.ich'tinl

R'lti·)bouw". In a nport on such an an~is, published in 1961, the oV8I"-."1ll aean

Yalue of bt.JildinI cost por dwelling erected in tha P"lI"S 1956 to 1958 lA8 t,..d to be

·','bout 21,000 tlor1Da tor sincle-un1t projects, while the corresp.:mding fi&ure tor
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cOlltraC"'A comprising 200 dwlljoga or more W!lS ~bcut 14,000 tl?r.a.ns CJ.iI. i.noth~r

s~ caveriDg the perixt 1957 to 1962 show a similar pictun/J,9. Ve!7 marked

dittereracea in labour consuruption were rGve.ue:l, the nur.:ber of UlV1bours per d~elling

ruglng from 3,709 tor single projects to 1,231 tor prvjacts cont.:"!ining 200 avaIl logs
. .

·.)r more. 'lbese dittarGnces W8r0, hovevGl-, partly ~ue to v~riatio1'lS in the size of the

d_11'np, as reve."1led by the tigures on In9~urs per cubic metre wt'.ich still, however,

ranee bet.. 8.82 tor single projecu and 4.32 tor prt)jocta td.tb 20C dwellinp or
more (see tabl$ S) •

•- ( )

J

ProductiOD I' ~ctio;--r;-0U8m'ia
; I

Size of i :.v~rnge number; .~ver~ge ;i
coatract (by ein dwll ingIein tbot,s~.Dda I :>t

,
~t m.~urs ! nU'1lber ot ti

I • ,IlUtDber of equivalents) ~t cubic Ir..nhOU;NI I per dw~J.l.ins lmanhours :

d_11:I,..s) ! metres). I aquiv~cnt. !~r cubic ··, . I I . :l--
!1 Sl 533 21 676 191 147 3 7CYJ 8.82 !,

I •(12.7;.:) (16 ..~) (27.2%) i
I

\ I

2 10 636 I 3958

I
29362 . 2 761 7.42- !• f

(2.6%) ! (:3.0:;) (4.~)
!

I •
!

,
I

3 - S 12 724 t 43'71
I·

28 343 I 2228 ! 6.48I! .
(3.]$) tJ.3~). (4.1%) ! :

I Jt
\,

S•.336 9 17928 6 017 32099 , 1790 , ·,- I i I
,

(4.~)
I (4.bj;) (4.~) •! I 1 I I

I 12 354 I SS 291 i 1 567 I 4.72 !10 -19 37 201
f

,
(9.1%) i

(9.3~~)
I

(g.3~) I.
I I
I

I ,
- 39 S3894 17 328 i 76 190 I 1 41.4 • 4.1(j20 •I i(13.3%) (13.1~")

j (10.9%)
i! II

•40 t 2S 930 III 730 i 1 ,341 i 4•.31- 99 83 305

I
•I

I(20.5~) (19.6',0 I (15.9~ ) I

I
,

i :

64138 I 18999
t

81721 1 274 I 4.30100 - 199 I
;

(1S.~) (14.lI,t:) (1l.6%) •

t

,
! I

2l 584 93 155
I

1 231 I
4.32200 ~r more 75 6':/1

I I !
(16.3~)

!
(13.3;i)

I
I(18.~) t I ,

! j ..
Sourcet /J4J.

.......

..

•

et
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1uf·,rm.'!t1~n on the l;;t!ect )t size of contnct on building coate bae 'been recel••

~ls'~ tr"Gl thu U~dt)(i Kinld"m. Tho totu Jr.:Ulbours required tor tb~t pa1"t or the 1IIOrk

~l!~..,~ 'tt'S }:'erterr..e~.l by tho ti~1n c'fttr~.ctor tomS collected t-.r over 1llO contracts ~

Y·,,.r::ir..g s1~:)s. It \'MS possible, by c.n:tl¥sis of tho ~~t~, to iso1otlii; the ftrioua

';'p.e+..cr!' 'Which att~'C'ted t.he lp-bour ~turu requir~ t~ build ea.ch h;7uaej. the

r":~,';l,-~ t("tr t:'I~ -3tt~ct ;,f size of c"ntMct !or';; giv~n beL.,.,:

~J.z. ~wct
1!:O!ase

4

le
20

se

109
104 ...

100

96
93

':!7.~ GP BU!r.DI~~ :::UT6.1P~I$A

Th~ c·pU:-,..::!': size: ot c",i',~i"":I •.·;"t.,.t·:Jr;!""t'~ i~ n. 8Ubjuct of trequant. rtfsCUII.i.'ft.... . .. . ..

