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This report revieus scre causes cf the wariabtlity
between the theoreticeally prccraasnmed anc the actual level cf
Labtour rescurces availatle on tuitding sitese.

It deals 1in gerticular with LlLzbour turnover,
Latour absenteism anc non-prccuctive time on buildirg
operationse The report seeks to evaluate quantitatively ard
qualitatively the losses in the actual number <¢f gman-hours
available oan site at each tinme pericd caused by these three
prcblems affectirg the construction idindustry. It alsc
discusses the effect ot these three czspects in tre
variability and tncertairity abcut the Llevel ¢f resources
available on sites on ar hourlys c2ilys arc sezsonal basise.

The author reports some otservations related tc
Laktour absenteism and necn-productive time ttat hte made while
studying the prcduction process of three hcuse buildirg
sitese.

Ways ir which the effects <¢f Llabcur turnover,
absenteisn and ron-prcductive time could be incorporated ir
the labour estimetes anc 4n the gregraxsing of sorks on site
are suggested.

It concludes that tte varizbility in the resource
Levels caused ¢ty the three fcctors nentioned abowve s
significart and shoulc be taken into accounte. Hoswewer, as
the potential wvariability caused Ly these factors 3Is Lless

than the weariability in resovrces recuireg by the



activitiess rescurces Levels could ccntinue to ke consicered
deterministic, as {1t hes tbeer the <czse with several
pregranming techniquess cnce the resources required by the
activities and their wariability 49s 4dncreased by faciors
representative of the effect of labcur turnover, zbsenteisrn

anc non-productive timee.
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l1e Introduction

This report is one of a series that purports to
examine different concepts used in the programming
techniques applied to building projectsy 1in particutar te

house building projects of repetitive nature.

The more simple progranming techrique, that is bar
chartsy were introduced 3In the start <¢f this century.
During the first years of the sixties the whole prsgrammiﬁg
issue received & boost with the advert of netuork
tectnigquess The success of the applicat ion of programming
techniquess and in particular of network technicuesy has not
yet matched the expectations raised during their

introduction.

The author decided to stucdy possible causes of
this Lack of success iIn the application of programming
techniques to building sites. These causes can be sought at
the general level (macrc level) or at the specific level of
technicalities that the wuse <o©f preograzgming technigues
involve. Examples of problems faced by the programeing
techniques at the macro lewel are the difficulties and speed
required in updatings communication of the programmes teo
site personnel, and the necessity c¢f involverment of 2 great
number of participants of the <construction grocessy both
within and outsice the building company. fxamples of the

technical problemss of the inplerentation of pragramming
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techniques are the difficulties assoclated with estimeting
activity's duration and ressources required, defining
precedence relationship between zctivities, éetting resource
histograms taking into account possible wvar3iations in the
resource levels over timey obtaining times/ccst trade-off
curvesy modelling productivity achieved on operations
through the use of factorss and, finallys setting and
evaluating the various otjectives criteria to be achieved by

the programme of WOrkse

Tach of the aktcve topics 3s the subject of a

special report. For examples "The Analysis cf BActivity?s
Durationsy Precedence anc Segquence of #Hork - Graphical
Softuware to enhance the Printed 2utput from the Building

-Research Establishment Site &Activity Analysis Package®
report dissued by the author on January 1982 deals uwith the
analyses of durations far greater than sould bLe expected
Just considering the Labour content of activities, and the
overlapping of supposedly preceding stages ¢f asorks as

observed in three house building sites.

Normally the programming technicues would
calculate activity's durations dividing their labour content
by the quantity of resources assigned to theme The majority
of the programming technjgques Just consider straight
preceding and suceeding relationships between activities,
with no possible owverlappinge. In facty there 1is nc

published informatien about the amount of cver lapping
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between activities that cosuld be allowed at the programming
stages These discrepancies betuween the concepts of duraticn
estimationy precedence cefinition and what zctually was
observed to occur on sites could be one of the causes ot the
lLack of success in the application cf programming

techniquese.

Here it 1is suggested that the programming
technigues have not been able to model acequately the work
on site. The warious studies abcut the technical concepts
ment ioned above sere envisaged to examine how actcurately the
programming approaches to these concepgts are zble to model

the uway the concepts occur on site.

This report jnvestigates the wvarijatility that
occurs on an hourly, cailys or seascnal basis in the total
Level of resources available on site. Gererally tkre
programming techniques consider that the Level of resources
allocated tc a2 project is deterministic in nature;
variations in the Llevel of rescurces are dictated only by

management actione.

The Literature on tabour turnovery, Llabour
absenteism and non-productive time on building sites is
reQieued- it it can be shown that the atove factors
determine important losses in the available amount c¢f Llabour

resources on sitey and if it can be shomn that as these

factors are not directly under <ccntrol <o¢f nmanagement the
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losses that they determine are urcertain and stochastic in
naturey it could be suggested that the discrepency betueen
the deterministic Level of rescurces approact used by the
programming technigues anc the variability of these Llevels
actually found on site is another of the probatle causes of
the lack of success 1{p the application of programming

techniquese.

Thus the report deals xwith Labcur rescurces on
building sitese It is generally accepted that labour is the
more important resource in building constructiony due to the
fact that building ¥s labour JIntensivey as cppcsed to civil
engineering construction that is ecuipment dntensive. The
report deals with rescurce Llevels at the aggregate level,
that isy total resource levels applied to the site, and not

resource levels applied to individual activitiesa

The author has been using production cata obtained
from the Building Research Establishmente. This data ruas
obtained by the BRE using activity sampling metltods on three
house building sites with 72, 103 and 252 duellingse.
Several references are made te evicence stemming from these
building sites, mainly 1in terns of labour atsenteism and

non-productive t ime.

The regainder cf this report revieus the
bibliography on the subject. It m3ll be appreciated that

the majority of works in the area give only gualitattwve



tn

page

indications of the influence of the three factcrs on the
availability of Llabour resources ©n sitey specially with

reference to Labour turnovere.

Conclusions and suggesticns at the end of this
report are again put mainly In the form of gqualitative
statementses Special concern throughout this regort 1is the
cons ideration of how to 1dncorporate the influence of the

variability in the level of resocurces available on site in

estimating and programming fcr building projectse.
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2« Soume Causes _of the Variability of the

Level of Labour Resources

Available ¢cn_Sites

2.1 Introduction

¥hen simple programming techniques Like Bar Chart
and Critical Path Method are usedy the levels of the various
resources reguired to perform the project are obtained by
summing the deterministic amounts «f resources required Ly
the individual activitiesy time period by time pericds Once
and approximate Level of resgurces reguired is cbtained,
resource scheduling and resource levelling tecariques c¢ould
be used to optimize objective functions Like minimum project
durations maximur resource utilizationy eginisum resource
mobilization costy or minimum total coste Resource
Scheduling is the technique employed if a cefirite level of
resources is allocated to the project. Resourcé Leveiling
is wused to smooth peaks and walleys in the resource
histogram obtained by simply aggregating resaurces required

by dindividuyal activities (see Rickard).

Alternatively the approximate Level <c¢f resources
required on site can be gbtained by optimizatior of resocurce
mobilization costsy wmithout consideraticn of tre activities
to be performed (see Cullingforc and Pridezux)y or by
historical records of similar projects (see lemessany and

Clapp)e.
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Mcre sophisticated programming techniques
incorporate the definition of resource usage by indfvidual
activitiesy their aggregation,s rescurce schedul ingy resource
Levelling and the optimfzation o¢f the above objer tive

criteria in one powerful algorithm (see Kauffolc).

The aggregation of resources required by
individual activities 1dn a project 1s not an strafighformard
exercise as it might loocke First of alls the sactivity?®s
rates of consumption of resources and the activity?®s
durations need to be estimated. Abernathy, Ashwuorth, Barnes
(November 1572), Beestons Bishop (July 19€5)y Finey Fleming,
Forbesy Kidd and Morgans Xing et allis Rediners and
Broughtons Rodericks Stipleyy and M¥Malker (1971) showed the
innacuracys biasy variability cf cutput rates arc Labour

constants of the estimating processe.

