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ABSTRACT

PRODUCTIVITY IN THE CONSTRUCTION INDUSTRf ‘ . - .

' A . Galal A. Tadros S . -
Indrbasjng productivity-has become one of the few remzining -

-alternatiﬁgé for improving our troubled econcmy. This report deals with
oroductivity in construction and its purpose is to cover this topic broadly

bringing up as many points as‘possible to the attention of the reader,
[ ] . Rl \ -

thus demonstrating the order of megnitude of the problem.

. -~ ‘
. M /
- " P .

. [

‘This report‘definés the produétivity problem and identifies the

factors affecting it, and preéently ﬁvailable, and suggested measurement

- » -

"and improvement techniquesa The author's conclusions describe ways of

dealing with- this problem. ’ L ( t

) ¢ An extensive bibliography of literature pertaining to the topic

of productivity is inc¢luded.

-

" Finally, it is hoped that this report will be the starting polnt

\

of abroeder study leading to meesurable productivity improveie

construction industry..

i
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. ' INTRODUCTION

L S

During the last few years, the country's economic situstion has

been suffering seriougly from inflation and lack of sufficient growth. . a//’/?

orf many suggested solutions, some were‘temporary and most were super-
s

ficial, but they all ha&—ungggkggbke side effects. It became obwious

t
¢ -

that the solubion to many of our'oconomic troubles is to increase our

‘oroduct1v1ty as an &lternatlve to lowering- our standard of living.

- . . / ’ i l.-‘ )
\\ : ' — - . 1Y .
- — N

Gonstruct lon lS an 1ndustry bonstltutlng approxlmately 20% of olr
—

"GNP Wthh is p esently close to $200 bllllon and there can be no full

rocovery of the aconomy untll constructlon recovers It is so large an

. 'industry that apything th;;:hhn be done to improveﬁits productivity, .o
' must’benefit, iﬁ turn, the economy as a whole. : .
R 5 . : v 0

e

It ls clalmed that productivity in the constructlon 1ndustry is low,

.

and that it ha$ ‘hot kept pace w1th othe: 1ndustr1es. One thlng is.sure

- . \

though, constructzon costs have 'soared pushlng prices beyond the reaqh of”
. -, -
. many potentlalPusers, and that is bad news to our 1ndustr1allzed economy

which has to crmpete with other industrialized natlons .such as Japan

West Gexmany and the United States Construction is a service 1ndustry

-
-




B oo t
* fatal blow. Most indications are -that. both claims concerning low
produo%iuitx are @rue, yet Q complete’sfudy.has'to be'couducted to
'achreve solid’ proofs and solutions, rather thau basing our conclusions on
speculation and individual interpretations.’

.- . »

_To emﬁh351ze these clalms, I ipnclude ﬁﬁé\flndlngs of two individual
studies. ‘A Canadian report published. 1n 1963 (1) found that the average
,cqnstruotlon worker was occupied productlvbly for only 55f‘0f~his“VOrk
day. Almost'éS% of each working da; was lost by involuntary idleuess
caused by deleyu |

'
In the United States where the

construction industry is analogous
to oure; a study (2) lndlcated that while the output per manhour has
1ncrea§%d slightly, output per labour dollar has decreased by an estimated.

50% for the same period.

2

- . /d‘ A L]
#

-~ Unfortunately, the productivity proﬁlem has a political aspect, and

-not <many ﬁoliéioians would like to get imvolved in such a controversial

- . K . . . -

issue egainst big business or big labour.

¢

. Tet the problem is there, and we still have to solve ity - With this,

v

in mlnér I produced this report hoping to fac111tate the p§\: of pros- -

pectlve researchers by presentlng the scope‘and magnltude of the problem.
ot X o -

,
- v -

. i ._“
i . -

St The _purpose QI thls report is oot to éstabllsh a program, nor 1s 1t

to' find cbncrete solutrons, because .the. magnmtude of thls problem 1s

-,
’ s

L\-\

LY
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beyond the scope of such a paper. Instead, it is hoped that this paper
will Xay the groundwork for such programs, by identifying the problem

and ‘suggesting ilmprovement methods for this diversified problem.

-

b d

In this respect it has to be mentioned that the problem of produc-
tivity in construction is presently recognized as an urgent problem.

Underlining this urgency; two conferences were organized to discuss this

problem, the first was held in Lincolnshire, Illinois, in.August~l9T6

sponsored by ASCE, and‘the second was held in Toronto, Ontaric, sponsored

by "The Ontario General Contractors Association” in March 1978. Also,
~ L.

several eddcaﬁional institutions both in Canada and_in the- United States

are presently workingon this opic, ineluding Concordia University in
D . , . C

s

' Montresl where a speciélized building stu@ies research centre has been formed

in which I am presently a graduate student, preparing this report under f

the guidance and supervision of Prof. A. Soda.

. . ' N . ) ) )
To produce this report, a thorough search and screening of the

available literature has been \done, including & computer search By the, '

S,

Concordia University librafy.'

In my reseafch, I noted that most'of the work on this subject bdb

0

been done individually and no éoordinated'program has;beén‘developed in

-

an attempt to yeach éffecti&e‘solutions'and recommendations with the
exception of the research done by the U.S. Navy which méinly.serves its
own requirements,.but can be a useful guide in our research work covering

the whole construction industry.

*
*
.

-3 -
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The need arises for a study program which is gigentic in scale;

the kind of study that has to be sppnsored jointly by Government 1anagement

labour and educational -institutions. rr‘h1s study should extend to cover the

whole range of functions that léad to the finished constructed product.

These fUnctlons should not be llmlted only to the actual bulldlng functions

_ln the field, but should also 1nclude design, nlannlng, snec1f1ca¢10n

standards, regulations, 1nspectlon,and all related aspects,
]
In the followlng chanters I include the result of my.literature
survey, coverlng the major aspects of constructicn Droduct1v1ty, from
definitions to factors, measurement and improvement technigues, Of the

recomrendations included in the last chapter, some are a combination of

research work done by different individuals. while others -are personal

" points of view. These recommendations are in some ceses ideelistic, and

"difficult to implement in our society, and in some other cases are self-

’ . hd 1

evident recommendatiqns.' Yet these recommendations are included in the

*

hope that they will initiete the reguired debate that will ultimately

produce a solution' tailored to %uif the needs of our society.

A
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—

THE NECESSITY OF A CONSTRUCTION PRODUCTIVITY STUDY

~

The effects of improving oroductivity in the construction industry

will be far neaching both directly and indirectly, covering many aspects

of our life. »Specifically; the following effects would be ‘felt besides

. ', . -
others. 3 ‘ o ) ‘ ot

+

A. 1\ The Country's Economy :
- ;- oo .
Improving productivity will essentially lover the cost of

the finished cbnstruction product. Consecuently, exuan51on plans )

’ . . L}

become more attractive and Canadlan nroducts more comnetltlye 1n the

-

world merket. Thus the 1mnrovement in product1v1ty w1ll lncrease

our GNP and boost our exports

. ) * -
i -

B. 'The Construction TIndustry )

1. With the expansion plans becoming more attractive; more —

investments will be directed to this industry leading to a direct.
K -~

1mprovement in the. employment 51tua$10n contrary to the wldesnread

bellef thax the unemnloyment rate is dlrectly nmonortlonal to

productiv1ty.

é



2., Another effect will be a general improvemgnt of the industry's

image with the pu;nli;c.'

- ’ . . “a B
. ¢ . ‘ -- b .
3. Contractors will benefit directly through increased profits.
. y -
%, Trade unions will alsg berefit through increasing their
membership. . . . -',' - w
P 5 _ Co N .
The Worker . .
1. The construction worker will .benefit directly from continuous
end more stable Eploymen‘t. A .posiii“ve indirect effect of this
o - . L . B .o
continuous employment will be ‘an improvement in his skills, through
.\ .
. 1 . : /
the learning curve process. =

-
[ - .

=

2. A needed psychological boost will develop th-rogg‘h' the feeling

" of belonging to & prcducti#grgi:oup well looked upon by the society.

Iff such e.n.impro;rement in productivity is beneficial to

it

everyone, then two questions arise: -* = ‘ .
Y ' RRTE
e TV o, : e
What order of meghitude of "mprévement in productivity could.
be expected? - . " - , T .
" ) . R rl 4 -
- ’
, ' / )
- 1 . Q‘
. . L C o
. b - - L] R
ST /o, :
» -‘ -
. . - " . {L‘
.. ' ‘F’.’.:. Y . ~a 4 'L L . - ' :- . - .... AY
- ow e * . - e
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Can‘we justify the req?ired expenses to achieve this.improvement?

