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JREF .TGRY NOTE

weasures and means to increasec the output end improve the elficiency of the
building industry have for a2 long vime been the subject of special attention of the
ECE Committee on Housing, Building and clanning. It wes early found that strong
efforts-must be made to adopt as far as possible industrial principles of production
throughout the building process. At the same tiwe, it wus recogaized that building
production showed many specific features which made it impossible to meke use of the
experiences gainad in the manufacturing industiies without ceireful adaptetion. 4
problem whiclt called for special sbudy was the relationship between the length of
series of identical products (buildings, sections of buildings, or building
components) and the cost per unit, i.c. the effect of repetition on building
production costs.

A first attempt to guantify the effect of repetition in building was made in an
enquiry undertaken between 1960 and 1962. The results of this study, which
exclusively dealt with +he relationship between the size of series and unit costs (1)
in the manufacturing cf building meteriels and components were published in 1963 /15/.

The next stage of the work, which ends with the publication of this report, has
been devoted to a study of the effect of repetition on building operations and
processes on site. The study 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).
an outline of the study and methods of work were discussed at a meeting of experts
organized by the ECE in close collaboration with the International Council for

(2)

Building Research, Studies and Documentetion (CIB) in Gctober 1963, It was agreed
that an enquiry cshould be undertaken which would draw on the data and information
already aveilable in participating couniries. The Secretariat was therefore asked to
prepare, on the basis of information to be submitted by Governments and any other
relevant material, 2 provisional report for discussion at a meeting of experts in
the autumn of 1964 (see document ilOU.COST/1, para. 16 and annex II).
Fursuant to this decision, a draft report (HOU/BUILD/3 and Add.1) was prepared

by the Secretariat with the invaluable assistance of two consultants; ir. G. HIERHOLTZ
ili The references in square brackets relate to the bibliography (ennex III)

2

A list of the experts who took part in this meeting will be found in annex 1I.
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of the Centre Scientifique et Technique du BAtiment (France) and iir. G. SEBESTYﬁN

of the Institute for Building Lconomy and Orgaanization (Hungary).(l) The report

was examined by the ‘Voixing Party on the Building Industry at its first session held
in November 1964.(2) The vworking rerty accepted the draft report in principle and
agreed that it should be completed as rapidly as possible for general circulation.
Governments were iavited %o submiv commentvs and othei relevant material which could
usefrlly be talien into account in the preparatina of the final version of the report
(see document HOU/121; HOU/BUILD/S, pare. ). The recommendation made by the Vorking
rarty was subsequently endorsed by the Committee on Housing, Building and Flanning

at its twenty-sirxth session in liay 1965 (see report, document E/ECE/HOU/111,

para, 12).

Accordingly, the Secretariat, in collaboration with its two consultants,
iir. HIERHOLTZ end tir. SEBESTYEY Las revised and completed the report in the light
of the discussion at the first session ol the “orking Party and of comments and
material received from Governments u, tc 1 June 1965. The final version of the report
‘i3 now being published under the sole responsibility of the Secretariat.

Relevant material for the siudy has been received from twelve countries, namely,
Bulgaria, Czechoslovakia, Finland, France, the Federal Republic of Germany, Hungary,
tke Netherlands, Morway, roland, Swedea, the Ukrainian SSR and the United Kingdom,

In addition to the participants listed in annexes I and II, mention should be made
of the valuable contribution to the study made by i.r, 'i. TRIEBEL, Director of the
Institute for Building Research, Hanover (Western Germany),

iar. A. FJPSNE and Lir. R. HUGSTED, Civil Engineers, the Norwegian Building Research
Institute, Lir. is. JACOBSSCN, Direcivor of the National Swedish Council for Building
Research and iir. K. G&RANSSON, Civil Ergineer, »B Skanske Cementgjuteriet,
Stockbolm (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 has prevented a more thorough analysis oi the material. Extreme caution

(1)
(2)

ur, Sebectyén hes since been appointed Vice-iiinister of Construction.

A list of perticipants in contained in annex II.
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should be exercised therefore in any direct comparison of the results obtained in the
various countries. It should be mentioned, moreover, that the main purpose of this
study is not to provide a 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 the task of national
building research institutes and the’r international organizations to go more deeply
into the subject.

The report comprises six chapters and four annexes.

Chapter 1 introdvces and summarizes the report and sets out certain conclusions
wiich would appear valid at this stage, as well as recommendations for further
resa2arch t¢ be done in this field.

Chepter II presents and analyses the available evidence of the effect of
repetition on operational times. The two main sections are devoted to a theorctical
discussion of the problem and the results of field studies, respectively.

In chapter IIi follows a discussion on the effect of repetition on building
costs, with particular reference to expenditures on the building site. .s in the
previous chapter. the two main sections are deeling with principal issues and results
of prectical Tield studies.

Chapter IV is devoted to a discussion of the conditions necassary to achieve
favourable effects of repetitive work. It provides a rather comprehensive analysis
of the diiferent obstacles to efficient execution of work on the building site.

Chepter V deals with the problem of erganizing building production in order to
obtain the maximum benefit from the effect of repetition. Specific attention is
paid tc¢ the "flow-lin2" method of organization, wnich has been found to be the mosi
effective means of organizing highly repetitive work.

Chapuer VI provides a brief review of problems which have been dealt with in
some of the country reports but which, though related to the subject matter of the
study, do not lie strictly within the scope of the enquiry.

innexes I and II list the names and functions of those who perticipated in the
two ECI" mectings at which respectively the study was launched and the draft report
exawined. In annex III, the bibliography, are listed the published reports referred
to in the study. Finally, annex IV provides a brief description of a method used
in the Ukrainian SSR for the calculation of the economic effect of using flow-line

methods in construction.
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CHAFTOR 1
INTRODUCTION, SUiw4RY, CONCLUSIONS AND RICCii . KD..TIONS

INTRODUCTION

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

inability of the building industry to keep pace with the ever-growing demands for con-
struction work of all kinds. In most countries available labour resources have been
fully taken up and the possibilities of effecting mechanization and "everyday ratio-
rnalization" of site 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, necesszry to allow for a further srowth of the economy, combined with
rising needs for housing and social service buildings such as schools, hospitals and
assembly halls, Particular efforts are ecalled tor in the housing sector. The hard
fact is that the present rate of dwelling construction ir many countries is not much
higher than what is necessary to prevent a deterioration of nresent housing standards,
The production level 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 improvenient is to be achieved. 1In
addition to these enormous requirements for new construction comes an ever-increasing
need for maintenance of existing buildings, withdrawing from new production an
increasing share of skilled labour force,

It is natural in such a situation that Governuents 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 production throughout the building
process, Any industrial production is based on the manufacturing of identical products
in long series and the application, as far as possible, of specialization and mechani-
zation ih the production process., The problem now arises how to apply these principles
in the production of buildings., iwust the whole buildings be vroduced in large series
or rather the components from which they are assenbled? How far should standardization
be brought in order to result in optimun solutions from the econonic as well as

functional points of view and under different conditions in terms of weight, cost and
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sizc of buillding compenents, transport distances, and so on? Can any appreciable
amprevzameny of labour product1v1ty be achieved by tralnlng in the case of building
onerations carried out on the site and, if so, whai is the economic gain to be obtained
therefrom?

The production of buildings -~ in particular ia industrial forms - no doubt
precents a number of technical, organizational, economic, aesthetic and social vroblems
whicli are not common to any other product destined for mass consumption. At the same
time, the need for a general increase in productivity and ouiput is perhaps more urgent
in the »uilding industry than in many other branches of the economy. For this reason,
the ECE Housing Committee(l) decided to start special investigations on an inter-
national level into the effect of repetition on costs and labour productivity in the
building industry. The general aim of the studies was to find out how and to what
extent industrial principles of mass production could usefully be applied in the buil-
ding production process, The first stage of the werk, which dealt with the relation-
ship between the size of series and unit costs in the manufacturing of building

£ﬁ§7 The

materials and ccuponents, was completed and the results published in 1963.
seccad enquiry on the subject, the results of which ars published in the present report,
Fas bzen devoted to the effects of repetition on obuilding site work.

firpns2 of the study

The main purpose of the study as set out in the agreed outline, was to establish
the jnfluence on labour productivity and building costs of the scale of production and
the cegrec of repetition of operations carried out on the building site, Particular
attoniion was to be naid to the specific problems of maintaining continuity of work on
thz building site despite adverse influences of external conditions. It was hoped
alsn that the stvcy could provide some acdvice and guidance as to suitable methods of
organizavion cf the site work, with a view to avoiding or limiting the effect of
adverse feetors and thus exploiting to the maximum extent the increased efficiencies

%0 bz geined from repetition.

(1) Jater transformed into the Committee on Housing, Building and ~lanning.
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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 suitable scale of building
operations and the creation of conditions necessery to improve the productivity of
house construction. The results were also to serve contractors and building organiza-
tions in planning housebuilding projects and in estimating their cost, Finally, it
was hoped that the study would rrovide useful information for devising suiteble forus
of remuneration of building labour in different phases of the building process,

Scope of the study

In the outline of the study, its scope was restricted to the-fellowing three -
broad aspects of the problem:

(a) the effect of repetition on operational times;

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

operations on site;

(¢) 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 which the effect of repetition could be
studied, namely:

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

(b) dwellings: the total amount of work of all gangs employed in

the procuction of a dwelling;

(¢) projects: the averape amount of work required to produce a

dwelling in repeated contracts.
Mmethod of work

It was agreed thct the enquiry cshould be based on the data already available in
pvarticipating countries., Governments were invited to collect relevant material from
such sources as research institutes, labour organizations, contractors, building orga-
nizations and public authorities, while recognizing that the comparability of data
would be greatly improved if nationzl information were collzcted according to a common
plan and an agreed set of definitions, it was appreciated thet such a procedure would

lay too heavy a burden on participating Governments; it was accordingly agreed that
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the informetion should be communicated to the Secretariast in its original forn,
together with explanations 2s to the coverage, method of collection and analysi;,
statistical significance and so on.

On the basis of the information thus collected, the Sccretariat was to prepare
a preliminary report for examination bDy a group of experts. i1t was envisaged that,
arising out of the enquiry, proposals might be elaborated for 2 more comprehensive
study, based on the collection of fresh matericl according to a common method and
an agreed set of definitions.
SU-2ARY ~No CONCLUS IONS

General

As was to be expected from the methods of work adopted, the contributions of
countries to the study ~re uneven 2nd incoaplete. Nevertheless, except for the
svecific question of the effect on production cost of repeated contracts, all
aspects of the study have been covered. One charter of the report ceals with the
effect of repetition on operaticnal tiwme, mainly from the point ¢f view of the
effect of tr2ining on labour productivity. ~nother chapter contains the evidence
received of the effect of repetition on building costs. The conditions necessary
to achieve favourable effects of repetitive work and the organizztional problems
involved in its execution were found to call for specific zttention and analysis.
Two separate chapters have therefore been devoted to these aspects of the subject.
A concluding chapter has been acdded to provide a brief discussion on certein other
closely related nroblens.

In the socizlist countries of eastern Hurcpe the series of identical building
operations 1re often of such miznitude that the snecific nroblems connected with
the running-in of preduction processes =2re of ne;ligible significance. Fvrthermore,
the specific wny of organizing site work usurlly erployed in these countries (the
"flow-1line" nethod, see chzp)ter V), is based on 2 »redetermined output, involving a
large nunmber of hizhly specialized simple building operations. These reasons may
explain the lack of couprehensive data contributed to the study from so.ae of those
countries. The careful balancing of zangs of oneratives working cn the sane
flow~1line is however likely in tie future to c=211 for the most accurate and
penetrating knowledge of =211 factors affectiny the labcur profuctivity of Aifferent

operations in these countries as well.
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oVl Areuean comorice, cving to the mors Limited lenghin o1 thz scries of

identical building opsrations nermally prevailing, the problem of the influence or
reretition on laveur prodectivity and building costs is mere serious and merse Adilficndt
vo colva. Tre crug of the matier is that tne series ol repetitionsz arc often not

larer 2ncogn o ol'ow for a stable opereticnal “imzs to be attained before compieiinn

of the ~ork Vhis lact, rogether with the uncertainty about a number or exteraci

-

Tactcoe «ffcciing operational time, erpiains the prcblems arising in all kiras of pre~

. &
~ &

plarning of si'c werin;  the execution of building operations is often ~hzracterizcd by
immeclsation vather Lhan organization., The principles of scieatific icalagerment are,
hovwsrer, gaining ground and will result ir more adecuately plamied p“ocesﬁes, The
repoiry provides evidence of the possibilicy - through prorer planninz -- of kcening
gangs of orkees vr i1 same type of vork for reriods of up To a cougle of years.

Desnite whie uneven nature of the inforratlon provided for the study, which has
serinavsiy Limitzd the denth and quantitative analysis of the effect of renetitlon on
buwiiding zite —ork, ceriain general conclusions iiey be drawn.

45 an the rarwracturing indusiry. labour procuctivity end procduction cests in
bui“¢ g depend orn the technolog used and the cxtenu oi routine atvained by the
operctives, Loth sachors are consicerally and fevourzoliy affected as the scaie »f
prade Linn ard b Aegres of regetitlion incrzase rhe larger i scale of wnroducvion,
the rabor dacolo jastification for additionel investment in ccuiuwiment and < uigner
degrce o) speciclication of work. In building, lowcver, the naturc oi the product
inon.one cortalln 1imivs to the applicaticn of thie rule. The fact thet the wbrkers and

not the oducl tove Lo be moved from one workirg area to another an: that the working

e

rezs =rs ondr weorsicion=1ly organized and acdapted to production, rrevents 1 more rar-

renctiag snreciatination and mechanization of the work, The shecial oroblems >f apply-

ive 1uluotrisl orinciples of procduction ia building should, however, noc be ~xageerated
anid Jimuld not ba o llcowed to cxcuse the use of obsolete techniques and cut-ol -daie

mevhods o4 plaming ernd organization.
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The comparatively 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 unfavourabls conditions, may lead to an
extension of construction time anc thus to 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 renetition of a series of identical building operations
does not differ from that observed in the manufacturing industries. The rate and
degree of improvexent deprend largely on the nzture of the building operation, the
number of operatives 2=ngaged in its execution and the stimulation of the workers,
e.g. through the remuneration systen, The main difference as compared with manu-
facturing lies in the number of adverse factors influencing building work., It is
not enough to ensure that building production a2llows for repetitive work in large
series, It is of equal importence to ensure tnat the ccnditions necessary to
achieve the favourable effects of repetition are fulfilled., From the evidence
presented in this report, it is clear that building managers and supervisors ~
and sonetimes also public awthorities - grossly underestimate the importance of
continuity of work, Breaks in time, a change in personnel, the removal of
woridng teams from one task to another, and other meesures aimed 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,
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Certain sectors of construction activity, in particular housing construction,
are particilarly well suited to the application of industrial principles of
production. Governments would find it profitable to ensure, or promote ensuring,
that these favourable pdssibilities of increasing the output and improving the
efficiency of the building indﬁstry are utilized to the maximum extent, This
can be done bj 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 oromote the developmen' of industrialized building
by ensuring or fostering the organization of demand for construction work of all
kinds in such a way as to avoid unnecessary variations in the products and
services required of the building materials and ronstruction industries. The
principal means of achieving this goal is the unification of building bye-laws
- and regulations and the adoption of national or international standards for

(1)

Typification of designs based on scientific research into users! requirements

functional requirements, qualities and dimensions of the building products.

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

It is recognized that demand, esven if organized to an opvimumn degree, will
remain diversified and geographically scattered. The series of identical building
works to be carried out may therefore differ in length. It is of great importance
for the achieving of maxamum labour productivity that the methods and organization
of building operations be adaoted in each specific case to the size qf the series,

Governments are thus recommended to dissemrinate information a2bout the methods of

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

(1) See the recommendation adopted by the Comnittee on Housing, Bailding and
Planning at its twenty-sixth session, in lay 1965 (document E/ECE/HCU/111,
annex I).
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offect of repetition on operational time

] The basic effect of repetition on building 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 0peratiohal
time is due to increased labour productivity achieved by training but aléo by
successive improveaents of work aethod and arrangements in the immediate envi;onment
of the actual operation, as well as a steadily improved attuning within the gang and
between the gangs engaged on the operation.

For analytical and plapnning purposes, the gradual improveaent of labour

productivity attained by repetition is usually illustrated by means of improvement

curves showing, in one way or the other, the relationship between the operational time
and the nunber of dperations completed. The general shape of improvement curves is
well known: the operational time is always greatly reduced at the beginning‘of'the
work sequence, while the reduction in time required successively decreases.

It is of vital importance for the planning, execution and rciuneration of
repetitive work to be able to anticipate the rate and degree of iuprovement of labour
productivity in the running-in process of different building operations. For this
purpose, data on actual improvement achieved have been analysed by many research
workers, with a view to finding a generally applicable formula or theoretical model
which would enable repetitive work to be planned in a scientific way. [Examples of
such models are presented in chapter II. The American ‘RIGHT found that
in the manufacturing industries, the improvement curve could be described by a
logarithmic regression function or power formula, corresponding to the following rule:
the accunulated oean value of operational times is reduced by 2C per cent, when
doubling the number of identical operations. The Norwegian Building Research
Iﬁstitute has found that in the building industry, the improvement curve could best
be described by means of an exponential function, which may be expressed in the following
way: that part of operational time, which can be reduced by routine achiring, will be
reduced by half after constant numbers of repetitions. Other theoretical formulae for
the calculation of the repetition effect are reported from Norway and from the United

Hingdonm.
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Tne second main part of chapter IT presents the observations submitted by
dirferent countries on the effect of repetition on onerational *inme. The material .
is relaved; on the cne hand. to the execution of specified individual building
operciions and, on the other, ©n the wepetition of groups of operations required for
the execution of functionel buildirg units, namely idertical buildings, identical
dweilings and identicol storeyy ir multi-familiy buildings.