There is some evidence showing that activities
Wwould require resources according to a ®s®" shaped curye
throughout their duration rather than on a constant basis as
it 1s normally considered by the programring technigues.
Roderick found this ™®s® shaped curve of gzllocation of
resources to activities in the constructicn of an otfice
block and warehouse for an public utility (see figure 1).
Carr et alli identified this shape of curve for the formwork
stage of wWork in concrete framed structures. In his case
the formwork stage is consldered as wholey, without breaking

it dosn to the various storeys of the structurec. These
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authors observed that there mas a2a inftial louw consumption of
resourcesy increasing to a peak value,y, and then decreasirg

touwards the completion of the activity cr the stage of work.

The author is studyins the production process cf
three house building sitesy with 71, 108 ang 253 hcuses; no
quantitative evidence was obtained so fary but the
observation of production graphs Like the one gresented in
figure 2 suggests that the alleocation of rescurces to the

decoration stage of work In each block alsoc followed a ™=s"

shaped curves

Several authors Like Bromilow and Hendersaon
(1297T4), Gates and Scarpa (1S7&8)y Handa et alliy, Kleinfelgy
Lemessany and Clapps and We No Perry founc that ®s®™ curves
coulc be wused to approximzte tire deploysent of respurces
(labour or capital) tc the whole project construction.
Lumsden deponstrated how ®™s®™ shapec curves cf total resource
comsumption an site can be derived fror the Line of Balance
programming approachy with individual activities requiring

resources on a constant basise.

Hithout discussing further the nature of the

.curves representing the allwcaticn of rescurces to the whole

project or to indivicual gctivities, this report
concentrates on the wvariability that occurs on resource
levels available on sitey, once a regquired or desireg

resource histogram is programmed.
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A large number of research workers in the area of
civil engineering and building programming had considered
that the programmed amount of resources avalilable to be made
available on site is not subjected to stochastic wariations
{see Carr-1971, Fencleys Nutall-1955, Faulson-1971,
Pattersony Peery and PFilcher anc Oxleyd., Apart from
deliberate efforts by management to mobilize cr cemobilize
respurcesy no other cause of wariaticn in resource levels on

site was considerede.

Construction Management Games Like the ones
preposed by Borcherding (1S77)y Halpin (1576)y Harris anc
McCaffer (1©77-1)y and Scott 2and Cullingford adopted the
same approachs only the activity's duraticns a2nd resources
required were made stcchastics ganagemrent reaction tc
variations in productivity and departure from the schedule
of work mere represented by Increases in the ceterministic

Levels of resources availzble on site.

It s reasonable to suggest that keeping resources
available as a deterministic paramenter 1s the same as
increasing the wariability 1in the amount <¢f resources
required by the activitiese. for exampley 1in a project
progress simulation exercise two approaches could be
adopted: 1in the first ones resources required &nd resources
available are stochastically wvaried; in the seccnd casey
resources available are kept constanty with a corresponding

greater variability in ressources reguired by the activities.



page 10

After some calibrations the two project progress simulation

models should produce similar resultse.

It is also possible to keep the level of resouvrces
avajlable on site as a fixed valuey if their avzilability is
modelled by factcors affecting precductivity Like weather,
Clapp (1366) reported that due to the storter working day
and higher absenteism in sinter periodssy the sage number of
tradesmen present on site represented in ftsct different
amounts of man-hours avaflable on summer and on w®inter,
according to observations on five building sites. Figure 3
shows that the labour force builc-up trend was not strictly
followed in wuinter due to zbsenteisr wuhen bLad weather

occurred,

Despite these procedures to aveid the
consideration of a stochastic level of resources avaitable
on sitey or even its rancecm presence as It coulc be the case
with subcontractors (see the sorks by Pigott)s the subject
deserves greater attention. The review ¢f the Literature

did not show any research sork dealing specifically witt

causes anc magnitude of the stochastic wvariastions in
resources available on sitee. fRare references were found
abeocut labour absenteism anc lezbcur turnover. These twc

causes of variability #ill be treated in the following
chapter. At the enc of the following chkapter, t he
proportion of productive to non-productive time on building

sites is investigated. This proportion and its variability
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pver time could help to quantify the total amount c¢f Labour

resources actually avallable on site,
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2.21 Discussicn

Labour turnover is usually associated with Llabour
market conditions {(depressedy boomings €tce.dy umith the
operatives satisfaction sith the managenrent of the site they

are engaged aty and With the building company as a whole,

Miller €19275) said that labour turnover is  more
Likely to be Influenced by tre nature =f the =work,
organization and management of the sitesy ancd gecgraphical
factors (siorkers desire to keep Lliving 1ir the same
nelighbourchocd) than by low wWages. This 3s not to say that

financial aspects do not plzy their role in causing labour

turnover. For example, McClaun stated that overtime
magnifies any Llabour shortagesy Lecause It determines
increased labour turnowver with operatives moving to

contractors offering more cvertime hoursy and hence a better

pay deal.

Talbot founc that operatives generally work for
the foreman rather thar for the company. He also said that
Morkers prefer to stay in the area in which they are Living;
jf the puilding company cets a job in 2 different sreas they

tend to move to another local contractor.
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¥iller (19275) investigated the <causes <¢f Uabour
turnover amongst carpenters in New Zealzande Tte reasons
behind carpenters keeping their jobs for long time were:

- age cwvwer 480 years;,

- married status;s

- Long period of work for the previous contractor;

- employment in small building companies;

~ seekly earnings including bonusi

- good Industrial relationship betweer labour

and management;
- attractive ta#ks available on site (non-repetive

tasks;

Forbes (November 1371) observed that on a
particular site Llabour turnover among bricklayers was high
due to the cifficulties imposed by design and the quality of
workmanship required by the cliente. These two factors
influenced badly productivity and the workers were not able

to get sufficiently high bonus to make the Job wscrthuhilea

Swam concluded that seasonal emgloyzernt 2nd labour
turnover #ere responsible for the Llow number of hours smorkec
by the pperatives during the year. He showed that the
varicus trades in the USA morked between 6G0 and 1000 hours
during the July 1966 - June 1967 period {see tatle 1), The
average figure 1is Lless than 50 X of what coulc be expected

jf the workers uwere fully employed.
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Ewidence from New Zealand (Miller-1975) suggested
that In periods of intense building activity cerpenters dig
not loose money going from one building company to the other
and thus missing some wWcrking dayse In facty accordin; tc
the Llabour regulations prevailing theres thris frequent
transfer from one building company to another gprovided the
opportunity for carpenters to get some extra money cr

benefits,

Labour turnover does not only a2ffect the tLevel c¢f
resources available on sitey but it is directily related ta
productivity. MWalker (1571) founc that a locel authority
stable Llatour fcrce receiving bonus incentives was able to
achleve productivity levels as high 2s the ones actieved ¢ty

the more efficient private building companies.

Miller €1575) Llisted several implications of
Labour turnowver. The more Jmportant ones are repronduced
belowus

- each new morker employed by the corpany starts
afresh in some point ¢f his learning or experience curve;}
the morker reeds to becose familiar with tte nes tasksy, and
more Important than thats he needs to get himself acguainted
uith the organizational procedures of the cormpany and the
management style on sitey

- each worker released represents a Lgss for the
company that have supported him throughout the less

productive periogs of his learning or experience curve;
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- greater labcour turnover puts more strain on
supervisory perscnnel; 1f the number of supervisors remains
the sames some supervisory effort is cevieted<1rou on~-going
activities to be dedicated tc the rew operatives;

- labour turnover is a constant cause of
interruptions of work on sites and of disrugtion ot balanced

creds of uorke

The review of the tUtiterzture was rot abte tg
identify a single research sork dealinc specifically with
the problen of labour turrncver and its influence on
productivity on building operationse. Sonme cuthcrs Just
ment ioned labour turnover figures while reportinn 2
different subjecte. Nazer stucied the influence of white
collar staff turnover on productivity in 20 building
conmpaniese Just as an illustraticn, it is worth mentioning
that annual staff turnover ranged from 4 ¥ to 32 X and a
definite relatijonship sas fournd between high turnover anc
tow productivity. Productivity in this case sas measured by
the ratio of totasl annual financial turnover to the number

of staft personnel e2mplcyed.