To answer the first question, I include the resulté,of a étudy (3).
This study was conducted on several industrialrconst;uction projects to
determine the average zime¥distributi§n of the construction wﬁrker's dey.
The regular work day distribution is shown below in fig.,&&.) and it .
" demonstrates a.great potential of improvement specially in sections b,

c, d, g. Thus we can conclude that if an improvement of 10% is_sizeable,

yet ‘the potential of dimprovement is even greeter than that.

a = Direct Work = 327 .
b = Tool & Material Transport = 7%
¢ = TPravelling = 13%
d = Waiting = 29%
e = Instructiohé ' = 8%
f = Personal Breeks = 5%
g = Late Start/Early Quits = 6%

fig. (1)

b}

To answer the second question I include an order of magnitude
estimate of the -expected return from a productivity study leading to
improved productivity. Our GNP was $lﬁ0 billion iﬁ'iQTh and is presently
close to $200 billion, the construction industry's share is approximately
$34 billion almost equally divided between lsbour and materials. Assum~
ing the labour's productivity improves by 10%, then their portion in the
" GNP which is approximately $17 billion 7}11 improve by more than $1.5

~

billion for the same yearly input.

g )"
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t

This pstimate not only Justifies the” expected expenditures on a
construction productivity study, but also demonstrates that the rate of
return on such a ‘study could be very high. :

, y

-
>

~,

" The Unlted States Navy was the flrst td recognlze and 1nvest1gate
the potentlal of lmprovlng the product1v1ty of their construction workers.
They prepared and implemented a study program and followed 1ts recommendsa—
tions achieving'excellent resg%gsj(it). They claim that an average
jo;%ney man's productivity has increased froﬁ about 35% (productively
employed about three hours per day) in 1955 to about.68% (preductively

employed about 5.5 hours per-dey) in 1976. Their final goel is 80%.

Their conclusioﬁ_was tﬁat the cost involved in the development,
instaliation, test and evaluation of management cont;ol systems is not
sm§ll. However, the recurring %avlngs from increased product1v1ty and
Better materlal management and the ablllty to keep in line with the time
requirements of limited resources are benefits which far out weigh the

+

costs.




CHAPTER IT ‘ ' oo

PRODUCTIVITY DEFINITIONS ‘

To be able to tackle the problem of productivity, its memsure-
ment, and its improvement, the term "PRODUCTIVITY" has to be fully
understood-and its parameters well defined.

Unfortunately there is no standard definition for this term in
construction as most of the suggested definitions did not achieve the
acceptance of al} parties involved.

Generally the following tendencies are expressed when attempting

to define productivity. a

A, User: The user or developer tends to define productivity in

terms of the value received for the dollars expended.

This point of view seems to neglect, besides other
things, the time factor, and the prevailing site
conditions.

B. Designer: Designers tend to define productivity in terms of

Mgnhours required to construct a unit of design. ‘

v =9 -



C.

E.

Contractor:

Labour:

Other:

' LR r * o
’ . .
- e .

Thls deflnltlon neglects the cost facto;, and thus »
overlooklng ﬁhe quallty bf deszgn which dlrECtlJ affects

the site productlutyT

- 4

" To a‘contréctor, productivity shouiﬁ be measured as

the output of a-piece of equipment or a crew of

- 5
workers to complete a unit of construction.

This definition reflects the contractor's u01nt of

view which ¢laims thet much of the idle time I“\cansed
by fabtors beyord his control such as item (d) of

fig. (1) particularly if this waitiﬁg is caused by -

the owner an&/or designer. - Thus contractors'would like®
to introducé the involuntary idleness as a factor in
defining productivity. Yet this definition fails to

meet the users' acceptance as they are charged for

input units.

Labours point of view was reflec%ed by Mr. Kenneth

Rose in his sveech to the conference held in Toronto

to discuss productivity (5). He said, "Perhaps we
",

Ea

should interpret productivity on the basis of a

definition -of waste and inefficiencies on the job".

Preductivity cen also be defined as .follows (£):
If productivity is the relationship of desired and
saleable output to all inputs, and the wvelue of

- 10 -
BY



e " productivity.is the relationship of revenue from output
- .

» .
—t

to the cost of inpufé, then improved pnbauctivity means
‘either: .

(Q. ‘More output to the same input
b. Same output for less input

c. ~Relativelf‘more output for more inputs

Each of the previous views of the definition relate to pro-
ductivity, yet each of &hem rei‘lec_:t; its definers' interests, which

’

demonstrates the diversified ngture of this industry.

"

This multiplicity in concepts means that there are many different
ways in whiph productivity can‘be defined and consequently measured and
improved. .

Until standard definitions are put_forwarﬁ'and in the absence of
more accurate definitionms, ﬁroductivity can ﬁe defined in terms of
chargeable cost/unit product, where cost can be expressed in terms of
Manhours, dollars or any other desirable measurement unit. In this case,
mainly identical activities (or products) can be compared. Yet it is

possible to compare non identical activities (or products) approximately

é;ter intro&ﬁcing adjustment factors to account for the different

conditions.

/
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CHAPTER ITI

-FACTORS AFFECTING PRODUCTIVITY

The factors affecting preoductivity on a construction site are

numerous and lergely diversified, yet for an effective control on pro-

ductivity,'thesé factors afdd their effect on the construction progress

have to be studied and well unﬁérstood.

H

It is through the knowledgé of these factors that productivit&
wili,bg controlled and improved. Accordingly, this chapter will deal . v
with each of these facfors individually, clarifying its effects on
cénstruction péogress assuming ail fhg other facté;s are constant.

. ] .
These.factors are listed&&n six major groupings as follows:

o

A. LABOUR RELATED FACTORS

‘1. Labour Disputes and Work Slowdowns:

Labour disputes are usually negotiated with management,
but problems start when these disputes are not settled %o
the satisfaction of the trade union involved. One of the

pressure tacties used by the unions is work slowdowns, .

- 12 -
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.
LI . e,

..r‘ .“ e . _".l A ..‘ : , .
yeh dirgctly affects site.productivify: *
" Wl ] .

Al

® -t

Unfortunately, it is very difficult for management to
control, or even prove its occurence as its occurence 19
usuaily denied by the union leaders. In the meantime,

salaries are being paid and management is liable to

delay claims. N

To neutralize the effects of these slowdowns, two possible

solutions are: .

a. Introduce and publisﬁ’productivity stanéards, thus
enabling management to prove tge existance of work
glowdowns.

b. Introduce a system of binding arbit%at}on thus tie~

need for work slowdown will diminish.

Strikes:
w

Strikes, when they occur, bring the construction ectivity

‘to a halt, thus stopping 'all production, in the meentime’

indirect expenses are continuing.
The direct effect of a strike on the site also includes
mobilization and demobilization costs, loss in the learning

curves, besides possible losses due to weathér conditions,

7

-

- 13 -
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Restrictions occur on construction sites, they are mainly

delay elaims and escalated interest paymetts.

. : /
Strikes #&lso have a qirect effect on other supply,

.transportation and related industries besides the

irrecoverable losses in the economy both directly and -

indirectly.

A possible solution to the strike problem could be intro-

’

ducing: e binding arbitration system thus ending the need

-

“w

for'lengthy strikes.

Performance Restrictions and Featherbedding:

negotiated ‘union agreemenﬁs, but are somet}mes non-declared
restrictions applied by the‘unions witheut a previous
agreement with the contractor;.

A paper (7) refers to a report on restrictive practices

of the building trades, prepared by the staff of the
Associated General Contractorg of America, acknowledges

six major types of such practices that appear in union
agreements signed by contractors:

.

e. Prohibiting labour saeving machines. ' L\

~

b. Requiring unhecessary work or the duplication of work

already done.

- 14 -
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N Excessive non-produdtionstime. = .. ..

d. Limiting the work load of empioyees or the number of
.mach%ﬁys a man can operate.
e. Réquiring'pnnéeded workers.

f. Restricting the duties of workers.
' ™

Undeclared restrictions could be a common. occurance such

as the number of bricks a brickiayer can lay in a day,

or protective restrictions introduced against en outside

contrector to protect locel contractors.

Restrictions affect productivity.directly with'a high

cumulative resultant. Undoubtedly, solving this problem

s

can be of great potentiel in our attempt to improve pro-

ductivity.
Promising solutions to this problem could be:
a. Negotiéting with the unions the addition of improved

‘performance incentives. ' .

b. Introduting and monitoring .performa.nce indicies.

