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.. A need exists for improved management information systems to be

* used by medium size building contractors which sess different proper-"

¢

t1es and have different:requ1rements when compared to 1arge size, more
sophisticated civil engineering contractors. ) .

A preliminary study for deveioping such an infdrmation system
has been undertaken and the basic features and requ1rements to be met by

the system for prOJect control by bu11d1ng contractors are identified.

' 13

The main hypothesis of thts dissertation }@‘that success in de-
. . .

signing a management information.system that will be used by contractors
can only be achieved if the s}stem reflects the tjbes of problems en-
countered by the firm, the corrective actions open-to it, ahd its organ- .
izational structure and personnel capabilities.

Deficiencies and problems are identified in accordance with’

Ll

- their effects on time and cost factors only. Problems arising due to .

. quality and qualjty control-are treated in the same manner.

Constrhction as a whole is treated as a system composed of two
major subsystems : . ‘ . k '

i) Resburcee ‘ ' |

ii) Processes - ’ 2

&

Consequent]y, the work has concentrated’ on.
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ET L ‘J. " a) :Definition and description of resoﬂ&ces. processes and
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their components. e "; s
‘ . /

., + * .b) Identification of problem areas and deficﬁenc{es-based on

t e,
T s
. N . .
/

< above asdumptions. . -

c). Prqposals‘dn possible corrective measures. | .

' ' 1 It is expected that the concepts put forward will provide a basis
. N ‘ *

: . for the formulation of almanagehent information system design brief which :-

/ ' is responsive to the project~c6ntrol needs of the building contractor.
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CHAPTER 1 . - .
~ - DESCRIPTION AND OBJECTIVES . °
' OF THE STUDY
[Y

L ‘ A , ‘
1.1 INTRODUCTION ’
/This‘dissertatisn rep%esgnts one pha;eigf a multipgase regearch
*  program djrected at devéloping minicomputer baséd projecé control and
financial management information systems for use by medium-sized coaé
tractors. The term medium-sized contractors refers to those firms whose

annual work volume lies between $5 million - $50 million. This group

is responsible for the majority of construction work in Canada.

> : »
. - .

<

1.2 MANAGEMENT INFORMATION SYSTEM FOR PROJECT CONTROL
- N

A management information system for project control is an aid
'for Eonverting certain data abou% the effdorts exerted and the physical
‘work accomg]ished for the activities comprfsﬁng a project, at specified
time 1;ter0als daring the project's duration, into useful 1nformat10n.
for management about the extent to which the various aspects of per-
formance a?e«fn conformance with the firm's oﬁjectives. Key informa- -
tion required 1nc1udés:* | ‘ )
1. the produéiivity of labour and equipment,
21 the expected- overa11 cost, profitability and completion
i time both at the activit; and progect level
3. the presence of any deficiencies affectvng the cost, time
or qua1ity‘bf project\act1vities a]ong-with their root

causes; and

T 4, assessment of varinus courses of actions for rectifying .

" ot o deficiencies,
V | ‘

~1




>

a’ ' T s o ~

. »
A fundamental criterion for success of any management fnformation
nn 2 @ - .
system. (MIS) is the extent to which it is used. " For the contractor,
his willingness to use a computerized ﬁIS will be governed by how well

any proposed system interfaces w1th the present practices and personnel

capabilities of tqf f1rm. Consequent]y, the designers of a MIS must

consider the follow1ng requirements: ‘ ' ,://~“~\{
The developed system should ‘reflect the rea11t1es of the
contracting,industry as opposed to the often idealized char-

"acteristics and conditions adopted 1n many academic studies.

This is essential if the s}stem is to-achieve a high level

»

. e

of use. ',

.

For instance, in spite of all the theoretica11y perceived .
virtues of the C.P.M. and PERT techniques, limfted use of
_/ these techniques by medium- s1zed contractors, is being ex-
perfenced. The manner in which firms plan agd control has

. Fd
beert investigated in éztrevious phase of this research pro-

«

N gram by way of detailed case stydies of.three Montréa1 based

genera1~contraétors (]7) An attempt was also made to docu-
*ment the informatibn systems used by these f1rms as we11 as

thelattributes of the users of thése systems.

a

2. lThe system shoul'hbeucapable of providing the user with three
Q‘ . main types of information: ‘:
f) It should be able to highlight key sources of.defict1
¥ ‘encies or weakngsses. in performance. The‘system
shou1d possess the capability of revealing the presence

o .
of any such deficiencies as soon as possib1e after .

' . N they start “to exist. This 1s essential if the system

4 ]

~
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is to play an effective role in7assisting maﬂagement

b o ’ in. correcting such deficiencies

-

. ii) ~The system should be able to g;ovide the useps with #h-

~  formation as tightly confined as possi
<« *

potential causes of the deficiencies.‘ The causes sug-
gested by the system should be at a level
that al]owsithe %)er to initiate the necessary correc-
7,‘)’ .é 3 o Qh’,tive action'vithout further excessivesinvestigations.
. ' In other words, a statenent.made'by'the system,_ior
instence, that there exists a‘cost overrun in labour -
0 . cost, is less useful than indicating thatnthe'}abour
0 productivity is beiow'standard This will save then
user's effOrts and time spent in conciuding whether '
. ' "the cost overrun is due to higher wages (possibly be- 5

- cause ,of unexpected market condition , or due to

‘lower productivity., It atso would be more useful if,

T

111) | The system should be ab1e to function aluation

procedure that. can help predict the implications on -

project time, cost and quaiity of proposed corrective
i w

. ‘ " « . actions. For instance, suppose the.control system has -

‘forecasted a serfous delay Jin a critical activity which 4

o

is being carried out by the contractor S own equipment

A [ . K

‘ ' ) . The expected-delay can be iessened or avoided by award-

0

“
~
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.3,

2}

N .
o
‘u,‘.' [

“ing the activity to a sub-contractor whose equipment re-

" 'sources are more advanced. Considering the extra cost *

involved, would such a decision be of an overall bene-

fit to the general contractor?” The control system is

expected to be capable of forecasting the ﬁroject's~’

total cost and tiﬁe, given the corrective action pro-
» ’ M

" posed.

The deye1oped system shoq1d be able <to present different

’

types of output formats for the various levels of management.

‘-This is an important feature for-the following reasons:

1)

i)

o

.and education. the use of)different .output formats

Scope of Responsibility

Viriou5'}evq1s of manageméﬁt have different concerns
which are propoftidhaté with their scope of respdnsi-_“
bility.. Consequently, the nature and degree of de-
taifs of the required 1ﬁ§§rmation are:substantially
differenil 'Mereover,'different measures or terms

could be required to ekpress the same area of concern.

For'examp1e,véé a cost performance measure the group

praductivity is an appropriate measure fgr the first

level supefvisor, whereas, the comparable measure, for

tob management could be the project's cost to pomp1eteQ

beﬁ@Bﬁﬂé]'s Education and Skills

]

Cbng:jering the differenceé among the various levels.

nagement in terms of their capa5111t1es, skills

for different levels of management becomes a must.
. . ‘4
The use of the same format for all management levels

¢
o

8-

4

»
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might preclude the use of more advanced techniques for

planning and control for those'personnel capabl® of

using them. For example, while thenproject manager
might be comfortable with the use of CPM or precedence

diagrams, a field superintendent may only be capable
L

".of using a bar chart. Thus, rather than fgregoing the

use of networking techniques for planning and control,
ot
the MIS should be able to produce output reports in

formats which are matched to personnel capabiiitdes.

e ‘ & )
1.3 SPECIFIC OBJECTIVES OF DISSERTATION )

o o ‘ The role of this phase of study is to provide the basic input

data required for the preparation of a'design brief wnich will serve

as ‘the frame of. reference for the des1gners of management information

systems for project control for the med1um-sized contractor, as de-

fined previously.

»

! N b

' 1 . .
Based on the discussion in section 1.2, the design brief should

'proeide the designer with,the~fo}1owing information:.

. 1)

Detailed information about the sorts?bf det1cienc1es that
shou1d be rexealed by the system along with their re]ative
1mportance. For example, cons1deration should be given to
whether the rate of labour turnover should be included as
a basic cppponent of the system or instead,vshould be in-
cluded as an optional compopent‘since it might be renuired

only under certain circumstances, such as for projects in

L]

remote areas.

11) _The system's basic structure, especia11y with respect to




111)

» iv)

y

whether thé.System should be made up of ‘independent com-

ponents, which qfe capab]e of only actiﬁg alone‘pr'whet r

-they should be designed so as to be capable of being As-

sembled into a totally integrated system.

Information about the quantity and quality‘of the resources
which‘c&n be allocated, by the firm, for development of a
c&ntrol system. This inc]udes‘the human and monetary re-’
sourceshicomputing facilities, eic. F

Information about the system users as to classifications
6% management levels, inforﬁafion needed for each level,

and ‘knowledge of the skilTs and- characteristics of the

managers at each level. . ) ‘ N

From¢the above desctription, the basic input data needed for the

- task of preparing the design brief and the role of this dissertation

in assig}ing'in the related data collection task are as follows:

i)

To accomplish the first task, all the controllable prob-
lems that might be encountered in a project, from the_con-
tractbr's viewpoint, should be identified.' This task.wi11
be agsigned to thé‘secondlchapter of th}s study.' Prob}gms
are first inide& into two main categories - Resource "and *
Process problems and then analyzed in detail.

A survey of the user's needs,,characteristﬁcs and attitudes
towarZZ.COntrol:’their present practices, .as well as the

potential ‘resources they are willing to allocate to the -

.control function, seems the basic data required to carry"

out the second and third tasks above. The third chapter

will present a methodology dirécted at obtaining this

”

3 o
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1.4

-

information. ,
The last type of information réquired for the design brief
will involve 1dent1fy1ng the full range of actions which

can be taken by various tevels of nanaéement, in order to

- correct or to avoid the‘recurfence of controllable prob-

1eﬁs. Identifying the range of actions which a certain
. 4

levél‘of mangement is empowered to initiates will help de- .

“termine the information required for this level of manage-

ment- for the purpose of evaluating the ‘appropriateness of

alternative corrective actions. dhapter 4 examines the

types of correétive actions possible and a format for §;= "

so;fating these actibns with performance measures, infor- '
mation required from the MIS and level of management re-
Eponsible for initiating corrective 5ct10n.

[ed

METHODOLOGY OF THE STUDY Lo ‘.

The means generally available for tacklidg a study of the nature

¢

...proposed herein are:

iy

Titerature in the particular area;

if)

An analysis and synthesis of previous research work and

\

The collection of data bx means of questionnaires and in-

terviews, and their analysis by accepted statistical'tech- N

&1ques: and

0

' jii) Synthesis of available fhformation and experience and

reasoned extension of existing knowledge based on the pos-

tulation of some analyiic model,

W
¢

Unfortunately,\xszy 1ittle.work has been carried out on the

<, "

%
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information systgm“needs for the medium-sized éont}actor. Consequent-

ly, items (i) and (i11) above will form the basis of the methodology

9

for this dissertation.

1.5 SUMMARY

L3

- It is the firm conviction of the author that the control system

" should be designed to reflect the real characteristics, actual prob-

Tems and current practices of contracting firms. Dramatic changes are

very unlikely to be effected by the firm for the sake of tailoring

. their pfactices and interrelationships to the requirements of a con-

' ’/__1{01 system which is based on some normative mode1 of the firm de-
"y

w

/

yer

&veloped by management theorists. L

The. central hypothesis of the work described herein is that
success in designing a management information system that will be used

by contractors can on1y:be achieved if the system reflects the types

' of'probTbms encountered by the firm, the corrective actions open Eg/ﬁ@,
‘and its organizational structure and personnel capabilities. Thi§ dis-

sertation sets out to identify and structure such information. It can

then be augmented further by future researchers so that a useful des-
criptive model of the firm can be developed. It is this model which
will form the basis for the design of a manage?ent 1nformatfon system

for project control for the medium sized contractor.

e 4w

:‘«;-’”"’



consTRUETION PROBLEMS , \
THEIR DETECTION AND CAUSES

/ | | CHAPTER 2 0 -

>

20T e scoeg ' o L
) This chapter will examine the problems.en\ountered by the build-
' 1ng general contractor with respect to control of project cost, time
and quality. \
' The study will proceed as follows: - A
(i) The,va#;ous types .of problems wifI'be sysfe&atically
1 . classified; i . ’ P
2 ’ (i1) Using“ipiSaclassification, ;'scheme for‘;n 1ntegr}ted
. sgt of perﬁgnmance measures for dg;ectfng:of defici-
‘necies {n performanee, will be presented. These per- "
foémance measure;'provide thgxbasis for assessing EFE“‘\\\,,/\'
: inputlgata, output informatjon and its structure, and
. the processing algorithms required fo} the control sys-
: tem; LT
) .o (i11) The potential gébses for perfbrmancg‘defiéiencies wila
i} : . be ideht;;ied./'

T It is important to point out that the problems which will be. /.
dealt with in this chapter are those which fall within a specific tjme 3‘

, }

span of the project 1ife cyc1e. This period extends from the ﬂaté of

awarding the project to the contractor, ntil the final conp1etion of

work in its physical, Also it sﬁbuld be.:

financial and legal sense.
noted that quality control and measures will be treatgq/as a factor
-influencing the cost and the duration ofﬂthe‘projéct,/{Thatjis. for.

. . / ' '
/ .

4

1
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cau; of low quality, it would influénce both the total time and intro- ‘\

g
Qyte additional costs due to rewark,

/ 2.2 - DETECTING PROBLEMS ’

A

Looking at constriction as a PROCESS app]i;;;;o some RESOURCES =~ .
to yield a product (the facility), will heTp to identify two basic prob-
len t}pes encountered in mqinfaining control évgr time, cost and quality.'
)These types are: 1) Resource Problems and 2) ?rdcess P}oblems.

- Resourcq problems are associated with the -procurement of re-
sources of specific charactérisfics on the b;si; oflqﬁpredetermined time
schedule, and include -the problems relate& to making these resources
physica]ly available at the site (if required).

Procesé\problems are associated with all methods and proce-
dures of uti1izing and maintaining the dg1nﬁered résources from the time
of receivihg them until converting them into the end product, including

/the handling (Such as storage, transPortation and.distribution, etc.) of
the resources at site. -

An importént difference between the two categbries pf problems,
_ihat has & considerable impact on.the choice of the appropriate control- -
'11ng technique is that the p}oblems‘of the first category usually do not
require complicated or sophisticated devices to detect their existence.
This is because of their noticeable and direct 1mpact on the physical
progress of the works, which in .extreme cases may result 1n the com-
plete stoppage of the proaect The other category of problems requires,

1 usually, more complicated and sophisticated devices for~detecring ifs

. ' ‘
presence, since in many cases there are usually no physical or conspicuous
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signs that flag such presence or hglp-in their detection. However, it

should be emphasized that the two categories. of' problems are closely ’ .
linked, for instance a process ‘prohlem iike 1ow labour productivity can’

-t
T

be caused by a resource deficiency like inexperienced labour, or: By a -

process deficiency 1ike inadequate safety precautions on site which may *&@F

SN
divert the iabour attention to their safety rather than production.

o

The methodol6gy used wi]] consist of the analvsis of each of the g
two main probiem categories ihdependently. ‘
. For each resource type, generally used‘in a construction op-
eration, a set of performance measures will be proposed for the purpose

of detecting any pdssible deficiencies in either the procurament of the
resource (in case of resource problems) or in the utilization of the re-
source (in case of process problems).

The resources usually required for a construction project are
identified in Figure 2.1 and described belo».. They have been broken down |
in a way which facilitates the succeeding ana]ysis, grouping those which
are expected to be handled in a similar fashion by the contractor's con-

troil pFUtedures and separating those which are thought to be handled

differently. Five main resource cetegories have been identified. They

o

3

[1] HUMAN RESOURCES :

which can be subdivided into three groups:' ; .‘ )

a. Contractor's own direct labour
\ b.  Contractor's management personnet

»
¢c. Subcontractors : .

2] . HATERIALS

which can.be classified as’ foliows'.‘ .




ot
3

(3]

[4]

(5]

a. Direct Materia1s- which make up the p%oposed bu#1d-

ing 1nc1ud1ng,any machinery andfequtpnent;

b.. Indirect Materials: Haterials for temporary works
_ such as scaffolding or form work. These materials

9

can be used more than once. .
c. Operating Materials: These are miscellaneous mat- *
eria}s needed for the day-to-day operations such

as fuel, lubricating oil, etc. X

MACHINERY AND EQUIPHENT

‘which 1nc1ude the mach1nerey used in the construct1on

process (eg. mixers, buldozers, cranes). This category
Lw
excludes the machinery or the equipment which will be

permanently affixed in the building.

MONETARY RESQURCES

R Y

Monetary resources refer to the working capital require-

ments of a job, credit from suppliers and equipment deal-
ers, equity inputs, etc. o

4
DRAWINGS: AND DESIGNS ° . -t

of concern here are two types of drawings

a. Norking or shop draw1ngs for specific items set by
the contract as a part of the contractor s respons-
jbi]ities. These déawings are usually made to meét
the specifications set by the owner's Architect/ ‘

" Engineer. '

b. Drawings needed by the contractor's staff for the

purpose‘of detailing certain processes or methods

" of construction. . .

ge-b
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RESOURCE  PROBLEMS

2.3 |
f PERJ:’ORMANCE MEASURES AND PROBLEMS CAUSES:

2.3.1 * CONSTRUCTION MATERIALS PROCUREMENT R b ¢
f Definition ' - | N

The procurement of construction materials ‘includes all the ac-

» tivities necessary for the acquisition of the requried materials and

making ‘them aVailable to the site use. ‘These activities can be classi-

fied 1930 the following major functions:

e

1. Purchasing: which includes the activitiés starting from the
'prepa:ation of materia])spécf?icatipns and contract conditions

?’ (or ‘the bid package), selection of potential suppliers (or ten;
derers), exécution of /the order or contract which includes is-

suing letter of credits, manufacturing orders, etc.