Talbot refered to the Banwell report where it is
shown that Llabour turnover in the construction industry is
twice as Large as in the average of the cother drdustries,
but at Least one third of the smorkers keep their jobs for
more than 5 yearses Talbot considered thkis latter fact

contrary to the general ©belief \tabour turncver is
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exceptionally high in the construction industry,

Miller (1977) came tc the conclusion that the
carpenter?s Llabour turnover in New Zealand uwas in the rejicn
of 30 X per yeare The average for the Wwhole set cf builing
companies investigatec Wwas between SC and €4 Xy due to the
fact that some Llarge building firms had extremely high

turnover ratess pushing the average upuards.

A National Fconoric Developmert organijization
report on industrial plant construction (1571) found a 50 X

rate of lLlabour turnover per year on the sites otserved.

Evenwell rewvealed Spouth African experience wuith
unskilled Llabour turnovers According to his own words "it
was alarmingly high and figures ¢f up toc S0 %X per year were

given by some of the larger contractors®.

2e2¢2 Conclusien

Labour turnover determines fluctuations 3dn the
Level of resources available ¢n site and also Llosses 1Hn

productivity.

Labour turnover rates in the construction industry
could be expected to be relatively high due to the fact that
at the end of each stage of sworks or at the end of the

preojecty it 1Js wusual to dispense with part cf the labour
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forcee This lack of continuity cf employment has a negative

influence in the productivity of the cconstruction dindustry

as a wholey but does directly affect the level of resources

available on iJIndividual sites, This report tried tc

fdentify causes of the lekbour turnover that cccurs while the

stages of work cor the groject are still under constructiony

that isy labour turnover that occurs wuhile the cperatives

are still needede.

The review of the Literature did not produce

quantitative evidence atout this particular type cf Llabour

turnovere As the majority of the building frcjects takes &

long time period to be built, it could be expectec that the

labour turnower that occurs while the operatives zre still

needed represents a good proportion of the up to 5S¢ X total

Labour turnover rate found in scme reportse.

Labour turnover effects on productivity are
related to the idncreased need for supervision, the
disruption of balanced crexs of work and Llosses 4din the
operativel!'s Learning curve. The author prepcses that the
effects of Llabour turnower cculd be dnccrporsted 1in the
analyses of site productivity throuch the use of the
learning concept: high turnover rgtes sould be associated
with Lok rates of “dmprovement in learning curves; in the

extreme casey a very high labour

~turnover rate would prevent

any learning gains in productivity.
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This reviem of literature was not able to indicate
the quantitative 1influence of Labour turnover in t he
variability of resources available on sites Undoubtelly

more research work i1s needed in this area.
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2.3 Labour_ Absenteiss

Labour absenteism gives rise tc¢ fluctuations in
the resource profiles c¢n a day to day tasise High
absenteism is an indication of Ulow site morzle and bao
industrial relations (National Economic Developmert Office,

NEDO,y 1976}

Very Little information Iis available on t he
magnitude of labour absenteismes Bishop {19¢€8)y exemplifying
the managerial difficulties faced by site agentsy stated
that the labour force could be up to 50 X greater cr smaller

than in the previous daye.

Clapp (1966) shouwec that absenteism increased in
winter months 14n a set of five projects observeds Projects
started on spring had losses in the potentially available
Wwork-force on site of only 0.2 Xy while projects started in
the winter months had lcsses of 3.2 Xe. The nrost weather
affected part of the project was the initial parts
corresponding to substructure, ground floor slab, and
carcassing; projects started in the wminter months had the ir
jnitial stages also performed 1in winter and tence greater

losses due to absenteisnme.
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Evenwell founc that absenteisms on Mondays on some

South African construction sites ranged from 5 to 30 X.

Plant reported a Greater London Council surver on
Labour availabdility and requirement an London local
authgority construction sitese. After analysirg some 600
sftes in a particular day of October 1974y he obtained the
following figures: average rate of absenteism in that day
Was 3 Xy ranging from as Llittle as 1.56 ¥ fcr labour
employed by subcontractors to 6.6 X for workers employed by

direct labour organizations Wwithin local authorities.

The NEZDD report (1978) dealing «itk dndustrial
plant construction 1dindicated an average absenteism ranging

from 5 to 15 X (ser table 2).

McGlaur analysed the relztionship betueen overtime
and absenteisms Overtime would Llead to an JIncrease 1in
absenteism due to tuwo fzctors:

- the operatives tend to get more tired wshen
working overtime: absences are a natural smay of physically
recovering from abnormal efforts;

= 3f building companies are fcrced into overtige
due to competition for scarce Labcur rescurcesy t he
operatives would start to shop around in order to find the

best "uwage package® available,
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Miller (1977)y after studying the productivity of
carpenters in New Zealands found that one of the suggestions
made by this trade to improve industrial relations with the
employer sould be to allow some free time during the week;
if acceptedy the wuorkers would be able tc solve family or
personal-related problems‘during the weeky without dincurring

in absencese.

Pigott stated that g2bsenteism 1is a cause cf
interrupticns in the normal flow of wcrke In his studies,
absenteise sas the reascn behind part of the pcstponing of
operatiocns and unbalance of crewss. Neverthelessy he found
that absenteism was responsible for only 1.2 X cf the total

number of interruptions on three sites analysede.

Planty ¥from the Greater London Council said that
more absences would be expected in winter months than on the
average of the mhole year. He also raised the poirt that on
summer absences could be higher than the average of the yec:zr
due to the holiday season. This fact idis confirmed by
observations made by the authocr on the Latour attendance on
the three sites that form the data bank being used in this
research works the number of hours lest due tc absenteisn
near the Summers Christmas zand Tastern holidays is greater
than the average for the whole year; the wnorkers tend tg

increase the number of days offy even at their own expense,



page 22

Shanley gave some support to the theoretical
prediction that a extenced absence from site leads to losses
in productivity due to the unlearning phenomencn (see Gates
and Scarpa-1372y and the Tffect of Repetition on Building
Operations and Processes on Site, prepared by the Committee
on Housing Building anc Flannings, CNU), In figure 4 the
total number of man-hours spent on roof timbers in block 14
was higher than in the identical block 1575 the first block

was completed just after the aznnual holidayse.

In one site where activity sampling was used
Forbes (November 1971) found thet subcontractcrs did not
follow strictly the official main contractor working hours.
They made breakss late arrivals and early departures to suit
themselvess The author also cbserved that on the three
sites being studied in his present research work the problem
of absenteism was not cenfined to wvardiaticns 1in resource
levels available on a day to cay basis; it was quite
frequent to observe sorkers calling cocn the site but staying

there only few hourse

The already cited NLDG report (1976) gathered
intormation about the number of L hours worked by the
operatives in the active perindy, as <cpposed to the pay
periode The active period smas defined as the daily period
of work during which construction aswork should be observablea
Therefore it excluded all official breaksy cfficial washing

periods anc allowed travelling time from the worker?s home
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to the sites The paid period excluded the lunck break thkat
was unpajd but Included all other breakse. The average
active period was only between B4 X and 924 X <cf the paid
period on UK industrial plant construction sites (ses table
03)e Similar results were repcrted by Stewart and Torrance:
the average active perioc was 82 ¥ of the paid period,
ranging from B& X to S4 % in the construction of four

concrete framed structures (see tatle §).

The uncertainities about the work force awvailable
dajly led tc to the creation of site prograrminge models that
consider the day to czy allocaticn of labcure as suggested
by Bishop (156E8) a2nd Barroso-Aguillar (August 1573). But it
is worth recalling the conclusicns c¢f several authorsy
showing that the reallocaticn of labour is not done without
productivity lossess Clapp (1T£€)s Smith and Rasmlingsy the
report on the E£ffect of Repetition on Buildirg Cperaticns
anc Processes on Site elzborated by the Comrpittee on Housing
Building arc Plannings &rc Shanley (May 1970) conveyed the
fdea that Llosses 4in productivity due to the reallocation of
Labour caused by absences or bac meather could ke sc high as
to make preferable to send workers home than tc allow therm
to go te alternative working places, ¥Figure 5 shous the
increase in the number of man-hcurs spent erecting 1internal
partitions due to the alternative allocation of bricklayers
previously engaged in external sork disrupted by bacd weather
On averages each hour wscrked on the alternative workirg

place during bad weather 1increased the total number of
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man—-hours spent on the jcb by also one houry tkat 1disy the

reallocated work had no productive effecte

Losses Iin productivity after realleccat ior of
labpur due to absences could be explained by overcrowding cf
the work places (see Kappazs and Mchallydy idnterruptions in
the dindividual learning curvey or simply because each time
an alternative sork place is temporarily tackled some time
is spent on preparatory sork befeore the task starts and on
cleaning up after its tempcrary finish (Bishop-November

1S565).