-+
G

improvenment curves for the individual building coerations, ' sseabling of

formwork", "conereting", "“dismantling of formwory" and "floorizying" have been

repoduced by way of exanpie from the counrehensi~e studies under’alen in Vestern
Gerzany in this field. Deaia or the increase of labour prodnceivity in the repeated
exe~ution of wooaen formwork has been received trox Fiplard. Thic Trench contiibution
tu the study conteirs informatior on the repetition effect on the time required for
essomoling foraweirk, erecting "tunnel shutterings™ and prefabricated panels and for
ccuireving. The assembly of heavy concrete elements, piacing of formwork elements,
Loiding of bolis for formwork, piacing of light concrete insulation, fixing of wall
meesuraaents end asscmbling of framework for heistways have been analysed by the
Norwepilan Building flesearch ipstitute. 1n & Swedish study of forty-four one-family
hovses, the entire worlk on the building site was divided invo nearly 100 different

o eahions, on each of wrich “detailed records of actual time consumption were kent,
torethier with int-rmation about breaks of d“ffevert kinds, weathei conditions and
ovher Tactors baving ar influeace ou Labour productiviy:. By wey of example, the
labovr productivity achieved in the Tollowing throce opcerations is repexted: '"sawing
ar? erceting loadbearing struecture", "setting ug of combined kitchen and bathroon
elcrients" ancé "making ot roof itrasses on sive". I'rom the United lingdoin, 1mprovement
e 3 relating tc the e:2ction of nlasterboard partitions, electiical carcassing,

and zcxecution ol tlie firct stage of brickwork and floorbeerding are reporied.

Tiguves on bvotal labour consumption for the evrccuion of icentical or similar

v

buitdings cre guoted from studies vidertaken in Finland, France, {(twenly similar
blnclrs containing 1,010 flats). Israel {twvo identicrl four-stcrey buildings), 2oland
(#<wve identical multi-storey blocks of flats), Sweden {{iwc grcups of identical single-
farily houses), the Ukrainian SS2 (six identical five-storey wulii-faanily buildings)
o=t 1o United Kingdom (peirs of identical sinile-family houses erected on Tive

¢ifiorent sites).
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The results of detailed calculations on the time required for the production of

identical dwellings in series of different length are reported from Czechoslovakia.
Information received from the Netherlands contains figures on the labour consumption
in the construction of 240 identical flats built in three-storey blocks.

Information on the total labour requireaents for the completion of identical
storeys in amulti-family buildings has been submnitted by Finland (twenty identical
storeys in five four-storey buildings and eighteen identical storeys in three six-
storey point blocxks), 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), 2oland (eleven identical floors
in a thirteen-storey block of flats), and estern Germany (fifteen identical storeys
in a bigh-rise building and eizht identical storeys in three d fferent buildings).

Analysecs of the effect of repetition on labour productivity on site are hampered
by the influence of a large nuwibexr of adverse factors and outside conditions affecting
the execution of operations. almost all work sequences studied in this report were
found to have been nore or less disturbed by bad weather conditions, breaks in tine,
changes in the coaposition of work gangs, and the like and many processes had suffered
from lack of planning and management efforts, Despite these unfavourable influences,
which are the subject of a uore detailed treatment in chapter IV of the report, it
would seem to be possible to draw some general conclusions on the basis of the
material collected.

4 successive improvement of labour productivity is achieved in all kinds of
building operation, carried out consecutively and continuously in series, provided
the capacity of the operative(s) is not nredetermined or seriously affected by the
output of machinery or equipuent involved 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 thie improvement processes studied, one could observe two phases,

namely: an operation-learning phase, during which the workers acquire sufficient

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

and, secondly, a routine-acquiring phase, during which a gradual iaprovement of labour
productivity is attained through a growing faniliarity with th. job and through small
changes in work method and organization. In most cases an approximately stable

operational time is ultimnately achieved.
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In practice, it is often difficult to draw a distinct borderline between the
operation-learning phase and the routine-acquiring phese. Nevertheless, their
existence should be borpne in mind when attemptis are made to compare improvement
curves obtained from different work gangs. If the mcmbers of a gang have worked
Tor a long time together and if they are familiar with the work process in principle,
this means that the gang has already passed part cr the whole of the operation-learning
phase. The improvement acaieved by sucha gang cannot easily be compared with that
of a newly established gang carrying out an operation with which it is not faailiar,

The exact shape of the iaprovement curve, i.e. the speed and degree of improvement
at different stageé, depends on the nature of the operetion studied and the conditions
under which it is performed. The improvement of labour productivity due to repetvition
is the combined result of better knowledge, better organization and better co-ordination
of the operation. Simple operations, consisting of a limited number of part-operations
and calling for a minimum nunber of instructions, normally show a rapid increase in
labour productivity, and a stable operational fime is 2achieved coaparatively soon;
the degree of improvement depends by and large on the precision czlled for in the
execution of the work. as tiie complexity of a» building operation increases, the rate
of improvement is slower and a stable operational time takes longer to achieve.

Another important factor influencing the 1anrovement process 1s 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 2 natural limit to
improvement. The size of the work team has also a substantial beering on the
improvement process: the larger the team, the more the time and effort required for
co~ordinating the work. In tne extreme casc of individuals carryin; out their tasks
independently, there is, of course, no co-ordiration problemn at all.

It is claimed in some of +he reports submitted for this study, that the nossible
degree of improvement achievablc by repetition is greater in non-traditional onerations
than in traditional ones. Such cbservations ity be attributed to difforences in the
nature of the onerations involved, as discussed in the previous paragraph, and to
differences in the level of pfeplanning, orcanization and supervision of work,

Thus, for instance, the division of building operations hetwecen a few traditional
crafts does not provide for a sufficiently hish degrce of specialization. s skilled

bricklayer has to know how to execute a wide range of differeni kinds of brickwork and



SRCT/M0U /14

A 12

%e is seldom left to improve his aoility on ome single iype of work during a long
reriod, If, however, o~ briet)-ver snecizlizes in only cne type of brickwork,.n
sudstantial inprovement cf 1is capacity can be achieved as 1as been reported from
some of the enstern Fuiopean couniries. Information received from the
zetaerlands seens to confirn that, »Hrovided zufficient specialization and proper
crzanizaticn are agnlied.  very consider:ble improvezent in labour productivity
can be nttained by repetiticn, even if the weork methods may be classificd as
traditionsl.

Furtherrore, the rotion "traditicnil' implies that the operation in question

is rorec or less xnown to the onerative =nd that the oneration—-learning phase of

a

tae irprovement process during waich nost of the improverment in labour
nroductivity i1s attained has already been passed. In the case of non-
tr.ditionel opzrations, 1t is naturally 4ifficult to know in advance how to
orranlze the work in the most e«flizient way, =a2nd this ray contribute to an
exceptionaully hizi labour consunption in the very first overation cycles.
In view ¢f the jreat variety of individual building operations, it is not
tn %S¢ exnected that one single mathemntical formmla or model of the improvement
arocess could be applicable to avery kind of operction. Cn the other hand,
“he entit groun of activities and czerations necessary tc complete a building
ar prct of a buildiny could always be coasidered as o very coamlex over-all
cp-ration, sinilar to the conplicited assembling oneravions stucdied in the
marnufacturing industries. ihe nain difference woula lie in the almost unlimited
1isber of edverse factors and outside conditions affectiig building work. it
could be assumed, taerefere, that the pattern of improvement in the building
irdustry chould be sincilar te that in the nanufacturin-, industries but that
tl.e degree of improvenent wouid be lower. 32sed on these assumptions, the
uxpected ceecrense 1n the average rean value of operational times, for each
<rauling of the number of executicons; shculd 1n the duildinz industry, lie between
7~ro nnd 28 per cent. waich is valid in ranufacturing. The actual percentage

suould desend on the efficiency of the organization of building operations in each
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ipiividual case. This hypothesis seems to be confirmed by the results of studies
conizibutefl to the report. The nercentage improvement of over-all time consuaption
observed at well-organized building sites varies between & and 13 per cent for each
doubling of the number of executions.

Effect of repctition on building costs

To achieve imp:. ved labour productivity by repetition could be a target in itself.
Bu¢ the ultimate aim is, of course, to attain a favourable effect also on building
cnsis. The economic aspects of repetitive site werk are dealt with in chapter III of
the report. Here again, there is a section devoted to a theoretical discussion of
the nroblem, and cnother to the results of field studies.

The economic effect of renetition of site operatiors is due to & decrease in
operational costs. on the one hand, and to indirect cost savings caused by the reduction
oi’ construction time (lower labour on-costs, costs for finance, machinery and equipment,
etc.), on the other. The direct savings in operational costs depend, in turn, on the
gredual decrease in operational time attained in repetitive work, on better orranization
and greater specialization of the wrhrk, as well as on the higher desree of mechanization
wiiciy may be justified in se.ial pruauction, Vhen sucih rationalization involves
iavectments, however, it is of extreme importance to Hredetermine the run size correctly.
If 5> run size is over-estimated - i.e. because new requirements call for new
ter'rologies - a real loss .alay easily result instead of an econonic gain.

~n important factor influencing direct as well as indirect building costs is the
wyrne of rewuneration system. If a purely hourly wage system is employed, the entire
ccomemic gain from improved efficiency will anpear in terms of lower wage costs. un
tho other hand, as the earnings will not reflect the results of the work, the operatives
will lave no gsreat inducement to iwmprove their ability. The effect of repetition could
therefore be exnvected to be comparatively small, and thus also the indirect savings
caerging from the reduction of construction time. The advanteges and disadvantages
of a purely niece-rate system of remuneration are the reverse of those of the hourly
wafse system; small or no savipgs in direct wages, but substantial indirect savings due
4

FAN
L

5> 12 shoxrtest possible construction time. In many countries a combination of the

1o systems has been found must economic and efficient, and several examples of such

syctems are provided in the report.
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Data frow Czechoslovakia, referring to tie construction of tyne dwellings in 1959,
illustrate a reduction of diflerent cost components and total building costs when
increasing the run size of icentical dwellings. The savings, due to the effect of
repetition on operational costs and to the acceleration of the production cycle, were
calculated by a2 construction enterprise. The saving in total costs when increasing
the run size froa 25C to 2,25C vac estimated at 9.4 per cent, From the Netherlands,
it has been reported that a decrease of 20 ser cent in total building costs is possible
by increasing the series of identical dwellings from 72 to 432. In I'inland, labour
costs went down in one case by 14 per cent and in another by 18 ner cent, when identical
buildings were erected consecutively. In Jestern Gernany, a reduction of 6 per cent
in total building costs and of 16 jer 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 buildinz costs do not permit a proper analysis and evaluation
of the different factors affecting cost savings in rejztitive work. liowever, all
inforaation subinitted on the subject, as well as hypotheses based on the effect of
repetiticn on oderational time, Dpoint clearly to the fact that substantial savings in
tuilding costs can be gained both directly and indirectly from the rcpetition of
identical building operations in long work sequences. :.vailable evidence seems to
indicate thet, 1n construction according to nodern usetnods and techniques, implying a
hish cegree of .iechanizetion and specialization, indirect savings gained from a
reduction of construction ti.e nredominate and are growing in importance. Operational
costs do not decrease to the same extent as labour productivity because the wagzes of
the workers are noraally linlied in some way or another to their cuiput. Thus, in most
cases, tine renetition of identical operations has a favourable effect, not only on
labour cosis but also on wzzes.

conditions necessary to achieve favourable effects of repetitive work

The basic condition for achieving favourable effects of repetition is continuity
of work. The operations to be carried out have to be identical (onerational
continuity) and tihey have to be executed by the sane operatives and, as far as Hossible,
without breaks (executional centinuity). ~-hen operations of a repetitive character
are carried out in a factory, 1iv is merely a matter of thorouzh )(re)lenning, careful

orgap .zation and observant conirol, to ensure that the work will run continuously and



ST /ECE/HOU/14
nage 15

undisturbed by external influences. For onerations on tiae building site, conditions
are less simple and the problems relating to production less easy to foresee and tackle.
Building onerations are adversely affected by inclement weather, difficulties of access,
delays in the delivery of building materials, special »roblems arising when worit has
to be carried cut far above ground level, and so on. These external influences not
only impede the efficiency of work, they also cause brealks in executional continuity
and thus prevent the full effect of repetition being a hieved. 2eal operational
continuity is also difficult to attain, since certain building operations have to be
adapted to differences in tiie nature and slone of the ground and other site conditions.
wmany exaaples 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 1V, Tire results of breans in operational continuity have been observed in
Finland, France and the Netherlands. The effect of time breaks on labour productivity
in repetitive worli sequences has been reported by Finland, Sweden and the United
Xingdouw, and tine effect of change of ocperatives by Sweden and the United {ingdon.
The problem of sufficient wori S:ace for different gangs siamultaneously carrying out
task.: on the site has been higllighted in thc¢ Netherlands contribution. The influence
of inclement weather has been studied in Finland and France. The so-called "end effect",
i.e. the increase observed in operational tinae per unit when a serics of operations is
approacning its end, has been illustrated in several of the examples submitted.

The evidence presented in this report clearly shows that even comparatively small
differences in the operations to be executed (operational discontinuity) as well as
time brealis or changes in the personnel exccuting the wori (executional discontinuity)
seriously affect the improvement process. In fact, brealks in continuity can, under
unfavourable conditions, almost comnletely neutralize tihe repetition effect. Breaks
in continuity are .1ost often caused by external influences, but can also arise from
inadequate organization of tine work or froa the fact that the project does not lend
itself to proper organization - for examplc, if the space available is insufficient
for repetitive work.

Influence of external conditions on site work can lhardly be avoided altosether.
Their adverse iuplications, however, depend on the naturc and duration of the
operations. et building processes, such as bricklaying, concreic casting and

nlastering, are penerally sensitive to weaivher conditions and, at the sane time, talte
H ’ g ) ’
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more time to execute than dry processes of the assembly tyvoe. The key to

increased indenendence of such influences seems, therefore, to lie in a more exiensive
use of prefabricated components, jointed by dry methods on the building site. This
does not mcan, of course, that favourable results of repetition cannot be attained in
wet building processes. Provided adequate measures are taken to ensure continuity of
work, a high dezree of improvement in the labour productivity of wet building
operations‘caﬂ be achieved, even under winter conditions, as has been proved in many
of the studies supplied for this report.

inadequate organization of work on site is often due to insufficient knowledge
of the organization wethod most suitable to repetitive work of a narticular kind and
duration, or to ignbrance of the serious iumlications of br-aks in continuity. In
repetitive work, tie traditional iaprovisation of site work must be replaced by thoroggh
preplanning and organization of tie work, based in each case on the length of tae
series to be nroduced as well as on other relevant characteristics of the project.

For single projects, in particular those related to urban renewal, it may someti.es

be difficult to oiganize the worlk in the 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 town-planner as well as the architect) and the building organizations,
or by the designers themselves acquiring sufficient inowledge of the nroduction
requirements.

The material provided for this study seems to indicate that building work is not
seriously affected by the heighv above ground level at which it is executed, at least
not in the case of buildihgs of less than twenty storeys. Some onerations are
rendered somewinat .iore difficult with the increasing hei;ht of the building but,
provided the étoreys are identical, »roductivity is still positively affected by
repetition. “hiica of these two factors predoainates will depend on the nature of the

construction work and the efficiency of 1ts organization.
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The increasc in operational time often observed at the erd phase of repetitive work
scquences seems in most cases tc be due to modifications and cAditicns of cperations which
are called for in thé end phasc, i.e ouperatica.l dic.cutinuity. Sometires, howewver, the
end effect has been found to be due to laci of planning and managenent.

In sunmary, the following factorc contribute to a maxi.aum fevourable effect of
repetition on the building site:

\a) architectural and structural plans ensuring maximun identity of

overations;

(b) adequate size of nrojects allowing for sufficient specialization

as well as sufficient space for ecach or tae work gangs involved;

(c) proper preplanning and organization of site vorks; ~nd

(d) adequate day-to-day wanagement and supervision of site wori.

Planning and oryanization of repetitive work

In so-called "traditional" conscruction, -articularly of singlec objects, linowledge
of the worlt to Le executed i~ generally liunited while tihe nunber of factors influencing
the production is large. Jetailed prepnlanning and systoiratic organization of the worlk
are therefore often oui of tlhe question. Lii nany cases the site worii is started even
before all drawings and specifications are available, In such circumstances the
efficiency of the building work will dencena exclusively on the ability of the
supervisory staff to improvise ard on tite vorkers'! degree cof flexibility and skill.

with increasing size of building rrojrchs and growing use of renetitive work
processes, the need for up-to-date methods of plannin;, organizaticn ana supcrvision
nof sile operations is more and more accentuated. This problem is dealt with in
chepter V,

For several reasuns, tue ootimum degree of specialization of wori increases with
the length of the series of idenvical onerctions to be performed. in the case of
Lighly repetitive construction processes, it has been found most cflfective to orzanize
the work according to princivles very similar to those used In the wmass production of
consumer goods on belt lines. The building cannot, of course, be wmoved from one
working ~tation to ancther; instead, the onerativez have to move between different
working =arcas. Hevertheless, flow-linc construction is based, lilic manufacturing

Jrocesses, on tne separa’ion of the production process into specific and simple tasks
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which are carried out by specialized worliers or teams of worikers. Flow-line
construction also, like belt-line vroducticn, works with a stable output which aay
be adjusted fro.: tiae to time with the increasing ability of the workers.