2. Expediting: the follow up of fabrication .schedules and/or de-’
B ‘ <9

Tivery dates.

3. Inspection: check and approval of vendor's drawings and ;;:>

qualjty assurance of the manufactured or the delivered mater-

| , ,

. fals.
LY

4. _Logistics: Packaging, cdgtom clearance, selection of carrier
(if applicable) or using the firm's own transportation means

and delivery to site store. | . )

/
!

pPasic Planning Required

1. iFig. 2.2 shows a typical time schedule.planning for the p}o-

) curement activities. The various activities are plotted

-

4
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[N

against time. Interval checks will reveal delays in the pro-

1
s

curement activities,

2. . An estimate breakdown of the direct cost of the procured mat-

erial which includes the initial éost, insurance, packaging;

<

T 1etggr of credits, custom duties loading, unloading and trans-.

portation costs.
et e ed
«‘,,P“
Performance Measures
b
1. " Current Status and Time to Delfver at Site
4

o

W

A two fold pgrformance measure is chosen-ta refiect a clear
idea of'the material procurement status. In Fig. (2.2), suppose point
A represents the current procurement status of a certain material or
piece of equipmént. Point B represents the fo}ecasted date of'deaiver-
ing the material at site according to the updated information about\the
future procurement activities.,\ For instance in the example illustrated
- the duration of the manufacturing activity, according to the supplier's _
offer, i; 1ohgek than the duration estimated in the original plan. Point
A and B should be comﬁared respectively with points A' and B' on the
‘origina1,p1ann1ng curve. A deldy should be highlighted by the control
"system 1f A is below A' and/or B is ko tﬁe right of B'. The two meas-
~ ures are independent and can collectively pinpoint &efiéiencies that re-"
sult in project aelay. Note also that some problems can result from an
.early delfivery of materials, for instance, because of th; earlier than ex-
pected b;yment to the supplier which ﬁay upset“the éash flow arrquement
of the cénfractor. The proposed measure can detect such 5 problem as
well, - L\

' -

*”Jhe_céuses,of a deficiency detected by this performance measure

@

]
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.
are 1dentified as follows: ‘ ' \"
- . ' \ .
1. . Errors in purchasing orders _either in. {items description

A _or quantities; .
y 2. Inefficient expediting effortyé
) %. ,Ingjff@iént 1og§stics organizatfon or pfocédures;,
4, : Uncontrol1ab1eatﬁanspoftation problems such as strikes

in ports, accidents,\etc.; .

5. Shortages due to mismatch of supply capacity and demand

in the market:

6. Défective planning as to the underestimatsbon of the time

requirement for any of the procurement stages'(preparing"

. specifications, -shop drawings, approval Of owner's

agent, manufacturing, shipping, etc.);

inventory or materials on $¥te);

o8 Monetary problems that might delay the de11very because

of lame payment to ‘the supplier.

Z.u _ Partial Cost-to-Date and PrQJected Tota1 (Direct)

‘ Cost of Material

Comparing the following two sets of figures is suggested here

for detecting cost deficiencles in the procurement of a certain materiadl:

-

A. The budgeted and_the>actué1 cost.b? executed commit-

s

ments. ) ‘ I

“ Be . 'The budgeted and projected total direct cost of eachi

' ’ .
7. ~ Inadequate inventory policy (as to the minimum level of

-



) '~ﬂ;' - material. )
e > N g
{ A deficiency, indicated by one or both of the above measures,

. v
can be attribited to any of the following causes: |

2 o 1. Inapproprwate purchqsingaprocedures (for 1nstasce,

-using direct negotiatf@n rather than competif‘?e bid-

- > ® \ ding system, or vice versa, as a means of getting the
] B “
best offer;:
& .
" ° . Unexpected escalation ‘in mater5a1.price due to mis- °
T e . " match of supply and demand in the market or H%T!&s in
- "'P : . ‘ P .. ' Y
' ‘ ~ procurement;
. v
e . 3 Material cost underestimated’
< ° . . ' 'h
- 4, Inadequate attention or underestimation of conditions
_ (L_ ' ‘of vendor's offer; . . . ‘
5. * Incompetent purchaéing agent as to the scope of his
, ' knowledge af sources of supply, or his negotiation cqg-
L ‘ ,
B abi]ities. -
o ’ RN TN . Incmmpetent 1og1stics off1cer as to the chaice of the
: o \’/' .
ﬂﬁﬁﬁppropriate carrier, means of transportatnon, etc.
. \)" ) . ¢ ' ‘o :
° Y < ’/
3. Qudlity of Procured Material ) s
g ' ‘ The quality of the indirect ma;er1als required for temporary

works (eg. form work) are sometimes left by the specifications, to th§ P
P contractor's d%scretionr A Tow quality material could probably affect ‘

" some areas ‘of site performance which.might result in complaints by the

-

site management and request to modify performance standar63~~—4k
e o ’ . P

‘
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. * procedure for controlling quality (among other aspects), can he ef-

fécted, :1f the system is made capable of reporting the initially estt

o

| mated standards and to highlight any changes in thets:e standards. '

, . The causes of procurement of low quality materials are:
g N

¢

P

1. Shortages due to the mismatch of the demand and sﬁpply

)’ in the market;
2. ° Inexperienced or jncompetent purchasing officer;.
A L 3.  Insufficient or defective description of the required /My,
C. items in the purchasing order. _ a
\ - g \ .
N 4, Inadequate purchasing procedures’ as to the atlocation
t" . ﬂ: ¢ - N -
o ae . of the responsibility of preparation and ve{jficatfon
> of the-.purchasing orders; ° C ‘f
B - ‘ » R
5. Underestimation of cost of materials coupled wjth
rigid budget policy that force procurement of lower

. \ quality materials.

S 2.3.2. HU?MN RESOURCES PROCUREMENT
7

As pointed out earfier,. the human resodrces can be classifed _

“into three main. categories: |

'# ks
. A. The contractor's own labour force oo
B. ;he contractor's management personnel
C.”  The subcontractérs (which can also be subdivided into
"' “Tabor force and management personnel).. v
e ( ’ © 3 '. 'a . ) ‘ . ‘ | Y.
A A ]
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2.3.2.1 . Contractor's Own Labour Force

&
-

-« Definition

Kl

required for activitféélcarried out direci}y by the general contractor.

!
<

This catefory of human resources includes the direct labour

Basjc Planning Required: \‘ )

:
]Qﬁ

. Procuremént Procedure

-

. craft,

From the master schedule of activities, the requireméqt
of each labour trade can be concluded. Efforts are -

exerted to mininize thé fluctuations of needs.. The

ﬁrocgrement department is to be furnished with a final
schedule for labour réquirément. Fig.(}.3 ilfu§trates

a typical labour’requiremént schedule for a single,
craft. The lag time is used as a precaution qgaihéi
late detection of the“préblém. A commitment of labour ]

ayailabi]ity has to be afrived.at before that date,

otherwise a daficiency should be signaled by the control
N 0

+

system,

An estimate of the labour cost to the firm, for -each

[

@

The sources options open to the firm are:

].

..
L e 2
. ° .

-
, R bogpen o

:

.Unfonized labour through trade unions.

Non-uniontzed labour through labour agencies or direct

" recruitment. This option is open‘to 1imi ted number. of

projects.

O

P e

|

P
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The Procurement Measures . ‘
X 4 .
’ \ L c -
" \Timelv Procurement N o,
i

P 4

The failure to procure the reqﬂifed resourses at the required

-

time may be attributed toyany of the following causes: v

1.

2-

Incompetent procurement officer; .

i

Unfavorable relations with trade unions;

[N °

Shortages in the labour market due to mismatch of K

.

demand and supply; ..

‘ Inappropriate labour policy, as to. the employmeﬁt d?‘

*

unionized versus non-unionized labour.

st

Hithin Budget Procurement

" The pbtential causes of an over-hpdget procurement are;

1.

! .

4
¢

Unexpected escalation of labour's wages for certain

1
trades; : .

Inappropriate labour policy as to ;heﬂgmpldyment of

]

unionized versus non-unionized, labour.
Labour's wages underestimated in the original plan;

Labour's benefiis qr indirect cost underestimated. .

" This includes transportation and accomodation plan jn

case of - projects in remote areas.

R n
°

-~

°I\
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2.3.2:2 Contractor's Project Management Personnel
* Definition \
ThisAEategory of personnel covers all.individuals working on
the projecp other than direct labour. It includes office staff (sup-
porting staff) as well as site staff. S | N
) ) Basfc Planning Requirements ‘ ,
A list of requirements has to be prepered immed%ate]y after
the“project'hae'beeh awerdéd, Some of the positions may be filled by
: persqnnel gransféfred from_otner projects of the firm. An eétimate of
the total cost of each,indimidoai'tg the firm should be established. © -
Procedure Description
The recruitment is accomplished throuéh‘éither employment agen- .’
cies or direct hiring. . 1
PR . - .
' Performance Measures .
B P Timely Recruitment )
“ A delay in recruitment.of the ;eqdired.personnel could be
vl . ‘ . ' A
. caused by any of the fQIIowing reasons: : o
1. Inapprbpp#ate recruitment procedures (employment agency - \
e " versus direct fiiring); - S
2. Incompetent recruitment officer; )
3. Market shortages in some professions due to mismatch of de- .
mand and’ supply; . '
«*
4. The firm's reputation as to certain management procedures - ;
» ' " or policies which are_not attractive to'the manag7ﬂ£nt ' : f

| . 3

.
7 f .
N \ o



' ' o . L.l : ®
» o personnel . These policies {nclude; |

a. The firm's trends of keeping its staff permanentIy em- ' I

ployed, ‘ | \ f

b. Personal advancement opportunities,

~ G. ~ Training policy, - . Y
R . ! . “‘\-
d. Degree of formalization of work relationships, K ~’\
e. Degree of structuring of tasks, ’
. ' f. Authpritar1an versus participative styles of management.
5. A de1ay in- another prdj@ct from which some 1nd1viduals are
expected to be transferred to the proaect under considera-
tion.
2, Hithin Budget Recruitment y
The potential causes of an.over budget recruitmept could be: o °
1. Unexpected escalation in the"weges of certain professions
f due to mismatch of demand and suppiy in the markef{
‘2. fnappropriate recruitment procedures (advertisement chan- '
~nels, using emp]oyment agencies versus direuéj;}}ing, etc.);
3. Defective estimate of the resources cost to the firm (in
q‘
1 e the initial plan).. ‘ N -
i ' 4, ﬁBeing forced to hire overqealifie& personnel in case of
| low supply, o
2.3.2.3 Procurement of Subcontractors . ' l‘ \ .//'7
Basic Planning Requirements ey -
W ' -
o 1. A list of activities that are intended to be subcontracted

should be prepared meediately after the project has been

"oy
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i

-l

awarded to the general contractor. The list should include
.
the expected commencement date of Fhe respective activity.

A ; ‘
2. An estimate of the total cost of each activity. -

Procedures :

The procurement department can employ any of the following pro-
. 42; AN

.

cedures for procurement of various subcontracts:

A. Direct negotiation with the firm's traditional subcontrac-

tors
B. A 1fmited.bidging competition amdng the firm's favorite '
subcontractors

. ) = . ) /
" C. An open competition (for all interested subcontractors).

Within the firm's general policy, different Contractual ar-
.rangements and conditions are generally opén to the procurement officer's

discretion (unless cohmitment'has already been made during bidding stage
Y .

E WP
1

as -in case of bid depository). .

Performance Measures . ' a

1., Timely Procurement
oo Fue

[N

~The caéses of a deficiency, highlighted by this per;érmance

fmeasure are identified below:

1. Inappropriate procedure aHOpted\for\procurement (negotia-
tion versus competitive bidding, etc.);
‘2. Inadequate performance by the procurement officer either

in the procurement of ‘the subcontractors or in coordination’

—~

with subcontractors to have them on site at the appropriéte

> time;



3. Shortages in the market due to mismatch of demand and sup-
‘ ply in ceniain-trades;
4, unfavorabie reputation of the firm regarding the transac- ° f

tions with subcontractors.

\

2. Within_Budget Procurement

The causes of a deficiency,’spdtted by this performarice measure,

- are:

1. Unexpected escalation in prices as a resu]t of mismatch in
demand and supp]y or other reasons (such as inflation) re-
lated to the_nationai economy or labour agreements; /
2. Inappropriate procurement procedures adopted; / ’
3. ' Inadequate evaluation of certain provisions included in | /f ’/
the accepted offer; ' T | !
4. Cost of activities- underestimated in the initial pian by /\
the generai contractor's estimator. } //f\
/ |-
- 2.3.3 Equipment Procurement . \ /'
Definition and Procedures ) . ' . /// \
. It is important to recall that the equipment meant here .does

‘not include the ones which will be affixed in the constructed facility.
These are being considered-as materials. The reason behind this c]assi-‘
ficetion is that they are dealt with in the same way as materials as far
;?'their procurement and usage in construction are concerned.

; The procedure of equipment procurement as meant here is strict-

ly iimited to rénting, Teasing or moving from the firm s other projects,
workshop or storest The purchasing,of a piece~of equipment by the firm -,

.
L
S s f

4
: ) . ‘ . ] .
v ! 3 T
1 Syt
, . ' .o 4 N
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for operational purposes are .not inciuded here in this category of re-

sources for t%easons: C ‘ _—

4
N 1. Their p;ocurement can be handled the same way as for mat-

erials procurement;

2. In most of the cases this is a(mulii-prpject-investment and
thevefore thgjpejéhase cost should be treated' at a higher
1eve1 than the ;pecific project management.

{
Basic Planning Requirements *

o

A .schedule showing the type of equipment required along with .
its commencing date and needed d&ration shguld be furnished to the pro-

curement officer. An estimation of the transportation cost or the r;;:\\\“‘\\\\‘

tal rates (if applicable), is also required.

-

Performance Measures

1. ) ‘Timely Procurement

The causes of delay in procurement of a piege of equipmeﬁt are

o

jdentified as follaws: : —

1. Market shortages due td increase of demand on certain -
o

pieces of equipment; ‘ ' : '

P .

Unexpected transportation problems or accidents;

-

Inappﬁopriate Togistics p}ocedures; .

Incompetent procurement and/or logistics officers;

(3, & w N
.

. A.delay or disruption encountered in anothgr projeci from‘
which a piece of equipment is supposed to be moved to the
projecé und;r considérqtion.

6. Inter project planning errors {such as under estimation

of“activitiesﬁduration or transportation time).

i
- ~




2, Within Budget Procurement | .

which is composed of two components:
, A.  Transporation Cost, | -

B. K Rental Rates (if applicable)

. ‘ *
An overrun in either or both of the above cost components can

-

L3

be simply attributed  to any of the following causes: -

. . . e

1. Unfavmérable market conditions that push up the rates mafn-
ly because of the mismatch between supply and demand;

2. Inadequate procurement efforts that lead to missing chances
of attaining better rates, for example exploring the.pos-
sibi1ify of renting from another contractor his currently

- - idle equipment. . '

3. Defective estimation of rates in the original planning.

-

'2.3.4 - Monetary Resources Procurement

Defirition, Basic Planning Required and Procedures

estimated in the project's_inttial plan.

.Working capital can be acquired b;y way of retained earnings,

ney equity input, bank crédi t or credit from suppliers. In any case, .

" vt
> .
' ! i a

o : . . I




- 26 -

allowance must be made for the cost of funds.

Performance Measures 8

1. . . MWithin Budget Cost of Money

] i
A higher than estimated cost of money can be attributed to any

of -the following causes: , A L o
1. 'Unexpected escalation of interest rates;
-2.  The company's overall financial situation which may force
‘ financing institutions to raise the risk premium in financ-
1hg:the fim's projects;
3. Unfavourable relationships with bankers;’
4. A defective estimate of the cost of money in the initial
plan. T\’
2. Jimely Availability of Resources

The potential causes of delays #n.procurement of monetary re- .

sources are:

'; ]-

A defective cash flow planning as to the estimation of

“the capital required or its timing. A request for addi-’

tional monetary resources ma9 not bg made at.an early time
to allow timely procurement; ' -

Delay or withholding of the payments by the 6wner;
The‘company's«financial situation which might discourage

financing institutions;

' The market situatPon which might affect the availability

of resources. .0

A4V

- PRI O e
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2

PROCESS PROBLEMS

This part is concerned with the probleﬁs resulting from the way

of processing the procure& resources towards the accomplishment of the

construction task. The way of processing includes all the methods and 3 \

tools utilized by the management. These can be identified as follows:

\

Construction methods and techniques ‘

Planningjand scheduling techniques
. Personﬁel management which includes: o

w By - —

fa. Organizational structure which includes the djstribﬁa,
tion of responsibilities and authorities, structuring of
Cactivities; |
b. Motivation'po1igy '
" c. Reporting systems
‘d. Communication and coordination chanrels
e. Labour relation program .

¢

f. labour safety program —

1
1

gq. Managgmhnt styles (bureaucratic versus participative)‘
4, Material céntro1 which includes: |

a. Inventory policy

b. Store keeping procedures ) e

C. ‘Purchasing of miscellaneous 6perationa1 materials

‘5. Equipmeni' management which includes:

a. Maintenance program
b. Repair policy ' #

c. On site transportation o

Process problems are not|as easily détectab]e as resource pr&bn T

‘Tems because they are not usually acéompanied by physical,signs that

)

”




progress versus total ﬁﬁn hours for a-single activity‘(reinforcinq steel

‘This is to allow a meaningful/ and easy measurement of work done.

N | "

' o
flag their presence, which is the case for resources problems where an:

»

activity can be discontinued (or not started) because of the nonavail- —

¥

.ability of any of the resources.