Labour absences on building sites due to uniecn
action were not yet quantified in the literature, The NEDC
report on dindustrial plant construction {1976) stated that
losses due to strikes on UK sites mere less significant than
previously thoughty ranging from 1 to ¢ % of the total
potential ly available number of hours tc be morked per vyear

{see table 27,

2+3.2 Conclusign

tabour absenteism represents a Lloss of betyeen 1
and 10 ¥ »of the number of gan-hours awvaileble on site.
Dajly losses or Llosses in particular periodsy specially
after and before holicayss could be +fighera. Losses
corresponding to early departuressy late arrivalsy official

breakss officially agreec wuwashing periccs arc travelling
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time should be added to the figures above} they wmay
represent up to more 10 X of the paid pericd of uwork on

sjtes.

Thus the effect of labocur absenteism on resource
levels on site could be modelled by stochastic decreases in
the daily quantity of resources available, producing average
Losses of up to 20 X of the man-hours theoretical Ly
available throughout the project constructions. The daily
variations in the resource levelsvshculd alsc be affected by
factors related to prevailing ueather conditionss seasonsy
holidays and the characteristics of the werking week
(attendance before and after the weekerds and during anrc

after the day wmages are paid ¢n sitela

Continuity of wWork §s 2 prime consideration wher
reallocating Labour due to absencess. Respurce idleness ghen
no reallocation 1is mace shgulc be compared with losses on
productivity that could ctheruise occur shen operatives are

allocated to alternative sworking placese.
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2+4 Productive/non-productive Time Ratiosg

on Building Sites

2+4.1 Introduction

The determinaticn <f the amount cof resources
really available on site call for the examination of the
productive/non~groductive time ratios in building

construct ion.

The fact that not atl working hours srent on site
are productive determires & decrease in tke Llevel cf
respurces available. Cn the other handy Bertley shesed that
the productive/non-productive time ratic was rot constant
throughcut the curation of a particular prcject that he
observeds This latter fact determines that the same Llevel
of physical resources (mens trades) would represent a
variable number of man-hours actually available from time

period to time periode.

Before going furthery it s interesting teo discuss
how to incorporate non-productive time in the estimating anc
programming process2se FResource levels cculd be defined ¢ty
the number of coperatives availatle on site; 4in this case
the ratio productive/non-productive time would not affect
the level of resgurces availables 2n the other handy if the
tevel of resources Js defined ©Ly the tctal number cof

man=-hours availabley as 1t might be the case on large sitesy
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the aforementioned ratio could be used directly tc model the

actual level of resources available,

Mork Study and Method Study techniques d{nctucde
non-productive time in the labtour content of &activities cor
in the output capability of operatives and crews. Normally
these techniques consicer only part of the ncn-productive
time observed on building sitesy that 1dsy they 1inclucge
relaxation time and personal needs allosance time. The
percentage ¢f non-productive time definec bLky those two
allovwances is generally 1less than 10 % (see Blain)e. As it
uill be seen Lltatery, the average .non-productive time on
building sites 3s much Ltarger than 10 X, Moreovers,
non~productive time 1is not directly related to the
pperations? characteristics but to generzl asgpects of site

adrinistraticn.

It non-productive time 3s a function of general
aspects of site administration it would be better tc
cons ider man-hours allocated to non-productive tasks as =
single aggregated measure, representative cf the
administrative practices found on sitey ratrter than tc
apportion these inef fective man-hours to the idndividual
operations shere they ocurred. 2 ratural extension dis the
asspociation of the aggregated measure of non-prcductive time
with another aggregated measurey that iss total resources
required cr available by trages This is tte recson why this

section on productive/non-productive ratics is included in
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this report dealing with the concept of wariability in the

resource levels zvailable on construction sites.

Non-product jve time shoula be allocated tc
building costs 1in one way or the other. It uwes considered
interesting to revieuw hersgafter the various zvailable
methods of obtaining lzbour content and ogerative's rate ot
output; each method takes into sccount non-productive time
in a different wnaye. The review of the Uiterature on
productive/non-productive time ratios is made after this

discussion on the methoos of obtaining productivity data.

2.4.2 MYethods of obtairing Labour Content of

Activities and Rate_gf Cutput of

Cperatives
Productivity measures anc¢ the labour ccntent cof
operaticnsy stages of works or completed building units can
be obtained by several different methods that <can be

classified under the follouwing headings:

a) Work Stucy and Method Study: T hese twe
techniques aim to establish standarc Llabocur ccntent of
operations by observing a2 Limited number of repetitions
performed under Jdeal circugstances and Laboratory
conditions. They call for the wuse of average gqualified
operativesy working uncer average #eather ccnditions and

using a well defined method of #worke. The stardard Labour
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content i1s obtained by adding to the basic averzge stopwatch
timey allowances for resty ualking timey personal needs,
etcee The use of the technigue is quite expensivey, and it
is not possible to apply It to the whole sitey becaure 1t

would require more observers and analysts than operatives.

Observations are restricted tc the periods 1in
which some productive work s being donea. Therefore
non-productive time is not recorded and other ancillary
times Like supervisioney measuring upsy testing and handling
are 2lso ignored. These methods could be better defined as
®lLaboratery wWork study and “ethed <Study", due to the
restrictive requirements they made in orcer to be

succesful ly applied.

b) Site Methocds: it is difficult to craw the Llire
separating the previocus methods from the cones to be
described heres. Again werk stucy and methoc study are used,
plus production card annotaticny and the activity sampling
method. The difference of this group of =nrethocs from the
previous one is that =site conditicns are accepted as they
arey there is no need tc observe only ®average aoperatives
~under average #orking ccnditions®. Disruptions 1in the

narmal flew of mork are zlso recorceda

Adrian proposed the observation of "wcrk cyclesnw,
using stopwatch techniques or time~-lapse phtographya

Disturbances in the ncrral flow of work Iin eact cycle are
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recorded under five heacings:

- environmental delays: they are represented by
delays or interruptions caused by weather, subsoil
conditions different than expecteds variatiorn orderc and
design changesy preparatory uwork after movirg from one

working place to anothery etc,.}

- equipment delays: they are represented Ly
delays c¢cr 1interruptions caused by ecguipment faults,
maintenacey equipment wxorking at 1less then maximum

production rates movement of equipmrent from one working
place to anothery ctces

- labour delays: they are represented by delays
or interruptions caused by Lack of skilLlsy wuaiting for
another man or 1dinstructionsy relaxaticzr periodsy meal
breaksy etc.

- material celzys: they are represented by delays
or interruptions caused bty tack of wgaterialsy defective
materialsy etc.;

- management cdelays: they are represented by
delays or interruptions caused by bad programeiry c¢f worksy
Like interference betseen operszticnsy pocr Llayout ct

operationsy unbalance of crexsy €tcas

Several working cycles are ckserved anc average
non-delayed times and celayed times in eact one of the five
categories above are calculated. Therefore, lakour content
pr cycle times of operations contain built-in allowances for

non-productive time caused by factcers Like Lack cf
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operatives skill (repeat work)sy equipment faultsy reduced
productivity during bad weather, efc.. Nevertheless, it
should be stressed that the recordings are made only wher
the operations are being performed or during sreall
interruptions; the method §s nct able to reccrdy for
exampley, time Lcst due to complete werk stoppzgesy walking

timesy early departures and late errivalss or tocls cleaninge.

The method could thenretically be extended to the
observation of all operaticns being carriec out on site.
Major difficulties are the number of observers (or
time~-Lapse photography ecuipments) needed and the fact theat
good part of the wmork on site 1is done ir ccnnection tc
non-repet itive taskss or tasks that are nct performed in
tyclese The method would be wuseful to record cyclical
pperations like earthmoving and ccncretingy but it would be
unpractical to record finishing operations in house

buildingy for example.