- 15 -
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Management and Supervision:
\ :

'Ehe role played By management personnel in a constructién
site hﬁs a major direct effect on productivity, as decisions
taken by this grgup, could-add or eliminate hundreds of

iale manhours. Also, their attitude towards their sub—-
;6rdinates.could have the sare positive or negative effects.
When étudying iow‘iabour productivity, poor management has

to take its fair share of the blame. So far, the construction

industry has been’ lagging behind other industries in

upgrading its management personnel who are in
-

.many cases previous industrious construction workers
promoted_éo ﬁhe level of incompetence. Experience is cer-
tainly very important, but experienbé alone is certainly not
enouéh. With the ever increasing complexity of construction

projects, the requirement from this group expands to include

‘e, wide range of knowledge available only in specialized

education.

The daily work of management personnel includes dealing with
financial, legal, and human problems, besides deasling with
the regular technical problems. Decisions at this level,

gspecially those dealing with uncertainties, have to be

- based on & calculated risk, not just & guess.

- 16 -
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. B
The direct answer to this problem is to encourage the
. 1 o
present management staff to attend specialized courses and

«

provide more training to new graduate engineers.

Planning and Scheduling:

4 A

Planning and scheduliﬁg is one of the classic tools in
construction management, yet the poor perfprmance of

this group can lead to reduced si productivity due to
the failure of gchieving optimum planning for a given job.

N

Given the complexity of modern construction jcbs, computer
optimization becomes a necessity, specially for planning

and schedﬁling activities, and where resource ailocation

is needed. FEmploying a quaiified planner capable of
utiiizing modern plaﬁning techniques can pay off handsomely
by the end of the project, through saving time,.money, and
resources. On the other hand, the failure of the olanning
task can prove to bé qostly, not only due to lower produc—-';
tivity, but also through more overhead expenses reguired

for the longer durati;ns and the possibilities of legel

claims, besides loss of reputation for the contractor or

construction manager involved.

-

- 17 -



Motivation: - S .

» - .

Many studies haﬁe beén conducted on the motivation of the .

)

gonﬁtruction worker. Abraham Maslow has proposed a theory

‘called the hierarchy of needs ( 8).

According to Maslow, there is a hierarchy of needs that
begins with the basic physiological needs, as. each of
these needs are fulfilled, the person's needs é&p&nds to

iﬁclude other needs, till ult{mately, he reaches self-

fulfillment. These needs are listed below according”%o

1 b

their hierarchy as put forward by Maslow. .

.a. Physiological Needs:

Food, liqui@, rest, exerciée, shelter and protecﬁion
. from elements. |
b. Safety Needs:
Protection against danger, threat and deprivation,
vfina;ﬁsecurity.
c. Socia%lNeedsi
Beloﬁging, association, acceptance and giving and
reqeivﬁng friendship and love.
d. Egofﬁeeds: i
Sg;f respect, self confidence, autonomy, recognition
and appreciation.

e. Self FTulfillment Needs:

Self development, creativity and potential realization.

- 18 -
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" Knowing the mechenism of motivation, management should manip-

ulate these needs and use them correctly to achieve improved

\

productivity.

L. ZInspection and Rework:

The quality of work done is ususily dependent 6n the °
E ) j < N -
applied inspection,.thus poor inspection leads to poor

. workmanship. When the work is finished, and the ovners'

representative does.the acceptance inspection, the con-

tractor usually is required to rede the unaccepted part of

work before h§ can collect the retention ﬁoney. This

repetition is an outright loss in terms of time and money
for every one iavolved. . Thus it cen.be demonstrated that *

poor inspection has a direct negative effect on productivity.

~

Applying & well developed quality control 'system, and

enforeing it by qualified irdustrious inspectors, can

therefore improve the overall productivity in a construction

- site.

5. Expediting: ] ' .

v The expeditor acts as a means of communication between the

»

purchaser, and the mamifacturer. He co-ordinates the

reqﬁireﬁents and capabilities'of each, thereby, helping to

establish the smooth association that is required

-19 -



’//.
‘“to succéssfuily complete'ﬁ contract. Thus through they .
involvement of the eipediting group, any possible delays
-aye~discovered befofe iteis too late to- initiate ’ ii
corrective action. .

It becomes clear that 'if this group fails in doing its .

work ‘correctly, thére could be unsignaled delayafbausing /

the loss of many maenhours which-in turn négatively affects
- A ] -
productivity on the construction site. o

¢’ DESIGN RELATED

1. Design Changes and Change Orders:

This is a combined owner, design end management probleﬁ that

has an adverse effect on productivity. A pending change
almést_brings to 2 halt ongoing sctivities of one or more trades.
During the-waiting period the workers if not transferred or
laid-off, are idle thus lowering the overall site productivity.
Whén a decision concérﬁing a change is finally taken, the
involved trades are usually asked to work h;rder and faster

to meke up for the los£ t&me.' This process in turn in-
' «creases the poss}bilities of making errors, and weakens

the morél of the workers. o

: 5
@ 0

It is interesting to note that change ordé;g are originateg

by the same people who are always compléining about low

construction productivity.

- 20 -
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Quality of Design:

«

The quality of design directly affects the site
productivity. Low quelity designs can cause many
delays and consume more resources thus inc¢reesing
the cost of the finished product.
OL‘ g
Eastily prepared unoptimized designs, and low .
drafting and printing quality causes more change
orders, more time spent on site trying to solve .
the riddles of the drawings and increesed chance of

errors and re-work. All this has a direct,ﬂegati%e
L .

effect on preductivity.

[y

D. HUMAN FACTORS

‘Human Capacities ( 9 ):

The human capacities can be. a¥fected by the foliowinér

factors, consequently affecting productivity both
. > R

~
cor

directly and indirectly.

-~

a. Physiological aspects
b. Eher‘gjr limitatiens

c. - Physical fatigue

1ode

d. Body tempersture
e. Mental fetigue

f. Boredom

J——

-
,.‘L‘PJ"
h

o-“/ -
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v

2.

g. Heat and cold

h. Noise

Personal Effects:

%Eersonal effects like mental problems, drinking habits,

and loneliness in remote. construction 'sites, could have a

negdtive effect on productivity.

The magnitude of these effects is hard to measure, yet

management should provide reasonable working conditions

in an attempt to reduce these adverse effects.

5 -

Learning Ability:

The learning capacities for an average person were studied,
and learning curves vere developed to reflect the learning

process. { 10 },

Time gain for harmoniously progressing prdjects is signi-
ficant, whereas projects that face sever delays tend %o

show less gain in the learning curves.

The U.S. Department of Lebour has published a compilation’
of the average training times and preferred traits of
workers for 4,000 bccupations, abdut 10% of this number

relates to the construction industry, and fig. ( 2')

-22 - . -



Efficiancy, v, 43 3 percentage

1

shows a convenlent grouping indicating the order of magni-

tude of training times for these groups.
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LEARNING CURVES FOR CONSTRUCTION TRADES
cig. {(2) Ref. (10)
Group I | ~ Represents unskilled labour
Group II - Representé semi-skilled, common labour
and helpers
Group III - Light equipment operators, truck.drivers
Group IV - Heavy equipment operators and simpler
crafts .
Group V - Complex trades
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The Authors of (10) suggested the following relationships for efficiency:

where e = efficiency as a percentage of normal productivity

T = the duration of the total training period to achieve normal
productivity, to increase e from 1% to 1007 in calendar days.

a = frection of T, denoting the completion of a part of the
total training pericd.

g= 2

log T

.

The average efficiency of an apprentice's output between the aT and
s

the bT days of the training period can de represeﬂted as follows:

Bav = (bT)ef - (aT)€i
{(bT - aT) {(g+ 1)}

The less skilled e trade is, the greater is the initial efficiency,
€1, of the trainee in terms of preductivity as a percent of normal vrior
to training.

On the other hand, the project for which the on-the-job training
program has been established may not extend for so long & period of time

as to ensble the apprentice to achieve journeymen's status; that is

T 1s greater than the comnstruction contract period. Equation (3) is

applicable to this case where the final efficiency, es, is less than

100%.