The following scheme will suggest, (sfmilar to what has béen
6;ﬁe in the case of resource problems) a set of performance measures to

detect deficiencies of various aspects of performance. The measures will

be broken up into separate groups, eacﬁ_bf which is measuring the magni-

tude of direct impact on the individual cost of one of the Fesources.
The potential tauses of a deficiency déetected by each of the‘measufeg,

B
will also be identified.

-

2.4.1 RROBLENS AFFECTING THE COST OF HUMAN RESOURCES

, .

2.4.1.1 Contractor's Own Labour Force .
) -
Performance Measures - ’ N
1. Labour Productivity

Basic Planning Regquirements

‘An estimated productivity curve should be prepared. It should
1ndica£e the number of labour hours versus some milestone events through-

out the.life cycle of an activity: Fig. 2.5 shows a typical curve of job

»

for a floor slab). Notice the different units used for the given rates.
3

~

Causes of Low Produsxiyity Are:

‘1. Inadequate performance by the first level supervisor;

2. Inappropriateness of certain management procedures, The {/ -~
related procedures are identified as follows:
I\'M\
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-

a. The degree ofyautonbmy, authority or discretioﬁ-whiph
\\//( is. .delegated to the various levels of prSﬁEE{ stiff'an&
// in particular the first level supervisdrs.. This might
affect c;nsiderabl; the supervisof'sﬁcapacity to con-
trol and motivate his subordinates. ‘ 1
b. - Administrative procedures in relation. to the day Eo
day site réquiré%ents, éuch as: j .

- Procedures of purchasing misceilaneous.operationa1

material

- Pnocéégres owaﬂ}kers'(replaEement
- Procedures of minor equipment repairs

c.) L;bour re]étions program which 1nciudes Tabour train-
ing, working conqitions; incentives, etc.” The labour's
ﬁoraleois obvidusly affected by such\ppograﬁs;

d. Inadequate safety precautions whigh might diQ;rt

labour's attention to their safety instead of’ product-

'

tion; ad : . -
3. UnfaVourable weather conditions; :
4, Overestimaéed produéfivity standards; ‘. ,"§
-5. Over or under'stéffing of érouBs |
6. Labour are uhde;equipped (too]s, machinery, scaffolding, -

-etc.) o ) , - ~
7. Inappropriate construction methods ;

- 8. Unsgttled Tabour climate

- %
< i ~

Labour Turnover / , ’ .

o

Significance of Problem:"

Labour turnover has'a direct impact on the project cost as a’
a ct > P |

v
4

Y{l g * ~ :\,



e T e, w

-

result of the additional expenses 1n§61ved in red?uiting'new labour 'The

effect on project s time 1s more obvious, espec1a11y in remote areas, or

o

where demand is exceeding supply of labour. .

)

Basic P]anning Required”

a

A standard turnover rate should be estab1ished on the basis of
the market s1tuation project location, etc. The rate should be taken
in consideration while planning ]abOur requ1rements and activities'dura-
, tion:and in estimating the Qroject's .cost. Th1s provides a more realis-

tic and more accurate basis for p]ann1ng and estimat1on.
a~ ’ Oy

Causes of a High Rate of Turnover -

The potential causes are: o

1. A competitive market situation createq'usua11y by a nus- '

L]
. L

- R match of demandﬁand supp]y,

. " 2. Some,unfaVourable particularities related to site lgcation

-

such as weatheir and accomodation and entertainment facilj-
, ties; o . .H\
3. Unfavorable particularities're1ated to the project's char-~
-attertstics, such¢as job complexity, safety and safety
, measures; ‘
RPRE. N Inadequate management-procedures and styles such as author-
etarianxleadership style by various Ieve]s of management (
partvcu]arly the fvrst levels superv150r excessive .control
‘procedures; lack of feedback, etc.,~ . N .7

‘5. 'Financial.straits or contraction in the company's wort

o

_ﬁolume. as perceived by 1abouri . o
. - J a2
6. Inadequate labour relations program. . . ] )
Pl . L 3 .
+ .. ‘ '\’ [y A\ . 4/'
< -~ r' - M

“

4



2.8.1.2 ' Managmént Personnel

£ .. The management overhead cost are. funetions of three pa’rame'ters:

- ) o 1. The pro:]ect s actual duration (whit:h will be analyzed under

‘ the monetary resources );

PR 2. The initial remunerations of the staff (a resourices prob-

Co e Tem); ) | ’

- . ¥ 3. . The 4dditional cost anrjsing from Gthe turnover o% the man- {
r\"’_} v I _agement personnel, . ]

. . PR

Performance Measures

4

C , . Management Personnel Turnover.

t

Significance of the Problem

: The turnover ofwthe r!;anegement personnel has a direct effect on
'the project's cost as a:result of the additional expenditures incurred 1n‘
q . N recruitmg replacements for the quittmg staff.' Also, it has a gnore impor-
) K tant, 1nd1*rect effect on cost as we'H as on the time through’the disrup-

tion frequent1y~ e:ncountered because of ‘the mangement personne]'s turnover
L ‘Turno\‘/er ,Een also f:e takep'a's. an 1‘ndic'at‘ion of dissatisfaetion among j
' ‘other employees which might,‘as well, affel:t the overall performance of” ‘
y '.the 1odividual's 11; the near future. - - : .

“ | i -
- Causes of a High Rate of Turnover -

f 1. Inappi‘bpﬁate pfocedures or dimensions related to the
firm's .basic organizational structure. These can bg *

fdentified as follows: . o

-

N - : : \
N . C : a. The adopted degree of structuring of activities or
;: 5 tasks: DfFferent ‘-éte,gories of personne} have different
+ S (1’ N
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ok .. reactions towards structuring activities in a rather
- - 7, ’izgpdard formats. This standardization does-not leave
. op T many aCtiops for the individual's discretion on judge-
ment. Disgatisfaction can occur because of overstand-
ardizafioﬁ for.some individuals, and because of under-’

. s;ce;udar;di'zdtior;: 'fgr other individuals.-

b. Degree‘of fonmé]ity‘ofvinterrelationshipé among the

'various levels of hanagement; S -

C. Purpose and nature of controlling procedures;

The edntrol system can be perceived as a threat for ,

i | '. the employee's security especially if it is used only
- - . for punishment instead.of positivé reinforcement or
- iy N N . v4 ) - v ' . ‘
. _ reward. e v -,/
v 2. Limited chances of personal advancement because'of the

e

<o

size or other characteristics of the firm; ~~

‘\Egck or insufficiency of personal development programs in- .

i - 7

cluding training and education; -

4
N

, 4. A competitive market situation which increases the demand *
s . o » . L .

for certain categories of perSonné];
5. - Financial straits or contraction in the’company's work ==
. - . volume as perceived by the personnel; '
6. ~Lack of information programs that keep the personnel aware

‘of the company's situation and future.

LY

. - 5
- 2.4.2 PROBLEMS AFFECTING THE COST OF COMSTRUCTION MATERIALS

-

#

:The performance .measure suégested to detect deficiencies in the

A

use of construction materials is the materials wastage rates, - \
\ “ . . S

e .
et ) . )
e LA . ‘ 3 LR

;o ' s . . J PR ~ .
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o
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| ¢
_ The potgntiél causes of high-wastage rates are: r
| 1. Inadequate perfgrﬁance by first Tevel supervisors;
o S ' 2. Inagpropriaée management procedures. These are 1dent1¥ie¢’
as follows: ° L | ‘
"5. « Management - Labor ye1a§10n;hiﬁ due to inadequate
ﬁ,f1abour re]ation::}ogram, This may provoke sabotage
/ or at best carelessnegs in using the mate?ials.'
N " b. The degree of authority and dfscregion delegated to
the various levels of management esbecia]ly the first
. . | level supervisor;. This tonsidérably affects their
1 . capability to control and snotivate their subordinates.
. | c. Defective storekeeping procedures that lack accuracy .
A }ﬁ k;eping track of the purpose, location and workers . i

éroup by which various quanfities of materials are
' ' being used (especially for materials used for several

activities). = ' - T

.

‘o o . ' da Defective material dj{4;ery procedures that éive r{se
to theft of materials) ‘

e. Inadgquate procedures of handling and moving materials
L ' . " cL . on site. . S
. ' 3. Inadequate material storage precautions that may result in
' 'damageS to the stored materials. -

!
Unrealistic standard rates of wastage used. ;

3 T
1}

4.

o

5. Inadequate attention paid to procedure of moving of mater-

ial on site. PR .
I :

2.4.3 PROBLEMS AFFECTING THE EQUIPMENT COSTS

The perfbrmance measures for detecting déficienciés in the usage
. . ' o

B .
- f . . , -
. » - - -
,[ . g
H

" \ . .
. . hd

-




of equipment can be arrived at by breaklng down project equipment costs
~ into their basic components
(1) Cost of ownership: | N
. o~ . This 1s the cost resulting from owning the piece of equip-
ment (whgthgr‘by buying, rentin; or leasing), pegardliess |

of the amount of the active time of using the equipment.

' The performance measure suggested to measure this cost com-
ponent is: "ratio of equipment idle time/total working

R - tqu’ This measure is selected to ;eflect the fact that
the cost of ownersh1p per unit of output (say a cub1c '
meter of earth excavat1on), is directly proport1onal with

the above ratio.

(2) oOperational Costs:

—_—

P These costs are directly attributable to_the number of
hours of equipment usage. An adequate measure 1is ‘the total
operational cost per unit of output. This measure will re-

quire a rather rigorous computation., Two siﬁpler measures
Z . LA .
. B are suggested here: . A ‘ \
. ‘ 1. Equipment productivity (per active hour)

2. Fuel, maintenance and repatt costs (per active hour)

-

.
N
B 4

Performance Measures
1 LY -

1. - Ratio of Idle Time: Total Working Time

o Definitigg

The total working time #s the site's working houts, during cer-

-

taiﬁ-t{ﬁe span (usually the reporting period), provided\that the machine

~-¥

fs physically at-site,

I .
v .
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The idle time is the: time. during which the machine 1s not actu-

ally in action due to any reason including breakdowns non availability

of operators, waiting time, etc. The time of adjusting the piece of

equipment is an active time. ihese adjustments are the aiterations reads

ily made in the field (as anticipated in the original design of the

piece of equipment). An example of such adjustment would be the manual

change of the dozer's blade angle or the change from one type of crane

pickup. device to another. The adjustment time will bg accounted for in

the specfic nature of the piece of equipment as’'to its normal maintenance‘

4

Planning‘Requirement

the estimated productivity of the equipment.

L 2

An estimate for the ratio should be estabiished on the basis of'

Causes of Deficiencies

. and repairs requirémenti?\

r

The potentiai causes of a higher than estimated ratio, are:

l.

Unfavourable sequence of activities that result in a long
time lag bétWeen activities requjring the same pfece of (
equipment. This may accur because of. inadequate attention
paid by the scheﬂuier, or otherwise because 9# inevitable
scheduiing constraints,

Inappropriate task assignment to the piece of equipment.
This may result in frequent breakdowns;
Inadequate‘performance byviﬁe mechanical or maintenance
supervisor; |
Inappropriate program for preventive maintenance;

Inappropriate maintenance policy as to the staff size or—

[ &

.
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quality, or the ma%ntenance facilities available;

6. Limited versatility or adaptability capabilifies of the
piece of equipment; . !

7. Non-balancipg of the interdependent equ%pmeht or human-re-
spurces, in case of activities requiring more tha; one piece |
of equipment or a mix of man and machine efforts. "o the
exten}:that it is possible, resources should be balanced
in order to allow their full and continuous utiiizatﬁon;

= 8. Unfavorable weather conditions or site conditioﬁs which do
| _not pemn\t the’operation; o

9. A delay or disruption in previous activities that affect
the readiness of the activities rgquiring'the piece of

e?uipment; ‘

- !

10. Uhder estimation of the standard ratio.

2. Equipment Eggguctivitgk(Per Active Hour)
‘ Definition

Equipment ﬁroductivity is the quantity of output units theﬂ
equipment produces per unit time period. During this time period there

!

. may be both active and idle time.

... Planning Requirements

It is extremely difficult to establish a general standard pro--
ductivity for equipment. This is because there is no standard operating
‘ ‘fénvirohment in construction.
Standard produétivity should Bé expressed as -a fixed rate for
a given piece of equipment ﬁg:‘a cer;aiﬁ assignment, or 1pdeed'it-can

. be presented as a variable rate which is a function of the time or the

/,\ /:\ ) \

n *
) . . . ‘ d .
\

i
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specific part of the task the equipment is WOFking'on (See Fiy. 2.6)
r . ] ’
Causes of Deficiencies S

The potentfal causes of a low productivity are 1dent1f1ed as

1. Incompetent opérator;

2. Inadequate superu§§ion or guidance by the first 1in$'s
g supervisor;

.3; "Unfavorable weather conditions; )
4. Unexpected working gondit%ons (such as variab1g so%l

conditions) which mismatch the capabilities of the piece

of equipment;
5. A defective program for regular care and mdintenance which
leads to a lower efficiency of the machine or repetitive

minor failure; ,

Iny » 6. Overestimated productivity standards.

hed tw’l' ] i
3.° Fuel, Maintenance and Repair Costs (per active hour)
"
Definition:

These are cost components‘direct1y related to the amount of

time the machine is actually operating. They include:

a. Cost of fuel L — ,
b. Cost of lubrication and lubricating ojT
¢. Cost of minor repairs and adjusfment

d.- Cost of tire repairs and replacement.

Planning Requirements

i j
A set of standard'paies for each/of.the above coniponents shpuld'

»
' ”

Ny i . -

» ! L
< « . .
* . ! ! . -
» ~
!
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be presént for each piece of equipment. The actual cost is to be com-

pared with these established estimates.

. .~ Causes of Deficiencies

\ : A cost overrun here can be attributed to any of the f611ow1ng

RS

reasons: ;ﬁq‘ .
\\15_ Inadequate program of regular care and maintenance;
2. Unusual‘Wo;E conditions as to the type of soil or topogra-
.o | phy of the site; S
| | ; Equipment's mechanical deficiency; o N

3

! 4. Underestimation of standard cost;
5, Inappropriate task assignment to the pice of equipment;
6

. "An escalation in full prices or wages.

PROBLEMS AFFECTING THE COST OF MONETARY RESOURCES

The cost of monetary resourtes (financing charges) is’a function

of th¢ following- variables: .

T The market situation as‘to the costiof money (interest
. - ) o
rates); ,

. Terms of supplier credit;
. Promptness of owners processing of progress claims;

2
3
4, Timing of activities; »
5. The project's'over:11 duratton; | B
6

. The project's overall cost. )

+! S The. first three variables have been already dealt wifh in the
fesource/broblems, Defigienc1e§ associated with‘the fourth variable are
mainly attribut&ble to a defective schgdu]ing of activities. The iasﬁ;
two Qariables are the main sources of financing charges overruns that

fall within the ”brocess" domain, - Y .



The performance measures suggested to detect deficiencies in

the project's duration are: X .
a. Resources and physical progress of individual subcon-
tracted activities
b. Overall project's'time to coleete.
Whilp the-first measure seems redurdant of the second measure,
its inclusion is of major significance. This is due to the fact that
the second measure does not pogsess the capability of detect;ng de1fy

-
trends for a subcontracted activity before the activity has become al-

ready critical. This does notfallow the system to provide an early
fg o ° : warning so- that ee;ly corrective actions <an be made. "The same argument'
- does not appf} to the activities directly carried out by the contractor's
i own force, since such delay trends in these activities can be detected
' by one or set of the previously suggested measures of the system, such
o S as ‘productivity, timely procurenent A} resources etc.
The performance measure suggested to detect deficiencies in
" the project s overall cost, is the direct costs of 1nd1vidua1‘;;t1vi- l

ties.’ The rationale of this choice will be presented later on, in this

| chapter.

g Performance Measures

- 1, Physical Progress of Individual Subcentracted Activities and

Subcontractor s Resources ) '

Plapning Requirement

. . ¢ . '

{ | . " The subcontractor should submit & detafled time schedule for
~ the execution qf*tpe activities undertaken by him, along with a schedule
e for the resources he {s suppbse&'to supply for the ﬁmpIementation of

g . .
. A\
: .
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- y
R . &
.

' his proposed schedule, The schedule shouf% be checked b’ the general

contractor's management team and should be agreed upoﬁ akd coyld be made
part of the s&bcontract' agre;ment in order to make ﬁoséib]e the rescission
of the contract as a corrective;gction in ca§;s of excessive delay or
negligence by either party.

The general contractor sh?uld fsllﬁw up, closely and qdité fre-“
quently, the subcontractor's adherence to the schedules. The resources
assigned by the subcontractor-to tHe project should be inspected by the dﬁ/

general contractor's team whether on site, on the subcontractor's own

stores and offices, or on his supplier's premises. Thik.provides a very

. effective tool for early detection of an expected delay by the subcon-

- Y

tractor.

,

Causes of Deficiencies .
= , , :

A behind tﬁé‘schedd1es si;uatjon can be attributed to any of

.

the following causes:

A. In the General Contractor's Domain

5

1. Delay of due payments to the subcontractor, because of
either negligence by certain employees, or inadequate pro-
cedure or policy of payments to the subcontractét may hin-
der the subcontractor's ability to acquire the required re-
souﬁbeé or pay his labour and Heﬁce delaying the work.

(Note .that the subcontractor's payment could be withheld
by the gene¥a1 contracéor ag a tactic to force a better re-’
< Sponse from the subcontractori.

The lack of effective channels for solving the subcontrac-

. N

tor's daily problems promptly and meeting his justified

\wv
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“10. Incompetence of.subcodtractor's‘est1maiors.

requirements.“ ‘ :

3. Pger planning or schedﬁ\ing of activities which might re-
sult in‘work interference or conflicts among the indepen-
dent groups on site i.e. poorKEoordination by the general
contractor.