Flow-line metiods of construction are beinyg used in all [urownean countries but
it is in the socialist countrices ~f castern Surope that they have been most thoroughly
studied and widely ajplied. Indeed, the concentration of demand in these countries,
the centralizaticin of invectment prograummes and of architectural and structural
designs, and the concentration of the ccnstruction industry have created particularly
favourable conditions for the renetition of building coerations. hese conditions
are being utilized to the utiost by standardization and typification of buildings,
building components and techaslozical processes, the specialization of building
enterprises and the allocation of a cunstant or increasing awount of work to each
enterorise.,

A comprehensive theory of the flow-line method, including & terainology of .aore
than 15U concepts and a series of formulae have been established in castern Jurone;
some exzmples of the notions uscd are provided in chanter V of the Hresent report.
Constant attention and rescarch are devoted to the perfecting of the .aethod,
inter alia, by the application of networ: planning and computer techniques.

Substantial savings in teras of labour consuaption as well as building costs,
due to the use of the flow-line method of construction are reported fron Bulgaria,
Czechoslovaiiia, France, hungary, the Ukrcinian 3312 and estern Germany.

Irrespective of the size of the project and the deyree of specialization apnlied,
1t is of extreme importance that the planning and organization of site work should be
based on the best pussible incwledne of tie effect of resctition ovn different Xinds of
building oneration,

In the case of smill and mcdium-sized projects, 2 siable operational time is
seldom achieved befcre completion of the construction works. This .1eans that the
work is carried outv under the vperation-learning and rcutine-acquiring phase o) the
improvement process and that a ;liding produvctivity has vo be exdected throughout the
work-period. It is particularly important taerefore vo ailow for such an increase
in the productivity to be attained by flexible or;janizational arrangements. The
experience jained in Norway shows that it is not an insur.ountable tasi to apply

scientific nlanning uf site rocesses even when the series are couparatively limited
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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 tuilding
operations [157.

In highly repetitive work processes, where an advanced degree of specialization
can be applied, the running-in process is passed more quickly and has, on the wiole,
less influence on the planning of the work. Accordingly, execution of the work
can be based on a stable production rate established from the ultimate or basic
operational times cf 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 gang does not impede another. For this reason it
is equally important in the organization of flow=line processes to possess the
greatest possible knowledge of the rate and scope of improvement that can be

expected for different kinds of building operation.

Related nrobleas

The material analysed in this report has shown clearly the difficulties of
isolating the influcnce of any of the wide range of factors affecting building
production, Tae effect of repetition on building operations is only one, and
perhaps not the most important, of the consequences of introducing large series of
identical building components or functional units in the building trade.
Furthermore, 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 impoede or prevent
the drawing of reliable conclusions from data collected on building sites,
In addition, building costs and labour productivity are substantially affected by
the organization and mechanization of the work, the size of contracts and
building enterprises, the technology used (size »f building components, dry or
wet processes, etc.) Some cxaiples of such influences are provided in chapter VI,
It is necessary, therefore, to view the offect of repetition on building

operations in the wider context of ineasures and means aiming at the transfer of
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building from a handicraft bpusiness to a fully industrialized sector of the
economy ., The further success of the industrialization proceés will, to a
large meesure, depend on the objective and penetrating analysis of the
relationskip and interdepenlercec of all the relevant factors influencing
develdpment; international exchange of experiesnce in this field, which has
already given some encoﬁragingvresults, will probably prove even moré

important and useful iu the futur~,

RECGENDATIONS FOR FURTHED STUDIZES

The studies so for undertasen do not permit of recommendations to

Governments on how Lest to oryunize a besis for building production. Vhile

it is realized that many Governumenls mey have only limited possibilities of
infiuencing the locaticun ot nlant for the production of building materials

and components, it is {21t that a generally applicable inowledge of the problem
would be valuable. But the optimum organization of the building production
process, including thc design, manufacture and transport of building materials
and componerts and the construction work on the building site, depends on such
a .Ade range of local conditions, presecriptions and so on, that an intérnatibnal
enquiry or review of actual production patterns would secem less profitable.

I+ mightv be founl useful, therefore, to restrict a.study in this field to a
theoretical analysis of the interrela‘tionsaip of the size, weight and value of
building components, scale of production, transport costs, and consumﬁtion
Intensity. The aim of such an unalysis would be to establish a genérally
appliceble model, showing the quantitative relationships between the factors
mentioned. This icdel could then be used in different countries, applying in
each case the narameters vaiid in the country.

It would be useful also to investigate further the effect of repetition on
difi{erent types of buildiug operation in order to arrive at a scientific basis
{ox the efficient plianniny of building work. It would also be useful to study
the effect of repetition un the organization and cost of building‘design. Such
ctvdies arc, however, .ore of a building research character and could most
profitably be carried out undexr the aegis of the International Council for
Building Research, Studies and Documentation (CIB). i special CIB working

cemmission might be set up foir this purnose.
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CHAPTER II
EFFECT OF REPETITION ON OPERATIONAL TILi3

INTRODUCTION

The basic effect of repetition on building operations and processes on site is
the successive reduction of time required to execute identical operations carried
out repeatedly and successively. The favourable influencc of repetition on
operational time is due to the increased productivity achieved by training but also by
successive improvements of work method 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 this field
and to present the practical results of field 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 study, as well as in
specialized literature on the subject, it is claimed that two principal phases of
improYement are to be distinguished, namely: |

(a) the operation-learnin; phase, i.e. the period during which the worker

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

(b) the routine-acquiring opuase, curing which successive improvements of

performance are achieved through growing familiarity with the job and
through small changes in work methoc¢ and organizetion.

It should be borne in mind that the two phases often overlap, the second
beginning before the first is quite finished. It is therefore rather difficult
vo distinguish clearly between them. Some experts are of the opinion that the
first phase itself is a combination of two distinct sub-phases, namely:

(a) the initial orgaaization of the work, which may take some time, depending

on the knowledge and ability of the job manager; and

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

are being teught how to cerry out thc new job.,
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The improvement of operational times achieved by repetition during the

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

decrease in manhours onc¢ 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 accumilated mean value. The total timc necessary for the

production of all units ox the speed of production may also be used. For obvious
reasons, improvement curves showing the decrease in unit time when repeating a
particular operation will have a steeper eourse than the one reclating to the
accunulated mean value of unit times. The physieal 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 (rcom, dwelling, storey, section of a
building, complete builcding, etc.) or units of construction works (cubic metre of
concrete, square metre of shuttering, etc.).

The general shape of improvement curves reported ty different experts are very
similar. Thus, the operational time is always grcatly reduced at the beginning
of the work sequence, while the rcductions in time required successively decrease.

During the oneration-learning periocd an uninterrupted and continuous decrease

is seldom obtained. The curve flattens out before falling again. The reason for
this is often that the operator makes some minor changes in his motion pattern, c.g.
he employs morc combined motions. snother recason could be fatigue caused by too
great a concentration, both physical and mental.

The routine-acquiring neriod mey occur cither 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 trained and qualified. In the latter case, the pattern and the aim
of the job are knewn to him. New features could be the design, part of the equipment
or external conditions. In connexicn with the starting of new work, additional

time of an operative nature always occurs which more or less splits the first
opervation cycle. The operator, or work gang, must find the right rhythm and
cistribution of tasks. The perational time then falls as the operation is repeated;
it will, however; fall more and more slowly, After some time the curve flattens out
before a relatively constant operational time is obtained. By repeating a certain
motion pattern the ability increases, ancC the motions of the body and the hands are
reduced to a minimum for the operation concerned; the eyc motions will also be
rcduced as ability anc knowledge of the motion pattern increase. Furthermore some
minor method improvements might be introduced, e¢.yg. a knack, a change of the order

of the part-opcrations or of a combination of motions.
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THEORETICAL MODELS

The effect of repetition on operational time has for a long time been the subject
of kecen attention and study in the manufacturing 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 field was published in 1936 by the Americen,
WRIGHTSI) It deals with the proiesses of routine-acquiring in the serial production
of aircraft. ‘right studied the accumulated mean values. If the times per unit arc
denoted Tl, T2, T3, oos Tx’ then the accumulated mean value tx for the first x units
will be:

11+T2+T3 esae +Tx

X

1t =
X

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

can be used as tx can be represented as a function of tl and Xy namely:

-k t
= = 1
tx tlx ;K
In this formula -k is a parameter characterizing the improvement curve (the
"elasticity" of the improvement). Wright determined k as 0.322. The equality:
2-0.322 ~ 0.80

results in Wright's well-known 80 per cent rule, saying that tho accumulated mean

value of operational times will be reduced to 80 per cent when doubling the number

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

t2x

t
X

= 0.80

Obviously the total accumulated operational time (Y) can be expressed by the

formula:

becauses: -k 1-k

(1) The prescntation of Wright's theory follows mainly'[rl;7 (sce bibliography).
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From the equation tx = tlx'-k o simple functior can be derived for the time per
unit Tx which is sufficiently approximate for x - 10. This function reads:
T,/1-k/

k
X

-k
T.=T /l-k/x =

The time per unit Tx is in direct proportion to the accumulated mean value tx,

for
., =k -k
— ! ik / - - 3
T = I /1-k/x /1 k/Tlx
-k
tx = tlx »
T1 = tl
t =T x-k
x b
which gives:
Tx = (l-k)tx

sccording to experience gaiied in Finland and Sweden, Wright's law is valid in
principle also in the btuilding industry. The average mean value of time per unit
olwaye decreases LY a ccertain constant percentage when the number of units is
doubled. The percentege depends to a great extent on the character and difficulty
of the operation in question, but is in gcneral lower in building than in the
monufacturing incustries. The ¢quivalent of VWright's 80 per cent has thus been found
to be 87 to 93 per cent in building operations of a répetitivc nature, The lower
degrec of improvement in building is to be expected, since the environment in which
building is cone changes from day to day and undoubtedly influences the process of
routine~ccquiring.

Although the ccincidence between experience gained in manufacturing end in
ouiiding: is gool, it has, cccording to information received from Finland, often been
scen that in building the operational time decreases more rapidly immediately after
the start than is assumed in Wright's theories. In most cascs the reason is to be
found in Adefective preliminary plenning of the building site, involving an unnccessarily
high consumption of labour at the beginning of the work scquences. It may be eoncludedld

that preliminary planning has a great effeect on labour consumption,
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Time consumption in the serial assembly of aircraft according to WRIGHT

(United States of America)
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Another version of o power (logarithmic) function has been proposed by the
American STANFORD, namely :
y =a(x +B)"
or with the symbols used above:
n
T =T (x+B)

This tormula establishes the function not for the accumulated mean value but

for the individual value of operational times per unit. Jccording to STANFORD it

can be asgumed that:

n 7 - 0.5
wvherefrom:
a Tl
y = or T =
VX + B x Vx + B
If B = o, then
-005 —0-5
Yy = ax or Tx = T1 X
Teking into account that
2-0.5 _ 1 _ 01707

o/ 2
This rule would result in a 70.7 per cent reduction of individual operational

time per unit when doubling the number of operations.,

Exponcntial formulae

The Norwegian Building Researchalnstitute has fouud that the routine-acquiring
process can be described by means of an exponential function [Té_7. On the basis
of field studies a formula has becen established corresponding to the tollowing rule:
That part of operational timec which can be reduced by routinc-acquiring will be

reduced by half after constant numbers of rcpetition, The formula proposed reads as

follows:
T, =T, + N
2x;H
wvhere H = "halving-parameter" which is a constant,
Tb = the ultimate (basic, ideal) operational time per unit, i.c.
the extreme value of the function Tx when x«2 & .
T, = the initial operational time per unit
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If the initial and ultimate operational times together with one set of x/Tx values
are known, the helving-parameter can be Cetermined from the following function, which
is referred to in the contribution received from Hungary. (see also figure 2):

x lopg 2
log/Tl-Tb/ - log/Tx—Tb/

H =

The Norwegian Buildin< Research Institute Zfi6;7 has also proposed a formula
for the total operational time (Y):

T | T,
2 —
Y=xt =T, +He B (1-e H )
X b
Where To and H are parameters deciding the initial speed and time correction
to be made.

The speed of thec proccss at any time may be expressed as:

R "
ay H - H
ar_ = l+e g e
b
The total time correction (ﬁbj{ may be expressed as:
T
- -2
H
INY = He

If T0 = 0, the total time ecorrection is H and the initial speed of the process
is one, meaning that the process starts with double time requirement compared with
the basic time requirement - that is half spced, This explains why the parameter H
is called the "halving-parameter".

In practical planning, the Norwegian cxperience has shown that the work on
the first working unit will often start at half spced, i.ce. at a unit time 100
per cent higher than the basic rate. This means To = 0 and a time correction
for the gang time equal to He The timc¢ correction thus always refers to a certain
gang size ancd the total time correction in working hours is H multiplied by the

number of men in the gang (providec the work starts at half Speed).
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Figure 2

Operational time per unit in relation to number of units (Hungary)

Source : Information received from the Government of Hungary.

Number of units.

y Operational time per unit.
T,= Basic (ultimate) time.
T, = Initial time.

H = Halving parameter.

h,= 2h; = 4h;
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Other formulae

4 somewhat different approach to the theoretical stuldy of improvement processes

is reported to be used in the United Kingdom, The notions "improved average" (ti)

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

T 4+ T 4+ oo + T
ti = p+1 D+ 2 X 3 and
X - n
m o= Vx Y, 100
t.
1

When calculating the improved average, the first "p" operations are not taken
into account., It was found that 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 carly series of operations carried out
before the steady lcvel of time consumption has been reached (te), and the improved

average of the remainder (ti) as a percentage of the average of the early series:

m' = te B ti .100
1
¢

Measured in this way, the time required for the operctions, studied by the
Building Research Station, improved on an average by 8 - 12 per cent; some non-
traditional operations alone showing an improvement of about 33 per cent. The high
rate of improvement is typical for non-traditional operations where new techniques
are to be learned.

The model used in the United Kingdom, like the Norwegian formulce quoted above, is
based on the assumption that the improvement con attain only a certain reletive mcasure,
independently of the number of operations. This may be correect although, for series
occurring in practice, the same result can be obtained with the formulae used in
Sweden and Finland, which do not cxclude, theoretically, an unlimited process of
improvement. The simplicity of the United Kingdom model can be regarded as an
advantage; on the other hand, in practice, there may be some uncerteinty concerning

the end-puint of the "carly" series.
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RESULTS NF FIELD STUDISS

Systematic cond comprenensive field studics inte the ¢ffect of repetitinon on

building »pcratisns H»n site have been carrlyd nut for a long time in Jestern Germeny,
in perticuler by the Building Rescarch lnstltute in Henover ij - 6;7zuuizflq‘7
Interesting results ~f ad hoce studies in this field are reported also from
Czcchoslnvakia, Finlend, France, Isracl, the Netherlends, Norway, Prland, Sweden,

tae Ukranian SSR @nd the United Kingdrm., The information received concerns sn the

ne hand the executinn »f specified individuel building »perations and, ~n the otlur,
wer-ell figures on the time consumptin Hf groups of ectivities and ~perestions
connected with the exccutisn »f identicel ouildings Hr buildings units - for instance,
identical dwellings, acuses, pairs ~f nouscs and storeys ~f buildings. - Some
countries  have supplied more indirect cvidence ~n the «ffceet ~f repetition, Thus,

for instance, comparisoyns of labour priductivity haove been made between objects
orgenized in & traditional way cnd objects ~rganized acerrding to the flow-line methnd,
or between building c ntrects nf differcnt sizes., Since the "bjects are nnt identicel
nr even, in some cascs, similer, thc results »f such comparisons arc incvitably
affected not ~nly by repotition but by mony -ther impnrtent factors and have therefore
been presented scparatcly in chapters V and VI,

Studies of individual building operatinns

The Building Rescarch institute in Hannver, Yestern Germeny, has assistod in the

orgenization >t several building sites with & vicw tn promnting a wider utilization
of the repetition effcet in building operations, iIn this connexion, deteiled
investigaticns have been undertaken ints the degree nf improvement possible, in
terms of costs and time c,nsumption, in diffcrent kinds of individual building
yperations, The results of suck studies undertsken in the peried 1950 tn 1960 arc
presented in & comprehcemsive report Zf?[j7, from which figurc 3 is taken. The figure
relates to the constructinn ,f in situ cost conerete floors. Improvement curves

are reparted for the three main ~perations, namcly, csscmbling of formwnrk, con-
crcting, and dismcntling of tie formwork, .s can be suen,na substantial reduction

in the time required wes achieved in the Hperation assembling ~f formwork; the

manhsurs per squarc metre »f J1oor spece decreascd from 1.40 at the first oxecuticn
to 1.04 in the second, i.c. by 25 per ceni.  fThe impr vement acaieved in the
following exccutions ~f thc work was 13 per cent nnd 11 per cent, respeetively., The

concreting opcerutinn shews e different pattern »f improvement. In the first cight




ST/C6 /40U, 14
Figure 3 page 33/34

Time consumption in the serial execution of dismantling formwork,
assembling formwork and concreting (Western Germany)
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a = Dismantling the formwork.

b = Assembling the formwork.

¢ = Concreting.

x = Number of operations in order of construction.
y = Manhours per square metre of floors.

y/= Manhours per cubic metre of concrete.

! = Floors above the basemant.

Il = Floors above the first floor.

il = Floors above the second floer.

m, = Accumulated mean valus of manhsurs per square metre.
my = Overall mean value of manheurs per square matre.