- 24 -
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Example (10): As an example of ﬁhe application of learning curves, assume
that 300 days of apprenticeship training are required to achieve the
normal level of productivity for & certain trade. If generally untrained
workers are hired (eassume ©i = 10%) and trained on-the-job for 100 calendar
days, what is their finel and their aversge efficiencies? From Fig. é,
e; = 10% is equivalent_to 15 calendar days of training. Then, er for
(100+ 15) days is L6%. From Eg. 2,‘5 = 2/log 300 = 0.81, and from Tag. 3:-
_ 115(46) - 15(10) . 28%

av B : .
160(1.81)

EFFECT OF DELAYS AND INTERRUPTIONS ON THE LEARNING CURVES (Fig. 3)

Whenever the routiné-leafning process 1is delayed for even a short time,
some of the experience curve effect is lost, aithough upon resumption of the
activity, the routine-acguiring process resumes at the same decremental rate.
In Fig 3, the-usual experience curve effect is shown (arithmetically) for the
construction of n units. At i units an _interruption occurs. Upon resump-
ticn of activities, the (i + 1) unit requires ﬁore men~-hours to construct than
the ith unit. fn fact, not until thé kth unit is constructed does the inter-
rupted. experience curve yield the same CAT as before the interruption.
Furthermore, the interrupted curve from {i+ 1) to k is identical to the
uninterrupted curve from b to i; so that the interruption has resulted in “
the loss of the equivalent of (i - b) repetitions. This loss can be inter-

preted as the additional man-hours (work) represented by the double cross-

hatched area. The single cross-hatched area represents the total men-hours

of the uninterrupted operation.
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-C‘UMULATIVE EXPERIENCE CURVE WITH INTERRUPTION
fig. (3) Res. (20)
Standard Work Day: -

/

Productivity in a construction site wvaries with the vari-~
ance of a standard work dey as indicated from a study

(11).

e S

The studf concludes that if a2 standard workday'is defined
as the first shif% ofq%ight continuous hours of work on a
regular workday, then productivity is directly proportional.
to the number of regular workhours per day. In other
words, éroductivity tends to decreese as the number of
regular shift hoursfdecrease. This "is due to the fact that’

non-productive time lost in, check in and out, coffee

- 26 -



breaks, personal time, etc... 1is constant (almost an

hour). In this case, 8 hours will yield 7 hours of

productive work, 7 hours will yield 6 hours, and 6 hours

will yield 5 hours. It is clear that the percéptage lost

increases as the regular shift decreases. Yet, the rela-

tionship is not necessarily a linear one, as breaks and

.personal time might vary slightly, proportional to the

% PRODUCTIVITY -

length of the standard dey. To clarify this point

s the
following graph is developed Fig. (&) . Assume:
Standard workday : 8 hours * 5 hours
Whole day 480 min. 300 min.
Coffee breaks 30 min. 30 min.
Personal time : 20 min. 20 min.
Checklin/out 10 min, 10 min. -

Productive workday 420 min. . 20 min,

j .
Productivity . 420 or 87.5% 240 or 80%
480 ’ -300

100}

.90 e e o o e ———— — — — — —

80 ———————— -.l‘/-}

TOL N | |

-

504 } |

Lo - [ :

300, { =

200 | |

]
1o0f | :
— 1 i L [ & L ! L L

1 2 3 4% 5 6 T 8 9-10H4RS.

STANDARD HOURS/WORK1NG DAYS
fig. (L)
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Overtime: . \
o

According to a study on the effect of overtime on produc-—
tivity (12 ), the loss of efficiency due to scheduled
overtime extends to the entire day, noF only the scheduled
overtime hours. This loss will al§o continue for a number
of days after returning to.the regular workweek. Other
effects of overtime includes incressed absenteeism due to
f&tigue, where a day of absence becomes ﬁore affordable
due to compensated overtime earnings. Also poor workman-
ship, and increased accidents can result from overtime.
The graph shown in fig. ( 5 ) showslthe expected efficiency
or {overtime ?roducpivity factors) for different overtime
schedules, as compared to the efficiency of a standard 5-day

week (40 hrs), which has a 100% nominal productivity for

comparison purpose only. It becomes clear that avoiding

overtime where possible is recormended.

100} 97%
92%
. 20 82%
B 80 -
o ]
29
E; Tor . T27
5 4 I R I T
2 %% |3 5 > :
o 501 =l < = g
N © = o o
v oL ., )~ —
30L 1 1 1 1
n
SRR R
101 L= Lo o o
) 0 wn ¥e) =
WORK WEEK
tig. (3)
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E.

' GENERAL, CONDITIONS

1.

Shortage of Skilled Labour:

The availability of skilled labour in the construction
area seem to have a direct beariﬁg on the prodﬁctivity
of the site. It is clear that for a given optimum crew
of 12 say (2 seniors, U intermédiates, and 6 juniors) the
productivity will be higher than for the seame crew of 12
coﬁpoaed of (1 senior, 3 intermedieates, é‘juniors).

This phenoﬁenon can be’felt in sites lacking well-trained
workers, the effect will be felt in terms of longer

activity durations, more manhours, and more rework

required.

Project Size:

The individual input varies with the size of the project,
and it appears that the bigger the project, the less
becomes the individual initiative and consequently, produc-

tivitj is lower, mainly because of uncertain responsibil-

ities, and lack of information and motivation.
Also in bigger projects, the big turnover of workers can

adversely affect the gains that could be achieved throtgh

the learning process.
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This is mainly a management problem, which can be over-
come by good planning and defining respomsibilities, in

addition to introducing motivation progrems.

Site Location:

The site location can affect fhe overall productivity in

the following way:

a: Site near downtown areas, taverns or other recreation-
al areas.
(i) Longer lunch breaks.
(ii) Afternocon productivity could bé affected for
people with drinking problems who could mis-
. use a nearby tavern and satisfy their drink-
ing habits.
(iii) Workers have to drranée to beat the rush hours,

- which could lead to early quits.

b. Remote sites.
Mental tension, boredom, or alcoholism can develop.
¢. Sites that are not easily accessible.

These sites do not attract well trained ﬁorkers unless
they are sufficiently compensated, therefore s short-

age of skilled labour can occur.

-30 -
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L. Travel Time:

Travel time should be minimized as it coitld affect pro-

ductivity adversely as follows; .

a. Travél time is usually non productive time.

b. Usually some idle time is spent before and after
each trip. |

c. Tra#elling consumes energy, money and equipment which

are vital resources for any site.

F. POLITICAL FACTORS

1. Govermment Regulations:

Govermment regulations are complicated and time consuming,
some pf them are even vague and could lesve.-the contractor

open to technicalities.

Meny contractors have complained from the adverse effects

of these regulations on productivity, ciaiming an excessive
number of forms have to be filled, and complicated prepcedures
followed, thus‘ resulting in bureaucratic tie-ups with the
possibility of site delmys. Many of these complaints were

raised in the Linconshire conference on productivity (16).

It is generally recommended that the number of regulstions
and forms requiréd to be filled should be reduced to a

minimum. .
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The Economic Situation:

It appears that the prevailing economic situation during

the construction period can affect the site productivity.

During a boomin@;economic beriod, individﬁal workers tend
to become less productive and featherbedding prevails.

Thig is mainly due to = general feeliﬁg of security, thus if
a worker is laid-off, he will have no problem finding

another job.

When the economy suffers & generasl sloﬁdOwn, jobs become
scarce and the above mentioned process reverses itself
with workers tending to work 'harder in en attempt to secure’

their job.

Public Interface:

Many projecté have suffered considerably through delays
and sometimes through outright stoppages, because of
public rejection, which is in many cases due to misunder-

standings that turn the public hostile to these projects.

The nqgative effects of these delsdys gﬁd stoppages on
productivity is knéwn. It is therefore rgcoﬁﬁended that
alpublic interfa?e study should be conducted in the feas-
ability study stage. This front end expense can save

many manhcurs and dollars.

-

- 32 -



. CHAPTER IV

PRODUCTIVITY MEASUREMENT

L

In the previous chapter most of the factors affecting productivity
have been discussed briefly. This chapter will deel with measurement of
broductivity which is the only way of establishing standards, which in

.turn can judge the effectiveness of our improvement technigues.

- Messurement techniques‘ are numerous and di#ersifieﬁ, but that
agrees with the nature of the construction industry, thus each construetion
‘site can use the combination of methods that suites its needs for. control, ..

reporting and compariﬁg.

The following pages will include some affective messurement

techniques that can serve a wide range of construction needs.

A. MANHOUR AND PRODUCTIVITY CONTROL

L1 g
This technique was devdloped by B. Gupta, Eng., Head of

Project Control Systems Department, of the Shawinigan

Engineering Compeny Limited, with the active parti-

cipation of the writer of this paper.

~
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1 Its main purpose is to give the projecﬁ ﬁanéger and/or

K construction manager, an effective coﬁtrol on the manhour
expenditure through measuriﬁg and’forecasting.prbducti%ity
trends: .All the necessary control information is listed
in one sheet. An actual manhour expenaituré, as opposed )
to_thé’pianned, end the credit earned are drawn graphicallj
together with prod&ctivity indicators.

ASSUMPTIONS : ' : o a
1. The standard budget represents an accurate estimate of
the marhour requirements for the given scope of work.
This estimate is prepered by the group leaders, assisted
. by previously coﬁpiled data flrom previocus similar projects.