4. Delay or nonfulfillment of any of the general contractor's
ohligations and duties that are necessary for the accom-
ﬂgishment of the subcontractor's activity. These include
déf?es like s1te preparation completion of precedent

act1v1ties, supply of certain pieces of equipment, certain

materials. site utilities, etc.

In the Subcontractor’s Domain y
1. ‘Inadequate planning or scheduling of activities or re- .

) soyrcés; _ - , ‘ ) .
2. - late de11veries of materials by supbliers or material shor- ;

tages in the ﬁarkeg;

3. Labour sﬁortages because of unexpected market condition;
4. “Low labour productivity;t
5.. Labour relations problems; ' ‘ S
?. ( Inadequate programs for regular care or mafitenance of

équipment;

‘7. Inadequate fo1low up and control procedures,
t

8. Ambiguity of drawings or specification that Ieads to under- N

estimation of activities' duratidns;

4y .
9. Incompetence of subcontractor's supervising persdnnel;
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?

2. Overall Time to Complete

-

Measurement of Time to Complete

»

The measutement of the time to complete should make use of the
project's previous trends For instance, after a considerable part of
“the project has been executed, measures like equipment productivity
should be re-evaluated on the basis of the actual.average productivity |
of previous similar activities. Also delays due to matters like labour
absenteeism, labour or material shortages should also be considered in
the re-evaluation of future activities' durations. A simiiar trend

should be assumed unless strong evidences of its non-recurrence

plete measure so that management would be able to evaluate more accurate- °

1y the consequences of any proposed corrective action.

*
. !

K
. :
v Causes of Deficiencies o

]

The potentia1 causef of expected delays are identified as fol-
lows : . \
1. Lowaabour‘or machine productivity,-delay by subsontrac-

tors, labéak\absenteeism or turnover or late de1{ver1es of
oo o rgsources. The poténtial cause of each of these measures
“hgve been identified previouslys. L
2. Improper decisién made by the site managementJin respeet
with the resource mix or qna1ity. or the construction
ﬂthées to be employed; ° e
. Labour strikes; |

| . [
. ‘mgnspection or supervision problems including sample

)

3
4. Problems with coordination of subcontractars;
5

are available. This provides a realistic estimate for the time to com- - _ .
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_ Mmeasure the cqnsequenceslon the total cost of the project.

p /.. -
-d‘ v
© . approval problems; ‘
6.‘ Constructton errorsy ° o "‘c
7. Equipcent breakdown;
8. Access to the site prohlems; | T ) - ‘
. é. Underestimation of dctivitiec durationf o v

10. Underestimatioﬁ of labour or equipment requirements; 3

11. Heather cpnditions. .
: : ' -
3.. . The Direct Cost t; Complete of Individual Activities

Definition .

o
- ®

~ The direct cost of any’activity is composed of the cost of the

three-major resources the direct 1abour, material and equipment

¢

It might seem that this measure 1s redundant since the cost of

D

each of the above resources has been a1ready accounted for by the other

Vi !

performance measure suggested earlicr. In fact,.the qirect cost ef.actjv-

ity is an independent measure that controls the frequently encouécered

s1tgations where the project's management, decide to introduce certain

al;erétiqns to the originally&gianﬁed methods of ccnstruction, resources
h

mix or resources quality. These alterations are introduced either at
/ ;

- the management's discretion in the intention of improving the project!s

performance, or as called for by some contingencies such as strikes,
major breakdown of a piece of equipment, market shortages of certain re-

sources, etc. To 111ustrate consider the case wﬁen the earthworks -

v o.

foreméﬁ decides to use machine in 1ieu of mahua1 labour. In this case ) ) N

the Tabour productivity or even the equipment productivity would not

- measure the appropriateness ofohis decision, and further, it would not

2 - ‘ - -

L4




- with the \nitially budgeted one, is more aopropriate Rere. ;

Comparing the expected total cost to complete of an act;vity
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4 ; Causes of Cost Overruns

Q

mater1a1s wastages (PROCESS PROBLEMS),

I . . N X 2w

Low labour or machine productivity, and high rates of '

°

2

Unfavorable market conditions,. inappropriate procedures or

&

efforts in procurement of the resources (PROCUREMENT PROB-
LENS).

-

The above cuases;shhuld be pinpointed by the respect1ve perf

ance measures which have been identified earlier. In case no def1c1encies

! 3

have been detected by these measures, or if the total consequences of the

detected deficiencies did not amount to the cost overrun of the direct

cost of the activity, then the causes of such overruns could be attri-

abuted "to any of the fo]]ow1ng causes: : -

- ‘ .

A" o N

* Inappropriate dec1§1on taken by any level of management -

to change the construction methods, resources mix or re-

sources quality; .

Construction errors; )
Overzealous or inexperienced supervising engineer/archi- .
¥

I

tect: -

) Underestimation of the direcg cost of ac;ivi;ies'beoapsz*‘\\

. ‘ . %
of any of the following reasons:

o a. Ambiguity of specifications or drawings;

b.” Human errors or 1nchnpetent estimator,

r)

c. Unexpected esca]ation 1n any of the resources price,

d¢. Errors in quantity takeo*?fﬂﬁngzrected wastage, theft,.

J
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‘Inadequate cost coding system which may result in inactur-

ate assignment of man hours, equipment hours or material

3

" to the various 9qt1§i§;es; \ .

3

Special problems related to the subcontracted activities

- such as the inaccurate stipulétion of the scope of work or
. P o . o N

‘othér condi;ions in the. subcontract which may give rise to
subcontracter's claims for extra. payment, orhthe rescission

;pf the subcontragt ~and thé appointmen; of another subcon-
tra;for under different (usuhlly more expensive) terms.
This action 1s usually taken by the -management in order to

avoid excessive delay by the first subcontractor.
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2.5 sumary ™™ .
. ) :. This chapter has presented a proposal for an integrated set of
perfbrﬁance measures that are gonsidefgd to be, co]]ective]y,»cahgb1e'“;;
‘,_;__‘ of detecting the vast majoritg:of performance deficienci;s which have
djrect or indirect impact on a project's cost, time or quality. Thef
) ” major causes of the deficiepcies highlighted by each individual measure
have also been identified.
To Hgmonst}ate that all -the variables affeéting a proj;ct;s
cost and Quratipn have been accounted for in the proposed scheme of

*  measures, a model for the total c®%t of the project is shown in F:?/’

K 2.7.A. Figures 2.7.A, 2.7.B exhibit the performance measures that/ can

'\detect deficiencies in each cost component. In the model.cost is~dividéd
into its direct anduindirect components. The total direct cost is the
sumgpf the diréct costs of all individual activities.. The indirect
cost cannot, by definition, be trdced to any single activity and should

¢ " be haridled, therefore, on the level of the entire project,

! ‘ ¢
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total area = 400 m?

beam_ reinforcement
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= 28 tons

slab reinforcement = 21 tons
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‘ CHAPTER 3 o
REALISTIC -CHARACTERISTICS o
, AND CONTROL PRACTICES e
. oF . L
. o BUILDING CONTRACTOR® ‘
. 3.1 INTRODUCTION : . )

o

Identifying the realities within contracting firms Ts a task of
vita1)importance, if the developed system is to be of practical value.
Unfortunately, there is 1ittle information ayai]ab1:gin the
' literature to help in this task. Moreover, those realities cannot be
assumed or perqgivéd throughtfullyﬂvsimp1y‘because they are far from
being systematic and 1dealist1c.‘ The'substantial dissimilarities among
,'firm§ hinder any attempfs to make valid generalizations based on an

indidﬁdua1‘s practical expérience (17).

| - ) '
Consequently there is a need to obtain reliable information on

the individual characteristics of firms from as large a samﬁle size as

—

possible. i ) : o )

1]

As was pointed out earlier, a previous phase of this research

program has investijgated in considerable’ depth, through case studies, =

" the various procedures and\éﬁpracter1st1cs of three contracting. firms
(17). Thé‘task assigned to this chapter s to suggest the means of

- ‘ 4 ¢ \
.
. '

3.2 PROPOSED TECHNIQUE ,

providing the lacking width,

A,questionnaire for the tbp management of contracting firms is

‘ Edggésted here as the mechanism for obtaining information on a large = *

+

. . L. ’ ,
. . - * . k
W o . . ‘ ®

- - a e e : e e o - - .
T, R R T s ATT v e . . o ~ ‘
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number of firms. However, a major problem with mail questfonnaires is

]a}:k of confidence in some of the.résponsﬁ as op.posed to detailed
1ntovvn{m. On the other hand, interviews. are very Eostl y as compared

to a questionnaire approach.” There seems t? be no way ﬁo avoid this
trade off. The mail questionnaire described in this chapter has been
tested by means of running it on'a narrow range. The details ,ofdthe test
and results will be presented later on in this chapter. It is suggested

that the accuracy of responses to the questions asked be tested by way

of a limited set of i}uterviews with selected firmms.

4 LY

s

3.2.1ﬁwsnonnnm£ OBJECTIVES L
i o ? o . ‘ (U

-«

The specific objectivé of- the proposed questionnaire s to

_collect information about the user's needs which will help in

directing the research team in the following crucial toptes:,
1. To identify prioriwties ahd areas of empI}asis of the system;
2. 0 To evg]uéte the fiegree of suc;:ess of curren: contractor
control procedures and identify areas of wea!messe.s;

3. To correlate problem areas with certain management practices

%
[

13

‘anq' characteristics of the firm; .
% measure certatin dimensions of the"\fjrm's'-chara;:fer'lsticls
and practices which may have, a direct impact on the basic
chariacteristics o% a management informatidn 'systen for c;;n-
trol. These dimensions 1ncludé: #he de_'gre'é‘_ of sbph’istica-
v tibn of cu;'rént procedures, the acceptab;e degree of phange
-4n” work re'llationships which might be imposed by the applica-
.f:jon of the control s'y‘item, amﬁi. the efforts and resources

that night -be utﬂiﬁzed‘ by or allocated tp the contrel fun-

tion; and '. '

4
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5. “To help the system designers determine the basic components

o{ the system which are-npplicablgézo all.firms, as distinguished from

those of special need or occasional use for individual firms.

3.2.2

)

.
. i
5 . .J

o

THf PROPOSED QUESTIONNAIRE ’ R

i S

. The proposed questionna1re is divided into four parts as follows::

1. ‘'Background Informatlon on Firm,

)

2. Firm's Objectives,
3. Techniques and Prdcedures,

4. Causes of Delays and Cost Overruns

| [ o

A complete copy;of the questionnaire may be found in Appendix 1.

The information sought in each of the above four parts will be

discussed.below along with the specific contribution, logic and

implications of the 1nd1v1duai questions included in-dach.part. "

3.2.2.1 Background Information on Firm

' Sohe understanding of the firm's background and basic charac-

terist1cs is needed for the fol¥owing purposes:

1. Important conclusions about the root causes of prob’
might be derived from correlating specific problem areas
with particular characteristicssqf the firm. Also 1t
mighf/be possible tosgttribute some-deviations in ]
response to Specific questions, from genera] patterns,
to some unusual characteristics of fndividua; firms. For

. fnstanLe, suppose that the work spbcontracted by a firm
js found to be a very high portion of 1ts total work

This piece of information would help explain a- response

!
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,which indicates that labour.productivity problems are
of no signi ficance on their projects. ’ ¢
2. To exc1ude from analysis,.firms that do not fall with-

In the specific range of this study as related to the

firm's size, role op project types. | ‘

3. To derive sone information ‘which will help establish
i _ the boundaries o? some of the basic cparacteﬂstics of
- . the developed sysfem. such “asldegr.ee of. sophistication
h of the techniques”as influenced 'by the ei;iployees‘ level

of education, etc.

<
e —'& ¢
QUESTIONS AND THEIR CONTRIBUTION: (
B Fd
! .
CONTRACTOR QUESTIONNAIRE
I. BACKGROUND INFORMATION ON FIRM .
. ¢ 1
1. Please identify the major role of this fim:
___ General Contractor
'Prime Contractor /
~ Specialist Contractor (or”sub-contractor)
¥ pPrefabricated” Items Supplier _ -
~_ Maintenance .&ontractor ‘ -
___lOther., please specify Ly
:2, The annual work volume of the firm is: '
:_-Below 2,000,000 ° 20,000,000 - 30, ooo 000
___ 2,000, 000 - 5,000,000 30 000 000 - 50,000,000
* 5,000,000 -19,000,000 50,000,000 -100,000, 0o 4
'IO 000 000 -20,000,000 Over 100 000 000 ‘
S~ N

The above'q&estions w1l be gmployed }or the following purposes:

o~

. To screen out firms Gmicﬁ_do not fall within the present

AR 4

range for this study ($5 million to $50 millfon); .

~N .
L

To cg‘rrela‘t% construction problems and contro] practices

i
/

‘ N {
- . .

b

[
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'

with the size and role of the firm.

3. a) The firm is a: Public Corporation -

Private Corporation \
. )

The type of oﬁnership“can provide some useful notion about the

nature of the management procedures, as to the acceptaﬁle degree of

L4

formality in the interrelationships as well as the perceived need'for

control and the need for accountability to -external bodies’ or share--

holders. For those firms which are private corpbratfons, an assumption

. can be made that the majority of them are family owned, based on previous

experiencg (17) and consultation with knoh]edgeab]e persons in the in-

.dustry.

o

¢

:4 Please describe’ the types of projects with which the firm is invo1ved

by completing the table below.

Please indicate, in percentage terms,

-+ how much of the anhual work volume in dollars is ‘accounted for by

each project type.

PROJECT TYPE

% 0F | PL

TOTAL WORK |-TYPE

SE INDICATE SPECIFIC PROJECT

(e.g. LOW-RISE APARTMENT BLDGS.)

a) Residential Projects
b) Commercial buildings
,€) Institutional building
"d) Civil Engineering
projects Ry
-water treatment and

* distribution project ’

~highway preject
-other transportation
projects
.-marine engineerihg
~hydro projects
~other:
e) ‘Transportation project
£). Industrial projects
g) Other types
(please specify) .~

-

N T
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rather c1ear image of the technical complexity of the projects under-

¥4

The detailed type of projects provides the reseerch %eem with a

taken by the firm, yhich might be correlated with the kinds of control

problens faced by the company. or with the nature of the controlling pro-
cedures currently adopted by the firm.
ficant value for the desfgners of the control system, in the fask of

distinguishing between the basic components of the system and those

These correlatfons are of signi-

needed under occasional circumstances or by ohly a few users.

5.

about the firm's relative success, (especially in a stable market).

The approximate annual growth rate of the firm over the last three

years is

The growth rate in terms.of annual volume gives some notion

¢

The

»
relative success can-be correlated with their current control trends and
H .

hmny’ether characteristics such as the types of projects undertaken, ratio

of work carried out by‘6Wﬁ forces versus subcontractors type of cpntracts,

-

educational backgrouﬁd of employees and firm's ‘goals,

As well,

it yields impeftant information kegard::s\a1lowances

to Be made for expansion in the capacity of the firm's control system.

,6 L]

The MAIN market in which the firm operates is: »
Within the city of
Within the province of
A1l over Canada ~ ‘
Internatiopal (please specify countries)

This question helps explore the implications of geographical
1

!

control practices.

!

’

a4

.

" dispersion of work with cost and time control problems and specific -

-

~F
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7. Please complete the following tﬁble which deals with several
firm's projects. Please divide the
range of projects undertaken by your firm into the categories

characteristics of the

“Large" and "Small".

DESCRIPTION

LARGE PROJECTS

SMALL PROJECTS

a) Average project $

value
b) Average project

duration

c) % of work usually
sub-contracted

d) The company's own
labour work force
at peak

e) The firm's site

" management staff
Per project
consists of:

g

1

1

- Men

Project Manager
Project Engineer
Superintendent
Asst. Superintend.
Foreman

Clerk (time-keeper)
Other (pls.specify)

Men

.

No.

Project Manager
Project Engineer -,
Superintendent
AsSt. Superintend.
Foreman

Clerk (time-keeper)
Other (pls.specify)

i

f) The percentage
breakdown in
‘contract types
for large and
small project is:

R

——

.
———
——

Fixed price

Cost plus

Turnkey -
Construction mgmt.
Other (pls.specify)

Fixed price
Cost plus
Turnkey
Construction mgmt.
Other (pls.specify)

.

Ao

g) Nature of work
usually carried
* out by the
company's own
Tabour force

I T e T T

e e ]
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The tnformation sought by the above question serves the
fbl!owing purposes-

1. To develop a better understanding about the firm's‘actual
role in a construction-project. This understanding will
héln the system.de;igners meeting the contractors real needs,
For example, knowing the amount of work subcontracted, can
help the system designers understand the relative fmﬁortan&e,
to the contractor, of problems related to subcontnactoré-
coordination versus tne problems of labour and maferiaI

‘ _cont\r\'ol R ) | | L

2. The types of contPact provide useful information about the

' degree of formality required for the firm;s planning and
control systems. For example, cost plus contracts requine
that the contractor demonstrate to the client the basis
for actual expenditures, which requires e formalized cﬁstro]
system. ’ ' R . )

3. Project value and duration help in assessing the response
time and/or frequency\of reporting required in order to

'

initiate corrective action, as required.

e 4. The size of a project's management staff proyides vital

s

input regarding: b

a) The appropriate classification of and anber of levels
of management personnel Which" iﬁﬁacts directly on the
data avafiable for control The amount of data
available determines the level of detailed reporting
‘that can be carried ont with respect to time, cost and

Y.
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' content control.

{

8. The average number of projects undertaken at any.time 1s
How many of these are large projects?

The number and size of projects undertaken simultaneously
provide some unders§9nd1ng of the intensity of involvemént, by the top
management, inmthe affairs of the 1nd1viHUa1 b?oject.w:This-provides
some notion about the nature and quantity of 1nformatio;’which is
actually needed by head office management with respect to individual
projects.