':1le~ 1s nO') r!;,ubt th~t tt:~ Sl,JciJt.1 to~tures ut th~ ...,1 11'11...,..; h,.m8t,~.~ provi~e its

zm"\ll rirn;s wi~h ea:"t~~.n 1'. lVfl.nt~;:;s thl't d·) D.;)t exi:st in most Mnur"tubu-lng iDduatriee.

~ thl ,)th~r h~1:, th~ 1...:-?tE. l:P,Jil~il'li( tll"C..3 offur gres.tar p,)seihil1t1 A f' ·,t ";1·!,,·1--''''~..+it\''''

~!\.~ ,:t 1.:":11" ,,:iD~ t,h,..; GrrCict ,r r·~potiti.,n on buil11nt! (;pbr"!ti,~DS :md F?ceas68 OD the.
:;1t.,;. i:h"~rG $ilE:$S t" ha ~~ st~.~-:!y trend in ~.kt.C')st all cOUDtri~s t.1'tf8rtla more 'WOrk. .
;.....::--.; ~n'~ar':.·~,;·n hy TOry l-;rgQ butl:ling rims. 3'J tt'!.l", h,.aver, ~1)rJ8P.tiJl1 is ftJ:6

s~··r-:". ~"l th~ ~c~lt!.l r=-l·~tlonship boty:.on the size ot bu.:i.lding ~rprises !lIld taa.
• :'" ....·:~t1vit:.~· in bJ.il-:i~ P'ro~uct1:>n. Furt,.h{$r claritie~ti..,n on this subject woW.d bQ

•• ~t- ·• •• ! .... 1..1··•• '. 11 & . • :J ~.

-':ith sr'~n~~ ~tictwU2~t5..~ ~..n~ prlSt~briet'tiQn, f). ~uJtl iDcre~se in the sizo of

h·.::'l"\in~ cv4:~)n'..ntr. c::tn ce CJb5~rv~.· Thus, whil~ the volnme '1t :l tzo:.1itional barfrt,

,::'r..,:." ~-i.,:'t .l~ 'lr#~:- Jxi..r,,~.tti.l:l 2.1;:'> crrJ, th:\t :Jt " J!1OdO!'!1 h.,ll')W ceMJlie or concreto

!.:lr~;-;: .~.. :. U .If:3 Ci ..1"'....~.: th"t, '.it l~r~\# prcc--st lMll pmale 2000.10) CJfI3. Tb.

~ ~"' ••.:, -," loo)'Jt] ,..1·!nrr c "'"i!"lnI'l:·n.. #· r:.h ",.terize· ~. t"cbnie"l rtW'lnt"puss. I~YvrUlp.l~.::....._-- ,.. • ........ ...,- " ..... ......, ,.......--.. ~... ~ .~ .,...·Y . IQ ..... -0--

:.r,··:-:; ;3';I.".~~ to tiC; !'. ~'~ntr'viietian 1n trtis ~volut~t)n, sirlC') it l~t\s t··; 1iJrinishetl

) .J ... .:: :.1111.1'1: "l ·JtilizirL':; th-; '"l!ect ?f r(,petitif)n in 'tha pror~ucti~n, tr:maport and.

i. -:~t~;- u1 ir.~ fJ! bu!.i.~i!"-6 ~4j~.i.,"l\Onts. :·br~ thll.r:. 10,000 bricks U.i n:~edod to build 'l tlJlt,

:-:.1'''•.:.:&:~ t,,·~tj t:. thin:! :;:'.n~15. In -.>r".!er not tn UTi.~ ~t t~18& cl)ncluai:Jlls, it ls

!', .... ~.: ...... "\.:::1, t,n(:r::tf:.!"~ t-. 5..."'0;· th'" opt.imum size ot Wild1n~ C'Jlllpol'l,::nts,~ into

•

•

,

•



LiDe 10. MMbours ps.'lO dwelling J.verage
(eeo text) at ser1&l ._bar

15.f •..... 60, :
2l()1. 5· " ··30 ...120 '

1 263) 20l,o 173Q .L '70 1 420 1 290 1210' 1380

2
.

2'430 1860 '1"S30' 1 31iC' '118('- l'·oAo 960 1 1'-0, 121(j 1010 890 850 830 lOO 790 830
4 1090 93> 810 710 650 630 610 660

I , •
j
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ao"-' DGt GDJI' ~Uft. OIl tbe ba1J.d1DI 81te, bit a1ao the' potaib:W.U. Of
,~_~_ -.n101eDCiiD ib8".18- tadidtq .~;.; b7-~1;; ·V;i;~st. ..