Productivity measures can alsc be obtzined by the
annctation of producticn cardss as it is ncrmal practice dn
the manufacturing industry. Tkis technigue wWas us=d ¢ty
Shanley (¥ay 1570) znd Figott irn the productivity studies on
house building sites din Ireland. Both the operatives or
site observers ccoculd be in chrarge of fillirg the production
cardss hence with wvariable degrees of reliatility in the
informaticn provideds mainly 1in terms c¢f non-groductive

time., Even if <cards are filled by site cbserversy it is
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difficult to quantify the amount of time spent on
non—-product ijve activities: stcpwatches and a great number
of pbservers would be necessary if an accurate measure of

the non-productive tire is needecde

The activity sampling method is the Last of the
site methods being analysed 1in this report. A areczt
research effort has being devoted to the use of the activity
sampling rethoed on builcing sites at the Building Research
Establishment during the Ulast 15 years (see the works by
Forbes anc Stevens)s, 2ctivity sampling car be economically
used to 2analyse the work cn single operaticns ©or on the
sihcle sitey during prief pericds of time or during the whole
construction processe. The totality of hours scrked on site
could be observed, irrespective of being productive,
non-productivey ancillaryy subcontractedy retated or not to
any particular operation or building unit being constructed,
etc.» DOnly temporary absences from the site are difficult
to quantify because the methcd is based on shat the observer
is able toc see on sitel it is necessary tc 1introduce some
refinements in the method to check that the activities cf
all operatives are recorced during 22ch ®snap®™ observaticn
roundy even if some operatives are nct seen. It dis alsc
necessary to record sepsrately time lust before and after
the actual period of wmork on sitey Llike travelling time,

Late arrivals anc early cepartures.
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¢) Global Productivity Z2nalysis Methods: these
methods deal «ith the totality of man-hours spent on a site
or in a particular sector of the constructicn industrye.
They do not wuse detailed daily recordings of how the
man-hours were spent on site. Generallyy the irput data for
these methocs is the total amount of labcur (cr capital)
spenty, broken dosuny at the mostys at the level of tradese It
is difficult to <correlate the Llabour experditure witt
particular operations on site or even With groups of
operations; multi-regression mcdels can thecretical Ly
overcome this problems btut accuracy =zchieved is small (see

Beamishle.

Two different zpproaches can be used:

I - macro~econamic: Labour and construction
activity statistics are wused to aork out rough guides of
Labour consumption (or capital consumption) per unit built,

per square metre of floor areay, or per unit of gaterial;

IT - micro-economic: 1instead of taking published
statistics for the construction activity in ore country or
in one regionsy a group of selected is examinec efter dts
construction. Lzbour ccnsumption 1is related tec physical
quantities of work as specified by the bills of guantities.
A good example of this technique can be seer on the work
being developed by the Building Research Esteblishment

during the Llast 15 years (see Clapp-July 1965, May 1977,
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1978y 1580y Lemessany and Clappsy and Beamish)e. Howenstine
pointed put that Llabour content figures obtaired with this
method are potentially bliasedy because the co-coperating
firms tend to be the Llargery gmore prcgressive anc more

efficient cnese.

These global methods of cbtainingc productivity are
not able to distingquish between productive and

non-productive t imese

Theoreticallyy labgsur ccocntent anc prcductivity
measures cbtained with *laboratory methocs™y site methocs
and global methoos could be made ccmparzble by the use cf
allowances and a precise cefinition of whet 1dis beirg
observed in each circumstance. In practice this is not
achieved due to the cifficulties 1in defininc under which
conditions each observation methoc was employed and the

subjective aspect of allowances (see Bertram)

Laboratory methodss site methodsy anc globat
methods would indicate increasingly higher Llabour content cof
activities and hence decreasing productivityy, because 2
greater proportion of ancillary and non-productive time s
included from the TfTirst method to the Llast, Tsolated
measures ¢f non-productive time are given only by some of
the so called site methodse As it will be seen the majority

of the non-productive time on site 1is spent mithout any



page 35

connection to the on-going operaticns; Laboratory methods
and production card methods tend to record orly man-hours

directly spent on particular operaticnse.

2e4+3 Productive/non-productive Time Patios

Before examining several ratics found 1in the
Literatures it is necessary tc provide soeme guicelines about
how observed activity sas classified as productive or
non-productives Feported resesrch sorks differ in the
classification systems adoptede. Forbes haes gathered a Lot
of experience in this respect during the last 15 yearse.
Generally he has classified the "snap™ observetions ot his
Site Activity Analysis Method in the following categories:

A - absent;

I - not morking around site;

N - not sworking at the mcrk place;

W

walking)
Bk - meal breaks;)
CL - cleaning toolsy sweeping up;
Fl - constructive taskss
H1 - handling;
P11 - preparaticn;
Ro - rained-off: time lecst due to interruptions
0t work curing tac weather)
Rt - repeat wcrk;
Su - supervision;

Tl - setting outs
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T2 - testings

Ul - unloading

These headings has been grouped by Forbes in *hree

more general categories:

a) Productive wuork: Forbes has used the
expression "making the building grouw® to describe the tasks
included in this group; from the Llist aboves only F1 has

been included;

b) Ancillary items (related to productive work?):
activities not directly related to the ghysical growth of
the buildingsy but necessary tc make the <ccnstructive tasks
possible have been dncluded in this groupe. Trey have beer
further subdivided into:

- Preparatory scrk: handling anc unilcading;

- Miscellanepus:? <cleaning toolsy sweeping ups

supervisiony setting ocut and testing;

¢) Non-productive siork: activities that would be
recorded under the headinas belcw are assigned to this
group: absenty not morking around the sitey not werking at
the work places walkings nmeal breaks (cutside official
hours)y rained-off and repeat werks due to way in which the
activity sampling methoc used by Ferbes has been implemented
on sites the number of hours allocated to the heading

"apbsent® does not give a true amount of time lcst due tc
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absenteism; when operatives did not come to the site at
ally they were not recorded as absent by the activity

sampling method.

Forbes (March 1580) found that 4din the 17 site
studies carried out by the Builcing Research Tstablishmenty,
typical figures for non-productive time Laid between 25 and
36 X+« Moreoversy he prcecposed that as a general rule of
thumbsy one third of the man-hours availeble on site would be
spent on each of the graups as bt and ¢ aboves. He concluded
that the way 1in which time is spent on site is related tc
organizat ional aspects cf construction rather thar to ththe
physical quantities and difficulties of the project: only
one third of the time spent en site, that isy the tinme
allocated to productive tasksy could be directly related to

the material quantities cf the project.

Bishop (1968) statec that non-productive time was
Lou on the sites studied by the Building Res=arch
tstablishment during the late 40%s, the S0%s, ard the early
60's. Figures gquoted were around 10 % not exceeding 15 %.
The reasen behind the discrepancy between Bishop's and
Forbes®s conclusions ds the cifference in the method of
productivity measuring; Bishop?s conclusions were based or
site productivity studies making wuse of production cards,

shile Forbes mainly used the activity sampling nmethod.



Verschuren related the Dutch buflding 1dindustry
experiences He civided his cobservations in productive time,
ancillary time and ineffective times It is not possible to
conclude from his report if the activities tListed in each of
these groups match exactly Forbes's classificaticn, His
findings are presented on tatle S« The increase over the
years in the proportion of ancillary time in the activities
of the construction 1inrcustry as a smhole umas caused by the
greater use of equipmenty proportionally more time is spent

noWw a8 days in maintainings preparirgy and reving equipmente.

Stewart and Torrance stucied the construction of
six framed concrete structures ir Scotlandsa They found 63 X
as an average value fcr precductive time (correspcnding teo
productive and ancillary ftems in Forbes's classification)a

The range of procuctive time sas 54 to 25 ¥%.

Logcher and Collins examined the roof tiling
operat ion in six different sites and cane uith productive

time ranging from 40 to =3 X.

Bentley studied the schocl building process on a
site where a CLASP system wuas used. He arrived at the
figure of 28 X for oncn-productive timey but, if all
subcontractors travelling time and absences are taken into

accounty the non-productive time figure wculd raise to SG %

Wiy

Work on site started actually between 3145 and 213 Gemey

despite the fact that the paid period started at 800 2eMes
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This fact gives more support to the ideas presented 1n the
section dealing with Llabour absenteismy, where it smas stated
that apart from day to cay absencesy there are zbsences also

during the working daye.