ST/ECE /HOU/14
page 35

s-quences of this operetinn, the ouvput was aprroxirately stable, requiring about 5
manhours/m2 of Ilnnar spacv, The mixing of thce eoncrete was then re-organized, wiich
resulted in a fzll in labour consumptinn tn 3 manhours/mz. It is thus »bvious itha
this operatinn was hesvily dependent on the rother inflexibice ~utput ~f a machine

and that the effcet »f repetitisn wes a faetor of reletively smell impnrience to

labour productivity. -s t- the dismentling of formwork, the e¢ffect <f repetition wes
found t» be something internediczry between tiae two ctaer operctions deczcribed. The
conclusion was drewn thoet tic possible improvement in labour productivity as a result
of repetitinon is groeter {Hr complicatid nperaticns, such as assembling ~f formwnrks,
than for simple ~pereticns (dismantling ~f iormworiks).

snother important conclusion drewn in the Vest Germen report was that the improve-
ment possible is much smeller in trediticnal, well-ikncwn operaticons then in ncw
operations which are not fomiliar to the worikers., Thus, for instance, it was almost
impossible to nbserve any improvement ir bricklaying, whereas the time comsumption
wes found toc deereasc quite substentially when repecting such nperaticns s
assembling of lorge panels, This, »f course, is ratoor naturel since in the former
operation the operatiorn-learning puusc ~f the impr-vement pricess has to be passed
by the worke~ befrre he is recognized as o skilled craftsmen, It is interesting to
note in this connexinn, however, tict in some countries considerable
improvement :f lebour productivaty in b:: o la: ‘ng has ¢ :n cchicved vy striet
specializatisn within the craft, i.c. "3 #orser r -ne ream of workers daing only
~nc¢ kind ~f brickwori,

«n interesting example, illustroting the fact that repetition is only one of the
factors affecting labour pr-oductivity, is supplicd imn the same report. The
operation studicd was flroor-luying. The wirs was undertalion subsequently by two
different building contrectors employin. dififcecnt gongs »f werkers., In the first
case the lab-rur consumption dcerensced fr-m 2,13 mauhuurs/m2 ty 1,71 manhcurs/mz.
The workers of the second ceontracter at first nceded considerebly more men hours per
square metre tihan the first sang. On the otiier Land the scennd geng, as time passed,

~

was able to reduce its tim. comsumption te 1,42 manhucs/m”, The eficets of the
different factors contributing to this result are almyst impossible tn senarate.

nssembling of 1oruworrk, cincreting and osscmbling Hf prefabricated building
components (strircesc units) heve beuen subjoet to study wolso in Finlornd and Frouce.
The results generally confirm the Western Germen investigations, i.e. the improvement

of labour productivity in concrcting, as @ result ~f repetition, it very slow, while
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taese 1s & stevp decreese in lebsur consumption in the assembling of prefabriceted

Uilis,

sapa.cs & and 5, teken from toe Finish study, show the chenges in time requircd for
‘.o oxeutisn of wosden formwork during the buillding of successive storeys., In tae
v_.rst cise the accumuleoted mean value ~f tiie Hperestionel time exactly inllows Wrignt's
puvw. The evernge mean velue was Z~und ty decercese t2 87 per cent when the number f
aLcutions wes doubled,  In tiie sceond cese the time required also decrcased gradrelly,
L. towae elghth storey.,  ripn, 1n the f-1llowing storoys, an increasce cnuld be
8 rved due prebebly to the "leignt effcet" end "end effcct" (see caapter IV).

T results of e I'renei study, which was uncdertaken by the Centre Scientificue 3t
Teerdigue du Bftiment, were obtained from 1hc¢ nbscervetion of nine identical point
Wi aCLE 177_7. The buildings woere erected by five difierent building contracters but
the results coincicde feairly well (fibﬂﬁlﬁifh‘JLiﬂﬁlli)' Thus, the¢ time required for
c =g oung farmwork and conercting was boetween 30 end 4C per cent aigher at tiie first
Leo then ot the sixth, woile the enrresponding differenc: for crecting prefabricated
i ls wns around 125 per cunt (figure 9).

it cas been abtained tlsoy from cnother French study regerding the man-day
c¢.oovptisu toar crecting "tunnel-shutterings" (steel formwork for the canereting, in

f the walls and ceilaing of ~ne roomj. The monthly average for tnis

<. [N
“ A It

v vt on, which was repeated 553 times, fell from 2.8 to C.79 man-days per unit

sr.ct ) o vather steole productivity being odotained from avout the hundredth repetition,

(‘Li. ‘Jl'u__l_(i)o

wo. anfluence ~f repctition »n the asscmbly nf heavy conerete elements, placing of
i Lcewerik clements, hendling f boslts for formwork, placing »f light concrete insulatinn,
iixin- of wall m.esuremcnts, end asscmbling cf fremework fer hnistways, has been
sbuvl L by tuu Nach&ieg Juilding Rescerch Institutc /72_7{ ull the improvement
rooessvs studied were found 40 fit inte cne end tho seme pettern, nancly, "that part of
tue productinon time whieh could e reduced oy training, was cut down by half after o
enrstent number of roep-titi-sns", The indivicual impriwement curves for the assembling

L huavy ennerete olemeats and the nandling f bolts are shown in figurcs 11(z) enad (b),

yoespeel ovely. 1t is of intercst that tn. decrease of aoperatinpel time is still
notieable after the hendiim »f 22,000 bolts. Ul perticular intercst, however, is the
r.sult «f o detailud anelysis { all ta. différent peratisns studicd, It wes {ound
tnrt 1f the curves were harmonized by using the "aclving parametor” as the scale fer the

i and the »perationsl time cxpressed as a perccntage of the ultimatce sperationg]
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Time consumption in the serial execution of wooden shuttering
in an eight-storey building (Finland)
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Storeys.
Manhours per square metre of shuttering.

Y
] Accumulated mean value of operational times per unit.
It = Operational time per unit.

Figure 5

Time consumption in the serial execution of wooden shuttering
in a fifteen-storey building (Finland)
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Figure 6
Time consumption in the serial execution of assembling

and dismantling formwork (France)
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Note : The five thin lines refar to results achieved by five different buillding firms.
The thick line shows the average resuit.
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Figure 7

Time consumption in serial execution of concreting (France)
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Note : The five thin lines refer to results achieved by five different building firms.
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Figure 8

Time consumption in serial placing of panels (France)
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Operational time expressed as a percentage of basic operational time in
the serial execution of assembling and dismantling formwork, concreting
and placing of panels (France)
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Time ccnsumption in the serial erection of “tunnel formwork” (France)
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x  Number of months (calculated on the basis of working days).
y Mandays per erected unit.
J, F, M, A, etc. January, February, March, April, etc.
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Figure 11

Time consumption in the serial execution of building element
assembly and handling of bolts (Norway)

a : Building element assembly.

b : Handling of bolts.
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a Number of assembled elements.

x
y - Average manhours per element.

z - Production series in the order they were assembled.
H - Halving parameter.

T, Basic (ultimate) operational time.

b x  Thousands of bolts.
y - Operational time per unit.
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time nn the Y &Xis all the curves hed the sumc shape. By displacing the individuel
curves horizontelly they fc¢ll inte ~ne single curve, tue general impr-vement curve

(see figure 12).

The report of a study on tiic effcet »f repetition on building ~perations undertaxen
by a Swedish contractor conteins & 1~t of iniormetinon >n the impr-vement proacesses of
individual building nperatisns /f31;7. The subject ~f the study was a group ~f Hne-
family houses including forty-four units ~f three difiercnt types. The fact that the
houses were nnt quite identicel was of little imp~rtance, partly bucause »nly a
limited number of -perstinns were affected by the differences end partly because
productivity was expressed in manhcurs per unitv of materiel and not per house. The
entire work on the building site was divided intn ncarly 160 differcent ~peratinns and
the study as a whnle comprised abonut 30,00C sbservations. Detailed records ~f actual
time spent on the different operations were zept, together with information about
breaks nf diffcrent «inds, weather conditi:ns and >ther fact rs having an influencc
»n labour productivity., It was found that elmost all operati'ns were Cisturbed at one
point or annther by differcnt xzinds ~f adversc factor impeding an cfiicient exccution
nf the work (see chapter IV). TFigures 13,-i4 and 15, hiwever, illustrotc imprevement
curves which are not too gravely distorted by adverse fact-rs, They siw, on the Hnc
‘hend, the sperationel time per unit (a c-ntinu-us linc) and the calculated accumulated
mean value of the operational times (a bv-i.cn iinc), Figurce 13 illustrates the labour

productivity achieved in sawing and crecting thic louad-beering structure, It siauld be

nated that the fifth and th. cighti. e¢xecutiosns were disturbed by rainy weather., Figure

14 refers to the setting up ~f combingd ritchen and bathry~m elements, including the.

chimney, It can be secn thet tiac cffeect ~f rcutine-acquiring is quite comsidereble
in this operatinn, Thc curve includes an clement of nperatinn-lceerning, sipncc some
of the persohnnel had nnt carlier perticipated in this kind ~f wirk., Figure 15 rclates

to the making nf roof {russes sn site. Thas kind ~f operation is much less

complicated than tiae¢ asscmbly opcratinns studied by JIright in the airerett industry,
and the pryccss ~f routince-ccquiring is therof-re myrce rapid and the time-per-unit
curve becomes stebilizcd myrce quicxly than is presumed in Wright's thenries,
acenrdingly, the logaritamic _unceion of tiac eccumulated mean valuc is nat & streight

line in this casc,
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4 study of different metiods of hnuse comstruction, carried out by the Building
Research Station, United Kingdom, presents comprchensive information on actual manhours

spent on different kinds of operations carried out consecutively in series / 8_/. The

results are reported in table 1, where the figures relating to nperations considered to
be of a specifically nor-traditicnal character ere enclosed in & triangle, Similar two-
storey semi-dctached houses of traditional brick (type A) and three types of non-
traditional construction (types B, C and D) were built on five sites in different parts
of Englend by different contractnrs., Between twenty-five and sixty pairs of houses of
two types or more werc built on each site, there being not less than twelv~: identiceal
pairs'of one type on a site. In recording the¢ bullding times in this study, a pair of
houses rather than a singlc house¢ was uscd as the basic unit, because cach peir of
houses formed a single structure, The measure of improvement used wes the percentage
increment of onver-all average over the improved average achieved in the ccnstruction of
the later pairs of houses (sec "Other formulac" at the end H»f the sectinn "Thenretical
models, " above).
Table 1
Influence of trade and housc type on improvement
(United Xiugdom)

(expresscd as percentage increment of over-all
average over improved average)

House type
Trade Traditinnel Non-=traditional

A B C D
Bricklaying 3 6 4 5
Roof tiling 5 6 3 -

- -

Concreting to walls - - - _ - 10 |
Carpentry 6 5 ",vlf' 16 !
Prefabricated partitinus - 15~ 13 25_J
Plumbing 6 8 4 14
Plastcering 4 5 7 5
Electrical work 9 6 9 3
Painting 5 5 0 1
Sources [8_7 .
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Figure 12
Time consumption in the serial execution of formwork element assembly,
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and assembling of framework for hoistways (Norway)

a : Improvement curves, original (ses text),

b : Improvement curves, horizontally removed (see text).
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760 -

700,

x, - Placing of formwork eloments (number of elements).

x, - Handling: of boits (number of boits).

x, - Placing of light concrets insulation (number of storey sections).

x,~ Fixing of wall measurements (number of walls).

x, - Assembling of framework for hoistways (number of wnits).
y:-mwﬁqukWuamdbuk(ulﬂm)

operational time per unit.

T,- Basic (uitimate) eperational time por wnit.

handling of bolts, placing of light concrete insulation, fixing of wall measurements
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Fgure 13 Figure 14
and erecting of load-bearing structure setting up of combined kitchen and

2 = Heuse aumber. ’
y = Manhours per sguare metre.  J n'i ‘.
1 = Accumuioted mesn wvalue of operationsl times per unie,
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Figure 15
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Detalled records and improvement curves have been provided for several operations
on different sites. Scme of the work séquences have, however, been disturbed by
different adverse factors. In this chapter, therefore, the mors regular curves are
presented, namely those on the erection of plasterboard partitions (figure 16),

electrical carcassing (figure 17), first stage of brickwork (figure 18) and floor
boarding (figure 19).
Identic,] Bulldines

Data on total lsbour consumption were obtained in the Swgdish study of forty-four
ore--femily houses L—IJ  The over-all time consumption was studied separately and was
not derived from a summation of the times required to execute the different operctions.
The total time recorded thus covered gll time, including breaks caused by bad wcather
conditions and other adverse factors. The purpose of the study was to show what
actually happened on the site and not what might have happened if the conditions had
been ideal. In addition, however, the observations weres so numerous and the duration
of the study so long that occasional external influences could not appreciably affect
the picture as a whole. The results of the study are shown in figyre 20. It is
interasting to note that, contrary to the experiocnce gained from the study of most of
the individual operations, the total number of manhours required tc complete a house
fell rogularly according to the theories set by Wright, i.e. the accumulated mean value
of the operational time decreased by a certain proportion after every doubling of the
number of executions. The proportion was established at 10 per cent, which means that an
ecuivalent of Wrights! 80 per cent rule, valid in manufacturing industries, should be
a G0 per cent rule in the bnilding industry. Further studies carried out by the same
biiiding contractor confirms this theory. Thus, another object observed showed an
improvement of total time consumption corrcesponding to a 92 per cent rule.

The total number of manhours required to complete pairs of houses was recorded also
in the United Kiugdom study alreedy referred to / 7_/. Figure 21 shows the improvement
curve3 obtained from the study of the number of manhours required for the superstructure
of pairs of identical, traditional houses erected on five differcnt sites. Since the
houses were of traditional design, the materials and operations were not new to the
operatives, but even so in most cases a considerable reduction in the time consumption
over the first few houses could be observed. In figure 22 a comparison is made between
the improvement curves obtained for traditional and non-traditicnal houses erected on
the same site, &L= can be seen, thc decrcuasce in manhours required is substantial over

ne {irst seven palrs of houses. The fall of the curve relating to the non-traditional
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houses is sharper than the other; nevertheless, it never falls below the curve of the
traditional houses.

The over-all time consumption required to build identical multi-storey blocks of
flats has been studied by the Poligh Inst’tute of Housing. The study referred to five
buildings, each with five storeys, erected in the toun of Poznan. The following time
consumption was recorded:

Suildine ascbeura/n’
I 5,17
II 4e22
11 3.8
v 4,02
v 3.42

The time consumption for the last building was thus orly 66 per cent of that for the
first building. Similar rusnlts have been nbkained al=o from another study of three
jdentical blocks of flats tuilt in Poznan.

In Isragl the total time required for the erection of two identical four-storey
buildings, built successively, was recorded. In comparison with the first building the
working hours for the second building amounted to 83 per cent for the structure, 98
per cent for finishing works and 83 per cent for the subcontracted work.

Observations on the construction of six identical buildings in the Darnitsk
district in Kiev in the [kralpian SSK, have shown only a slight increase in labour
productivity. On the other hand, a considerable increase in the productivity of the
tower-cranes was observed and the construction time was graatly reduced.

It has been reported from Fiplapd thet a clear effect of repetition has beon
observed when gipilar tuildipgs are being erected by the same supervisors and the same
organization, even when they are not erected on the 3ame tuilding site. Thus, for
instance, in one contracting firm it has been possible to reduce the number of manhours
per cubic metre of buildings from about 9 to about 4 in the course of the last five
years (see figure 23). The decrease in time consumption is regarded as being due
mainly to the gradual training of supervisors and operatives. Although comstruction
technology and the degree of mechanization have developed during the period reviewed,
these factors are not considered tn have brought about such an appreciable improvement
in labour productivity. ‘
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Figure 16
Time consumption in the serial erection of plaster board pertitions
(United Kingdom)
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Figure 17

Time consumption in the serial execution of electrical carcassing
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Figure I8
mwh&.wm
of brickwork operations (United Kingdom)
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of the United Kinglom.

u = Palrs of houses in ovder of construction.
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Fgure 20
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Time consumption in the serial execution

e; floor-boarding (United Kingdom)

of the United Ringdom.
Palrs of houwses ln order of construction.

|
1
|

Total time consumption in the serial erection

3 3
|
!
|
|
l

« ¥ 3 8

= Total amount of werk (log log senle).

MNeuse anumber.
Time

a

b = Totsl amount of werk (Nansar scale).
=z =

4

(povcontage of initial eperations! time).
1 = Acsumuiated mean wvalue of eperationsl times per walt.
il = Operational time por wnit.



Figure 21 ST/ECE/HOU/14
page 63/64
Total time consumption in the serial erection of peirs

of one-family houses (United Kingdom)
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Figure 22
Total time consumption in the serial erection of pairs of howses
of traditional and non-traditional type (United Kingdom)
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Figure 23
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Finally, in France, a survey has been made of the time consumed for the building
of twanty similar blocks containing altogether 1,010 flats and assembled from identical
components. The successive times of erection for the different buildings, which were
simultanecusly constructed in two sequences by two groups of workers, clearly tend
towarcs an appreciable reduction, as can be seen from {igure 24. Some differunces
between the buildings, however, impeded any more spectacular saving, This will be
discussed further in chapter IV,

In Csechoslovakia the Research Institute for Building Production in Prague has
undertaken a detailed analysis of data on ths time required for the production of
brick-type muilti-storey buildings (type structure G-57), erected in 1959. The time
consumption for different series of identical dwellings was not derived from actual
production but was calculated from actual figures obtained in the production of 375
dwellings. The results of these calculations are shown in table 2.

Run size
Item
125 250 35 500 750
Manhours per dwelling 870 650 595 540 500
rl-;daxz‘s 146 o | 100 91 84

Source: Information supplied by the Government of Czochoslovakia.
(a) Reference run size: 375 dwellings.

Data reported in the Dukch study / 9_/ refer to the construction of 240 dwellings
of one and the same type. The cdwellings were identical portal frame flats bBuilt in
three-storey blocks. The structural design of the flats was standard and traditional.
The time required was 1,990 manhours for the first dwelling but only 732 for the last,
the average mumber of manhours per flat in this series being 882, The improvement
curve obtained in this study is showun in figure 25. In considering the results it
should be borne in mind that the figure on manhour consumption relate to all activities
on the construction site, both by the principel contractor and by the sub-contractors.
As can be seen, the improvement in labour productivity at the end of the series is
rather modest. Nevertheless, the conclusion was drawn that for this type of dwelling
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the sinimum run sise should have been at least 400 dwellings, Even if the labour

apmsunption per dwelling is in no way affected by extending the length of the series,
the extra time required for the rumning-in of the production process is spread over a
lmmeth-uinp, e.§. the accumilated mean value of manhours per dwelling
vill decrease furtier. According to the report of the study, series of at least 300
to 600 identisal dwellings (Wmthomstructiwmthod)shonldbommind
if real benefits of serial production are to be achieved, Fixed, specialized and

continucus assignaent of tasks for all labourers have been found possible only if the

building cutput smounts to at least one dwelling per workable day.