. 2. The budget 1s broken down to subdivisioqs, each of which
-répregents & separate entity in the proﬁect, e.g; (Bidg.
No. 1, Bldg.¥o. 2, Bldg. Yo. 3). Each of the main sub-
divisions will have e 'separate sheet for repgrting its
progress as shown 'in fig. (6) with columg’(B) reprQEnting
its share of the whole procject budget, e.g. (Bldg ¥o. 1 -
Lo%, Bldg No. 2 - 35%:‘Bldg No. 3 - 25%)., A final (project
summary) sheet typical to fig. (6) with colug (3) reading

100% will serve as e complete project péoéress report. |

3. Each main subdivision is further broken down to smaller

well defined activities.. It is evident that the accuracy



of this method increases as the numbér of activities N
incresse. Table (i) demonstrates the method of compiling
the back-up dfrta which is to be used to complete the form
in rig. (6). |

L. Every update,the ETouDp leade;s are requested’i;o ‘a.s'sess__
t'he.lprogress and forecast the remaini:ng time requiréd
to complete each activity. This assessment has notrlling

- to do with the zetusl manhours spent; . .

LIMITATIONS AND .ADVANTAGES: oo

This method has proved to be invaluable end effective vhagever

it was used. Yet id order to make full use of the provided

LY
data, one has to have a full understanding of the figure

¢

mechanics *and acc‘ept the calculated data as trends, end not

absolute figures. -7

ey

~ The difficulty lies in working out an accurate standard

time budget, es well as estimating the 7 complete. ' To
reduce the margin of error, the budget is broken down 1nto

smaller sub-budgets that are better defined end easier to

A

handle, also breaking downm the budget facilitates estimating

‘the already weighed sub-secounts. To clerify this, see

example in table 1. Yet it has to be pointed out that the

. ~
Jaccuracy of measurement is dependent on human judgment which
ixec‘essitates the choice of .qualified dependable pers‘or'mel to

handle +his task.
V -
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Building # 1  Budget = 400 MHs Project Budget = 1000 MHs

.. MHs o

. . Actual 7| Credit [Forecast | Forecast
Activity Budzed tzpigze compIete]  (5) |to compl.|total (7)

(1) (2) {3) () [(4) x (2} (6) (3)4{6)

A 80 60 50 ko Ls 105

B 120 25 25 30 as 11

C 60 30 g 24 |- uo 70

D 14o 10 10 1k 120 130

TOTAL | 4oo | 125 27 108 290 . Ls )

TABLE (1) (COMPILATION OF BACKUP DATA)

.

» 1. 'Activities are alreedy weighed against the. budget.
2. The numier of sub-divisions is directly propertional
to the accuracy of forecast. " This ié due‘tq positive
and negative-erroré eiiminaﬁing one another.

-

COMPILATION AND PRESENTATION
- The data is compiled in the sheet shown in fig. (6) as follows:
(Note that figures shown in table (1) and fig. (6) do not
match. They are incliuded for method demonstration only.)
Column I, - Report Date: TIndicates end of data compiling pericd.
Column 2 - Budget MHs: The stendard time budget for a given
scope of work.

1. Going through column 2 ve;tically; the budget

histéry can be obtained.

2. This figure should indicate the standard time for

finishing a given pr%ject or activity rather than

the available time (fixed price contract say).
-36 - '



Column 3

- Column L

Column S
Tolumn 6

Column 7T

Column 8

3.  This figure can only change when the scope
work.chahges. o |

L. Determining the standard time budget is the most
important part of this”eierciée. It can be deter-
mined by using previously compiledmdata and through
direct consultation ;ith group lesders. It has to
be noted that an over:estimated budget will cause
the performance ratio (productivity indicator) to
give high 1-'8;8.(1]'.1135, whereas an underestimated budget
will cause a low preductivity reading.

The budget as a percentage of the total project budget.

Refer to assumption No. 2.

Forecast Revised MHs: This column is équal to MHs to

date+estiﬁate of remaining hours required to complete

the work as determined from the group leaders.

Forecast as Percent of Budget: Gives the forecast trend

as compared to the original budget.

Manhours Spent this Period: Periodical manhour

expenditure.
Tctal Manhours to Date: To date (accumulated expenditure)

Cfedit Earned: This column as is the case with column b

is campiled by breasking the budget into several sub-

‘budgets. These sub-budgets are compiled in a

separate sheet to determine the sctual credit. Credit

earned = Actual % complete X budget MHs.

237 -
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Column 9 - Actusl Progress (% camplete)

Credit earned = Actual progress as a % "

‘ Budget ,
Column 10 - Percent of MAs spent
. Total MHs to date = Actual MAs spent as a %
Budget
Column 11 -~ Percent of Forecast Total
Totel MHs to date = A tool of forecasting
Forecast MHs(Col. L) the totel cost
Column 12 - Cumulative Performence Ratio
= Actual progress (Col. 9) = a productivity
% of MHs spent trendicator

. For the total job as of the periodical update
C.P.R. < 1.0 indicates low productivity
C.P.R. > 1.0%indicates high productivity

Column 13 -~ Periodical Performance Ratio l.

= Periodical credit earned = Col(8n) -Col(8n-1)
Periodical MHs expended Col(6)

This indicator provides the most iﬁportant means of control,
it 1is tﬁe maneger's steering wheel. If the project is falling
behind schedule, end this figure is higher than one, then the
manager can safely commit morepersonn?l fo expédi£e the ' work.
Adding more manpower though will force this ratioc down, and
when it reaches 1.0 this is an indica%ion that committing more
manpower will be at the exﬁeﬁse of productivity.

On the other hand, if this figﬁre is lower then 1.0, then it

actis as an alarm bell to check the reason of this reduced

'productivity and take corrective action.
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MODELING METHCOD - PRODUCTIVITY

This is a model suggested for the physical on site measurement,
called Method Productivity Delay Model (MPDM) (13).

The model focuses-on method producﬁiﬁity parameters that

are measurable and contrdlle.ble by the aversge construction
firm. Method productivity parameters are addressed by docu-
menting productivity aelays such as enviromment, equipment,
labour, material, and management. This modei recognlzes
the.environment and constraints of the average construction
firm, by providing inexpensive technique that. is not too
complex and that is compatible with industry practicés. THe
model requires only simple maéhematicé and most important it

is compatible with existing union work rules. This technique

focuses on measuring, predicting and improving a given method's
productivity.
.REQUIRED DATA:
1. Identify the "production unit" and "production cycle™.
Where the production unit is sn amount of work descrip-
"tive of the production which can easily be visually
measured. .
Examples: a. Arrival of a scraper in a borroq;gi£.
b. Releasing of concrete from & craﬁe bucket.

c¢. Placement of a structursl member.
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And the "production cycle" is the time between
consecuti;e occurences of the ﬁrcduction unit.

2. Identify the "leading resource'.

| Where the "leading resource" is identified as the most
basic or fundamental resource used in thé conétruction
methed. As a guideé, oﬂe can visu;lize the leading
resourée as the résduréé which, if changed in its
amount , will‘change'methbd prgductivity regardless of
the\éreéence or lack of current inefficiencies and

regardless of the.amount or makeup of the other’

support resources.

\

3. Time required for the completion of production cycles.

Mso document productivity delays.

Using a data collection form carry out a Production Cyele

. Delay Sampling (PCDS). The following is documented. ,'/

-~

1. Time required to complete production cyg;e.

2. Occurence of productiyify delay such aé {environment,
equipment, labour, material, management, etc.)

3. If more than one productivity delay, the total deléy of
the cycle. .

4. Any unusual events that characterize a given production

cycle.

" Thl—.



PROCESSING: j

' n
Overall method productivity = (Ideal productivitibg[;~( z: Diﬂ
i=1

' Where Dj = expected delay as a decimal fraction of
total producticn time,. for each of the delay ceusing
elements: environment, equipment, labour, material,

management, etc.
INDICATORS:

1. Tdeal cycle variability =

z:[kNon—delay cyele tiﬁe) - (Mean non-delay cycle timeﬂ

-Bumber of non-delay eycles

Mean non-delay dycle time

2. Overell cycle variability = e
gilkOverall cycle time) - (Mean non-delay cyele timeﬂ

Total Number of Cycles

Mean overall cycle time

Where:

Non-delay cycle times 2 are durations of cycles in whick oo

delays are detected.
Overall eycle times - are the durstions of all cycles without

regard for detection of delays.

- 2 2



WORK SAMPLING

Another approach to measuring productivity is the activity and
work sampling techniques. They have the advantage of giving
an answer in minutes.

Basically, ectivity sampling consists of observing and class-

ifying a small percentage of the total project activity, with

' & representative sample that is large enough to have statistical

validity. This sample should also provide an agreed upon con-

fidence limit, and limit of error.