. ..... ..

.......81.. .-1- of 1cIeatioalltes.. ..
~

1Jj.~ ........". .. et,reased ...oral·times iD this report. theft are aumeraua.. ~'" . -. ..

t~. ~....ua bot.Il tile cost. aDd tile labour ~V1t7 of site operatioas•.,

.,'Ihe,~ of .. tMtor o. be scientit1cal.1l' 4e'teCted.'" _,01 a .:l*ip1e, .

oornla\ta .___.. of "~oal data, as iJ.lueVat.Jd iD. a .~, eurie4 oat 1ft

t the~...... datac~ referred to aixteec ~. of dwell'l... of

··_it1oea1'~aacl tile facton studied were:
, .

(a) tbe.etr1c1-.q ot tbe bouae1ad.ld~DI p1arl;

(b) ..... etft.c1~,at .tbe dwl1ing 'ClDi aDd... . . .
(c) .. etftc1«eq of tbe 81t. orpnisetiaa.

!he c~.t1oD.. carria4 OGt tor tb& first, tUth, ~';Dtb, tJd.rtietb, sixtieth,

UOt.b aDd alOUa "111n, of eacb eer1eaJ tb3 results :t\re sbow ill~ and !1EI
!!i. LlM 1 sa f1pre 46 abowa the deoreue iD tbi; ..betr of manboan per dw1]1na iD

.. , ... ..

tile 0". of aerial prodIlCUOIl of d1Iell1Dgs accord1Dg to all 1Dett1clent bou(ibtd.ldq
•• ... • .... • • • A' • ....... --..;1. ... ~~ • ~ ....-

pla, dwelling de8:I.. aDd orprds.ia..." tbo. alt.e.-orJt•. Line 2 abowa the 1mpa'cvCIIeDt

ia U. ............ it the bousebu11Mng' PDii 18 _de efticient bat the dea1&ft and

OI'IMd.t1GIl'~8tU11aemc:1..t. ' It· Wb ·'tale 'dwel1ini'''C1ea1&ft' fs J'eDdered ettic1erlt

'tile labour OGD_ptJ.ca decreaaea t'1rther, aa i ••~ b7 line ,. .m::»pt.... Hault

w1ll be IIOId.WftIt·tt· 'an'·tbe tbrsa' 'tllCtoft .ere flade etticl~, ai" i. Mown "7 J.1n6 4.

IIIlI&..!
~.a"la_i_iYJ! 9!! *

W~iP
• ,

• i •
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PlMl17, 1t .,. be· ?t tatarest to present ecae reRlta, 'oh1eYed iD teas ot cost

re4uctioD, 111 tba pr-xluct100 =,t schools accorci1Dl t') 1nduetri.s11sed pr1Dc1plea iD the

United~ The ICboola 1IV$. bD11t. '" a Il\8bd' ot·LlCU authorities' toaiDl
togeUler a c~i_ (CL-.sP). The reaulta c~ ba cana1dered aa the cCllld.ned .tteet,

~ver l!l larIe buildiDg proara-e, ot the appl1cat,121 ot stsndard1aett~, bulk

pvc.... of~" a starldardised qat_ ot deailn 1Ilclud:Jas moctaJar co-oI'4S.1VltiCll,

oQltlStad efforts iD t .... of reee...rch ad deYOlopl&lt, '!Dd tbe taYOUnble 1nt1ltlllce ot
repetit1cD of ld_t1cal btdlding operati·., OD the site. L.s w1l1 'be ... ill -....z,
the price of botb primaJ7 -.nd secODda17 scho?ls tor a t7P1cal autborltJ' iD the

consortia (lott1D&bO'Nlbire) bas sholm a J)JIOans.l" nducti~ rup.U.... to tbe natiicaal

tlftraP. !be acbools bailt b7 the authorit.1ea iD the••..-u.- :sre n-,. abat 10 per

ceDt cheaper \haD the7 1IOU1d haw been without ~ repetitif)ft, conti.-dt7 at ....-le and

,,~, 'boUl ill d..jp, mamataot.uri.D& IUld site writ, lIbich t.he cOlUlOl'tla bu

. .t_il1t1atfd.

f

...

Date
I PriaU7 I Sec?Dd&17
i schools scbG318_e 19S? I lO4 99t

DeceJlber 19S? I 97 99.. .. •.June.19. t .. 98 . .101

J-e 1959 91 100

Jae 1960 93 '3 •

June 1962 94 92

December 1962 95 92

. . I
I
f Source: Intormti.)ft supp1.1~ b7 the Govel'm*lt of :

\be United lingdte.
f

,
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