Jdentionl storsys
In a Hinish study, the labowr input for carrying out the framework of 5 identical

residential buildings vas recorded. Each building had 4 storeys and two entrances both
leading to eight fluis. The loadbearing walls were cast in situ, while the external
walls and floors wers assembled from prefuhricatod concrete elements, The improvemert
inhhmrmuvitym eommorablo, docroui.nafronl,%o manhours for the first
Mhﬁ.mmdhgtom.forthelutstoreyinthelutmm. As can
be seen from the improvement curve illustrated in Ligure 26, the labour consumption did
not fall quite steadily. When moving from the last floor of cne building to the first
floor of the next, the manhours showed a slight increase. This is probably due to the
fact that the storeys were not quite identical; the Lottom floor of a building
mmmmmmmows,mutmdwnmsmwm
ln'uottbmwpuinthoothorﬂoors

Siailar results have been reported also in another Fippigh study regarding the
framework construction of three six-storey point blocks, each containing thirty flats.
As in the previous case, the loadbearing walls were case in situ and the external walls
and floors were constructed from prefabricated concrete elaments. The number of
asnhours per storey went down from 1,800 for the first floor in the first building to
650 for the last storey in the last building (figure 27).

One set of curves, obtained from the Ergngh study already mentioned above /7.7,
relates to the construction of nine identical, partly prefabricated point blocks, exch
consisting of fiftesn identical storeys above ground floor (see figure 28). The
pattern of improvement is generally the same in all the buildings observed, the
saxisum difference between the impravement curves being only 9 per cent. Time consump-
tion falls steadily for the first few floors and is almost stable as from the sixth
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Total time consumption for the erection of four groups

of similar bulldings (France)
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Time consumption per storey in the erection of five
v identical four-storey buildings (Finland)
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Figure 27
Time consumption per storey in the erection of three
identical six-storey buildings (Finland)

1000 Th'
1
wue
L -1
1000
[
-
-
200




ST/ECE/B0U/14

page 75/76
Figure 28
Total time consumption per storey in the erection
y of fifteen-storey buildings (France)
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storey. A slight increaae in the manhours required was observed for the execution of
the last fow storeys. The difference between the eritametic mean value of time
consumption for the optinum sixth storey and the first, =econd, third, fourth and fifth
storeys was 37 per cent, 2} per cont, 12 per cent, 8 per cent and 4.4 per cent,
respectively Tbe total extra tine raqu.red durirg the "running-in“ period of
construction was calculated ab 6 per cent of the total number of manhours for con-
struction of the buildings.

In another french sitvdy the time consumpticn was recorded from the construction of
identical storeys in slablike, fifteon-storey buildings assembled from completely pre-
fabricated large panels. The accumulated mean vulue of nanhours required to complete a
storey decreased in this case frem 32,000, after the first floor, to 5,500 when the last
floor had been completed (figurg 29). It is interesting to note, however, that if the
firat storey is disregarded the time consumption per storey increases slightly with the
height of the building. It would seem that ir this particular case, where the storeys
were very large, the effect of repetition was achieved already at the first storey and
that further improvezment in labour productivity was more than neutralized by the
unfavourable influence of increasing height (particularly of wind on the large panels).

Two Wegtern German examples of results of investigations into the effect of
repetition of ideatical storeys in multi-family buildings are illustrated in figure 30.
Figure 30(a) shows the consumption cf manhours in the construction of walls, floors and
staircase of a bullding erected at Berlin-Roseneck. Thc super-structure of the building
consisted of fiftecen sioreys (plus two baserent storeys), each floor comprising six
dwellings. The walls were cast in situ., In the basement the construction of external
walls called for 10 manhours/m2; then the time consumption fell to 6 manhours/m2 on the
sixth floor and further to 3.5 manhours on the last floors. The time necessary for the
construction of the internal walls was reduced from 7.5 to 2.8 manhours/mz. Similar
reductions could be observed for the floors and the staircase. The over-all manhours
per squarae metre of living floor space was 10 in thc basement and only 4 on the last
floo:'s. The increasing vertical transport distance had no adverse influence on the
labour consumption, i.e. no "hoight offect® was obscrved. Similar results were
achieved in the construction of eight stcrey residential buildings at Sprendlinger

{figure 0(b)).
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Observations on the time required for the construction of reinforced.concrete
frames on identical floors of a thirteen-storey block of flats have been made in Poznan,
Poland. The results obtained, expressed in terms of manhours per cubic metre of
concrete, are set out below in index form. :

1l 100.0 10C.0 100,0
2 94,0 96.1 86,8
3 71.6 72,9 631
4  88.0 B4t 7644
5 97.0 - 88,7 ' 84,2
6 75.2 73.2 | 71.5
7 88.2 - 82.2 : 649
8 63.3 507 | 68.0
9 73.5 60.2 63.1
100 62.3 52,7 | 66,2
1 107.3 - -

-’ The working hours required for the erection of a ten-storey building have been
reported from Jaragl. The spartments in the building were of the spl:lt-level type with
a common corridor for every two storeys. | The actual working hours per pairs of storeys

were: . - z . e e e e
' Storey 1 and 2 (Corridor 1) - 100 |
Storey 3 and 4 (Corridor 2) 88
Storey 5 and 6 (Corridor 3) 84
82

Storey 7 and 8 (Corridor 4)
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Figure 30
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CHAPTER III
EFFECT OF REPETITION ON BUILDING COSTS

INTRODUCTION |

The previous chapter has clearly shown the gain in labour consumption on
site that can be attained by the repetition of identical building operations.
This gain could be a target in itself. It should also be borne in mind that,
even if no spectacular cost sevin:s are achieved on the building site, the
introduction of large series of building components and functional units has a
substantial bearing on total building cost through the favourable effects of
repetition on the vrcduction costs of building materials and components, as well
" as on the costs of design, programming anc overhead, One of these aspects,
namely, the effect of repetition on the produetion eosts of building materials
and components hos been dealt with in a previous study by the ECE. /15/ Other
cost elements affected by repetition will be discussed in chapter VI, '

" In most cases, the increased labour productivity attcined Ly repetition of
building operctions on site is accompanied by a reduction of operational costs.
The purpose of the present chapter is to study the nature and dezree of this
favourable economic effect. Unfortunately, very few data have been made available
on the subject, Even relevant information conteins figures that are of a very
general character., Production in large series affects c numdber of cost com~
ponents other than operational costs and, indeed, the tctel cost is cffected by
all factors of economic efficiency, of which repetition is only one., It is
difficult therefore to draw firm conclusions from the figures supplied on total
costs, '
THEORETICAL DISCUSSION

The economic effect of repetition of building operations on site results from

two different and equally important sources, namely,

(a) a decreoase in operational costs, due to a more efficient organiszation
and execution of the work (improved labour productivity and perfected
equipment);

(b) indirect cost savings cdue to the reductmn of ccnstruction tme,
achieved by the rise in labour productiutay.
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The savings in direct nperptional costs are due, on the one hand, to the
gradual decrease in opemfidnc.i time atteined in rei:etii;ive work, discussed in
the previous chapter of this report, and, on the other, to a better orgahimﬁon
and greater specialization of the work, justifying in turn better and more precisely
adapted equipment for the execution of the work and also the introduction of new
methods and techniques. Considerable savings could be sttained by utilizing the
first of these two effects only, i.e. without changing the organization and
technology of the work., iore spectacular savings will appecr; however, only when
the full advanteages of large series are exploited by the greater specialization
and better equipment of the workers. Such speciaslization would also have the
additional advantage of enabling unskilled workers to be used in production to
o wider extent, This effect is of particular importance in the building industry
vhere, in almost all Buropean countries, there is a serious shortage of skilled
workers. In addition, the wider use of unskilled workers mizht lead to & further
drop in labour costs, since normally unskilled labour is paid less than skilled
workers., This is not alwoys true, however; in the case of highly specialized
"unskilled" workers such as concrete workers or crane operatives, the salaries
can sometimes be higher than those Deid to skilled craftsmen, .

The indirect savings goined from repetition which are due to a reduction of
construction time ere substantial and of growing importence., PFirst of all, )
improved productivity in the building industry enables an increase in national
income and ir thus of sreat importaonce to the economy as a whole, Purthermore,
the reductioa in construction time favourcbly influences a number of cost elements
such as labour on-costs, costs (or rents) for machinery and equipment, capitel
costs during construction time, and so on, Llioreover, throuzh shorter cona‘lmgéﬁon
time, investment will the sooner become effective, _

The cxtent to which improved labour productivity mey influence building costs,
directly as well as indirectly, is to a large measure determined by the system of
remuneretion adopted., If a purely hourly wage system is employed, the entire
economic gein from improved efficiency due to repetition will appear in the
building c;osts. On the other hcnd, this systeg, where the earnings of the
labourers cre independent of the results of their work, does not greatly induce
them to improve their cbility. The extent of the repetition effect can therefore
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be expected to be considurably smaller than in a system vhere the workers have e
fair possibility of sharing the benefits gained from an improvement of their
output, Purthermore, the indirect savings of building costs, emerzing from a
reduction of construction time, will be comperctively smeller in a system which
does not promote the highest possible degree of improvement, ‘The advantages
and disadvantages of o purely piece-rate system of remuneration are the reverse
to those of the hourly wage system. Thus, the direct savings in temms of
reduced wage costs per unit care comparatively small, while the indirect savings
usually are substantial, ‘

WVhich remmeration systiem gives the optimum results in terms of duilding
costs depends on the conditions and circumstances cf each case., Very often, a
combination of hourly wages and o bDonus for work executed has been found to
constitute the most efficient solution. In some countries, hourly weges are paid
during the operation-learmning poriod and a piece rate for the remainiuz part
of the work sequence, based on the coprcity attained by the workers by the end
of their operstion-learning period. Thus, in most ceses, the repetition of
identical operations has a favourable effect, not only on labour costs but also
on the wages of the workers,

According to experience gained in the Netherlands, a clear effect of repetition
on labour consumption will be achieved only when a wape system is applied that
offers the required incentive, In this country, a system has been successfully
used besed on the application to ench task cf e piece rate calculated from an
estimated basic time consumption, plus an addition per dwelling, which decreases
according to the serial dwelling number, These additions are fixed in such a
way that the remunerstion remains constant when the routine acquired complies with
the expected calculated improvement in lebour procductivity.

The importvance of the highest possible labour productivity and shortest
possible construction time scems {o be steclily growing, a trend which would
appear to favour the use of piece rate remuneration in one form oxr ancther.

On the other hand, increasing specialization and frequent orgonization of works
according to firm schedules, batged on pre-detemmined toar;ots for each building
team taking pert in the production process, dv not allow for much variation in the

capacity of workers, and hence do not necessarily call for piece-rcte remuneration,
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Common %0 all wage-systems is the need for a comprehensive and pemetrating
knowledge of the effect of repetition on Qifferent kinds of building operation,

Quite apart from the possible savings in operational costs, emerging from the
natursl improvement of labour productivity as a result of the repetition of identi-
cal operations, it is possible io increase efficiency through the re-organizetion
of the work according to new principles, to utilize the long series of identical
operations for specinliszsation of the work and to introduce new wnd better mechani-
cal equipmentd. Such vationaliszotion, of course, involves incressed investimeunts
in wechanicol equipment, i.e. higher capital costs per worker., These extra
initial costs are recovered graduelly through lower costs per unit, The optimum
investment is thersfore heavily dependent on the run size of identical operations,
The importonce of o correct predetemmingtion of the run size should be stressed
in this commexion. If, as sometimes happens, the run size is overestimated
becasuse nev requirements call for new techmologies, a real loss may easily result
instead of the economic Zain expected., The history of technical development
saows many examples of technical improvements falling short of anticipated results
because the run sises were not large enouzh to justify the initicl ccpital
investment outlay., Moreover, a hizh degree of specislization calls for o high
degree of co-ordination which sometimes implies an extemsion of comstruction time
and higher overheead costs. The optimum level of investments and stanlardization,
therefore, has to be carefully studied in each specific cese.
RESULIS OF FIELD STUDIES

Information has been received from Czechoslovakia regarding calculated
cosds based on the detailed analysis of actual costs recorded from the construction
‘of 4ype buildings (type G-57) in the year 1959 and releting to an annual output
of 330 - 375 dwellings. The reduction of different cost components and total
ocosts, due to the effect of repetition cn operationnl costs and to the acceleration
of the production cycle; as calculated by the construction enterprises; is shown
in 4gble 3, The figures in the table record the influence of remetition on site
operations only and thus 30 not cover the economies arisiny from the prefadricotion
of large series of components in efficieat permanent factories., More detailed
information on the relationship between run size and the cost of lobour and
mechenical equipment is provided in tadle 4, The impact of o shorter construc-
tion time on the cost of mecheonical equipment due to a more rationsl utilization
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of the plant is particularly striking., It is estimated that the total costs
could be reduced by 18 per cent if the run size were roised from 125 dwellings
to 2,250 dwellings, A 6 per- cesit gain eould alreody be achieved by doubling
the production to 250 dwllinga ' T e B .. )

In the Netherlaonds, conctont attention has for a long time been paid by
the buildine resdorch institute "Stichting Ratiobouw” to problm of efficient
housebuilding, In this connexion, studies have been made, intor olic, into
the effect of repetition on the averange cost of dwellings., In a report published
in 1962 /107, it was concluded that housing projects have to be split up into
sufficieitly large series of identical dwellings, since the size of the series
has a favourable influence on both the average mnbor of monhours and on the
average building cost per dwelling, In e building organization producing about
1.5 dwellinzs per  day or 30C dwellings per year, the calculated savings gained
from an incease of the series of identiccl dwellings from 72 to 432 - without
changing the output per year - amounted to no iess than 3,50C f£1, dwelling, which
corresponds to a reduction of 20 per cent in ih.e totel _b.uilding cost. A further
decrease in building cost of about 3 per cent would be achieved if the series of
identical dwellings were raised to 1,152 (see figure 31).

Some guidance to the effect of repetition on building costs could be derived
also from a report prepared by the Institute for Building Research in Hanover ﬁ].
The objects studied comprised adout 500 terrace houses, erected in two phases in
1952 and 1953 on a site in o suburd of Hemburg. A substcntial improvement of
productivity of labour nd decrease in costs were achieved in the second phase
of the work, Thus the bnilding costs per square metre of living floor space
were reduced from 203 IM -to- 190 Ili, i.e. by 6 per cent., A doteiled analysis of
the results attained in different kinds of building operation revealed that the
reduction in costs could be referred almost exclusively to o saving in the cost
. of wall coutrnction. The cost of this operation dropped by 16 per cent, while
" the others remained pmtically unchanged,

Pavourable economic results of repetition have been reported also from
Pinland, On o building site ot Helsinki, the manhours required and the salaries
peaid for the construction of six idectical residential buildings were recorded,
The buildings were six storeys high and had two entrances, each leading to



ST/ECE/HOU/14

page 89/90
Figure 31
Average building costs per dwelling in the serial production
y of identical dwellings (Netheriands)
20 -

72 24 200 4l ' o6 %2

u = Series of dwellings.
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eighteen flats.. The consmction work wos carried out in three groups of

two bnildings each, Groups 1 and 3 hod the some moster bu:.lder, the same
supervisory stoff and the same operatives, while group 2 consisted of cntirelir
different locbourers, 4ll three groups hed exactly the scme mechanicel
equth at their disposel. The following are the results achieved (in
percentoges):

linnhcurs Sclaries
Group 1 ' ' 100 100
Group 2 85 89
Group 3 T2 82

In another example from Finland the effect of repetition was examined
in the construction of a residential arec over & pericd of four years,
The objects of research were throe-stcrvy slab-like buildings, all of the
same type. The develomment of menhours required and labour costs in the
different stazes of construction are jiven below:

Construction stage 5 Lionhours(%) Salaries(%)
1. (1961 - 1962) 22 3c0 100 100
2. (1962 - 1963) 53 000 95 96
3. (1963 - 1964) 54 330 85 88
4, (1964 - 1965) 92 900 78 86

Over such & long period of time, some changes were naturally made in
the workingy techniques, but ilie pumber and nature of all the various part
operations remained the same,
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CHLAPTER IV
CCNDITIONS NECESSARY TC ACHIEVE FAVCURABLE EFFECTS CF RITCETITIVE WORK
INTRODUCTION
~If an improvement in operctionel time cnd o decrease in duilding costs

are to be obtained cs & result of remetition, certain conditions must prevail,
The most important of these concitions is continuity of work., The operctions
to be carried out must De identicel (operational continuity) eond they hove to
be executed by the same operatives and, as for as possible, without breaks
(executional continuity). The fulfilment of these conditions is faciliteted
by: |

(a) architectural and structurcl plens ensuring meximum identity

of operctions; )

(b) aodequote size of projects allowing for sufficient specialization

cs well as sufficient space for ecch of the work gangs involved;

(¢) proper preplanning end orsenizaticn of site works; end

(2) adequote doy~to-dny mancgement cnc supervision of site work.