More striking figures cn the non-product ive amount
of man-hours spent on site stem from the NEIDC report dealing
With industrial plant construction (1276). Cbservable
activities on site sere grouped into:

- construction work;

- opergtive®s povement: sMalkingy climbing, =tc.;

- miscellaneous activities: idte at the work
places talking, receiving supervisiony etce;

- "not on plot®: this is a residual category in
uhich the npumber of hcurs allocated sere c¢btained by
subtracting the number of men seer on each site observation

round trip from the total work force calling in the morninga.

The distribution of times betuween these various
headings is given 14n tables £ and 7. Miscellaneous time,
the heading which <could be expected tc encompass the
majority of non-productiwve activities, had & 32 to 42 X
share of the time spent cn UX sitese. The figure sas not
markedly better in the US2 sitess When miscellaneous time
is added to the "not on plot™ figurey, the percentage cf
ineffective generally rose tc more than 56 . Finally, ontly
between 14 and 40 X of the paid period of work on site uas

allocated to the physical grouth of the 1industrial plant,
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that isy tc constructive taskse

Once more it 1s necessary to stress the difficulty
of comparing the distribution c¢f productive/ncn-produrtive
times given by differert authcrs. The definiticn of each
category 1s not the same in any twc repcrtss {r facts the
majority of reports Lack a precise definition of the
categories in xhich the observatle work on site Mas

subdivided.

Other important production-related information can
be derived from the study of the consumption of man-hours in
the various productive and non-productive tasksa Fcr
exampley the examinatien of the daily allocation cf
man~hours on the three sites that constitute the ocata bank
for this research projecty showed that this allocation
varied considerably during the cays. The total amount of
man-hours allocated folloued a trapezoidal curvey
interrupted by tea and meal breaksy as it can be seen 1in
figure 69 taken Ffrom the study of the largest of the three
sitess The Labour effort mas nct deployed on a constant
basis throughout the daye. Ir the early mnmorningy the
majority of effort was devoted to materials hancling anc
work preparaticn. Cleaning tocls and the wsork place
pccupied a significant proportion of the work 1in the Llate
afternoon, The afternoon period showec greater
concentration of work than the morning period. The daily

period of work started Later and fTinished earlier thar
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officifally sete. Tea and meal breaks did not occur at

sharply detined intervals,

These characteristics cf the daily deployment of
resources are potential sources of unbalance ir tte work of
different operatives or gangss Moreovery they represent a

reduction in the number of man-hours actually available,

Bishop (1968) observed that each sworking session
i¥s constituted of preparatory werk, constructive mork arc
cleaning up«. The continuation of individual taesks on tte
following day due tc delayss or even because the scheduled
duration is greater than one days, wWould represent anr
increase in non-productive ard ancillary times., Therefore,
each interruption of swork contributes to mcdify the ratic
productive/non-productive time associated #ith t he

operationsa.

Logcher and Ccllins demonstrated that a great
number of wWwork dinterruptions caused by tea breaks could be

associated with low productivitys

Steuwart and Torrance examined the dncidence cof
non-productive time din *fill in jobs™$ genercl labourers,
for exampley increased thedir non-productive time from 34 %
to 46 X after being trarsferred from scheduled jobs to "fill

in jobs".
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Forbes (November 1971), mhile observing the output
of bricklayerssy found that substantial imprcvements in
productivity occured with improvements in the efficiency in
which elemental tasks related to brickwcrky Like sprezding
mortars Laying bricks tec Lliney Llayirg bricks to rule,
cuttings measurings etc. were coney together with a more
than proportional reduction of non-productive time. In
another of his studies (March 1580), the decrease in the
number of wman-hours taken to build each house was obtained
chiefly by reducing non-productive time, wuith a secondary
contribution represented by dincreased efficiency w#while

performing productive taskse.

The information ceontained irn these two Ltast
paragraphs could be wused to raise the question about the
constancy of the ratioc productive/non-productive time during
the construction of particular sitesy or throughout the

years in the whole construction industry.

Verschuren saic thzt the Dutch building 3Industry
was able to maintain the same cutput over the years, with &
decreasing labour force, due to mechanization ard reduction

in non-preductive timea

Several reports Like the ones by Bishop (November
1966)y Forbes (April 1565, 13968, and March 158C) and Pigott
showed that subcontractcrts operatives tend tc have Llower

non-productive time than rwair contractcr ONe Sa.
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non-productive times. Al the Ladygate Lane sitey, cne of the
sites being studied by the authory average ncn-productive
time kuas around 9 X. The majority of the work wes
subcontractedse ©Cn another sitey, wmhere a new type of orick
was being introducedsy non-productive time Was reduced from
30 to 18 % in the bricklayer?'s tradey dith the 1introduction
of an 1dincentive scheme. It was obserwved on this same site
that subccntrator's non-productive time occured more in
connection With Late arrivalsy early departures and
unofficial meal treaksy than 1in connection #ith Jdleness
around the site or at the work place. In another site were
brickwork was being observed {Forbes-November 1371)
non-productive time wmas only between 0.6 %X to 5 % in tre
yarious tracesy reflectirc the acequacy of thke 1incentive

scheme adopted.

Experiments to 1increase productivity on site
should take 1Hnto account the distribution of time between
directly constructive tasks, ancillary tasks and
non-productive time., Real benefits would be felt only uher
the problem 1is treated as 2 whole. Potentially Large
improvements in the efficiency 3n «whick the constructiwve
part of the work is dones like the use of increased size cf
bricksy mechanical plasterings and the use of equipment in
generaly are made smaller wuohen the Llarge propcecrtion cf
ancillary and non-productive time are brought 1into the
calculationse It had been also observed that the potential

improvements could be overshadowed by increases in ancillary
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and non-productive time, as it happened with the
introduct ion of modular bricks (Forbes-1577), ard mechanical
plastering (Forbes-April 1%65)e 1In this Last exgeriment the
equipment was capable of producing 3660 sQe me of rend-ring
dailysy after experience wuas gainedy the practical maximur
output achieved was 640 sQe Mee This output was still twice
as much +What could be obtained by hand plastering using the
same number of mens. During the first runs cf the plastering
equipmentsy S50 X of the time was spent on non-productive
actijvitieses After experience was gainedy 35 ¥ of the time
was used fgor plasterings 30 X to repair gxinor faults and
attend the equipmentsy and 45 % contirued to te

non-productive time.

It was already mentioned that the preopcrtion of
non-productive time depends more on organizational aspects
of the site than on the physical characteristics of the
activitiess Under these circumstancesy it cculc be expectec
that the ratio productive/non-preductive time of different
trades on the same site would be fairly similar. This fact
regains open to discussion: Bentleys already citedy saicd
this ratio varied from cperation to operaticn and from trade

to trade in one building site he observed,
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244 Conclusion

Despite the fact that the findings of several
different authors cannot be made directly ccmparabley cue tc
their lack of a precise cefinitien of what was considered as
productive and non-productive time, the follcwing general

figures can be tentatively proposedes

Productive tine takes in general from S0 to 90 %
of the operative®s time cn building sites. Furthermorey the
productive part of the work is usually represented by tweo
groups of tasks;y the Tfirst cne 1is  directly related tc
fixingy taying or cconnecting building materials anc
componentesy while the second one is related to ancillary
items Like handling, measuring, testing, cutting and
setting up. These two groups are equally important in terms
of consumption of man-hcurss and each one represents roughly

55 % of the total productive time,

In generalsy non-productive time represents between
10 and 50 X of the time spent on site. Common figures are
in the range of 20 to 40 %. Larger proportions of
non-productive time are generally obtained taking the paic
period as the basis for calculaticny insteac of the
observable periocd of xmork on sites dWhen the paid period is
taken as 100 X of the theoretically working time available
on sitesy non-productive time 1in connecticn with late

arrivalssy early departures and travelling time §is added tc
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the ineffective time represented by relaxaticny personal
needsy unofficial meal breaksy 1Jdleness at the work place

and idleness around the site.