For work sampling of construction operations, there is a genersal

consensus that a confidence ‘level of 95% and a limit of error

of #5% give & good indication of the overall effectiveness of

an organization. The working proportion of activitieS'usuaily
fall within the range of 40 to 60% of the whole for most ‘activ-
ities. With these limits, and with the opportunity that the
split mey be 50 - 50, the minimum sample can be determined (9).
The following geﬁeral rules fo? aétivitj or work sampling must
be‘observed in sampling construction labour.

1. A sample shall contain no less than the minimum sample size

observations.

2. Every workmen must-have the same chance af being obserwved -
. - - PRENE - - oot - R .

- )
at any time.

Z # Observations must”havelno sequential relationship.
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To preclude any bias, the rating must be made at the
instant each man is first seen, the observer must not
rationalize_on what tasks the wgrkmen have just. finished
or what they are about to do. l

The basic characteristics of the work situation must re-
main the same while the observations are being made.

Likewise, comparisons among sets of observations are valid

only if the work situation is substantislly the same.

]

Several types of activity - sampling techniques are in use;

they vary only in the degree of sophistication, two of these

1.

techniques’ are discussed below.

Field Ratings

‘These require only that the activity of workers be classi-

fied at the moment of cbservation in one of two classifi-
cationsi‘napely, "working" and "not working". (for details

refer to"Methods Improvement for Construction Managers"{9)).

The Five-Minute Eating Technigues

This is a quick, but less exact appraisal of activity théﬁ
the field rating method: <Yet, it is an effective method for
making & general work trend evaluatioﬁ.' It is Based on the
s&ﬁmation of the observations made in a s?ort study'period,

with the number of observations usually too smell to offer

the statistigal reliability of work sampling.
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Labour-Utilization Factors (9)

~>
The results obtained from a work - sampling study can be

converted to give & Labour-Utilization Factor.

This factor may be defined in two different ways depending
on whether the definer gives merit to (essential contributory

work) or not.

Labour-Utilization Factor =

(Effective Work) + ! (Essential Contributory Work)
Total Observed ’ P

Where Total Observed = Effective + Essential Contributory
+ Ineffective

or Labour-Utilization Factor = Effec%ive Work

Total Ob3erved
Where: ’
e ./

Effective work - is the actual process of edding to the unit

being constructed.

Essential Contributory Work - that work not directly adding

to, but (through associated processes) essential to finishing
the unit. This could include handling material, receiving

instruction, reading plans, etc...

Judgment and experience must be used in interpreting labour
utilization factors. The value of this factor changes for
different trades as follows:

Labour ‘ = ' 30% to 35%
Electricians & Pipefitters = LO% to kL5%

Painters = 60% to 657

- Lhg _



D. OTEER MEASUREMENT TECHNIQUES ‘s

1.

Stopwatch stgdies:

This technique i's the cheapest and fastest way to record

a specified sequential event. Unfortunately, its results
are limited B& the proficiency and trainiﬁg of the opersator,

and they cannot give a general picture of a job,.

Time-lapse Motion Pictures:
The motion film cen record the movements ‘of each man or
machine, it also has the edvantage of pemitting replays

! \ .
of interesting work sequences. One disadvantage is the

high cost of this process.

The altemative to motion pictures, is time-lapse or
memo-motion photography. The selection of the time
intervel between pictures governs the detail in which

the work is recorded.

The most significant advantage of time-lapse photography
r'4

is that it makes an indisputable record. For the' super—

intendent or foreman who will argue for hours that the

tabulated results of a stopwateh or cost study ere wrong,

" the time-lapse film is an easy irrefutable way for him

to see his problems.

s
Another edvantage is recording an alresdy perfected method,
which can be used later in dempnstrations to new personnel

and on other jobs.

L6 -



INDICES ‘ )

Indices are one of the modemn indusjry's most effective tools.

They provide guidance.in policy meking and forecasting, as

well as -providing judgment. for policies already being pursued.

So fér,the construction industry has not profited from the

flourishing indices business, and that seems to be quite striking,

since complaints about low productivity are so persistent, thet

it would have appeered that indices would provide the required

productivity indicator. Yet the main reason for lacking indices

in the construction industry appears to be poor coordination

between governement, management and labour.

Amongst the few attempts to measure productivity trends, the
most:ngﬁable is the exércise by Prof. Sara Behman. This study
was initiated when union ‘officials approached the University of
Califorﬁia to undertak; research to determine lebour productivity

deta for carpenters ( 1l ). -

~
-

The findings of this research were tabulated in a way that
permits comparison between 1930 and 1965 labour requirements
for e given activity. All activities required substantially

less time in 1965 than in 1930 averaging 66.2% lower, mainly
NI ‘

because of mechanization and prefabricating many components.

The report also showed that over the 35-year period, labour

-

productivity for the integrated crew grew at 2 compbunded annual

rate of 3.2% per annum. Over the same period, hourly money wage

~

[
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rates, indluding fringes increased by L.7% per annunm for the’
same crew. Consequently, the unit labour cost relsated to
the pbr‘tion of the singlte—family dwelling dealt with in this

research grew at 1.5% per annum.

¢
H

This research work indiga.tes' the possibility of meesuring and

-

comparing labour productiviﬁﬁy in construction. ‘It is recommended

that further étudJ_'.es cover all sectors of the construction indus-

try, and the resultant productivity indices be published quarterly.

PRODUCTIVITY INDICATORS

Suggested format for our productivity indicators would be as
follows ( 15 ):

!

1. Total Factor Productivity (TFP): The measure which was made

popular and used most extensively by John Kendrick. It re-.

\ 1

presents the prodictive nature of the total firm.

TFP = Total Qutput of Firm-
Total Inpyts

Whenrthel total output for a constn}’ction fi‘rm could reé)re_—
sent the totel sq. ft.of built area for the yeai-."'Ax.Jd

the _iﬁputls would inclﬁde the productive resources used in .
the product;ion of the produ‘ct. These in_i:uts‘ will include

-

'‘labour, fuel, cepital, etc...
\ -

A caomparisén of TFP's for different years indicates changes.

in overall productivity.
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Partial Factor Productivity (PFP):

Considers productivity solely in terms of cne or a

limited number of inputs.

PFP

.

= Total Cutput . !
One Input

Where input could be: manhours, administrative personnel ,

fuel consumption, dollar, equipment, etc. . .

‘uc

&

Unit Cost:

Total Cost
.Total Output

Input-Operating Expense Ratios:

I0C = Cost of One Input

Opersating Expenses

Where a decrease im this factor would indicate en increase

in productivity.

Producfion Function Coefficient:

Relate the level of service provided to the quantity of .

: \

input factors (labour, fuel, capital, etc..) used to

produce it. A convenient preoduction function form is

the Cobb-Douglas production function.

" Q

aQ
I

oM R/ O
1l

A LP1 kP2 §P3 U

Quantity (ssy sq. ft. of built space)
Labour Input (ssy Manhours) '
Capital Input

Fuel Input ’ (;jf

Constant ' .

The Stochestic.or random error of production.
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>

by bp b3 = "The elasticity coefficients (i.e. an

indication of the percent increase of

.o

output if the input increases by 17).

*This function cen be estimated with regular regression

techniques, ‘and the cogffiéients of the productiaﬁ functioﬁ
(i.e. tge numbérs which indicate the ;glationship between
the inputs and outputs) would provide'iﬂformation on the
productivé nature of the venture.. The sﬁm of the input
coefficients of the Cobb-Douglas function will indicate
whether increesing returns to scale or decreasing returns
to scale exist in the relevant range of output. Coefficients
could be estimated over time for singlé companies'and theﬁ
compared with those of otﬁer companies to indicate their
relative productivity. Or coefficients could be estimated
across several fiyms in one year ‘and then compared for a
sim&l?r cross-sectional groun in‘another year. This would
indicate the productive improvement of the industry over

time.

- 50 ~
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CHAPTER V

v . IMPROVEMENT TECHNIQUES

improving productivity can be achieved by fulfillipg the follow-

ing conditions: ‘ ) ~

-

1. Defining productivity and locating the factors affecting it.
2. Maintaining standard measurementltechniques.
3. Applying improvement technigues whenever possible.

4. Achieving complete coopersation between Government, Management

and Unions. d*\\gu/

Items 1, 2 and 3 can be achieved through concentraﬁed studies,

*
research and perseverance. Yet the main problem appears to be that of
achieving complete cooperation between the parties involved, as it requires
‘ changing attitudes, habits and mentalities. Also politics and the power

game is responsible for limiting this cooperation.

In this chapter, some of the.suggested improvement technigues shall

s

be discussed briefly in en attempt to achieve maximum coverage.