When operctions of o repetitive character are carried out in o factory,
it is merely a matter of thorough preplanmnin;, ccreful organixation and
observant control, to ensure that the work will run smoothly ond without lore-
seeable disturbances, A4ll the favourcble effects of repetition moy then be
confidently expected. ' )

Unfortunately, for cperations on the building site, conditions are less
simple end the problems relcted to prcduction less easy to foresce and tackle,
Building operntions are indeed subject to many more or less disturbing influences,
such as weather conditions, access Qifficulties, manpower instability, delays
in the delivery of building moterials and drowings, specicl problems arising
when work hes to be carried out far above jround level, enc so cn, Real
operational continuity is also difficult to achieve, since the building necessarily
has to be adanted to differences in the ncture and slope of the ground and other
site conditions,

It is not ecasy to find out execctly to what extent different adverse
influences may offect the process of improvement expected as a result of repe-
tition, TYet some indications are obtainable from much of the basic material for
this report, L tentative anclysis of these indications is presented below,
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OPERATIONAL CONTINUITY

The basis of all benefits achievable from repetition of building operations
is operational continvi‘by, j.e, the works to be rcpeated have to be identical,
This does not mean that the buildings or dwellings necessarily have to be
completely identicel but that their construction should be broken down into as
many identical operations as possible. The Swcdish report, already referred
to [{_7, givo.s o good illustration of this: while the end procucts were
aifferent, nlmost all building cperstions were identicel. On the other hand
the organizetion of repetitive work is of ccurse focilitoted if the dwellings -
or even the whole buildings - are identicel. Accoxding to expericnce gained
in the Netherlands, it is most importent %t the dwellings be identical,

Even very small d.ifferences in end products sometimes imply substantially
different production operations, Thus, for instance, limited differences in

the dinension: of building units, particularly in units calling for the assembling
of formwork, or differences in the joints botween units, will each time
necessitate o "re-thinking " of the organization of the work, as well as modifi-
cations in the elements of matericl or in the equipment employed, or both,

which in turn will require the workers to recommence the improvement process

agaﬁ and again, The time consumption curve will accordingly be very irregular
and gquite unlike the improvement curves illustrated in chapter II, |

An example of the influence of breaks in operetional continuity is shown
in Zigure 32, teken from & report from Finland, This illustrates the time con-
sumption recorded for different building projects constructed by one and the same
building firm; The basic types of the buildings were similer, but differences
appeared, for instance, in the division of rooms in different floors of the secme
building. Generally specking, no decisive effect of repetition could be
observed,

The unfavourable influeuncc of operctisnal differences within e programme
of buildings nssembled from quite identical components con be seen from the
French study, already referred tc, regarding the construction of twenty blocks
containin‘g. 1,C10 dwellings _(see figure 24). Al)l the flais were identicel
except in number of rooms: four of the blocks contained one- and two-room flats
only, while in the others there were Cwellings of three, four or five rooms. One
block (M) consisted of two storoys, while all thc others hod five; these
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dissimilarities - chiefly the lost one - gave rise to considerable differences -
in the construction time per room. (In the comparison, the kitchen and
bathroom in each flat were counted os together constituting one room)  As
can be seen, the break in operationcl continuity disturbed the genersl improve-
ment curve, which nevertheless remains apparent.

A striking illustration of the importcnce of operctional continuity has
been supplied in o study undertoken in the Netherlands /10_7, from which figure 33
is reproduced. The information relates tc the building of 230 similar one-
family houses of various sizes. The first 126 houses had & cubic content of

225 o3 each, then forty-eight were pr-jected with 2 cubic content of 311 o
each, and finally fifty-six with o cubic content of 298 m> each, "The

construction wvork was so organized that, when a gang of workers had completed
ite wcrk in the last house of one type, it proceeded, five or ten minutes later,
with the same job on the first house of the next type. Vhen the gang changed
over to another type of house, s0 many elements constituting what was to all
intents and purposes the same job hod to be modified that the ganz again required
a long time to get used to it, The plenned differentiation in this particular
field alone increased the labour costs by sbout 1,000 florins per dwelling."
EXECUTIONAL CONTINUITY

If an interruptiion occurs in the course of the execution of o sequence of
identical operations, oving tc either o time break or a change - whether complete
or partial - of the operatives concemcd, the improvement curve will shovw a
discontinuity of the general cha.ru.cter shown in figure 34, token from the Svodish
report /1 /. The figure illustrotes o model used for the study of the influence
of breaks in crecuticnel continuity. The additional time consumption created
by the break (the hatched aren in the figure) was found to be very substantial,
a conclusion which wos confirmed by observations of actual work processes.
It was pointed out in the report thet while supervisors ususlly know from ex~
perience that smooth-rumning operctions are advantageous for both the contractor
and the employee, there is perhaps not the same awareness of the effects of
individunl measires, especially concerning the re-sllocation of labour. It may
be just cs expensive to undertake unconsidered re-allocations of labour as %o
let mochinery stand idle,
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Figure 322
Manhours per cubic metre of bullding in seven similar bulldings

(Finland)
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Time consumption in the production of three series of
similar dwellings (Netheriands)
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Figure M4
Theoretical analysis of the influence of breaks in time
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Time breaks

. The most common breck in executioncl contimuity cccurs wihen o team of
workers performing ¢ sequence of identical operations hes to interrupt its
work for eny length of time, If the breok is comparctively short and the .
work area loft unchenged, as for instance, in the case of meal breeks or daily
breaks, the wozlers will not lose much cf their sbility during the break and
the improvcment nrocess will continue slmost undisturbed., If, on the contrery,
the break is longe» and ia particular if the workers are cccupied on other
kinds of activity during the break, or if the work aree is béing discrganized
. because of other ectivities, the interruption will result in a serious decrease
in the capacity of tie work team. The improvement process will have tc re-
commence with o cezpacity well below that achieve@ before the break. But the
rate of imp;ovenent mey probably be considerably faster in the second run. If
the work sequence is repeatedly interrupted, the improvement eurve will be saw-
like, diverging substantially from that which would have been obtainable had
the sequence not been interrupted,

The influence of time breaks cn the prccess of improvement may be seen in
2igure 33, token from the SwecCish report [1:7. The entire work was corried
out in thisz case by lhe same cperatires, but they were twice compelled to break
off. These interruptiors temporarily lowered their capecity in the work,
probably cecaouse mary of the dimensions they neceded to hove at their fingertips
were forpotten. Arcther imporiant factor wos that the more or less retional
environment in which ‘hey had wovked before the interruptions detericrated as a
result of the work of other opcratives,

An interesting attempt to estimcte the influence of time breaks, on the
basis of certain cssumptions,.wos clso mode in the Swedish report /1 /. The
effect o interruptions after comprletion of the tenth and the twentieth opersation
was analysed fcr different kinds of operation (see figure 36). It was conmcluded,
inter alia, that time losses due to interruption of work sequences will zenerally
be greater the lnter the brenk occurs in the pxcduction process. The additional
.time will increese rlso with the relntion bLetween the stoppase time und the time
spont on the work befure the interruption. Interrupted production processes
will, of coursc., lerd Vo preater time lcsses in the case of operations where the
effect of routine-acquiring is high than where i’ is low,
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An illustration of the effect of a time breck is provided also in the
report received from the United Xincdom, In the concreting operation shown
in gigure 37 e orane breakdown caused o delay cfter the tenth pair of houses.
Vhen the work was resumed, the number cf manhours per unit was considerably
higher than before. This effect of lack of continuity preventing the con~-
tinuation of improvement is shown also in figure 21; the last pair of houses
on site D was started more then ten months after the previous pair,

Another example of the influence cf breaks in time on labour prodnctivity
in repetitive work has been submitted by Finland and is illustrated in figure 39.
The data refer to the construction of forty-tfive prefabricated one-family
houses, and the operations stulied were :

(a) instellation of external well elements (of about 1.5 ton weizht);

(b) panellins of ceilin; (lizht wooden elements);

(e) installation of partitions (lizht wooden elements); and

(2) instellation of sockets, ,

The construction work was carried out in two stages: the first comprising
tweniy-niné houses and the second sixteen., As cen be seen from the figure 39,
the break coused a rise in labour coné{nption for the first three houses in the
second series,

Shange of perscunel

I% is evident that a complete change of the work teem occupied on .the
exesution of an operaticn causes a recurrence of most of the problems of
operation-l¢irning and routine-acquiring faced by the original team of workers,
On the other hand, the new tecm of workers can benefit from the proper
organisation of the operation and its enviromment, It is also possible that
some of the experience gained by the original workers could be shared by the new
team. It is recsonable to assume, therefore, that the capacity of the new team
will lie somewhere between the original end the ultimate cepacities of the first
team, If the originel team is not entirely replaced, the effect on the improve-
ment process will depend larzely on the importance of the replaced operative(s).

A change of the personnel performing simple work of a service charaster will
have 1little effect on the work, while the replacement of the key worker in the
team could be as important as o change of the whole teom,
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on the operational time for concreting of first-floor walls and roof
in non-traditional houses (United Kingdom)
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The Swedish report.Zi;7 gives a good exomple of the effect of changing personnel
(figure 28).. The operation studied was roof-laying and the change of personnel took
place between the fourth and the fifth unit. The calculated total time loss caused
by this change amounted to <7 manhours, i.e. more than 1 manweek. But this does not
throw any 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 tinme
gain of more than 47 manhours could be expected to be achieved elsewhere. Such a
saving is, however, almost impossible.

The experience gained in Sweden on this subject is confirmed by studies
undertaken in the United Kingdom. It has been reported, for instance, that where
there are constant changes in gang formation, as is sometimes the case on finishing
operations, the improvement is modest if not nil.
| SUFFICIENT WORK SPACE

If 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 after the other in long work sequences of identical operations, the site must
provide adequate work space. This is an important fact to remember, in particuler
concerning multi-stofey buildings, where the different teams irmediately they have
finished work on one storey should be able to start on the next. If the
construction includes wet processes, for instance the drying and hardening of in situ
cast concrete, it is necessary to extend the work space to take into account the
time required also tor these processes. 1t 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 obviocusly a
function of a project's size and nature and the dcgree of specialization applied in
the work. In properly plenned and co-ordinated work less work space is required.

A study carried out in the Netherlands clearly illustrates the importance
of sufficient work space. The investigations revealed that the most economic
total work space in the particular case studied comprised the combined floor areas
of not less than twenty, and not more than thirty, flats. The project contained
four blocks with eight flats per floor. As two blocks gave a work space of only

sixtoen flats the contractor discovered, after some time, the necessity for
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extending the work spece to ccmprise twenty-four flats by including o third
block in the building process, Later, he was led to include also the fourth
and last block of the site, with the resuvlt that the labour and eqnipmhnt had io
be put to work altermatively on the construction of substructure and two
different kinds of flat.(l) Koreovei, the work space shrank towards the end
of the work from thirty-two flats tc twenty-four, then tc sixteen and finally
to eight because, owing to the methol of wecrk adopted, the operations had
advanced to ¢ higher siorey in the first twc blocks thon in the third, while the
fourth block was evern further behind, The bhed results of the organization of
work adopted are shown in firure 40,
INFLUENCES OF EXTERNAL CRIGIN

The most impcrtent external fnctor influencing building operntions is the
weather, Rain, wind, snow an cold wecther slow Jown the work rote and some-
times render any kind of orzcnized work impcssible, Lccording to the experience
2ained in Pinland, for example, the succession of seascns sometimes totolly:over-
shadows other facters affesting Luillding work, If the wcrk is completely stopped,
this creates nct only unemplcyment but alsc the disadvoantazes of breaks in
continuity mentioned in the forepoing paragrephs. In any case, the work rate .
slows down, pertly because cf thc decreased ability of the workers and partly
as en effect of more direct influences - for instance, wind blowing the large
elements handled by crone, cr additional work necessary to safeguerd the quality
of the product in cold end snowy wecther, The improvement curve shown in
figure 13 could serve as an example of the influence of unfavoursble weather
condi tions: the fifth and eiphth operations were disturbed by rainy weather,

An exemple of the seessnal influence of inclement weather on the productivity
of building operaticns is provided in firure 1C, whick is teken from o stﬁ&y
made in Prance of the lebour consumpticon required over a long period of time
for erecting steel shutterin; cf the tunnel type. As can be seen, the number of
working days as well as tie labour procuctivity, is substentially lower in
December, Januery anc Moreh then in the precelins and the subsequent months.

(1) The first three floors of the blocks contained portal-frame flats while the
top floor flats were of a gallery type.
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Pigure ®
Influence of insufficient work space in the serial production
of dwellings (Netheriands)
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 Another external factor subject to much discussion is the effect of the
height of buildings. Some experte are of the cpinicn that this effect is
" negligible in the case of buillings of under twenty storeys or so. Others
point out that severnl slightly unfavourchble effects berin to ocour as the number
of storeys increases. Thus, for instance, the workers tcite more time to reach
their work positions, the delivery of materials becomes more difficult and time-
consuming, and the wind is more difficult to contend with, Although firm
conclusions should not be drawn from the cbservations sc for mede, many studies
show that the time requirel for the verticacl transport of elements is zenerally
of limited importance compared with the time for their locding and unlcading.
The influence of the wind is evileatly conditioned by the type of lifting equipment
used and the shape and weight of the element, A crane is of course mcre
sengitive than a hoist, and ¢ large, light element more seriously affected than ¢
small, heavy one, This is confirmed by the French report /‘{_7, iz which curves were
presented relating to the assembling of prefabricated panels and to the formwork and
concmtin.g for the in situ cast 'lou.dbearing structure of sixteen-storey buildings
erected on o rether windy site. A slicht increase in the operational time was
observed for the panel-assemblin; work from the sixth storey upwerds, while the
concreting works were not affected by the increasing heizht of the buildings (see
2igure 9).
END EFFECT

Yhen ¢ series of operations is approaching its end, a certein increasc is

often ocbserved in the opexational time per unit, i.e. the lest operations
require more time than those immediately preceding thems This "end effect" moy
be due to the instinctive slowin; down which cccurs as one approaches one's pgoal,
Moreover, ot this stoze, there is often ¢ relaxation of supervision as well as
o degree of disorganization, e,.;:. certain materizls are rlrealy bLeing directed
40 other tusks. Sometimes the end effect has been attributed tc o growing fear
among the workers that they may be unable tc obtain a new job when the present

one is finished, PFinally, some experts consider thot o certain amount of
lassitude may be due to the frequent repetition of identical operctions, With
the number of repetitions usual in the building industry, at least in westemn
Burope, however, the problems of lassitude would seem to be negligible,
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Although much of the material supplied for this report clearly shows that
the end effect has to be taken into account in the planning of bui].ding vork
(see figures 5, 28 and 29) it is for less importent than the aifficulties ar:ls:l.ng
from the introduction of o new operation, Whet would seem to be an end
eoffect could in many cases be atiributed simply to the additional work reguired
in comnexion with the execution of the last operations in a series.
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CHAPTER V
PLANNING AND ORGANIZATION OF REPETITIVE WCRY
INTRODUCTION

It has been shown in the preceding chapters that substantizl improvements
in labour productivity aad resducticns of building costs cun be achieved by the
execution in raquence of even a limited number of identical building operations.
It has alsc been shcwn that the favourable effects of repetition can be pertly
or even totelly neutralized by the influence cf a number of adverse factors.

Of decisive importancs for the success of repetitive site cperations are the
thorough preplanning and proper organization of the work. The present chapter is
devoted exclusively to these questions.

In gso-called "traditicnal" construction, particularly of single cbjects,
knowledge aboui the work to be executed is generally linited while the factors
influencing produotion are numercus. Detailed preplanning and systematic
organisation of the work arc therefore often impossible. In nany cases the
site work is atarted even before all ¢ uwings and spezificatiocns are availadle.
In such circunstances efficiency of the buiiding work will depend exclusively
on the improvisation ability of the supervisory staff and on the workers' degree
of flexibility and skill.,

If, on the other hand, oconstruction processes are highly repetitive, new
and better formz of organisat’~n can be arplied and are indeed necessary. If the
method of organiszation reaains truditional, the favourable effects of repetition
will be partly or entirely lusti. MNoreover, up-to-date methods of crganigation
may help not only to realize the favourable effect of repetition but a2lsc to
enhance it.

It may be recalled in this connexion that tue initial rate of improvement of
labour productivity attainable by repetition is consideradbly higher for simple
operations then for ncre complex oncvs, and that a stable output is attained
comparatively soomer for the former kind of operation, The possitilities of fuxther
improvement of labour productivity through the introduction of new teehniques and
more speecialised equipment are also greator in the case of simple operationms.

It is natural, therefore, to try te divide the comstruction work into a large
mmber of simple operutions and thus to enable 3 high degree of specialization

of the operatives. This, howuver, ercntos Rearicous problems of co-ordination
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tnd is only fTeasidble for large projects. The optimum degree of specialigation
is thus in each case largely dependent on the size of the building contract.
THE PLOVW-LINE MDTHOD |

In the case of highly repctitive construction processes, it has been found
most effeoctive to organige the work according to principles very similar to those
used in the manufacturing industries for the mass production of consumer goods.
as for site operations, the product cannot of course be moved from one working
station to another; instead, the qperativea_hava t0 move between different
working areas. The most comnonly used denomination of this method of organizing
the work is the "flow-line method", but others such as "taktarbeit", "travail
4 la obatne®, "travail ocadono8", etc. are also used. Tre flow-line method is
based on the rhythmical exeocution of ocertain repetitive tasks by specialized gangs.
The work is usually planned as follows: | .

(e) all the separate tasks, to be given to distinct operative-teams or to

. different contractors, are listed; o

(») among the operations listed & "key operation" is selected, i.e. the work
for which a regular reocurrence seeans to be of primary importance (for
example, the pouring of concrete walls and floors into large forms), and
the corresponding oycle time is fixeds;

(c) the whole planning of the different operations is then built up around
the rhythn caloulated, all the other operations being arranged by
sising the teams concerned, so as to enable them to follow the same
sequence.

The choice of key operation iz fundamontai. A8, in practice, it is not always
possible to adjust the number of workers of & team according to theory - it is
impossible to use less than one worker or to vse a fraction of an operative, for
instance - therc is bound to be some slack in the use of nanpower. In order to
keep this to a minimum and to shorten 2s nuch 28 possidle *he total time on work,
the key operation shculd be ome of the "oritical™ operations in the sense of the
Critical Path Method (CPN).