The different methods of obtaining Labour
constants and productivity figures would produce different
values for non—-productive time. MWork study tectniquesy fcr
exampley would shod a very small propcrtion of
non-product ive timey, restricted to relaxatior times anc
personal needse. Activity sampling techniques are able tc
record a more realistic amount cf non-productive timey but
they are still not able tc meazsure on their oun the totality

of time Lost on site.

The non-productive time figures stemming from the
Literature reporting the observation of wvarious construction
sites are very highsy mainly after comparing with the
traditional allowances recommended by mork stucy and methoc
study techniques. The estimating departsents of building
corpanies should make sure that their Llabour constants
include allecwances for non-productive time in order to match
those high wvalues founc 1in practice. Alternativelyy the
cost consequences of non-productive time can be adcded as an

aggregatec figure at the end of the estimating process,

The high proportion of productive time spent on
ancillary tasks could present some difficulties depending on

how the Labour constants incorporate skilled anc ncn-skilled
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man-hourse Tasks Llike handling and unloading are usually
accomplished by general labourers anc trace lzbcurers. The
gang compositions (221, 322y etce) should be balanced
taking into account the proport jon of skilled and

non-skilled tasks in each activitye.

Part of the ancillary work 1s difficult toc measure
using traditional swork study techniques. Tasks Like
measurings setting outy cleaning tools ard the uork place,
testinges &nd receiving supervisicn are not usually recorded
by these wmethods because they occur spcradicellyy they do
not make part of a cycle of taskses " Ancther difficulty s
that the contribution of skilled and non-skilled labour to
perform the ancillary tasks <could be blurred by the

observaticn of unbalanced crewse.

The ratio productive/nen-productive time mas shoxn
to depend more on organizaticnal procedures Like the use of
subcontractorss incentive schemesy equipments site moraley
continuity of worky etcey than on the physical ccntent cof

each operation.

Improved productivity on building operations is
possible sith the combined effect ¢f reducing non-productive
time and more efficient use of productive timee The exact
contribution of each one of these scurces o¢f prcductivity
impfovément is not knosn: they occured togetter in all

cases exanmineda
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The concept of var Jable resource levels available

on site 1is related to the ratio productive/non-productive

time in tuc different ways:

- lLack of accuracy 1in the prediction of t he
proportion of the resources available that witl be
productives once a given level of respurces in gan-hours is
defined at the start <f the prcjecte Better predictions
would be possible only with the knculedgey bLefore the
project startsy of the future effects of site management
style, subcontractor?s characteristics, industrial
relationsy incentive schemes, the programming technique ard
day to day scheduling decisionssy etc.}

- wvariability in the ratio productive te
non-productive time over the project duration. The effects
of the improvement in productivity during the construction
phase (learnin3 phenomenondy the modificaticns on site
organizat fonal proceduresy and the Jdndustrial relations
climate prevailing at each month would influence this ratic

throughout the constructicn processe.

As the scope for varicbility in the proportion of
non=-productive time on construction sites mas found to be
very largey both the lack of accuracy in its prediction anc
its variability over the <construction periocc can affect
significantly the actual level c¢f rescurces available ¢n
site. Non-productive time can on jtuw own cetermine a range

of resource consumption (and hence of resource availability)
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of almost 221, Froductivity ranges cf this order would be
found corparing the resource reguirements of 1ddentical
activities performed «with the maximun and the minimun

non~productive times observed in practice.



page 50

3« Conclusions_and_Suggestions

Labour turnovery Labour absenteism and
non-productive time are causes of changes in the res-urce
histoyram available on site either in terms cf daily
variations or even hourly variationss The difficulties irc
predicting and modelling the future turnovery zksenteism and
productive/non-productive ratios on building sites are alsc
a2 cause of uncertainity about the Llevel cf resources that

would actually be availabley once a desired theoretical

Level 1is set.

The problem of non-productive time spent on
building operations s wxell documented in the Lliterature.
There are some published ewidence showirg the range of
losses due to Llabour 2absenteism that could be expectede.
Very Llittle is knowun din quantitatiwe teras zbout Labour
turnover and Jts influence on the actual tevel of resources
available on site. The concepts of absenteism and
non-productive time somehow owverlap: some part of the
non-productive time observed on building sites 1is due to
short absences o©f the operatives during the dayy late
arrivalsy or early departures,

Losses in wman-hours 3svailable on site due tec
non-productive time are kigher than Llecsses due tc
absenteisps In generaly the former could represert up tc

50 ¥ of the paid perioc of wmorksy wirile the latter coulc
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represent up to 20 %X« A compromise should be made between
those figures 1in order tc take into account the overlapping
mentioned on the paragraph above. Nothing can te said, in
quantitat ive termsy abgut the Llosses in man-hours assoctated

with labour turnowver.

Due to the different magnitude of the Llosses
associated with non-productive time and absenteismy it coulc
be expected that the wariability on the Llevel of resources
caused by the former 3s higher than the variability caused
by the Llatter. No information is available on the range of
variability that can be founc on the values of the resource
histogramsy after their thecretical Llevels are reduced by

factors taking into account the losses cited atcove.

Labour turnovers &abserteism ang ncn-productive
time could be highly ccecrre lated; for examplesy just before
the operative?s dismissal or shertly after his admission it
could be expected that non-productive time smoulc be high.
High values for these three aspects could be ar 4ndication

of Low site moralee.

Daily prozrammes of work should consider the real
resource level histogram Likely to occur on site: resources
are not available on a constant basis from the first hour irn

the morning to the last hour in the afternocne
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The question of  how to incorporate labour
turnovery, absenteism and non-productive time in estimating
and programming techniques 3s not yet ansserede. It seems
that all these three aspects are highly relatec to
organizat fonal procedures on sitey, rather than to the
characteristics of the individual activities to be estimated
for and scheduled. This report suggests to associate the
influence of these three aspects with aggregatec measures cf
the building processs This would be the czses for example,
of multiplying the aggregated resource histogram of =&
project by a factor representative of the Losses in
man-hours that could te expected wit: estimated values of
turnovery absenteism and non-productive time. The real
effects of these three items on construction schedules and
construction costsy woulc be better guantified if the Llosses
in man-hours available on site are made stccheastic: this
approach would be more coherent with the stockastic nature
pf turnovers absenteism and procuctive/non-procuctive tirme

raticse.

Alterpnativelyy resource histogram cculd be
considered as deterministic in naturel the effect of the
three aspects above would be dncorporated by increasing
activity®s duration, resources required and the range of
variability of these two measurese. The reascning behinc
this approach 1is that the losses and variebility caused by
the factors examined in this reporty, large zs they may bey

are still small when compared wxith the general range of



variations in the activity's productivity found in practice.
The shortcoming of this approach is the mcdelling of the
building prccess at 1its operational levels building costs
and the progress of wWwork on site are better uncerstood and
predicted when (looking at the strategic and tactical lewels

of the construction process,
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Table (1
Average Number of Hours wmorked per Year by Copstructi..n

dorkersy by Occupaticny July 1926-June 1567

Cccupation Heours scrked
Skilled 101¢€
Bricklayers 10¢C2
Carpenters 1014
Cement Masons 302
Iron Workers 921
Lathers 1087
Operating Engineers 111¢
Plasterers 1044
Latbcrers 660

Table taken frorm

Us Se Bureau of Lator Statistics, ®"Seasonality and
“anposer in Construction®™s BLS Bulletin,
Yowe 16825 13709 tables 217-220.
The cata are for smorkers in Cetrcit,
Omahay Milwaukees 2nc Scirthern
Californiaj; skilled morkers figure
correspcnds only to the aver:zge of
the trades listed 3n thic tatle.