‘ The number of p?oée;ts also has some*significance on deciding
about certain basic characterisiics of the system such as the size of
the computing facilities required Finaliy, the numbe; of simultaneous
projects affects the task of mu]ti-project control and reflects on the

sophistication of the planning,‘schedu11ng and resource a]locat1on and

cash flow management techniques that are required

1

9. Head Office staff consists of people, of which: . are’
clerical and secretarial staff.

The size of office staff will give some notion about the

degqpe of centrallzation of the fi which 1mpacts directly on the

nature of 1nformat10n required for the various levels of management, as .

ydetermined by ‘the duties and responsibilites assigned to various

managemékt personpel.
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10. Listed below are job categories and a range of educational back-
grounds which may be associated with them. Please indicate all

applicable types of background for the categories relevant to you}
ftrm. . Co.

BACKGROUND g

Exper. ®Commerce Other High

CATEGORIES Trades- Téchnol- Graduate or Bus. Univ. School Other
. man ogist Engineer Graduqte Degrees Graduate Qual.

Vice-President(s) _ ' -
Department Mgrs. '

Project Managers

Project Engineers

Superintendents : ’
Foremen - . , .

Estimators

Planners

The educational background of the personnel on.each level of
management is directly related to the acceptable degree of sophistication
of the techniques that can be employed in the MIS and the output formats

presented to each level of management.

3.2.2.2 The Firm's Objectives 2\
-

' The firm's objectives reflect its general philosophy

and trends. The organization's philosophy has important implica-

tions that might influence the basic directions of theldgsign of the

“contro1 system, as will be demonstrated below. Firm's objectives also

give important implications about the market and environment in which

the firm operates. _ ’ , o

©

THE PROPOSED QUESTIONS AND THEIR CONTRIBUTION:

1

II.- FIRM'S OBJECTIVES

A )

11. Please rank the following objectiveé in terms of their current
importance to the fiym (most important first): ,




Survival’ !
Maintain a spectfic volume of work
Achieve a specifted return on volume
Achieve a specified return on equity »

Achieve a specified growth rate -

Develop and maintain a reputation for timely completion of

LT

- 66 -~

t

( work within budget

. ___Diverstfication into a larger number of project types
Other, please specify:. _ ~

Some examples of the conclusfons that can be derived from

the above questions along with their implications for design of a con-

trol system are:

1.

AR

.

If growth is highly ranked as an objective,‘the system
capacity should be maoe adjustable io accomodate ;JLH
growth in the future.

The- re1ative ranking of the return on equismgpbjective
versus the return on volume may be utilized to conclude
the best way of expressing the project‘s profitability
in order to be consi§tént with the contractor's concerns

and way of thinking. If these two objectives are given

. high priority, then cash flow management should be treat-

ed as a key component of the friformation systen.

1

12. Please rank the following factors in terms of théir significonce to
the company's success and effectiveness:

____ The development 'of a reputation for timely comp1etion of
T work within budget

Satisfaction of employees

The internal development of the firm's management and
operational procedures

___The capability to adapt to change’ in technology and
- T market requirements

—__ Other; please specify' .

LRSI et bty A s B Y e L T B cbopd e s s
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Examples of lhe way of reach1n§ conclusions from the above

| questfon are given below:,

do If timely_completion of projects is found to be of high
significance to the majorfty of the firms, the systen
must be ﬁade capable to compute tiﬁe to complete which
might require some degree of sophist1cation in planning
and, scheduling algorithms. ‘

2. A Bigh signif!cance to the factors of internal develop-
ment and the adaptability to changes in technology may
ref\ect.a perceived need to improve the cu;rent manage-

" ment and operational procedur;s.. This helps establish

the boundaries of the acceptable degree of changes to

current procedures and trends.

/

Techniques and Proceédures

This section of the questionnaire is directed at 1dentifying .

. .. \ . . . ° .
currently used procedures and techniques, as well as the data collected

by the firms in areas related to control. This information is needed

since dramatic departures from current practices are very Tikely to be

resisted. Mowever, a question has been included to measure the severity

of such presumed resistance.

f
¢
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13. If you make use of computer services, please check off the ap-
propriate entries in the following table: :

T e

COMPUTER FACILITIES ”

SERVICE BUREAU - IN-HOUSE OTHER
FUNCTIONS ~~ =~ BATCH PROCESS- TIME MINI- (PLEASE |
N ING® SHARING ~ COMPUTER SPECIFY)

Payroll

Financial (acctg.)

Job cost acctg.

Estimating

Cash flow analysis:.

Planning & scheduling v -t
 Procurement '

"Inventory control .
Work progress .
measurement )
Other (pls. specify)

- TQ- - A0 TN
o Nt Vet N NragstP Vgt Vgt "t s agt®

.
<.

.

The question is directed at measiuring the degree of computeri-
zatian of the proéedures related to control. The question also seeks' q
to fdentify the most prevailing type of conputer service utilized by \\ o
'contractors. Also the use of computers can be correlated with prob-

: ]ems. or lack of it, with'respect to tfme and cost.

2

/
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14. For each function identified in the table below, please indicate
the techniques employed, such as C.P.M., Bar Chart, line of bal-
ance, cost accounting, committee reports, etc. for the firm's
large and small projects.. Also, please indicate whether you are
satisfied or dissatisfied5%1th the techniques in each case.

LARGE PROJECTS SMALL PROJECTS

FUNCTION . ‘ ‘ SATISFIED? SATISFIED?

° . TECHNIQU§§ ——————— TECHNIQUES

YES NO YES NO

a) Estimation of project <
duration for bidding ’
purposes

b) Cash flow planning °

c¢) Work planning (schéduling
of activities) -

d) Procurement planning and : . ' -
follow-up

e) Resource planning and
allocation Y,

f) Measuring work progress

g) Controlling cost and
expenditures

h) Inventory control

i) Evaluating and documenting
delays due to change orders. .-

da.

[
the techniques currently in use by contractors. Significant changes
in existing techﬁiques required by a control system.'iq terms of the
. degree of sophis;icatidn. are very unlikely to be accépted by the

contractor, .

. = ,
The degree of dissatisfaction can be used as an indicator

that spots the control areas that\need 1mp?qVéments anh subsequently

the areas that should be given more attention by the system designers.
The techniques used for each function can be correlated’

with certain areas of problems, in terms of cost and time control.,

The question is measuring the'degree of sobh@stication of
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15. Which of the following data are collected by your firm during the
executton of a.project. Where applicable, please indicate the
frequency (Daily, Weekly, Month1yg of collection these data for
both large and small projects. : :

DATA ) " FREQUENCY FOR FREQUENCY FOR
A, LARGE PROJECTS . SMALL PROJECTS

DAILY WKLY. "MQOg-- DAILY WKLY. MO.

—y

.a) Foreman's report on the
-distribution of labour
hours to cost codes or
activ1ty numbérs
. b) Foreman's report on the
distribution of equipment
hours to cost codes or ,
-activity numbers .. ' . .
_¢) Cumulative list of ]
materials (delivered to :
site to date) s e
d) Unused material on site ’
e) Overall: progress for each .
activity . , ‘ : [
f) Report on sub-contractors ' ‘ '
work force, machinery and
materials on site -
g) Supervising engineers*
comments and verbal
dnstruction record
h) Other (please specify)

Each of th§ above'11sted data is basic and.’essential for
cértain coﬁtrolvareas. The non-gathering or 1nadequate frequency .of
gathering of ahy of these data, can be used as an 1ndicatqr of a .
_'deficiency in the control procedures relatﬂahYO the specific area and

can severely limit the degree to whfch problem causes can be pin-pqﬁbted

4

P

[
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16. When a firm attempts to 'refine 4£§ existing project and planning

control techniques, changes in existing practices and procedures
of the firm, along with the roles of individuals, may be required.
Some potential areas of change are identified in the table below.
Fg: each change type, please ‘indicate the likely degreefpf accept-
a ]it,y- *

POTENTIAL AREAS OF CHANGE © TNOT ABSOLUTELY L.
ACCEPTABLE RECOMMENDED UNACCEPTABLE “

ic) Degree of modelling work

d) Degree of centralization of

a) Motivation and incentive policy
b) Degree of forma11§y of work
relationships among emptoyees

procedures , (standard formats, : - »
official job descriptions, etc. ) ;

decision making authority ¢
e) Degree of sophistication of °
management procedures and v
- technology .
f) Structure of this firm s -
*  -organization Y

-4

\
'

The introduction of a control system is usually accompanied

by some chgﬁges‘in procedures and the social -and power structure of the

firm. The resistance to such changes is a commonly cited event in the .
behavioral literature.on'orjanizatioﬁs (8).” The obvious cause advanced

for this resistance is that those changes have the potential of threat-

s

" ening thevstatus and the relative power of the manabement persannel,

' The question is seeking to measuré the severity of resist-'

" ance to particular areas of change. This wil] obviously help the de-

signer in drawing his boundary lines for the acceptable range of change

meosed by or resulting from the use of the system.
L g

a

et
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17. Which of the following 1nfbrmation is usua11y included in a Job”s
progress report? (Please check off when 1nc1uded)

- 1 ’ a
. .
. f

-~
< 2

INFORMATION ) LARGE PROJECT  SMALL PROJECT

w

! : : . L
. r—

a) Labour productivity for each activity
b) Equipment productivity for each
. “activity
c) Man-hours actually consumed to date
for each activity
« ) Equipment hours actually consuned to:
- + date for each activity >

Materials actually consumed to date
for each activity
Physical progress
Expected time to complete
Cost to complete o -~
Materia) requirements-(e.g. for the ‘
next reporting period) o 5

Change orders report “y//
. -

D

-t I

Claim for extras 4
Quality of work
Site problems report

LS L L e et Nt Vs Nt L g

= Sl S

-

Although certain data appears‘ be collected, as investi-
éated in question 15, there is a possibility that these data are not '
fully utilized. The question is trying to identify the informdtjon ac-
sua11y'processed and made availabIe to use by the’management: Tﬁjs pro-
‘cessed informatian, or more specifically the lack of it, will be correl-

" ated with' the areas of time and cost control problems a certain contrac-

.:.\ - - - !’k}\
' tor is facing. N, . Co //;

3.2.2.4 Causes of Delay and Cost Overruns -

S | Understanding the re]ative significance of construction probiems
.can be utfiized by the system designers as follows'

. ]. aApprqpriate allocation of the system design resou;ces, by focus-

' ;'?3. ;‘n‘ ':L; .ingon the aspects of performance that caisse the-greatesi number

[

e . of problems. '
. o "‘ a » . !

T Y



- 2.; Corre'lating ‘{ie significant problems encouhtered by a certain
firm, with thé firm's general characteristi\s will help dif-

, 'ferentiate between the sys;tem s essential components, and the

-~

- subsidiary conpqgents For instance. suppose it s observed\' ¢
that labour tur‘nover is causing significant cost overruns for
, % . ' ' on]y a few firms that are working in a certain area (probably
. where a temporary consrtruction boom 1s oc<:uring), therefore, *

the rate' of labour turnover can be dropped as a component of

i

bt : — ‘ the basic system and can be made avai'lab]e as an optional ad-
A! « LI )

o~ T ditiona'l compdnent. T

Q

P e ) " I Corneiatmg the problems Laced with by a certain firm. with
e p ' ..the control prqcedures adopted by the fim and reiated wkth
- 7 ‘ eoa

N T the c%tain area of problems. may help spot-light the defi-

. : ) -
4 - N . k. - N

! ‘ ’ ciencies in those procedures. :
z.f . G A
é " ) . ) T . . -.\

£

% ~ °.THE _QUESTIONS: = - . | _y

-4 .
.

; R ' CAUSES OF DELAY MD COST OVERRUNS

I roe 18, Listed beiow are several factors.which can cause construction de-
f © ™ -+ . <. . lays, and whichtthe contr r can exert some control over. Please ' s’
T -‘,' ' indicate the degree of si cance of- each factor in terms of {ts
‘ .~ *cause for time delays on.YOUR projects. " Note that factors such
.27~ as”force majeury He‘ay of drawing; etc. are not included as they . -
are regarded as being comp]’etely beyond the control of the contrac- ‘
s " tof. '

N 1
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18. (cont'd.)

AN

K]
3

 DEGREE OF SIGNIFICANCE

(¥4

FACTORS

., , , VERY .CON-
N SIDERABLE ABLE

CONSTDER-

NOT SIGNI-.
FICANT OR
MINOR N/A

‘a) Late deliveries of materials
by suppliers

b) Temporary material shortages
in the market, especially for’
tantinuously supp]ied
materials (sand, scement, etc)

c) Low labour productivity

d) Laboyr absenteeism

-e) Labour turnover -

f) Labour relations problems

g) Lack of overall ‘plan for
execution of project’ “

h) Insufficient detafl in
project plan

1) Duration of activities '
underest imated )

J) Equipment and labour
requirements underestimated

k) Schedules not updated
frequently enough to 1dent1fy
problem areas

1) Lack of accurate data on job
progress | -

m) Delays by sub-contractors o

4 n) Problems in co-ordination of

. sub-contractors
. o) Equipment breakdown * .
) ;p) Problems with access to the
site” ’
q) Errors in drawings
; Construction errors
Inspection or-supervision
problems
t) Sample approval procedure
. u) Lack of an effective tool for
forecasting time. to complete
v) Other facfors (please specify)

-

st e bt M . W s

[ VO
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19, Please rank in order of significance (most significant first) the
five most important factors which cause construction delays in
your projects.

] . ' s . .. R - s e

. " ” ©

2

3 | .

. ‘ - )
5. _ i - |

. [ 4

20. Listed below are several factors which can cause cost overruns, and
over which the contractor can exert some control, Please indicate
the extent to which each of the factors results in cost overruns.
Note that some factors are not included here, as they are regarded
as being completedy beyond the control of the contractor.

DEGREE OF SIGNIFICANCE

FACTORS . s ) NOT SIGNI- e
: VERY CON- CONSIDER- FICANT OR
SIDERABLE ABLE MINOR N/A

¥

1) Delay cawsed by labour
. shortages in certain trades
2) Delay caused by late delivery - v
of materials
3) Delay gaused by sub-contrac-
tors ‘ '
4) High rates of material \
wastage on site - t " .
5) Material loss or theft )
&) Low labour productivity ,
7) Laboyr turnover - > N
8) Labour relations problems . pd Co
* 9) Labour costs underestimated , . ’ ’
10) Material costs underestimated : . t T
11) Equipment costs underestima- i :
.. ted . . _— B
12) General conditions under- '
estimated )
13) Financing charges under— -
estimated | .« @9
14) Unexpected escalation of . . .
. labour wages ‘ . '
15) Unexpected escalation of - ‘ ‘ !
material prices. N - - S LT
16) Unexpected increase in .o - . : —
interest fates ) .o . L Sl e ‘
17) Subcontractors co-ord1nation L. . ' s
mbwems N . Lo NER

[ v v Y
- g .

L]
[S PR
- .



20, (contid.) '~ . , . ‘ i
DEGREE OF SIGNIFICANCE

FACTORS . . 'NOT SIGNI-
) ' VERY CON- CONSIDER- 'FINANT OR
\ SIDERABLE ABLE MINUR N/A
18) Equimnenf breakdown ;

19) Errors in drawings
20) Ambiguity of specifications
or drawingg which result in
an inaccurate cost estimate
21) Construction errors o
22) Inadequate quality control = . =~ - S
23) Inspection of supervision .
problems T
24) Lack of documentation of ‘e
claims—
' &Qz Inaccurate assignment of
-manhours and equipment’
hours to cost codes . ' ~
26) The lack of effective tools -
for forecasting cost and
time to complete -
27) Other factors (pls.specify)

4
4
[}

21. Please rank in.order of significance (most significant first) the
five most important factors which cause cost overruns on your
projects . .

. 8
l. ‘ *

L] ~
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3.3

e

3.3.1

L (I

QUESTIONNAIRE TESTING pom v.

The proposed questionnaire»has been submitted by‘qgil toa -

L4

sample of eight Montreal based contractors, fbr the purpose of:

/ a) Deciding about the appropriate method of circulating

the questiopnaire; by mafl versus personal dnterviews,

_bedring in mind the.economicalc considerations measured

by the cost per single resp;n'se, and constrained by' the.

need for a fairly hig)h' number of responses.

'b)r Revealing deficiencies, 1f any, in the questionnaire
structure.such as‘ambiddity, perceived over curiosity,

3

Tength, question missing, etc.

RESPONSES o | ' '\

t

3.3.1.) Response Rate - . / ‘ )

A Ve Three: questfonnaires have beem received back from

contractors. The response rate is encouraging, but still
efforts should be exerted-to ensure high.rate (jf response,
bearing in mind the very small sample used. " A considerable

body of Hterature exists on how to maximizg the response rate

 to mail questionnaires (5), (6) (9), (10),. (YZ) and (16)

‘In spite of-the contradictory resul ts occasfonally ,

‘ reported about the effect of some of the techniques for running

- questionnaires. some of these teclmiques a‘ppear to carry

potentiai 1mmct on 1nprov1ng .the response Fates of the proposed
questionnaire. These techniques are smartzed Qldw. | ‘
- - , e
1. Advince Notiﬁcation‘ e

. - . There ts agreanent among researchgrs thut contac-(

“

-

; . P . .
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'

"ting respondents prior to sending them the mail
questionnaire increases tpe number of.question—
naires returned.u Advaﬁée notification in our
cagf‘couId be effective if it can be submitted
by one of the reputable' contractors' a§sogiations

‘ recommending co-operation of conbractors.