Due attention nust be paid to the fact that the work tcams should not impede
oue another. Only one team at 2 time should work at any ona working stztion.

In the planning of flcw-line production, therefore, charts are used which show
not only tho developaent of production processes over time, but also relationships
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in space. In their simplest form, thece charts are very similar in layout to z2n
hndeiground railway schedule: +the line ié divided into sections with a special
signalling device so that'one'tréin ney enter a new secticn cnly when the préceding
train bas actually loft it (figure 41). But on 2 more complicated railway chart,
there are‘tréins running at difforent speeds, expréas trains overtake slow trains
at certain stations, and even on siagle~track lines there are trains going in the
reverse dirpctibn and crossing at special pleces. In the same way the simple
planniég of work desoribed above may 9e refined by letting some operations proceed
simultaneously at differont spewds. This may lead to a greater efficiency of the
workers. Likeﬂiae there nay be trains travelling in reverse, that is wcrkers

' doing some operation in reverse order. Of course the "crossings" must be
judiciously looated in order to avoid "collisions", i.e. onc team of workers
inteffering with ancther.

In the early days of the flow-line rethod, great emphasis was laid on the
standardisation of buildings or building units, and the specialization of building
enterﬁrisea according to the standardiged products was aimed at. During recent
yeérs it has become clear in several countries thet strict specialization
ascording to product is not alwaye possible, nor does it always provide optimal
resulte. The new concept of a flow-lino consisting of standard specialized
technologies to produce very difforent products has been introduced. This kind
of organiszation is most valuéble to builcding cnteiprises in medium-siced towas
where the inclusion of widely different bduildings in their irveatment plar ic
unavoidabdble. Experiments of this kind cre being carried out, for instance, in
Hingary.

There is the problem of hov best to elaborate work schedules to take into
accocunt the successive improvemont of labour producitiviiy due to repetition.
Theoretiocrlly, thexrc are two possibilities, namely:

(a) to retain constant the muaber of workers carrying out the different
oper:tions and gradually deoorexse the time for oach unit of the wcrk
process; or

(b) to retain a conatant speed of the process and gradunlly reduce the
number of workers performing the different tasks.
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' Both methods h:zve their advocates. If the duraticn of the key operation is
dotermined by 2 technologiczl process (for instance, the time necessary for
hardening concrete), or by the capaciiy cf mechanical equipment, it would seem that
the only possitility of utilizing thoe renetition effect is by reducing tha nunber
of workers. If technicz2lly feasible, however, it would seem more advisable to
adzpt from time to time the general work rhkythm of tihc flow-line, since this measure
does not involve breaking up the g2ngs or re-znplcying supcerfluous labour.

In practice, it is extremely difficult to estimate in advance the manhours
required for the many differcnt operaticns nccessar; tc ccnstruct a2 building.
For this reason, it has proved practical in some countrics to train "emergency gangs'
possessing a wide range of skills, whc operatc outside the flow-line crganization
and are able to help any spccizlized gang that happens to be vehind schedule.
Another possibility is to provide for so-c2lled "bunmper operations™ in the flow-line.

It might be suggested that a2 flow-line with 2n increasing specd of production
be drawn up, according to the improved prcductivity obtained by repetition. This
would mean, for example, thc graducl shortening cf the duraticn of repeated (cyclic)
processes and the graduzl increasing of labecur productivity. Certain investigations
have begun in Bungary concerning the pcssibility of organizing flow-line comstructior
on the basis of mathematic2l modcls of the improvement curves. In view of the
coonplexity of the flow-linc planning method, however, it is not sure that the
introduction of 2 new parameter of this kind would be justifieds It must not be
forgotten that highly automated producticn of consumer goods is sckeduled over a
certain pericd, on the assumpticn of a constant specd of processes. But this is
done only after a certain running-in peried, corresponding to the initial steeply
falling phase of the improvement curve. Allcwance for 2 similar running-in period
might be suggested 2lso when programning construction flow-lines.
PRACTICAL APPLICATIGN: OF J[EE FLOW-LINZ METHCD '

It is in the socialist countries cf castern Burope that the flow-line method
in construction has been studied and used the most. The ccacentration and centrali-
zation of investment programmes, of ~rclLitectural and s%ructural design work and of
the construction industry itse¢lf, have cnabled the repetiticn cof operations on the
building site in unprecedeonted s:rivs. A large share of Loussbuilding (40 - 80 per
cont) is projoctod by state-cwned architucturzl and structurzl projuct institutos
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Figure 4|
Plannlng chart for even rhythm flow-line construction
(Ukrainian SSR)
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and carried out by state-owned bullding enterprlses. Housing estates are big
and usually there is only one firm workznb on each building site. The firm is
thus able to evolve modern, industrialized methods of building and organization.
The local authorities and central departments which invest in flate zre directed
by central governmental institutions (state committees for constructicn,
ministries for construction, etc.), which impose on theom the use of centrally
designed type-projects.

Several means serve to attain a2 high degree of repetition in the planned
economy countrios: ° _

(a) standardization and typificzticn of building components and buildings;

(b) planning according to the principlc that, within a certain 2rea, only
a2 few standardized technclogies should be used;

(c) centralized long-term programming of capitaf investnaents, tzking into
account the principle mentioned under (b) and ensuring a2 rhythmical
completicn of buildings;

(d) specialization cf building enterpriscs, each c¢nterprise working in a
limited area and on certain types of conmstructicn werk only (c.g. the
construction of housing ostates);

(e) increase of tho size of building enterprises and allocaticn of a constant
(or increasing) amount of work to large enterprises.

While the long-term programming of capital investments in the socizlist
countries of csastern Europe does not form part of the flow-line method, it is
highly sensitive to the requirements of flow-line production. The work is usually
organiged cnly when the long-term investment plans have bcen fixed, it being assumed,
however, that full provisicn hns been made for the a2pplicaticn cf the flow-line
method. Once thesc plans hove boen fixed, the enterpriscs mus? decide how best to
break down the production procesrs by operation and by opcratcrs. A production
rhythm has tc be establisbed and the processes must be co-ordinated in time and
space. This problem hes been thoroughly studied, in particular in Czechoslovakia,
Eagstern Germany, Hungary, the Ukrainian SSR and the USSR. A ocomprehensive thecry,
including a terminclogy of mort than 150 concopts, and » scries of formulac have

boen established. Sec roports /11/ and [§i7(1)

(1) An abridged abstract of the lattor report doaling with the econcmic cffccts cf
using flow-line methods in construction, is provided in amnex IV.
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The even-rhythm flow-line (see figure &1) is the simplest case, occurring very
gseldom in practice, normally only in the erecticn of identical buildings.

Usually, the different elementary or specialized processcs (flow-lines) have
different characteristics that have to be tzken into account. In this case an
uneven-rhythm flow-line has tc be plonned a2ccerding. to the different volumes

of work to be executed in the different working areas. Figures 42(a) and (b)

show certain typical possibilities.

There are flow-lines cf different ccmplexities, namely:

(a)

(v)

(c)

(a)

the elenment flow-line, qonsisting of the consecutive performance

of a single elementary process (e.g. plastering) on a number of working
areas;

the specialized flow-line, which is an aggregate of elementary flow-lines

united by a single sysiem of parameters and a single flow chart and
concerned with a common vroduct in the form of an element or part (or
installation) of a building;

the whole-building flow-line, which is an aggregate of specialized flow-
lines the joint product of which is a finished building (or installation)
or a finished group of buildings (or installations); and

the complex flow-line which is an aggregate of organizationally related
whole-building flow-lines, linked by a comion complex product (an entire

‘housing estate, complex industrial cnterprise, atc.)

Continuous flow-line production is carried out by specialized building
organizations with 2 predetermined capacity and with the necessary equipment,
material and techniczl resources and funds. The plan fcr organizing the werk

contains five nzin pcints, namoly:

(a)
(v)
(o)

()

(e)

planning the production pregramme of the building organization and its
units in relation tc the requiremcnts of the continuous flow-line
moethod;

determinuticn of the structure of the flow-lines (sce bolow);
determination of the duration and methed of the operations in the
flow-lines;

doterainztion cf the requircments in tocms of production resources
(material, labour, equipment, ctc.), thc gourccs from which they can
be met and thc procedure and timing c¢f their delivery; and
detormination of the structuve of the building crganization.
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Figure 42
Planning charts for different types of uneven rhythm flow-line
construction (Ukrainian SSR)
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;gggéterm continuous flow-lines in construction arec planned cn the basis of
the following main principles:

(a) production capacity is invariable and balanced between all parts of the

construction process;

(b) the construction process is uninterrupted and its speea constant;

(¢c) oomstruction firms use standardized building components and

standerdized technologies.

Several socizlist countries of eestern Burope have worked out special
instructions for the programming of housing construction according to the flow-line
method. A Ukrainian publication /11_/ prescribes the following minimum standards
as compared with normal valucst

(a) a 15 - 20 per cent increcase in lzbour productivity;

(b) normal values of the number of manhours per cubic metre of the built-up

volume of buildings;

(¢c) a 15 per cont decreesc in the durzticn ¢f constructions

(d) =2 5 por cent reduction in the catalogue cost of buildings}

(e) the completicn of dwellings must be rhythmic -nd even, the number of

dwellings conmpleted quarterly being zllowed to differ cnly by +5
pexr cent from the average.

The methods described atove are still under devglcpment,.but they already
form esteblished means for the progromming of housing production in eastern
Burope. In recent years some up-to-date methods have been added. In the USSR
and Hungary, work is being dcme on the use of mathemztical analysis and computer
techniques for determining optimal sclutions for flow-line construction. There
are reports from the Ukrainiar SSh and Hungary on the suecessful use cf electronic
computers for the purpose of flow-line programming. In the Ukrainian SSR, fer
oxample, a sclution has been found t¢ the problem of calculating the optinmum rate
tor the comstructicn of louri . estates, and mecthods have been devised for
preparing charts for the long-term planning of censtruction by continuous flow-line;
Tn Gy8r and Sgolnck (Hungary), the flow-line progromming of industrial and other
buildings has been made hy means of the Criticzl Path Nethod.

In 1963, as a rosult of flow-linc conctruction,constructicn time at the
Darnitsa housing developnont in Kiev, Ukraininn SSR, was reduced by 15 per cent,
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labour expenses by 13 per cent and building ccsts by 12 per cent, compared with
the stote ncrms. In the flow-line construction of tie first unit of the
artificial fibre plant in Cherkassy, Ukrainian SSR, cocnstruction time was three
nmonthes less than the estahlished norms; abour prcoductivity was increa2sed by
14 per ocnt and utilization of building machinery by 20 per cent; oconstruction
costs were also greatly reduced. -0

Speoctacular results are reported also frcm other countries. In Cgechoslovakia,
labour nosts in brick house constructicn decrersed by 50 per cent, the cost per
squars metre of useful living space in brick houses by 17 pver cent and in large
panel houses by 16 por cent /12 /. Th~ average annuel production per worker in
Czechoslovakiz has risen to 2.35 flais (in the case of large pznel buildings,

2.82 flats) 28 compared with 1.40 flats by traditionzl construction. The
construction costs per squrre neitre of living floor zrec has 2% the same time been
reducei frem 1,839 crowms to 1,654.

In Hungery, a2n increzse in labour productivity ranging between 20 and 40 per
cent has been ~tt2ined by using the flow-line mecthod. Tha assombly time per
dwelling deereased from 1.06 dxys under rnon-continucus organization to 0.56 - 0.83
dcys. A detailed mz2themntiaal nnlysis cf the results, taking into account the
effect of grzduzl improvemcnt in lxbour prcductivity, shcwed that the number of
manhours could be reduced still further tcwards the value of the ultinate
operaticnnl time (0.33 deys per dwelling). '

From Bulgaric it is repcrted that thc introduction cf flow-lino methods of
constructicn s¢ far has resultaed in zn increase in labcur productivity of 8 - 20 per
cent, a2 reduction in constricticn time of ~bout 30 por cent and 2 decroase in
building costs of 6 - 12 p8r ocent.

A viriant of the flow-liie systcn, the "Toktarbeit"™, has been evolwved in
Westorn Germany / 3_/. Its use hus so far becn restrictad to individusl building
sites but, if necessary, it could bde furtner devoloped {cr use on a seguence of
bailding sites. This eystem distinguishes t:tween wholo stcrey flow-lines (Grubtakt)
and specialized flow-lines (Feint:kt). The sequence cf whole storey flow iives oan
be eitvher horizental or verticsl. The speci:lized flow~lincs can be repeated only
horizontally. If the durztion {cycles) of the individnal flow-linc processos is
determined in advaneo, it i3 e6:llad a time flow-line (Zcittakt); if it is
determined by the vutput of individunl workers or gangs, it ia called . gang

Ligw=iine (Koirinountakt),
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In the construction industry, unlike ths monufacturing industries, thc duraticn
of the individual flow-line processes cannct be oxactly determined.[r?LJ7. It is
only the formation of tho gnngs thut ~re determined in advaonee; the duraticn of
the individual processes will change during the oxecution of the building(s), e.g.
8s & consequence of bad weather but also of routine-acquiring (Einarbeitung). There-
fore a cortuin flexibility must be foreseen in order that the work of the different
gengs miy be carried out without hindrance. The ropert cited, while pointing do
the faot that the introducticn cf time flow-lines would nean an even higher level
of organization, emuneratos the difficultics invelvad: «<nce tho duraticn of the
individual prccess has boon fixed, z2n increcse in tke cutput cf the gang ozn be
achieved only by reducing the number of the workers per gang. Bat this contradicts
the flow-line principle cf operating with unchznged g=nge.

In the Swadish report, an intercsting zttompt is made to find the relation
botwoen repetition and organization [71_7; It is stated that the cnalysis of
repetition "... can only be expsctcd to bc of rezl value when studies ars extended
to cmbrace whole groups of operitions, thcir interdopendence =2nd cc-crdinztion.

In the long view the aim should be to analysc building projects in their entirety
and, if possible, to crecte 2 functional basis for planning and for optimal use

of all resources." The report contains a2 nuaber of diagrams, similar to flow=line
charts but illustrating a2lso the effect of repetiticn by using, instezd of

straight lines inclined curves to reprcseat the growth cof cperational speed

(£1gure 43(2)). :

In 2n idenlly planned zond systematiczlly perfermed sorica of building
operations, the workers' cecupaticnzl pattern should follow 2 regulsarly serrated
curve. If all producticn units ~re identical, thc derivative c¢f the curve will
represont the operatives'  zpacity cn the respective jobe. he derivotive usually
riscs with thc nunber of units. If the cperative is moved 40 a new job before the
originzl job aas beecn fully completed, the rcutine-azegquiring process will be inter-
rupted and a meximal cfficiency can no longer be zxpcoted. This is illuatrated
in W, where the idenl cae~ cf twe jobs, numbers 1 =nd 2, following each
othcr is comparcd with tha results achioved if a realleocation of worksrs is impcosed
in the course of cxocuticn. The considerable loss of time nay be attributed to
inability to mzintain ccntinuity of weriky the possiblc results of the improvement

process have not been put tc usc.
In reality, the occupaticnz2l pattern was found to be considerably more

disconnected than in fi.ures 4}‘&} “nd ‘b[. A couple of c¢xouples are shown in
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figuras 54132 and (b[. The curveas represent tae performance of two woodruorkeré.
Observations relating to the same jobs arc cnecirecled. Thore are orly slight
incicaticns of serraticn. "Upon closer cxaminction one cbserves that the greatest
effzets ¢f thz cxpericnce-lezrning ;rccess come at the poxnts where the serrated
pottcrm emergés most clexrly, walch supports the hypotiesis of additional time for
iriterrupted expericnce~lserning processes." Tho corrclztions appear when
ccmparing jobs 1, 3 2nd 6 in figures g&{ ) and (b) with the routine-acquiring curves
of figure 45.

Speecial studies have reeehtly beer undertaken in Franee with =2 view to finding
the most'préctical ways cf using the CPY -2nd similar notwork 2u2lysis methods for
organizing repetitive work. Thke results of these investigatious have zlready been
applisd on 3everel buildiing sites, 2.g. ¢n the croceticn of = series of 264 identical
single-fanily houses. Electrcnic co.puters were used in the plznning of the work.
The main difficultics were encountered in bolaneing tuc different gangs of operatives
sC¢ 28 to ninimize the apncunt of idle time. ilajor efforis were 2pplied to naking.
as many operations ns poszibie siuultanecusly criticel, in the sensc of the CPM.

In Norway, the National Pilding Rescarch Institute has werked out 2 model for
use in the planning of building cperaticns. The model takes into account the
effeet of repetition on labour produetivity andlprovides a special yardstick which
facilitates the planner's orlculaticn of total comstruction time, including the
correction for extra "rumning-in" time. Dztz on "basie cpzrational times" for
different kinds of building operation amd for different sizes of gang nre regularly
ccllected by the Institutc. The model's possibilitics of boing systemntically and
scientificzlly used are therefore consitantly improving.  Further experionce is
being gained by comparing the resulis actunlly =chicved on the building sites
with thoss czlculated on the bagis «f the tlicoreiicazl nmecdel. A brief report on
the results so far cbtained is given in cne of the popers for the third CIB

Congress [ 16_/.



ST/ECE/HMOU/14
page 127/128

Figure ©

8 : Continuous work (ideal case).
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(Sweden)

s : OperationsNeos. 1,2, 3,4, 7,8 and 9.
b : OporstionsNes. 2, 5, 6, 7, 11, 12 and 13.

;-‘.7.&'.“.'3 snd 13 = Other eperstions.
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8 = Sawing and erection of lead-bDenring structure (operation ne. 1)
b = Fisting of menidings snd windoweills (eperation ne. 3).