A. LABOUR RELATED IMPROVEMENTS

1. Performance Incentives:
The introduction of performance incentives for workers
producing more than a given output, should replace the ,ﬁ’-*

preveiling performance restrictions.

The posi£ive effects of performance incentives are:
a. Direct improvement of productivity
b. Act as a motivator

. c. éulfill the sense of achievement

d. Increase the workers' income

e. Will result in creative competition producing new
talents '

£. Accelerate the ledrning process

2. Multiskill Training:
Multiskill treining is a practice that has so far been
resisted by the unions, yet it appears that it could be a
highly rewarding‘practice, spécially in smallef Jobs.

Present construction costs leaves this option worth serious

consideraticn.

3. Elimination of Featherbedding: -

Featherbedding affects productivity negatively and its

elimination can only have a positive effect.
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Increased Technical Training:
Workers should be encouraged to attend periodically held
sessions to improve their skills, and introduce them to

the latest technical advancements.

B. MANAGEMENT RELATED IMPROVEMENT TECHNIQUES

v

Motivation:
Motivation of the construction workers can.have immediate
positive results on a project's productiv;ty. For maxi-
mum effect the mechanism of:these needs should be fullé
understood by management. This'ﬁechanism is discussed
belo; and is complimgntary to the discussion started in
Chapter III on Abrsham Maslow's Hierarchy of Needs.
A. Physiological Neéds:
Food, liquids, rest, exerciﬁg, shelter and protection.
These needs are at a lov scale of importance in don-
st?uction now és construction workers' present salaries
cén satiéfy these needs. It hes to be noted though
that lack of morey can be-a negative motivator
(dissatisfier).
b. Safety ﬁeeds:
Once physiclogical needs are satisfied, safety needs
arise. These needs are often collectively referred

to as security.



e

. level of incompetence.

The

Social Keeds: : )

The desire to ﬁecome & member of a group. It was
provéd by experiment (performed by Vén Zelst) that
by allowing thé men to choose their work partmers,
turnovér was reducéd, and productivity was improved.
Ego Needs:

A workman often figds satisfaction for his ego needs
in competition, praise or status. This 1is often
stymiéd by uniorn working rules which limit output.
However, some meh continue to do more than the mini-
mm acceptable standard, because they get satisfaction
fromathe knowledge they are doing & little more than
the next man. A bit of supervisory praise to these .
men can be very effective. It is also advisable to

increase their decision making scope.

Self-Fulfillment Needs:

_The last need in the hierarchyof needs is the need to

work at & job which ore enjoys and is capable of per;
forming. The fulfillment of this neef is a rare
pheromenon in our society. Yet recognition of ‘this

need has saved many good workmen from.rising to a

o

following motivation techniques are recommended.
Provide leader construction managers and foremen as

opposed to pushers.
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2. The.éesire by some of the workers to’attract favour;
able attention should be rewarded when it leads to
increased productivity.

3. The worker with a reputatiog of being a hard worker
has usually the most security between his group.

4. The workers should have & bigger feeling of partici-.
pating in the decision meking.

5. Te?hi-ng construction managers, engineers and foremen
Ato appreciate the work done by subordinates. It i;
of great importance for a worﬁer to feel he is doing
important work. As a matter of fact any kind of work

! bging'done no matter how small it 1s, is impeortant,
otherwise it would not be-done at the first placé.
This appreciation when demonstrated could be very
rewarding productivity wise.

6. Holding information meetings to brief all the workers
on the latest status of the job and ibe interfacé

~

between different trades.
Finally it has to be mentioned that a potential return is
-
expected on money invested in properly conceived and
administered motivation programmes for construction .

workers.



—N\

Education:

It is time for the construction industry to recognize the
importance of education, this industry caﬁ nollonger afford
to shun.the educated under the pretext of lack of exper-
lence. Experience only might do the job, but at what cost?
As shown in the chapter of factors‘affecting productivity,
management has a big share in affeéting productivity, and -

specialized educatlion for managerial personnel cen certainly

help the productivity problem.

1]
It is not true that training a new graduate engineer or

encouraging;personnel to attend evening courses is an over~
head -thet most comstruction firms cannot afford. .The
construction industry will have to accept the fact that
survival is dependent on improvement and innovation.

The guestion is no longer who can do a'given construction

project, it is at what cost and how fast,

b

A

Good planning and management is now & must.

A typical example that demonstrates this need is a huge

Federal Govermment project in downtown Montreal where the

const;uction manager has no educational background. His
qualifications do not include the capacity of rea.diné
graphs, let alone CFM, forecasting or risk analysis. Yet
his responsibilities included supervising several graduate

engiﬁeers. The resulting cost overruns and delays of this

- 56‘_
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still ongoing project are to say the least, excessive.

Befter Mandgement: i

The most common practice from weak management is failure

to pfovide adequate Enstructiensl thus leading to enormous
vaist of time with the success of the work depending not

on how well it was done, but on how well the worker guessed
ﬁis supervisors intenﬁions. Thisvis a wide spread practice
becaﬁse supervisors can always qlaim they nevef suggested

this at the first place, thus saviﬁg their own skin. But

aﬁ what cost?

This practice should be eliminated or at least reduced, by
choosing well qualified personnel and giving them enough
<

authority and security in case of justified wrong decisions.

Methods Improvement: - ' '7/’//’/\

-

Congtruction operations heve many repetitive work cycles
and repetitive work lends itself to methods improvement.
While it is true that no two construction jobs are the
same, it is also true that the same basic operations make
up & large part of the tasks of the craftsmen or equipmeqt
operators from job to job.

Poor utilizatiqn of labour is a principal reason for low

productivity end is in many cases a fanlt of menegement .



Good management will provide complete instructions,

materials, tools, equimment and & reasonable envirormment ,

and inspection, besides motivation.
&

a

Formallzed Techniques of Analysxs for Improving Labour
Performdnce: ”

Graphical snalysis procedufes and mathematical models

in addition t6 being a method of recordidg, are also ah

means of comrunication. They are useful tools for analyz-

ing methods currently being employed and for deve10p1ng

new ones, some of these techniques are discussed below.

a. Crew—Balqnce Chart:
Thls is an effective way of showing the interrelationf
ships between the work of indifidual members of a
crew and its equipment ( 9 ). In form the. Crew—
Balance Chart is a vertical bar chart that has an
ordinate of time or percentage of total time and -an
abéciSSa that labels each vertical bar according to
the separate elements being studied. The bar for each
man orlmachine is sub-divided vertically into the
various types and sequences of aétivity including non-
productive time. Since each elemeht of the crew be—
ing observed is plotted to the same time scale, the
interrelationship of the various elements of the crew
can be seen by comparing the activities along. a hori-
zontal line on the éhart. Such a graphical portrayal
allows the cgmparisonlof sequences to reduce idle time.

Fig. (7 )
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Crew-balance charts: analysis of concrete placement in a column.

‘[ime, pereent

F

100} Climb down ] . M Move and
- _WVibmte Climb down hold hopper -
Hook hoppar, ) . Hook hopper
751 . . |Dump . ) Dw
i Refill bucket
ok |_{Vibrate .
o Dump . - Dump
.| Vibrate - Hold bucket - 1
25 Dump Dump
. Set hopper Set kopper
Climb ppe , - H pe
o Move Move Mave scaffold | |Move scaffold | |HOId hopper
Man | Man 2 Man 3 Man ¢ Crane
1
fig. {T)  Ref. (9)
i . .
Flow Diasgrams and Process Charts: c \

Basically the flow diagrem is a line sketch showing
the interrelations and movement of things, while the
accompanying process chart is a chronalogical, itep-
ized description of the various steps.

The purpose of such = technique is/ to help indicate

where time, effort, and money are lost because of

ineffective methods and movements of material.

For complete details of this method refer to
"Methods Improvement for Construction Managers". (9)

=
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¢. CPM & PERT Scheduling Techniques:

bt

‘These téchniqugs have a direct bearing on improving .
productivity -and elimineting meny costly inter-

ferences and delays through advanced pfhnning: -

P

’////h;t is disturBing to see that while management is com~

pleining from low productivity, yet such an improve-

-~

ment technique is resisted by the pretext of beiﬁg
too complex, or too expensive. As for being tod
complex , construction hes become complex and those

_who, cannot cope with its complexity will have either

-

to learﬁ‘to, or depend on the guidence of those who

cen. As for being too expensive, that alse is not

.valid reasoning, as. the savings through improved

productivity Eiil by far outweigh the expenses.