JPersonalization:

The sponsor ﬁay add as a personal touch a hand
written signature or hand written postscript to
the coveripg letter. A]so,ehe should introduce.
and personalize the researcher and identify the
sponsoring organization.

Confidentiality of Response:

,This should be ;1eariy stated in the covering

Tetter (a copy of the covering letter used for

the questionnaire described in this chapter can

be -found in the Appendix).

Follow-Ups: ' o

This include:éipy contact'with respondents after
)

the inftial 1 out of the questionnaire. Contact

-

can-take the form of*letters, post cards, telephone
calls, personal visits or some coﬁbination of these.
.These techniques ;éem to be consistently effectivé
in 1n§rea§ing'respopse rateg. An additional copy
~of. the questionnaire ma& be enclosed since the

first may have been lost or mislaid. -

.
. .
s ~ .
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5. Incentives:‘
The covering’1etter which accompanied the ques-
tionnaire in the tested samples included as an
) " incéntive for contractors a'promise to forward
the results obtained from compilation and ah an-
alysis of résponses to those providing informa-
tion. There is an agreement among researchers
about the positive effect of incentives on in-

creasing response rates.

3.3.1.2 Response Analysis

N

)
While it is beyond the scope of this dissertation, it is
*  worthwhile to indicate briefly how the questionnairescouId be ¥orma11y

analyzed. fhe\most prevailing method of analysis is corre1at10nu A
-
correlation coefficient can be computed to indicate the degree of linear-

ity between two,variablgs being consi&ered. .This is a measure of the
'gtrength of association between the two factors. 'Furtheﬁ, the. square

of,tpe correlation coefficient*is the proportion of variance in one

variab1e explained by the other variable. Additionally, a standard sigd

nificance test indicates it any association statistical1y_exi§ts. Some

»

examples of variables that could be correlated here, are given in the.

following tabTe: -
) ] v
DEPENDENT v'AnmLE " INDEPENDENT VARIABLES
* (1) (2) 3)

-Use of hfktiCated -S1 =T -
tech.,iqﬁgg(e ticated  -STze of proJect “Type of project -Size of fimm

-5

-COnstruction STt staff's  -Size of project -Type of
errors educational = staff contract
. "] - ' gack round <
-Low Tabour. -Use of cost - -A erceived -Site staff
productivity . . codes § 1cance 0 stge

' satisfact f

. : oL emp1oyees y -
v L , managanen .
S T S { ' "




'R}

Other ;te}istical téhniques for analysis are:

- BO- ‘. ’ ‘ |.

(2) Factor analysis, (3) Correlation and variance using factored data,

(1) Analysis of variance,

(3) Regreseion using factored data, (5) Path analysis; -and their gescrip-

tion may be found in reference (13).

3.4

3

PROPOSED IMPROVEMENTS 10 fHE_QUESTIONNAIRE

The fof?bwing 1mprovements or alterations are suggested on the

].‘

Modifchtions to_some Questfons- I

basis of the analysis of the returned questionnaireq

A1 spaces requiring long written comments or specifications

'shoulh be omitted .in the questignnaire and replaced by a

Tist of possible answers to be checked or circled by the

're;pondents. The spaces allocated for such comments in the

tested qdedlignnaire have been left blank in almost all the»

cases.

A question might be added at the end of the questionnaire to '

ask the respondents whether he accepts a personal interview

for follow-up, (if needed) . In case of aeceptance, he should

“{dentify his name and firm. Some of the answers were found

to need explanations or clarification.. 5

For those firms makfyg use of computers, a question should

K "

be included regarding the criteria considered for deciding to

use and selecting computers.

" A question might be added about the firm's strategfes for
training and developing the skills and knowledge of its
\.émpldyaes. 9

(]

Question (7), item (g) should be reworded to make c1ear

.
T . . : .

)
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'{.and to,‘lnclude othb? ﬁctantm* caus's-.;f; | ;

-8 - !

that the information sought is the description of the

work carried out by the firm. In one of.the returned

3

" questionnaires, some percentages were given by the re-

spondent. In {tem (e) the list may be extended to in--
clude add,iﬁona'l 'posiﬁons,especiany for project admlin-
istrative staff. - : |
In question (10), 't.he(presildent may be included as’a
category.’ The president's education may be correlated
with the emplo.yee's average educational background and
with ttie degree of sophistication of the fim's p;'o-
éedures. | |

question (14), degree of satisfaction with the used
tec‘hnique should replace the satisfiéa/g!issatis’ﬁed
classification. " n all ‘three questionnaires returned,
r;spondents were satisfied with the techniques used for®
all functions..

Questions (15), (17), it could be useful to ask respond-
ents to attach forms used for co]Jectipg various data.

for contro_li,‘ if'they are willing.

Quest’ion (lsf. the question may be reworded in order °

- to be better understood. In one of the retumed ‘ .

questionnaires. this was the: only unanswered question.

Question (7, respondents mght he asked to at‘tach
forms of progress repovts ﬂ' ‘they- m'e wﬂHng. |

‘.Quastions*(w),. (20),- the causas of dela; and cost over-

runs may‘ ba axpanded to be mqr,e ﬂetmed and »specific

-’
L]

I

-
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. o : H. In Question (4), transportation projects. were re- ’
. peated twice in the same question. The error can be j

o o _ corrected by omitting item (e). A ' '
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) . -t ' CHAPTER 4

ACTION AUTHORITY AS A DETERMINANT
. OF 'Q
INFORMATION NEEDS oo

4.1 INFORMATION. BOUNDARIES

i

As was statedAEarlier, there exists considerationstwhich
impose important limitations on both the nature and the amount of . .
1nformation that can and should be made availabTe to management persofi- |
nel in a contracting firm. Information giVen should be réleva%t with the
duties and responsibilities ‘of the 1ndiv1dua1
. | The function of the .control system is to assist in correcting
the direction ‘of any aspect of performance that is not consistent’ with
the finn s goals and interests. These corrections are effected by means
of corrective actions taken by the various levels of management. The
{ information needs ‘of an individual can, therefore, be defined as the
essential 1nformation needed by the 1ndiv1dda1‘1n order to assist him ,
; ~ - taking the optimum corrective action among the var'ious decision alterna-
| tives open to him under his job capacity.
Identifying the corrective actions that a job 1ncumbent is em-
\ . Lpowered\ to initiate, can be used, therefore as a detenminant of the

information presented.to him by the control system,
. | N .

' 4.2 - PROBLEM IN:APPLICATION
In- order to put the action authority in use -as an {nformation

. ' determinant, a difficu1ty exists as a result of the assignment of dif=~

ferent duties and respon§1b111t1es to personnel having the- same Job title

~ e
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but being in different firms. The pertinent dis%imqiarities among firms

fnclude: 'S 2

- : 1. The project organizational structures of site management
gj personnel and .their interface with the head office;
? : ’ .

2, The distribution of authority among the various management
o
Tevels, '

I

‘ 4.2.1. THE PROJECT'S ORGANIZATIOﬁAL STRUCTURE

The organizational patterhs of a project embraces the following -
o + N ‘ '

dimensions: ’

1

3

a. &ertica] span of control: which is bagica11y the numher of
hie;ardhiﬁf Tevels of management (eg. project manager, pro-
N .dect e;\¥nee;, superintendent, foreman); X *
‘ b. Horizontal.span of supervision of the various 1eve1s of . A
management which is the number of units. groups or persons g
which are supervised by an individual at each level of man-
. agement; hd '
)7 c. Designﬁconfiguration: which 1s the way the control and re-
ﬁortjng 1ines are desigﬁed. A préject.team might have a |
" one way authority line.or ipstead, two way éutﬁorjty Tines
whéré fuﬁction61 authority 1ine is added. A prsvious phase ‘ .

6f this research program has investigated in detail, the re- -

1port}ng and control lines adopted in three contracting firms

el ooane S ‘ .
o ‘tﬂ§”5" Qéy, : The organizational patterns vary consideranly from one firmm to

i}

]

!

1
KN

L%

- 4 g
v o
3.

¥

another and also withfn the same firm, for d%fferent;projects. These
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are: the proj%ct size and type (complexitf), the degree of sophistica-
| £ C
tion of the firm's procedures, and the::gnagement persennel's skills

and educational background. **

4,2.2 'THE DISTRIBUTION OF AUTHORITY AMONG THE VARIOUS LEVELS OF
MANAGEMENT - o
The authority and degree of autenomy designated to eacp of the
fim's levels of managementcvary considerably as a function of the fol-

lowing parameters: ) ‘
k]

“ : as the magnitude of the differences in’skill and education-
al background among the various 1evels of management '
2. Formal versus information patterns bf work relationshiﬁs-

among.the variogs levels .of management."ln?brmal relation-
¥

ship.patterns can be identified by the domination of verbal
reporting procedures as opposed t8 written procedures lack

of clear distinction between responsibi]ities duties and

authority and the lack of policy-manuals or non-adherence

to them. ’

'

. 3. The top mnnagement trends JLCIared policy as to the bureau-

‘cratic versus the ndhbureaucratic style of management In

the bureaucratic style decisions are standardized and auth-

ority is ‘more centralized ' .

-

4, The. size-and the degree of coplexity of the proJect.

‘.5; The ‘number of the firm s ongoing proJects, whjch determines"

the_ extent to-J%ich top management can become._ involVed in

o . . \ ' ) \r
K . the day to day or operatio 1 control aspects o{ an indivi~ ) .

dual Job and tbe managerial aspects of an~individua1 Job.

* .
- * o ’ L -~ ,o- L
- n ) N ,

[ fmt e S

- 1. Thé‘overall quality of the firm's human resources, as‘well‘

M

o At




-

- 86 -

A

Variations in Job functions because- of the foregoing factor§

.

exclude the use of a standard format for information owtput, for the - .

individuais holding the same job’tities in different firms or even in, ’

the same firm but in different projects.

format is suggested here.

below:

|

_ 4.3 THE ADJUSTABLE FORMAT CONCEPT

Consequently, an adjustable-
The working details of this format are given

Recailing the basic hypothes“is here’ is that che information pre-

-~ ~

sented to a certain individ\:al in a firm shouid be. comensurate wi th the"-

authorities assigned to him in inftidting certain corrective actions.

sented to the individuai 's superior or the top management- in the form of

Ed

a check iist.

al's capacity in the act¢ion making process.

1

In order to identify the boundaries of authority assigned to cer- .

tain individua'is in a given fim~,a breakdown of authq,rity is to be pre- .

The superior checks off the Tist to specify the individu-"

C
Ifa formd1 job description ., '~ *

is in use by the firm the 1ist can be checked off fon all levels of

A management by the cost engineer (or the controi officer in genera'l)

4.3  SUBDIVISION NOF THE CHECK LIST

AY

-

could be too 'lengthy for practicai lése, as it Should ,__c)i ude the full .374
- range of actions that might be taken by.all individuals in,a firm. ..A‘ ' . ]
way of subdividing the Hs‘t is requi red.

‘a subdividing scheme is.to provide a way:

_____

subdivision.

The folldw

The ma30r prerequisite\ of such’

whi%h each individua'i be - -

,
' ‘J./',
]
- .

lf a'single check iist is‘used for all ieveis of management it . u,

subdivision scﬁeme
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4.3.2  THE CLASSIFICATION SCHEME, ’
- \.’
et 3
- . The sch@me uses the variabl®, span of supervision,’ whereby any

[4 «

individual 1s classified égﬁording toxthe span of act1v1t1es he is con-‘
cerned with. The classification is as\fo]\ows

. A‘single activity span (eg\ form.work, steel fixing, paint—l

N 4 , \ \\n

ing, etc.); e ‘ o S '
s . 2. A group of activities span (eg. finishing work, structural
shelld; . - : . ©
= Co. X
3. An 1ntegqeted part of the site works h1ch could be’a part
of a large site or an 1ntegra£€3\§ffe in a multi-sites pro-
C o ject; S . . . o

¥

' -
4, 0vera11 site work span (eg. Site anineer, Superintendent);

_— 5. Overall project respons1b1]1ty span (eg. Progect Manager,

Pro;ect Engineef, Project Cost Eng1neer1 Personne] Officer);
6. Multi-projects span (eg. Projects Manager, Area Managgr,
Area Accountant, etc.);l
7. Overall Funﬁtional span (Engineering Director, Purchasing
- " | Manager etc.);

8. “Firms top management (President, board of directors, etc.).

&
i e

4.3.3  CONSTRUCTING THE CHECK LIST AMD IDENTIFYING THE REQUIRED
INFORMATION ' i

b

[y

. The procedure is as follows:~
|

1. The major -sources or causes of deficiencies should be es-

"~ tablished (this has already been covered in Chapter 2
of this study).-

- 2. The fd]l’range of ac

L]

'Sns that cdn be, isitiated by all

<
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b. - The specific authority required for initiating the

1eve1§ of management to corpect c?rtain‘deficiency, given

its specific source is to be determined.
For each action 1dentified in 2, the following corr spond-
ing variables are to be established:
a. ihe information required fo aluating the apprpprii

ateness of the action; ' .

action; ._
. b ) /. ! ' ’ " ”
c. AN potential levels of management that might be as-

)

signed- the specific authority, bearing in mind the dis~
51milarities among %irms regarding the authority dis-
" tribution and organizational patterns, which haye been
mentioned earlier. »
The check 1list for a certain level of management should con~
tain only the components of authority (identified in 3.b
' Yo

above) which app]v to that level (as identified in 3.c above).
By checking the appropriate check 1ist, the authority limits

“ of certav//'ndiv duals can be identified The 1nformation“
corresponding to the authority components assigned to the

jndividual Should be made available to him.

i
-

4,3.4 APPLICATION OF THE COMCEPT - ” .,'

¢

The concept will be applied below to the major sources of defi-

_ciencies in:a construetion-project, as ipentiiied in bhapter 2.

It is important to emphasize thakefhe actions listed below, are

N

those which are open to management after a deficiency has been detected

and its specific cause has been pinpointed
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T Yldentifying the specificecause of a detected deficiency and

taking corrective measures is a task that might require certain actions

¢ or investigations. These are not 1nc1u&éd in the actions listed below.

Nevertheless, this is a crucjal aspect of the.coniro§ dystem.

Tﬁe following anaT?ﬁij,excludes the authoriﬁigs which are un~

' R queétionab]y inherent into the job functions| .such as directingfa sub-
. i . .
' ordinate or recommending to a superior gertain courses of action for

_improving the performance, etc.

- -




:
SRR S e
a - PR

-7 - 90 - )".
SOURGE "OF DEFICIENCY )
(1) Incompetent Performance 'hy In';nediate Subordinate
(Applied to First Level Supervisor)
v ) SPAN OF
~ SUPERVISION
: SPECIFIC INFORMATION |l "1
POSSIBLE AUTHORITY REQUIRED * |al=t 4 =] [,
. . REQUIRED FOR 22120 108 1.9
“CORRECTIVE .ACTIONS - FOR DECISION - |r|r]w) -l olele) &
ACTION MAKING MAKING . | =l ol slotolel el e
o] 1+ vl o} ol o
Y- | & o0,
O} 4| | Gjr— [ =t
Q) Ofr—{— 'H'- g
15 5+ 9 85| 2
] Q] = UV} V—| V] S
oled o P
ﬂRecommend shifting the . |' relevant per- x'|x |x
subordinate to another formance meas-
position, warning or dis- ures & stand- |
. [nissing him ards (eg. stan
) dard and actual
. rate of labour
o productivity
Jor rate of maty
, - érial wastage)
Intensify direct 1nvolve7 . " ' "1 x| xs
ment in'directing the : ’
activity(ies) concerned "
Allocate special atten- " "I oixIxtx
tion to the training of
the subordinate o
Change subordinate's allocating work |" "Txpxxx
‘|work assighment assignments (at
' X ithe subordinate’s
‘ ; Tevel .
Shift the Tp]oyee to © |shifting subor- " " »x|x|x]
another position dinates (at the
: N specific Tevel) | | ) '
Warn or dismiss the-em= |dismissing-auth-|" " & past re- x| xfx|x
ployee ority (at the subtcord of employ{“|. 1
s . ordinatg's 1evel)ee
Introduce or modify 1nvestments for javerage per- of .} | XX
training program anagement pro- |formance meas- \ '
.. cedures develop- ure for the . \
ent : overall firm N
, (rate of equipt )
« ment, idle

time, labour,

product‘lvity) l lll l I ' ' ‘

'OD

Lty
gy
g
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a

SPAN OF

/
y ' . SUPERVISION
- : ' =t =
: ' SPECIFIC - | INFORMATION i [ —
., POSSIBLE . AUTHQRITY REQUIRED  |of=f ) =] [&-
. REQUIRED "FOR Fes b b M e Rl K= W
CORRECTIVE ACTIONS FOR: DECISION e be b P EE R ke B
ACTION MAKING MAKING 18994995
' iNEEE g G
NEEEEREE
' " ‘ ICEFEEERD
I Jadd~qd4qg
D rELEEEER
’ PR » , . . '
Draw attention (or take |line senority past*g;;ord of x| x| x
any of the above action |over recruit- recruitment
against) recruiting of- |ing officer officer
ficer ' ‘
Modify hiring criteria |[Setting recruit-}{recruitment x| x| x
. ment criteria officer's re-
for project's port on reas-
personnel oning of hir-
X o - ing '
\ / A
7 7
/ \
¢ . ' )
- A\
W ‘
<
[

o, 74
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'SOURCE_OF DEFICIENCY - A . '

(2)

be c1ag§\f1ed into twq,maaor tategori s:

\

Inappropriate Management Procedures 4

4

For the purpose of this anaif:jg the nanagement procedures cah v

A.

. B.-

/. t
'/
[]

Procedures Determined by tpe Firm's General Policy -

a

Procedures Determlned by the Project Manager 'S Opera-

tional Policy. | ;

<

Procedunés Determined by the Firm's General Policy o

.examples of these policies are:

a.

b.