¢ = Suppert-pole setting for nen-bearing walls (eperation ne. §).

= = Mouse aumber.

y = Manbours por house.

8 = Manhours per sqguere metre.
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CHIPIER VI

INTRODUCTION '

) An attempt has been made in the praeceding chapters >f this repcrt t» throw some
light on the relationships botween the ncture and run size of tuilding operations, on
the one hand, and the time conmpticn, building costs ani mathods of orgenizing the
‘work, on the other. The analysis hes shown the difficulties of distinguishing clzorly
the influence of any single factors among the many which bave 2 bearing on building
productiun. The effect of repetition 2p building operating is only one, and perhaps
‘not the most important, of the consequences of introducing larce serics of identical
building components or functiocnal units into the building trade. Purthermore, thc -
effact of repetition, even in its widest context, is often overshadowed by other
important factors influancing building production, some >f which have been discussed
in chapter IV. The present chapter an=lyses briefly cartain other problems which are
closely relatec t: the subject of the report ~nd to which attenticn hes been drawn in
some ot the ccntrih:tions recaived,

BF 7 L

e SR

The stamiardizatim and typificat:l:m of builiing cu » functional uaits and
technologies have 2 favourable econcmic effect, not only on th: pr>duction, transport
and assembling of builling materisls and components, but als> sn the very progzramuing
and design of the buildings. Inieed, much nf the standardiz-ti>n and typification work
emerges from the efforts of big projecting enterprisaes to adopt 3 rapaated applic-~tion
of successful technical sclutions,

The elaboration of standard drnwings, specifications snd work instructions clcarly
calls for more carcful study than the projecti-n of individual projects. In Hungzary,
for instance, the fees for drawing up documentntion »n stondardized components are
2,5 times higher than the ordinary design fees. Thesc higher desicn fees ars
economically justified only if they cnn be ccsnamized by a reperted use of the type
plans. If economic consierations 1re restricted to the design feoes, this would mean
that the original highdesign cost, plus the cost cf the necess~ry adaptation of the
standard drawings t> the 2cturl coniitions in coch specific case should be lower than
the cost of individual lesign. It scems as if thus: requirements are often more than
fulfilled in many >f the socialist countries of 2astern durope, where, owing to
typificatin and the usc of standard drawings, the average proportion of totsl
building costs devoted to the design of buildings has bean brought down from around 5
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to about 2 per cent. Substantial savings in design cost as 2 result of typification

have been gained also in many western Zuropean countries, in particular in the field of
single~family houss design. In Denmark, France and Sweden, for axample, there exists
saries of officially apprived designs which ars sold for a vary low and f:lxed pr:l.ce.

The importance 2nd steady increase of design and programming costs in many

' European countries, and the substantial savings in these costs which seem to ba possible
by an incressed usc of standard drawings, specifications and work instructions, indicate
that it would perhaps be useful to devote further attention and study t> this problem
in the future.

The use of typified designs and standardized work descriptions does not:.aly affect
the building cost. It also facilitates considerably the administration and control of the
whole building process. This is an important point, sinc: the exmination and approval
of individual projects is a time-consuming tzsk which often constitutes a bottleneck in
the praductioa pracess,

!ﬁgherlabmrproductiﬁtymdlowerhuﬂdingcom are more often observed in
large contracts than in smaller ones. The favourazble zconamic effect of thc big contract
can in some cases be tracsd to savings achieved Ly bulk purchase of building materials
ani components, i.e. by tha effsct of repetition swny from the site, ani to repetition
in the execution of the building operations., In many cases, howaver, large contracts
are split into too many diffcrent kinds of building for benefits of repetition to be
gained, PFurthermore, inform-tion on the econamic effect of the sisc of contract is
often based »n statistical data collected from projects widely differing in nature
rnd quality. It might well be, therefore, that duffsrences in labour praductivity or
building costs betwean contracts of cdifferent sizes could be explained by systematic
differences in the nature 2nd quality of the products comparsd. The data received on
the effect of size of contracts have for this reasin not been considered relsvant to
the discussion of effects of rapetiticm on building operations, but are set out
separastely below.

In the Netherlandg, data on building costs are regularly collected by the Central
Bureau of Statistics., The material, which is classifiad, intor alia, by sise of
contract, is from time to time analysed by the building research institute "Stichting
Ratiobouw”. In a ceport on such an analysis, published in 1961, the over-1ll mean
value of building cost por dwelling erccted in tha years 1956 t> 1958 was found to be
~bout 21,000 florins for single-unit projects, while the corresponding figure for
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contrac’s comprising 200 dwellings or mors was obcut 14,000 florins [1'27 o unother

study covering the perisd 1957 to 1962 skows a similar plcture/14/, Very marked
differences in labour consunption were rovealed, the nuzbsr of manhours per dwelling
ranging from 3,709 for single projects to 1,231 for projects contnining 20C dwellings
or more. These diffarences werc, however, partly Jue to voriations in the sigze of the
dwellings, as revealed by the figures on manhours per cubic metre which still, however,

range between 8.82 for single projects and 4.32 for projocts with 200 céwellings or
more (see table §5),

Table 5
and ivity ot % itos
to Se 1962 (etherlans
Size of Production Production Thousaniis i .verage rmmberf average i
contract (by | (in dwelling | (in thousands of ; of menhours number of |
nunber of | equivalents) >f cubic mwnhours | per dwelling |manhours
dwellings) metres). equivalent. iper cuble !
- —metre _
1 51 533 21 676 191 147 3 709 | 8.82 §
2 10 636 3 958 29362 - 21761 . T.h2 :
(2.67) (3.0%) (b.22) ' |
3 -5 12 724 L3 28343 ¢ 228 N
(3.17) (3e33) (b.1z) '
6 - 9 17 928 6 017 32099 i 179 5.33 :
. (b.lg) 1 (46p) (L.5%) ;
10 -19 37 201 |12 354 58 291 1 567 k.72
(9.37) (9.3:) i (8.3%) ;
20 -39 53 8ok 17 328 76 190 1 &b b, o |
(13.33) | (13.1) | (1C.9%) :
o -9 83 305 | 25930 | 111 730 134 i k31
(20.5.) (19.67) (15.97) ; g
100 - 199 64 138 18 999 81 721 1 274 P 430
(15.73) (14.4) (21.63) :
200 or more 75 657 21 58k Y3 155 1231 i 32
(18.6%) (16.3%) (13.34) f
Source: [f4_7.
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informetion on the offect »f size of contract cn building costs has been received
2132 from the Uit Kinzdom. Tho total manhours recquired for thot part of the work
whlzh was rerforred by the rain econtractor was collectad f£-r over 160 contracts of
rrirg sizas. It was possitle, by smalysis of tho dsta, to isolatc the various
Teetors shich affucted the labour exvencditure requircc to build sach house; the
r22:33 for tha offset of size of contract arc ziven below:

Size of contract Index of Jabour
‘Lomse gxpenditure

4 109
1c - 10k
Vo) o 100
Lo i 96
&C _ 93

<I7Z5 OF BUTIDLSG SUTARFRISES

The cptisarn size of titddvs anbhe vruriene e n subjgct of frequent digmgj., .
Thero is no doubt that ths sysecial fe~tures of the ilding inmstr- provide its
smiil {irss wits cortein alventagss that 3o not exist in most manufacturing industries.
7 tha othar hanl, ths 1arze miiding firms offor grester possihiliting of spnctaléioatinn
sl of utilizine the effuet 3 repetition on building cperatisns and processes on the
ci%c. Thare soexs to be = stexdy trgz;d in ~lmost all countrics towards more work
el atartieen by very lorge builiding firms. 35 far, however, IZnformstion is very
gse-rzs, on Lhe sctnel ril-tionship batwcen th: size of buildin: onterprises and ths
voLoictiviyy in enildling preduction. Purthoer clerifiestion on this subject would be
cerboligarekls, '
oo T SUIInIiG SOWPOMSTS

ith grewing mschanization and prefabrieation, 2 gratusl inerease in the size of
euil-ing esunonunte ean t: observad.. Thus, whils the volume of a tralitional burmt
clay Sidsie I8 nprroaximetedy 2.3.;)3 cm3 s that of = modern hnllow caramic or concrete
biceic L K .1f23 cz.?' v thed of larse preevst wtll pansls 2*.‘)00.1()3 cm3 o The
fazruacing miss of hwidding eomponunts charnacterizes = t-chnical progress. Naevertheless
Lhors seens to ke o sontrediction in tris evolution, sinco it leads ¢t Aiminished
2u.3tiiliting 2f utilizing the ffect of repetition in tha procucti-sn, transport and
137l ir:g of tulliinz scnpsnonts. Mors ther 10,000 bricks ars nzeded to build a flat,
su* saly twsnty to thirty sonelse In order not to arrive »t £2lse eonclusions, it is
reanneary, Yhersfirs €0 study the optimum size of building componconts, taking into
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account not only productivity on the building site, tut also the ponibsuit:lu of

AR 4 -“.‘ﬂ“ - ame e F T TR

_.“Mmdf.’wimyintheﬂmle building pricess by using the largest
.ponibh series of identical items.

‘ mh&nMMMM.«W&lﬁm&shtﬂsW,t&mmmm
| twbm inﬂmcing both the cost and the labour productivity of site operations.
‘rhe :Iafhm of cech factor cmn be scientifically detected by means of 2 multiple
emmmmm:at mtisticaldata, as illustratsd in a study carried out in
 the Netherlmnds. The data collected refarred to sixteen series of dwellings of
' tradium congtruction and the factors studied werc:
(a) the efficioncy of the housebuilding plan;
(b) the efficiency of the dwelling Cesign; and
(c) the efficiency of the site organizetion,
The calculation was carriad out for the first, fifth, fifte:nth, thirtieth, sixtiath,
120th and 240th dwelling of each series; tha results are shown in tsble 6 and figure
b mxmm%mmdmemmmofmnpermmm
the case of serial m-oductian of duellingn aceoa'ding to an inefficient houscbuilding
plan, dwelling design and organiza.tiavf tha dtemrk Line 2 shows the improvement
in time consumption if the housebuilding plan is made efficicnt but the design and
organisation 19 still inefficient. If also the dwelling design is rendered efficient
the labour consumption decrcasss further, as is shown by line 3. An optimum result
will be achiwwved If 21l the thrss fattors are tade officicnt, 28 is shown by line 4.

Line No; Manhours pe. dwelling svereage
(sec text) at serial number
~ p
1l 5 15§ .30 {..60 }|.120 2o
T . _
1 2620 | 20411730 L570]1 4201 290¢{1 210 1 380
2 12430 | 186017530 1341118100 960 114
3 124 | 1010 890 850 830 830 790 830
4 1 090 920 810 71C 650 630 610 660




‘11 EPFECT OF L:RGS SZRIES . MD INDUSTRIALIZED METHODS IN BUILDING
Finally, it may be of interest to present same results, achieved in terms of cost

" reduction, in the production of schools according t-> industrialized principles in the
United Kingdom, The schools were. built by a number of -1lical suthorities forming
together a consortium (CL.SP). The results csuld be considersd as the combined affect,
over a large building programme, of the application of standardized requirements, bulk
purchase of components, a standardiged system of design including modular co-ordination,
constant efforts in terms of resesrch and devolopment, and the favourable influence of
repetition of identical building operatims on the site. .s will be seen in table 7,
the price of both primary and secondary schoosls for a typical authority in the
consortium (Nottinghamshire) h=s shown a progressive refuction ralative to the nationel
average. The schools built by the authorities in the asssortium are now about 10 per
cent chesper than they would have been without the repotition, contimuity of work and
development, both in design, manufacturing and site work, which the consortium has

. facilitiated.

Date | Primary Secondary 1
| ochools | e
June 1957 104 $9 |
December 1957 | 97 99
| June. 1958 V... | 101
June 1959 9 100
June 1960 93 93 -
Juns 1962 J 94 92
| Deceabor 1962 : 95 92
| : - —
| Source: Information supplied by the Government of
the United Kinzdom,
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BCONOMIC EFFECT OF USING PLOV-LINE METHODS IN consmox(l)

The use of flow-line m. in construction has the economic effeet of . inerouod
m«:mtmm a reduction in the amount of labour required in the eroction of
buildings and structures, a reduction in building time and improved utilisstion of
building sschinery anl other fixed and circulating capital goods. The net result
is s redustion in construction costs. |

The increase in labour producstivity is achieved primarily through s reduction in
losses of vukiu time st construction sites as s ruult of improved organization of
M&ﬂmummwtimdm,mm“udﬂnu@kdbyms
as & result of a high degree of mciuuutioa and rcpctition of tuatim, and the
grester nechabisation of building operatim.

On the assumption that: E .
l‘ = $he total economic effect of using the flow-line method;
B. = 4{he seving i direci cxpenditure on basic wages as s result of incressed
labour productivity;
B _ = the seving in ovezheads, depending on wages as ¢ result of iuncreased
) 1lsbour produstivity;
B - mmn«m,amawmotmanqm
| (u the labour-intensiveness of operations) as s result of incressed
labour prodwctivity;
= 4he saving in conventionally fixed (partly comstent) overheads as a
result of reducing the building time;
B._ = +4he saving in circulating espital as a result of reducing the building
Yime;
E, = 4he economic effect caused by finishing an industrial object (building)
*  earlier and bringing it imto operstion shead of schedule;
B_'- ihcwhcinihoeoﬁot-nhmimimuannltdichd

"building uohiury mnuﬁoa -

(1) mmmtmﬁomdmmumsm. 7.



ST/ECE/BOU/14
Amnex IV
pege 2

the total economic effect of using the flow-line method can be calculated from the
formulas .
E‘ 83'4- B"-l-!d«p 8“4»!0;4-!;"’#‘2& T
The factors of the total economic effect can be calculated from the following
formulaes
B =C.v(1 -%—3
vhere C = +¢he cost of construction work (thousand roubles);
¥ = wages as a percentage of the construction cost;
v = the percentage increase in basic wages, relatel to the increase
in labour produetivity (taken from an empirically established graph
not reproduced here);
p = +the percentage increase in labour productivity under the plan for
the flow-line organisation of building operations.
B, = 0.15 t'

shere 0.15 is the coefficient used for caloulating the saving.

'01 - 0040,09

vhere 0.4 roubles/8 hours shift is the estimated saving in overheads when
labour-intensiveness is reduced by 8 hours (1 shifs);
q = the percentage reduction in labour-inteasivensss,
related to the increase in labour productivity (teken
from a graph not reproduced here);

Q = Ahe standard lsbour-intensiveness of the buildings in
8-hour shifts;
B, = oa-3he
where 0 = the conventionally fixed overheads as a percentage of

the estimated cost; . this value is taken from & table,
not reproduced here, where it is expressed as a function
of the prc-iportion of overheads to direct costs;

Tand? = the standard and actual building times in years;
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where o = * ‘the stendard coefficient of efficiency (similar to the
' .~ inbterest on capital) which in comstruction work is
: ; dssumed to be 0.17;

G = the value of the circulating capital, expressed as a
proportion of the anmal value of construstion
operations;

Bypy =9 - Po (r - 7,)
where : Ly = . the standard coefficient of efficiency in the
| branch of industry concerned;

P = .ihcvdm(inmotcytm)otthoimskid
objects (building, etc.) brought into operssion
ahead of schedule;

where the annual deprecistion sllowances for the stock

of building machines and equipment used in flow-line

construction;

$/yeer = the standard number of machine-shifts per yesr of
the main building machines;

t‘./yma the actual number of machine-shifts per year of

the main building wmachines. : -
An exsmple is given for calculating the coconomic effect of the flow-line method.

The plan for the organization of building operations calls for the flowline
construstion over a one-year period of a housing dcnlopneat consisting of 13 five-
storey large-panel houses.

Basie data are as follows:

The sverage value (prie-; of a house = 232,500 roubles.

Proportion of wages $0 construction cost:¥ = 11 %

The standard labour-intensiveness: Q@ = 5,804 eight-hour shifts per house
The stendard overheads: - = 13%

The standard building time for one house:T = 0,3 year
The planned building time for one house: t'-ﬁl = 0,375 year .
The plamned inorease in labour produotivity

over the standard level = 15%
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v T%‘ * 200 (l_. {ﬁ? ) 2.25 thousand roubles,
where 1,025 = is the coefficient for transforming price into
costs (e.g. to dedust profits from price);
3.9 = . the percentage increase in wages;

166 . = the percentage inorease in labour-productivity,
E” = 0,15 B = 015 o 2:25 = 0,34 thousand roubles;

E, =04 .q.0=0.4.322 5504 =310 roubles = 0.31 thousand roubles;

where qQ = 13.4 is the percentage redustion of labour-intensiveness
(taken from' & graph, not reproduced here);

Total economic effeet of inoreasing labour produstivity, calculated for one houses

E_+ i“ + E&i w 2,25 4+ 0,34 + 0,31 = 2,90 thousand roubles.

E, = 0.069 (1 --9!3?-)1%; = 3.91 thousand roubles.

where 0 = 6,95 =  the percontage of the construction costs rcpmm
. by the conventionally fixed overheads;

E“ = 0017 . 0,25 . (0.5 - 0.373) . 232.3 = 1.24 thousand roudbles.

vhere C, -25’.
Total economie mmummwmmmtmtummu

v wems s

Egep* 3 = 3491 + 1.24 = 5.15 thousand roubles
E, = 246 (335 - 53p) = 0.17 thousand roubles.
vhere A = 246 thousand roubles

tb/ycu- = 320 machine-shifts
AL Jyoar = " 410 machine-shifts

Total economic effeet of using flow-line methods for the development as &

wholes
E =15 , (20” + 501’) + 0017 = 12205 thousand roubles.

where 13 = the number of houses erected dning the you'.

The economic eoffect of using flow-line construstion methods for the hming
development in guestion may thus be calculated as follows: :

100 = 3,53 % of the estilmated value,
232.%5 . 15
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