.

s - .
r

CPM & EEET'SEheduling Techniques provide the construc-

tion manager with a unique control on the construction
site @ctivities; it'guides his decisions and provides
* : 1

.him with & means of performing a sensitivity enalysis. .
Thus properly used, both idle timé, and unnecessary

.oﬁertime are reduced to the benefit of the overall

preductivity of the construction site.

.1t has to be noted though that much of the'éomplaints' R\\
about these methods are mainly due to incorrect eppli-
A ! ' ’ :

cation rather than t.he. techniques themselves.
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Risk Analysis:

Formalized risk anelysis techniques such as the

decision tree, or others+, transform the decision

meking process from guess work to scientific analysis

v

. ‘ o - N
based on the valid laws of probability., This
process guafantees‘right decisions for the majority
of & multi-decision meking process. These techniques

can provide productivity gains through ensuring

.realistic manpower loading calendars, and rescurce

—

allocations.

Simulation: -

Simulation is the term generally given %o mathemgtical
répresentakion that take ran?om samples from a pro-
bability distribﬁtion curve in order.to simulate &
real-life situation.

The basic concqpf'underlying simuilation is that the

times required to carry out the individual sfeps that

make up. construction operations are not constant;

‘rather these times are distributed over a range of

values felling in some fashion on either side of a



"  the simulation is stopped and the outcome determined. .

il

mean value. Both the mean time and the distribution

of inaividual times must be statistically defined so
that they fif the real.on—the—job situation to the
extent that it is known or oan be estimated. It i§
then assumed that the timé interval required to carry
out tﬁis p&rticuiﬁr step in a specific construction
sequence. 1s determined purely by chance. By selecti
ing a number at';andom, and using the cumulative

distribution curve, the value of the specific time

\
[

interval is then determined. Although %his specific

time is determined by chance, the mean and distribution
of an infinite number of values determined by the
random~-ntmber process will fit the originally stipu-

lated mean ard distribution.

t

The simﬁlation process itgelf is a step-by-step re-
construction of.the end-tg-end sequences that make up
a'ﬁ;oducﬁion scheme. Starting at time zero, ;hich
migh? be beginning of a shift, the sifuatioh at each

succeeding point in time at which a change occurs is

 appraised. fAt the end of a stated time period (shift)

NS

-

The limitations of simulation programs are:
i. Inspite of the fact that they attempt to simulate

real life situations, they are restricted by the

-6 - ' | o
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é& parametergff&ﬁ&blished by the progream writer.

1i. Although simulation programs can be extremely
. . N . <y N
- - reliasble for compatring-alternatives, such as

examining the ﬁroductivity of ﬁﬁo proposed sys-
. tegs, yet £heir accuracy at predict;ng actual

output_or'éctual costs for a particular system
“ may be iimited by the accuracy of the input

[}

data and the length of the ccmpufef'run.

C. DESIGN RELATED IMPROVEMENTS

.
-

-
-

1. Fiexd Training for Design Personnel: 1\/

Periadical field assignments and practical training will
. ~result in designs’that reflect awareness of existing °
"y P il ’ ¢

field con;truttionconditions. Presently, most designs

gefiect.an optimizatien of ome resource (such as steel

- _ for a structural engineer). This kind of éingle Tré-
source optimization could be ﬁéceiviné as it could lead
to unoptiﬁized‘usage of several other resdﬁrces whén iE
coméé té field consﬁruction,

o

2. Improving the Finished Product Quality:

»

Drawings and sketches should be clear, with all the

) ;evisions indicated clearly to minimize costly ertors
/ : .
. dnd rework due to misinterpretations.

-

-



D. OPTIMIZING HUMAN CAPACITIES

Human capacities should be optimized such that workers should
- not be expleited, nor shoutld & worker be left with half a

man's workload.

e

E. GOVERNMENT RELATED IMPROVEMENTS R

1. Regulations:

- -

Should be kept to a mipimum, with a pe;manent government
body responsiblé of continuousl& checking these regulatioﬁs
to prevent duplications and eliminate outdated-standérds.
2. Improving Labour Manageﬁent Relatipns:
Government- should interfere qﬁickly to force séttlements
when it appesars that long strikes are inevitable._ ;t is
the author's belief that a good binding arbitration system

would serve this purpose.

- o

. F. CGENERAL TMFROVEMENTS

1. Feasibility Studies:
A feasibility study that includes resources besides pro-
i | - fitability can help foresee unexpected problems and plan

for them ahead of time.

) _ b -
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tance.

Public Interface:

‘A public interface study at the feasibility study stage.

could enlist the support of the public, thus avoiding

the possibility of work stoppeges due to public resis-.
General Conditions:

The genéral conditions such as site location, project
size, availability of skilled workers near the site ete.,
differ from site to site, yet these conditions should bé

studied for each site individually and their effects pre-

determined before construction starts.
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CHAPTER VI
CONCLUSTONS

In the preceding chapters the productivity problem in the con-
- \T’

struction industry has been broadly covered.

Having identified the major factors, énd the sugg;asted measure-
ment and improvement tecilniques, the way is now clear for further in de..pth
stx}dies. each focusing on one of the factors, covering its effects on
p:‘oéuctivity and setting standard measuremenf and improvement technigues.
My recommendetions at the termination of this preliminery study are ‘

. included in this final chepter; scme are based on proven stu'dies, some are
peréonal convictions based on experience, while ot-hers are self-evident

.recommendatiofs. Yet the apparént diffieculty of applying these recommen—

dations does not deny their usefulnmess.

A. Pressure has to begxert,ed on the involved parties, especielly
government, to get the required task fofce ‘sfudy started. This

preliminary study has proved the feesibility of such a study.

.
.
*

B. Productivity indices ﬁa.ve to be established without delsy and
published monthly or qua.r'terl;;r, thus ellowing for seasonal adjust-
ments. These sﬁggested iﬁdices would be the final output resulting
from a trade by trade index for each constmction division

(residential, commercial, industrial, etc...) thus providing an
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indei.for each of the mecro and micre levels. These indices could
be the previously described TOTAL FACTOR PRODUCTIVITY, PARTTAL
FACTOR PRODUCTIVITY, UNIT COSTS, INPUT-OPERATING EXPENS@ RATIO,

PRODUCTION FUNCTION COEFFICIENTS.

Completing these studies and'setting the indices is only part of

the task, the remaining pert is more difficult and not easily con-
trolled, this remaining part will have to deal with management

attitudes.

Al these studies and indices are meant to serve management and

can only be effective if management cen make use of them. Pro-

+ ductivity is mainly a management problem, so management will have

to deal with it instead of blaming labour. Once effecfive lebour
relations are achieved, and strikes are reduced,

management will have no excuse. We_can'no longer lock at con-
struction as an art, construction should be looked upon as a
science. More education should be provided for all construction
paréonnel at all levels. Good construction workers should not be
promoted £o the level of incompetence, financial rewgrd is the

alternative._

Tt is saddening to see that up to date, only a few big construction
firms' are using modern management techninues (maybe they -are the
only ones whd can afford the switch), yet these firms are growing

fast, and in the process, the leftover firms can only expect to be

~
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forced out of business. Treining young engineers and technicians
and providing more education and training for present personnel
can no longgr be considered as an unaffordable overhead, because

it is a must for survival.

The pereallel change will have to come from the trade unions, these
urnions will have to divert thelr attentiocn from pelitics %o thei£
briginal task of promoting the interests of the trade and its
workers. ?o far the so calléd pressure tactics applied by the
unions have proved to be a failure, with their negative effects
reflected not only on £he taxpayer or the employers, but also on
the workers wﬂb are supposed to be beneficiaries of these pressure
tactics.

-

The presenf negotiating process often fails and it has to be

‘modified. Thé taxpayers (users) have been drained to the maximum

by the'presgnﬁ'negotiaéing system. Strikes should have time limits
or avolished completely. If negotiations failed within a given
time limit, it hes to be replaced by binding arbitration and agree-

ment enforced by legislation. -

A productivity‘bargaining strategy should be applied, where resiric-
tive work practices are identified and eliminated or modified,
replacing these with improved wprk methods and practices in return
for substantial improvement in pay and/or working conditions.

These improvements should be linked directly to the goins in

productivity.
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G. Construction contracts should be clear and void of ambiguities,
defining expected risks which are to be properly shared in a
known manner by Owner, Engineer and Contractor, alsc efficiently

hendling changes.

H. Goverrment regulations should be kept to a minimm and systemati-

Ry

cally updated.

Finally, improving productivity in the construction industry is not
a lost case, on the contrary, with some dedication, hard work and persever-
ance, it looks like a promising one. There are several fromts on which
difect gains could be achieved, besides what has already been achieved by
individuals working on this subjeect, what is presently needed is an organized

task force to continue the thrust for measursble improvement .
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