. main office,

-

Labour relations program

General organisation of site staff and the interface with -

/ 4

- ‘Procedures of labour firing and rep]acemént

,Pianning, scheduling and updating practices

Equipment maintenance and major repairs policy

Procurément policy and procedufes

+ Purchasing procedurgs (for opératiqnal naterials) .

Cost aécdunting procedure

A




[

-

et =2

~ S
4
- ” ’/
! SPAN OF
/ SUPERVISION
o : SPECIFIC - INFORMATION flinl u
. POSSIBLE AUTHORITY .REQUIRED. /' o=t ot 1 =l
. REQUIRED . FOR. / '3;-;_4:_ ' ol .o'“
_ CORRECTIVE ACTIONS FOR "DECISION / |5l ’w% # 5 s
, ACTION MAKING MAKING |l E
. o o R e
-] N 5 4
ol-l—l—{al—| =
. 2 o o:'—l;'v— Fl‘; g
of S S S S
. Z c| o] s-f vjw|—| 2] o
- r=f S=f O >f 2] 4 >4 O
QICIZ N
Suggest changes . \ X] X| X} X} X] X
Support proposals Relevant per- | | X| X[ X] X| X| X
. . formance meas- -
. ure for §roups -y
1 or ufits under| .|°
, .
sup rvision
Approve/reject.prbposals Modifying of Rélevant per- IRIRS
‘ - | general policy ormance meas- p
%ré]evant dis- re for the
cipline) overall firm
S . (eg. equip- .
ment,- idle
- time, labour,
turnover, etc)| . ‘
|
[
// \
.
! ]
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(S TVARE AR e YT A

o

* AN . o A
" B.. Procedures’ Petermined by the Project Managers Chesen‘Policy
% ’ i . .
) examples of these policies are: )
“ a. Safety precautions | o
b. . Degree of autonomy'and authority delegated to the vari-
ous levels of the project management teém ’
. C. Coordination channels !
d. Material storage and handling procedures -
. <, SPAN OF
- ' . SUPERVISION
7 | SPECIFIC INFORMATION ' [y -
POSSIBLE AUTHORITY REQUIRED - {4~ | |= a _
- o .| RequIreo FOR A4 14197
CORRECTIVE ACTIONS FOR . DECISION i b e E d49 5
ACTION" MAKING MAKING EQE EER
! d.J q 94 ¢
4 a) 9 ‘a : a 9 % 'E
[ 4 -~ o o f=
. : EEREEEER
oy S > O
=
. Suggest changes  ° . x| x| x} x
Suppor:t changes Relevent per- x| x{ x{ x
formance meas-
. ure for -
. under super-
vision
‘ Approy‘e'/reject proposals|Modifying pro- |Relevant per:- ) x| X
‘ . - | Jject's policy formance meas-
(relevant disci-{ sure for the
- pline) overall pro-
—~ \ ject (ef. aw-
' erage lahour
. s§f productivity,
. & *  Imanagement,
. - personnel turnr
& over, rate of
' material wast-
age) ' b
-~ ! L ,

e
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{

/
! b
[ B €
(3) Incompetent Subcontractor f 2
. " oo
' { ’ . SPAN OF
I SUPERVISION
. SPECIFIC 'INFORMATION [ :
POSSIBLE AUTHORITY REQUIRED 3] |- |4 _
: ( REQUIRED - FOR SdY 14-1§°
CORRECTIVE ACTIONS FOR 9 oecrsion 4397 d4d ¢
' ACTION MAKING JMAKING cEREEEEE
* 3 f o 8P S
- ) uu “ HvaqdHH o
w e L) - : d !-"l—l ér—‘ g
' . dd9dd 44 =
23444 4
[ EEREEEEE
) [ - 3 =
Recommend warning sub- * X x X
contractor L
. \
|
Recommend work with- ‘8 X o o x
drawal from subcontrac-
tor ' ’
Harn subcontractor Legal transac- |} Actualg sched- X X ﬁ
tion with sub- | uled progress
contréctor Contractual
- arrangements \
with_subton-
: tractor i |
Withdraw work from sub- | Full responsi- | " . " q A x
contractor . : bilities for
| project >
Draw attention of con- | line seniority [-Actual and q 4 X
tract procurement . over procure- scheduled .
office ment-officer progress
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(4) Lack of Effective Handling of Subcontractors Daily
1
. Prohlems (Physical Progress) . :
0 . SPAN OF
s . SUPERVISION
( ”-
: * SPECIFIC . INFORMATION - |=lal. —
POSSIBLE (- AUTHORITY #  REQUIRED wiclel |F 9.
- . REQUIRED FOR 2zl 19 g
CORRECTIVE ACTION FOR "DECISION IS5l Y814 5
ACTION MAKING ~—  MAKING miEEEREEE
(& FE N7, l= e L7 N &
R o= 1. [
cle-l{ o =
Q] ) Of ] —{ «f
N — ] O e 'd""' S 5
O] ]+ (‘1] +
) ) clols]  d— d o
‘ ® HENEEEEE
Draw attention of re- Direct senority [Actual and X X [x
sponsible personnel on responsible |scheduled pro- .
personnel gress of ac-"
L. tivity
Introduce the function Project's organ-|Actual and XXX
of subeontractor's co- ization respons-|scheduled pro-
operation in the. future [ibility gress of pro-
' ject
Emphasize the role of fodification of [Actual and  * x |x|x
facilitating subcontrac- motivagion poli-|scheduled per-| -
tor's task as a-criteri-jcy formance meas- ‘
on, for evaluating in- + |ure (company
dividuals' performance wide)
) .
"{Shift the current direct|project adnin- [Actual and XIXfx
communication channel istrative policyj|scheduled pro-
to another level of - gress (project
management sca]e)////
o
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SOURCE OF “DEFICIENCIES

2

(5) Competitive Labour Market Situation (Affecting Labour Turnover)

SPAN OF
, SUPERVISION
SPECIFIC. INFORMATION 153’;
POSSIBLE o RUoRI N REQUIRED | “telw| oF | [EL
REQUIRED FOR skl 1oF 19
CORRECTIVE ACTIONS FOR DECISION g 1] R Y Bt oot
ACTION MAKING MAKING g ] b e R B B
1 ENRRENE
: : / o °5|=l=| “1=| &
— O] s} ol—~{ o] £
/ 23%) & 5|=| 9| o
/ pENEEEER
Suggest improvements to , xpx} x| x} x| x
Labour relation program ‘1w
(training, personal de- /
velopment, etc.) /
N /
Suggest introducing cer- / T x] x| x| x] x| x
tain improvenents to o /‘
work conditions, incen- j
tives plan, or fringe
and ,other benefits in
order to keep up with '
the market competition X *\
Approve/reject modifi- todification of | Cost/benefit X X
cations to labour rela- | general policty analysis
tion program (Yabour ‘rela- | ;
tion)
"I Approve/reject improve- | Modification of | Cost/benefit ﬁ ﬁ A e
ment to work conditions | general policy | analysis
etc. (wages and, ben- v
efits F

Note:

i

vglid1ty of some of the above llsted actions.

DN /
i

The local labour environment may impose some limitations on the
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s o

(6) Overstaffing/Understaffing of Individual Work Crews

4

p.management "

/

C o

: : - o SPAN OF
: SUPERVISION-
- .| SPECIFIC INFORMAT ION . i
POSSIBLE AUTHORITY REQUIRED qd 17 T
L | REQUIRED FOR a8 |48
CORRECTIVE ACTIONS» FOR - _DECISION 19449494
~ ACTION MAKING MAKING + k.%it 945
. J919 9 H
. a C‘:-:'r-v— [« ¥
v ' ' / * 334990 5
gdY 9 of1:
| . EEEEE
Adjust group size inter- |[Internal group Joptimum size.‘ qx 1% [x
nally (within the groups [formation " land composi-
_{under your supervision) . tion of groups
, Actual and
{standard per-
formance meas-
. . ure (labour ‘
y |- : productivity)
Split or merge groups |" wln ol £ix Ix
Declare need for addi- . " W x x Ix [x
tional work force or the
existence of spare force
Allow shifting of .spare |Labour force " e x Ix Ix
labour to groups facing |distribution '
shortages - 3
Allow firing or dismis- [Human resources |Overall re- X% Ix Ix x
sing the relevant group [programming quirements of
: units under
supervision
| o -
’ / ‘ - . o

»
1Y »®
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(7) ‘Inappropriate Construction Methods
- .
, . SPAN OF |
P B : SUPERVISION
- x " SPECIFIC INFORMATION tg”qm,_ T .
POSSIBLE . AUTHORITY REQUIRED  |«=5f,| F | [=L |
) REQUIRED * FOR 2zlEL (2 ‘.o;
CORRECTIVE ACTIONS FOR DECISION ||l lolsfole
.| ACTION MAKING MAKING  5lelel®|elels|s
, : elei=[SIElE 8]
: - ol ISRl '
LY ‘ cENEREER
* E ols Ogo— [H f=?
ST ERRT I ] B e N R e
* {Sug minor modifica- ' Standard -and |x}x{x|x
gjﬁ%ggt; the specific T . lactual defec-
defective construction | B tive perform-
method ) ’ ‘ ance measure
coe et ) : (eg, labour
|productivity,
. fo@aT/direct‘
) ) ] | ’ cost of acti- ¥
. 3 vity, overall )
‘ : ‘ time ta cam- _ ' ' .
@ ' <+ . Pete. etc. '
Approve reject modifi-.|Minor modifica- |" " x|x{x|x|x -
- cations Jtions to con- Additional -
struction meth- Jcost involved
) ods in change afid 1
. benefits ex-
, pected
‘1Suggest changes to basic _ -  "|Standard and Jxpxpx]x{x
construction procedures - " <. lactual perfor- i
(eg. cast in place to E mauce measure, . -
- |precast, conventional o : such as.overal L
forms work to sliding ' " Itime to com- |
forms ) ' plete, cost of ]
’ individual ac- 1.
. o tivities, etc.
Approve/reject major Major modifica- {". " x| x} x| x| x .
changes ~Jtions to con-
- struction meth- |Cost/benefit
, ods i analysis ' ‘
strug% conducting | System develop- [Actual and 1 x| x .
study about the methods |ment expendi- standard per- ‘
adopted by the firms in | tures "within formance meas-| |-
general as compared with|budget" ‘ ure such as
the recent technology in] - o cost of indi- )
the market vidual activi- :

]

P -
4 . 1 a °




-

N 0 [
} , - 7 s
g R ' x
= SPAN OF ¥
= | 7 ~SURERVISION
. | SPECIFIC INFORMATION
k -POSSIBLE |  AUTHORITY REQUIRED
. . REQUIRED “FOR®
CORREETIVE ACTIONS FOR DECISION
ACTION MAKING MAK ING

. éih.’

J

Single activity span

* {Hire a construction
technology consultant’ to
suggest solutions or.
chariges '

[Suggest a personnel
training program in or-
|der to -adapt to intended
changes in Ffim's
methods

program

Approve/reject training

!

system develop-

ment investments

-

[
[

system develop-
ment investments

°

ty or timé to
complete

Cost/benefit
analysis

Actual and bud{
lgeted pefforn-
ance measures
such as cost
of individual
activities,
time to com-
plete etc.

Qgst of prograr

erall functional "
D management “

verqll si}e
erall proiject "
1ti_project "




1

(8)

-

- 101 -

Ll

Procedures (Material lastage Rate)

Inefficient Storekeeping: & Material Delivery Accounting .

SPAN OF
\ . SUPERVISION
v . " = =
. 1 SPECIFIC INFORMATION - 'g*g=
POSSIBLE AUTHORITY - REQUIRED |4l (=1 |d.
' ' , REQUIRED . FOR Fa fre bt Y by Il = IR
CORRECTIVE ACTIONS FOR DECISION q 7 o 19l H o
: : . ACTTION MAKING MAKING :;gﬁggggL
/ . d 1+jvo o g
] Y- ) S| g
‘ q=j—j— = ~ I
o ) A d Vo d E
/ = EEPEEEEE
S EREEE d
i \ Voo | o
Suggest changes . XXX [x{x}x
‘[Order 3 sfudy about weakd Formation of Scheduled & X |x
nesses and possible sol-|] special task actual perfor-
" lutions groups |mance
Change storekeeping . top firing and. |Scheduled and x |x
team dismissing cap-|actual perfor- '
acity mance
. Hire ﬁanagemént'consult— Developing man; Sgheduled and X |x
— .{ant for suggesting solu- | agement proce- aékual perfor-
tions P : dures mance ‘
B Cost/benefit
analysis
. s
T ” 4 “ “ '
. .\ ' . 'a:'
ﬁ‘ . +
, 0
. o | 2
N . \ o ‘ ) v
-~ \\-\w ‘J u £ ~
BN A - _
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|

Inadequate Attention Paid to Material Storage Precautions

’

N

L3

BN

SPAN OF
SUPERVISION

' SPECIFIC INFORMAT ION a. .
POSSIBLE AUTHORITY REQUIRED Hd 171 19,
: . REQUIRED FOR 44| 4=14 ]
CORRECTIVE ACTIONS FOR DECISION A4 444
- « ACTION MAKING MAKING qaH d4d 5
. ’< + vi cl G-
i N ‘g Yo 1 —~f —
~ o N "N o
R EER fh
.E < : Ly g a g
yd (% < |
Draw attention of per- Actual and C\'as.& X P},&

sonnel concerned

Introduce the function
of material control” of-
ficer )

Instruct, establishing
(or enforce) general
rules for material stor-
age

A}

-lsystem develo

ment investme

4

p..l
nts

“firm's level

scheduled

material wast
age for units
under super-
vision

Actual and
scheduled
material wastd
age at the

Actual and

scheduled

material wast-

age at tHe .red

spective level
e

~

=5
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.. (10) . Inappropriate Equipment Maintenance Policy

e » (Machine ldle Time) ,
-
. SPAN_ OF
. X SUPERVISION
. SPECIFIC vFormatIon (g | [/] |2
POSSIBLE "AUTHORITY . REQUIRED m;ﬁ'g =1 19.
© % REQUIRED FOR 294, 14=140
CORRECTIVE ACTIONS " FOR DECISION o m.;_gls-g =
o ACTION MAKING MAKING  [flY o qdd g8
* O e i a o
' Vo] -
' rE (= q;%'ma g
REREE MR
| S k= O
< . hd - (Lo, H
Redistribute mechanical Mechanical de- . |Relative ef- X]x
staff between sites and|partments over- }fective prod-
central workshop all administra- Juctivity of
- tion capacity >site/central .
/o workshops
\ (total fuel - 4
e \ T ‘ and mainten-
, ) ) : ance cost)
Increase/decrease General policy [Actual and Ix
size of the mechanical |(mechanical af- }standard per-
staff © fairs) formance meas-
ure (Machine
praductivity, |
| fuel and main-
i - tenance cost)
Increase/decrease de- |General policv |Actual and x| x
. | pendency on out of the [(mechanical af-, [standard per-
héuse workshops fairs) formance meas- |-
: ! ' ure (eg. idle
time on machineg
. ‘ productivity)
Improve mechénica] fac-|Long term in- Cost/benefit™
ilities and capabili- |vestments analysis
ties . ' J g
. ‘ Actual and X
' e, ‘ , standard per-
: ' X formance meas- .
: ' . ures (idle
‘ time, machine
productivity) L
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A

Over Estimated/Under Estimated Performance Standards .

(M)
- IA’\\ \g_
: " SPAN OF
. SUPERVISION -
} . SPECIFIC INFORMATION (s[4, _
. POSSIBLE AUTHORITY REQUIRED “dd IF o
) . * REQUIRED . FOR oy s o T Ry g A= O
CORRECTIVE ACTIONS FOR DECISION SAN A A0 S
- ACTION MAKING e EEEEEE
C N g,q_vcdagu—g
AU44 e N—] =
\' @ O r—f r— —] o
cENEEEEL
' ] O S A A e—f O] C
wl Sd g > > O
vl |- =] |
) Requést modifying stand- x]x|x]x]x .
ards -~ . ¢ o
| ‘\
Approve modification of |Stdandards & bud- X|XPxpN
standards and budgeted |get alterations ‘
cost . -
Draw attention of sched-|Line seniority |Dverall deyia- x| x| x
uler over scheduler |tion from
* |standards
T
Warn or dismiss ‘schedu- |" e " x| x
ler Warning & dis- [Past record
missing authori- 2
ty over schedu-
ler ,
Suggest training program x| x
for schedulers ‘and esti- ‘
mators
Accept/reject training |System develop- |Cost/benefit x| x
progran ment investment |analysis
, ..
Instrucé\setting up re- |System develop- x| x| x
cords for historical ment responsi- \
data for feed back or bility
enforce using the exist-| |
ing data,, '

I“"
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D e s st R bt et

Anbiguity of Drawings and/or Specifications )
1 a T . » s SPAN OF
SUPERVISION
. SPECIFIC INFORMATION | -
POSSIBLE AUTHORITY REQUIRED - = 'E_
, REQUIRED FOR ek - | _g;
_CORRECTIVE ACTIONS |, FOR DECISION = :D,g'g-g
i ‘ ACTION MAKING MAKING = H9dg %
- | g ANENE
) [\ — v: : '
cENERREL
c Q) Dir—, a8
;r_-) > = .
Prepare or redyest, pre- X X
paring ‘detailed working
drawingg\£2£,:§te use -
Check drawings/sp=acifi- ,
cation and identify am- : xixfx}x
biguities for discus-
sion with designers '
well in advance
Al]ow/rejeé?wprepara-' Special operat- [Cost/benefit 11
tion of working draw- |ing expendituresfanalysis
ings in or out of the |
house Budgeted and :
' actual contin-
. gencies expen-
ditures to
- date ‘
Name an individual or |Formation of Cost/benefit X|X X
committee to check special tasks analysis 3
-drawings /specification .
a?y\coordinate with de- :
sfgners
= #
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(13) Financia] Straits or Contraction in the Firm's Work Volume
As Perceived by Management Personne1 as Hell as Labour
)
. » ' SPAN OF

. ' SUPERVISION

\ | SPECIFIC INFORMAT ION 4 -
. POSSIBLE AUTHORITY REQUIRED — dd |7 N
REQUIRED FOR 44914719 .
CORRECTIVE ACTIONS OR _ DECISION '.:E " w,§ =
s - ) ACTION MAKING MAK ING 1494499. 5
; ’ s b 3
H/ ‘dod— e
e ! r:,c od- g

. { B
' [ : d s af o
V, N . py Y > (&
Recommend meeting for » *l Ixix

clarifying situation. or

- ’E -

suggest other remedies .
" .
call for a general meet- Top Seniority Gverall rate x|x]
ing . of turnover e
Offer —<ommitments to Long term invest4Cost/benefit X {x
provide security for ment capacity analysis
employees
Introduce a permanent system develop- cosf/benefit 9 X1X
program for informing ment investments|analysis
employees and workers .
Offer additional benefityModifying gener-|Cost of plan
to-make up for the ac- |al policy . ,
tual disadvantage in- (wages & bene- g;oiﬁ§:23;§05t X
curred by the employees,| fits) ) J
if any, because of the ) -
uncertainty involved i /
[ * ; - T . /
) 5 VA
. /
/ . / )
/‘/
':J ° ) /'/
. / ’
A
/ v i
/
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Suggest increase gf the
machine efforts or re-
place the equipment

al
.,\'

Approve/reject the pro-

‘posal -

Suggest awarding some
activities to subcon-
tractors to make up for
the delay .