Table g2

Percentage of Construction Man-hours
lost through Disputes and Abserteiss
Type of Plant ] Disputes i Absenteism
Construction ] UK Eurgpe Uus: ] UK turcpe Usa
— i 1 - -
Fthylene Units ] |
UK { 6 ] S
France | 1 i ne
USA | 5 1 5
I_ | - -
Distillers ] i
UK i & i B8
Holland | ] ] £
USA i 7 ] 5
__ 1 _ -
Refineries i |
UK plant No.l | 2 { ra
UK plant No.2 | 3 i ne
Holtand ] D ] na
. ]
Methanol Plants | ]
UK { 2 ] na
Holland | 2 | ne
France ] 0 i na
} _— 1 -
Pcuer Stations | ]
UK plant Noel | 1 1 15
UK plant Ng.2 | © ] &8
Ttaly | 1 i 1c
Germany i 0 ] nc
USA ptant Nol.1] D i ¢
USA plant No.2| 1 ] 3
na = data ngot available
Table taken from
Natjonal Economic Cewelopment Office Srgineering
Construction Performence - Repuort of the
Corporative_Constructign Performarce
Horking Partys EDCs Pechanical anc
Flectrical Engineerirg Constructicny London,

NZC0y National Economic Development Cfficey
HHESO0y 19769 BE ppe



Table 03
Adctivity Sampling Survey - Active

Period a2as a Proporticon cf the Falc Period

Pairs of Sipilar Construction Sites

UK1 US1] UK2 US2] UK3 US2] UK4 US&] UK® EKOL] UK6
| = * | } ] l
{ __ S P { 1 _—
A 386 €80} 176 800] 12 120] 143 112 1e1 141] 85
i | l | i
B BeD0 8001800 2200800 8a0D]L+00 Ba00j8.C0 8,00]18.03
] | ] | 1
C €285 7e¢40]Te10 BeSL]€aS5 7440] 7200 7e40]7e07 725]7.07
| | i ] i
y 84 96| sSp 9¢| 86 S€¢] 88 9¢] 8% °3] 89
—_— 1__ _ I__ i [ }
Notes:
& = average nurber of men on grlot;
B - pald periods in hours and mirutess: tre paid
period excluces the Lunch break that 1s
unpaid but includes ell other breakss
C - active periocs in hours and minutes;
D - active pericc as a percentacge of the paid
perioc
=+ - although UK2 and US2 are similar precjects,
because of the wicely differing number cf men
on the selected plotsy the figures from these
projects are less cirectly ccmparable than
those for the other pairs;
Table taken fron:

Naticnal Economic Cevelopmert 2ffice,

Engineering Constructign Performa2nce - Reraort of the
Corporative Construction Performence Mcrking Party,
EDCy Mechanical anc £lectrical Engineering
Construction,s, Loncony NEDCe Naticnal fZcoromic
Development 0fticey HF¥SC,y, 15764 82 ppe




Tatle G4

Productive Time and the Active Period as a Preportion

of the

Paid Period in the Cecnstruction of fcur reinforced

Concrete Structures anc ir General Ccntracting

(in percertages)

Reinforced Concrete Structures

Site | Productive Time | Active Period ] Labour Efficiency
| a) ] (b) i (c*b)
_— | _1_ - - i e
1 } 56e 2 ! ge { 5Ee4
2 | 60.5 ] £s | 538
4 ! 53e% i £¢ { 4.0
6 } 71. €6 | t4 ] £7e3
_— ] - - ___ -
Averas | £3.0 i Rg i Sfa.48
1 _— ! |
General Contracting
2 i 85.1 ] Ele? i 6.4
B | 55«1 i 8z.0 i 45,1
- ! - | _— - _
AvVer. l 66 S 1 8.0 l 5%.2
1 l | -
kotes:
A - site with ttre highest precductive time in
the NBPI Hdncuiry irte productivity in the
construction dindustry;
B - site with the Louest groductive time in the
NBPI inquiry into productivity in tte
construction industry;
Table taken from:

Stesiarty We Paj TOrrancesy Vo B. "Arn Exagination of
Certain Relationship between Accuracys Froductivity
and Site Management in the Construction of
Reinforced Concrete Framed Buildings™, paper at the
CIB ¥-65_ Second_Sysposium on Drganizsticn and
Construction Management of Constructiony Haifa,
Israelsy 1578y Vole 4y pre 311-326.




Table 0S

Productivey, Ancillary and Innefective Time

in the Dutch Building Industry from 1530 to 1570

{irn percertaces)

Period | Average Buiiaing | Good Building -

| Drganization { Crgarization

| H _ _

i P i A } jt ) P i 2 ) 1

] | | | } {__ _
1530-1940 | 49 | 13 | 31 | 60 | 12 | 2¢

| | | i { |
1945-1960 | 51 | 22 ] 28 1 70 { 22 | 8

| ! | ! l i
1260-157C | 47 | 34 H 1 i 75 i 11 } 10

| | { | ] ]

! ! { i_ 1 SR

Notes:

Tabtle

P - productive tipge
A - ancillary tire
I - ineffective time

taken from

Verschureny P. *The Value of Latour Economy in the
Building Industry®, paper at the CIRB W-£5 Second
Symposiur on_Organizaticp_and _Construction
Management of Censtructiony Haifay, Israels 1975,
Vole 29 PPe 335-343.




Table 06

Actiwity Sampling Survey: Fercentage

the various Activities

of the observed Labour Fcrce engaged in

Pairs of Similar Constructicn Sites

UK1 US1 JUK2 US2 JUK3 US3_[UK4 US4] UKS HOL| UK&
1__ | i | I D
35 40 | 5S4 38 | 48 ES | 4% 50] 28 67T} 39
] | i | |
23 20 | 14 21 ] 19 16 | 24 10§ 20 131 21
! ! | H |
42 49 ] 32 41 | 33 19 | 36 401 42 20 a0
I 1__ i { . |
Notes?:
A construction sork;
B movements
C miscellaneous.
Table taken from:
National Economic Development Cffice Engineering

Construction Performance — Report of the Corporative

Construction Performance Working Party, £C0C, Mechanical

and Tlectrical £ngineering Constructicn,
National

Londcns

NED Oy

tconomic Development Cfficey HMNSLCy 157649 88 PP

-



Table 07
Activity Sampling Surveys: Percentage of the Actiye
Period spent on each 2ctivity by the potertizlly

observatle Laktour Forces

Pairs of Similar Constructicn Sites

UK1 US1] UK2 US2] UK3 US3] UK4& US4| UKS Hol] UKé
A 17 241 35 2&1 38 57; 27 32: 25 43; 31
B 11 12! 11 15i 15 141 16 7; 13 8; 17
c 20 24% 27 313 2¢ 17; 24 25: 27 13} 32
D 52 40% 18 26; 21 12; 33 35; 5 35} 20
Total 100 100} 105_’100} 100 1001_100 100} 100 108; 10C
£ 14 23}_'40 27}_ 33 55%" 24 311_—22 453 2®

] I_

Notes:
A - construction muorks
B - movement)
C - miscellaneouss
O - *not on plot?vs
£E - construction sork as a percentage of the

palid periods.

Table taken frosm

National Economic Developmert Office Engineering
Construction Perfcrmance - Report cf the Corporative
Construction Performance_¥orking Partys EDCy
Mechanical and fTlectrical Engineering Construction,
Londony NEDOs National Econcmic Tevelopment Officey
HMSO0y 1976y B8 ppre
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Figure 1

Cumulative Man-hour Graph for some Operations
observed in the Construction of a large Office Block

and a central Warehouse for a Public Utility.

Ref.:

Roderick, I. F. Examination of the Use of Critical Path
Methods in Building, Building Research
Establishment Current Paper CP 12/?7,
Garston, BRE, March 1977.
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Relation of Tntal Site Time to
bad Weather Time on a Sheffield Site (1954)

Ref.:

Clapp. M. A. "Weather Conditions and Productivity - Detailed
Study of Five Building Sites", Building, Vnl. 211,
No. 6439, October 1966, pp. 171, 172, 175, 176,
179 and 180.



200
180
P U . total manhours
160
I Y e trade manhours
140
N S S total manhours
trusses oily T
120
vy
10

MAN-HOURS

«——heliday

80 \
6ol |\

\J /] Y
40 R, \L\{\\T/\Y * T 11

q ~y "\ “.-‘.\ /’7
3 J.s P ~
20 3 U - '& -3
i/ ~Q.. s . 9.
@ "y - 4 § Y %4 S A

17 18 15 4 13 12 11 10 9 8 7 6 5 4 3 2 1
BLOCK No.

N
pa

{PAIRS OF HOUSES IN ORDER OF ERECTION)

TOTAL MANHOURS ROOF TIMBERS

Figure 4

Increase in Man-hours Requirements for the
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Ref.:
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Effect of bad Weather on Man-hour Requirements
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Ref.:
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