Approve/reject the above
proposal e

Multi-project
tion capacity

Ll

permission auth-
ority

resource ‘alloca-

tingency stat-
us _

Subsequent de-
lay expected

QOverall time
to complete

Criticality of
various activ-
ities

|Overall impli-

cations on the
affected pro-
jects

Overall time
to complete

Criticality of
various activ-
ities

" n
Overall impli-
cations . (time
and cost) of
the action

w / Tt el Yy e o
‘ -/ ‘ ,
/ - 107 -
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/
(14 Unfavourable Weather 'Conditions ‘
| 3
 SPAN .OF
: y J #SUPERVISION
/ e SPECIFIC vFormaTIoN [Hd || ||
POSSIBLE AUTHORITY REQUIRED. A7) [=| |9,
, : REQUIRED FOR S |4=1q
CORRECTEVE ACTIONS FOR DECISION [JA7|d+4HH
ACTION MAKING MAK ING A4ddidddd s
. e ) O
) . * , U H U4 o
ad f m‘g“-l!—r—' ép— g
Ao VIdd A S
e O] X4+ S S+
Sy yu—~ A
o— ] o P >~ o
Sﬁggest extra shifts or Overall time
overtimg work to make to complete
up for the delay Criticality of [x|x|x|x]|x
- the various
activities
% ,
Approve/reject proposals|Overtime work Budgeted con- XIx|[x
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/ - CHAPTER 5
SUMMARY AND RECOMMENDATIONS

These features and requirements can he surmarized as follows: ’E@ﬁﬁ

1. The systdm should provide the user with;%he\?OIIOWing:
.a. It shoﬁ]d revéa] as many types or causes of deficiencies
© or we;:nesses in project costland timéﬁperfor@ance as
possible; ] - ,
b. It should be able to highlight the key source of the
detected deficiencies; ’ ) |

c. It should be capable of evaluétiqg the implications of

potential corrective actions postulated by managemen;.'

v

JoN

2. The system should beadesignéd.to reflect the actual charac-

terfstic and real needs of the-contraqtor as opposed to the often

" idealized characteristics and condit1oﬁs adopted in many academic

studies. ' . (::;f'

3.7 The system should be able to present different types of
output formats for the various tevels of management in order to
cope with the ai?férences in the scope of responsibility and

educatidnal background among these levels of management. ‘

This study has focused on providing an approach or methodology to

be followed by the,designers of a control system in order to- meet each of

the above identified requirements. These proposals are summarized as

!




follows:

1.

~

. The analysis of the returned questionnaires has helped/de ct’

. Second, a questionnaire has been pnoposed as an appropriate

.
.
2 B
f .

\ ’ '
. 0

First, an. integra ed scheme of perfbrmance measures has been
propased. These neasurés are thought to be, colfé/iively,
capable of detecting all deficiencies in performance.that have

a signif1cant impact on the project cost, time -or quality.

.The ma jor causes of the geficiencies, high]ighted by each in- ' 9

dfvidual performance measure, have been also identified.'

tool"for collecting the information about actual characteris-
. ) ,
tics and current practices of the building contractors. The

questionnaire was mailed to a small sample of contracting . °_J/ o

) .
. firms for the purpose of assessing the most efficient way of -

running it and to spot any weaknesses’ in its content.

nge teéhniques for improving respbnse rates were sugbested. -

some potential areas of improvements to the proposed’ question-

4

naire. .

Third; to achieve the requirement of providing different
types of information for the different levels of management,
a detailed procedure has been suggested for the purpose of
identifying the 1nformat16n that should be mdde avaifab]e

to certain individuals in a given firm, bearing in mind the

dissimilarities among firms in terms of organizational pat-

.-terns, degree of centralization of authori-ty and the number -

and skills of management personnel.

(. E—
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/ '\5.2. ' RECOMMENDATIONS FOR: FUTURE WORK

©

The study mainty consists of proposals and recormendations for’ —

those pursufng research on contractor project‘coﬁtrol information

~

systems,

]
<t

Recommendations for further work include: .
1. Refinement of the questionnaire developed and its distribu-

tion to a Jarge number of Canadian contractors. Endorsement

! ) of édhtractors"associations both at the federal and proViﬁJ -

- cial levels should. be sought.
2% Analysis of the results ofAthe guestionnaires in a manner

which 1inks charagtéristics of the fim, (size, number'of

employees, traiﬁihg levels, etc.), with existing control
p )
practices and problems experienced with time and cost over-
P .
runs. . . . S
/ “ '
Analysis of the questionnaire to determine the elements of

a confrol system which would be commoﬁ’to the majority of

y potenti%l users.

. | 4. Further study of problem causés and identification of the

', ‘ minimal data set’reqyired to identify perfbrmance defici-

‘ . encies and their sources.

5. " A brief effect/cause check 1ist can be concluded from

Chapter 2 fpr'tﬁe daily use of the system designer and later
on for the contracfor using the system.. Fig. 5.1 suggesps

a m;trix presentat107 of the proposed check liit.

=N - .— - e e v
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“March 26, 1980

°

A

Dear (Y , )

A research .group at the Centre for BJ\ﬁd3ng Studies 1is in the process of )
designing and developing managément information systems to aid in the task
of time and cost control for individual projects. The specific audience of
this work is the Canadian contractor whose annual work volume lies in the
range of 5 to 50 million dollars. For these systems to be of practical
use, they must reflect the specific negds and capab111t1es of their in-
tended audience. To date, considerable preliminary work in identifying
these needs and capab111t1es has been done through the form of extensive
consul tation with five general contractors and with banks and surety compa-
nies. A reasonably complete profile of the Canadian ‘contractor has emerged
from this consultation process. Findings suggest that priority should be
given to developing an information system for time, subcontractor progress

-and chqngeorder control, for forecasting time and cost to complete and to

provide feedback 1nformat1on in a form useful for estimating future pro-
jects. As well, it would appear that the concept of a totally integrated
system is unlikely to prove workable. -

What needs to be done now is to strengthen and generalize our concepts and
understanding regarding the Canadian contractor in terms of how he works,
his problems, and so forth-prior to formulating designs for information
systems for project time and cost control.¢: To do this, we are requesting
that as many contractors as possible compiete the enclosed questionnaire.
Feedback from construction firms such as your own is vitally important to i

‘us and will determine whether or not our work can yield meaningful benefits '
~ to Canadian contractors.

The questionnaire contains just. twenty one &uestions. Most of these quest-
ions have been formulated in a manner which requires only very short an-
swers - hence the length of the questionnaire. For ‘your convenience, we
have ehclosed a pre-addressed envelope for return of the questionnaire.

A11 information obtained from these questionnaires will be treated in
strictlest confidence as to source. Results obtained from the compilation

and aalysis of the responses will be forwarded to all those providing in-
formation.

. | " ’ o NN 4
o B I3
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Your cooperation in providing

appreciated. We Took forward
convenience. .

! -

Yours sincerely,,

o,

*Alan D. Russell, .
Associate Professor and
Associate Director'

Enclosure j

cc. Study Team
M. Bekhit, M.Eng.
o N. McGowan, MBA
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essential input to this study is greatly -
to hearing from you at your earliest
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S CONTRACTOR QUESTIONNAIRE !
1" - BACKGROUND INFORMATION ON FIRM S
. . ’ " - i

1. Please identi%y the major role of this firﬁ::

General Contractor P " ,

Prime Contractor o

Specialist Contractor (or sub-contractorﬂ . Type :
- Prefabricated Iters Supplier .

Maintenance Contractor . !

I_HHI

Other; please specify - (T(
2. .The annual work volume of the firm is : . .

- Below 2,000,000 ____ 20,000,000 - 30,000,000
2,000, 000 - 5,000,000 ) 30 000,000 - 50,000,000
5,000,000 - 10,000,000 . 50 000,000 - 100,000, 000
10 000,000 - 20,000, 000 " —__ Over 100 000,000

I

3, a) The firm is" a« Pub11c Corporat1on o
Private Corporat1on

3

{

4 Please descr1be the typgs of - prOJects with.which the firr is involved by corplet-
ing the table below. ease indicate, in percentage terms, how much of the annu-
al work volume in, dollars is accounted for by each project type..

. : - % OF . . :
PROJECT TYPE TOTAL WORK | PLEASE INDICATE SPECIFIC'PROJECT TYPE
' v UNDERTAKEN (e.g. LOW-RISE APPARTMENT BUILDINGS)

a) Res1dentna1 projects
b) Comrerical buildings _ . o
¢) Institutional buildings e} - ) A
d) Civil Engineering projects| ~ . , . .

- water treatment and dis- : S -
tribution project -

- highway project
.- other transportation , : \

projects N o—_—y . .-

- rarine engineering . | ____ - :

- hydro projects . —_— . ' .

--other : . .

Transportation projects | ———uu

Industrial projects _ - ’ '
. Other types ' I

(please specify) .

e

v
N
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The average dnnual growth rate of the firw over the last three years has‘been _ %

out by the company's own
1abour force

! 5.
per year. )
6. The MAIN rarket .in which the firr operites is : T
MWithin the city of 1 g
Within the province of \
A1l over Canada \
International (pTease specify countries)
7. Please cowp]ete the following table which deals.with several characteristics of
" the firm's projects. Please divide the range of prOJects undertaken by your firr
into the categories "Large" and "Small". s
DESCRIPTION LARGE PROJECTS SMALL PROJECTS
a) Average project value $ $
b) Average project duration ' 2 |- %
c) % of work usually sub-contracted ) )
d) ‘The company's own labour work . > . ’
force at peak . Men . Men
e) The firm's site managerent staff| No. - No.
) per project consists of : ___ Project Manager ___Project Manager,
____Project Engineer ____ Project Engineer
—_ Superintendent —__ Superintendent
_Asst. superintend. —__ Asst. superintend.
___ Foreran §:§ Foremran
T Clerk (t1me-keepe ) Clerk (time-keeper
. Other (pls.specify) Other (pls.specify
f) The percentage breakdown in :
' contract types for large. ' »
and srall.project is : % % .
. ___ Fixed price ___ Fixed price. .
___ Cost plus ___ Cost_plus - :
—__ Turnkey — Tgpdﬁg% '
' — Construction mgrt. | __ Cdnstruction mgrt.
___Other (pls.specify)| ___ Other (pls.specify
N . - e,
'g) Nature of work usua11y ‘carried

- e g e
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8. The average nurber of projects undertaken at any tire is
How many of these are large projects ? .

9. Head office staff cons1sts of

people, of which “are clerical and sec-

retaria] staff.

10. Listed below are job categories and a
bg associated with them.

range of educational backgrounds which mray
Please iaﬂ%cate all applicable types of background for

the categories relevant to your firm.

BACKGROUND | Exper.

CATEGORIES

Comrerce |Other

-

High

Trades-

ran —-..

Technol-
ogist

Graduate
Engineer

or Bus.
Graduate

Univ.

Degrees -

School

Graduate

Other
Qual.

Vice-President(s)
Department Mgrs. .
Project Managers
Project ‘Engineers

- Superintendents
Foremren
Estimrators
Planners

IT. FIRM'S OBJECTIVES

i
11, Please rank the following obJectives in terms of their current irpdrtance to the
. firr (rost important first) : .
Survival
‘Maintain a specific volume of work,
Achieve _a specified return on volure
. Achieve -a specified return on equity
Achieve a specified:growth rate ‘
Develop and rmaintain a reputation for tirely completion of work .
within .budget
Diversification into a larger nurber of project types
Other; please specify : £ “’)

|||‘|’|l

N

12. Please rank the following factors in terwi«o$ their significance to the company's
5uccess and effectiveness :

. The developrent of a reputation fé? tirely completion of work

within budget '
Satisfaction of: erployees '
The internal developrent of the firm's ranagerent and operational !
- procedures
. The capability to adapt to changes in technology and market
N ‘requirerents
Other; please specify :

t -— - m (//\ . -
» I4 ' -
2\
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LII. TECHNIQUES AND PROCEDURES

13. If you'wake Jke ofpcowputer service

the following table :

¢
r

ease check off the appropriate éntries in

FUNCTIONS

COMPUTER FACILITIES
ING

SERVICE BUREAU
BATCH PROCESS-

TIME

SHQRING

MINI-

IN-Houﬁﬁ)«

COMPUTER

OTHER
(PLEASE
SPECIFY)

Payroll

Financial (acctg.)

Job cost acctg. !

Estirating

Cash flow analysis
Planning & scheduling
Procurerent .
Inventory control
Work progress
reasuremrent

Other (pls.specify)

.14,

For each function identified iﬁ‘the table below, 5lease indicate the techniques
line of balance, cost codes, cost account-

erployed, such as C.P.M., Bar Chart,
'ing, comrittee reports, etc. for the firr's large and small projects.

Also,

please indicate whether you are satisfied or dissatisfied with the techniques in

each case.’

FUNCTION .

LARGE PROJECTS

LL

T

PROJECTS

* | TECHNIQUES

SATISFIED ?

YES | NO

|
TECHNIQUE

SATISFIED?
YES | NO

Estiration of project duration for
bidding purposes -

Cash flow planning

Work planning (scheduling of acti-
vities)

Procurerant nlanning and follow-up
Resource planning and allocation

Measuring work progress
Controlling cost and expenditures
Inventory control

Evaluating and docurenting delays

due to change orders
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14. (cont'd.) . : s
| ' LARGE PROJECTS SMALL PROJECTS
FUNCTION : f YeaT1sFIED 2 SATISFIED ?
' TOOLS TOOLS
YES | NO YES | NO
. N\ :
. *J) Detecting time over-runs -/
" k) Detecting cost over-runs - C - £
1) Assisting top management in the -
- sprocess of evaluating the various . “
options for corrective actions - u
.m) Forecasting time and cost to 2 !
complete ¥

~ ' - ‘ ? £

< 15. Which of the following data are collected by your firm during the execution of a
project: Where applicable, please indicate the frequency (Daily, Weekly, Month-
ly) of collecting these data for both large and small projects:

FREQUENCY FOR FREQUENCY FOR
DATA ' 'LARGE PROJECTS. SMALL PROJECTS

DAILY | WKLY. | MO. |DAILY | wKLY. | MO.
ay Foreman's report on the distribution
of labour hours to cost codes or
activity numbers
b)" Foreman's réport on the distribution
of equipment hours to cost codes : ,
. or activity numbers <
¢) Cumulative list of materials (deli- .
vered to site to date)
d) Unused material on site
e) Overall progress for each activity
» f) Report on sub-contractors work
. force, machinery and materials
on site ‘
g) ,Supervising engineers compents and
verbal instruction record
" h) Other (please specify) X
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16. When a f1rw atteWpts to refine its ex1st1ng project and planning control tech-
niques,’ changqi in ex1sting practices and procedures of the firm, along with the
v

roles of individuals, may be
tified in the table below.
ree of acceptability.

required.

Sore potential areas of change are iden-
For each change type, please indicate the likely deg-

POTENTIAL AREAS OF CHANGE -

ACCEPTABLE

NOT

RECOMMENDED

ABSOLUTELY
UNACCEPTABLE

a) Motivation and incentive policy !
b) Degree of formality of work relation- ! N
ships arong employees -
c) Degree of modelling work procedures
(standard formats, offical job des- -
criptions, étc.)
c) Degree of centralization of decicion-
' making authority - b
d) Degree of sophistication of manage- ‘
ment procedures and technology
e) Structure of this firr's organization -
17. Which of the following 1nforwat1on is usually 1ncluded in a job's progress re-
port? (Please check off when included). .
i ‘ INFORMATION LARGE PROJECT SMALL 'PROJECT
a) Labour productivity for each activity
b) Equiprent productivity for each activity
¢) Man-hours actually consured to date for each’
activity
d) Equiprent hours actually consured to date
.for each activity
e) Materials actually consured to date for each
activity
f) Physical progress .
g) Expected time to complete
h) . Cost to complete —_—
i) Material requirements (e.g. for Ihe next \
reporting period) _
j) Change orders report —
k) Ciair for extras —_—
1) - Quality of work S—
) Site problers report —_——

4
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CAUSES OF DELAY AND COST OVERRUNS

P s e .

Listed below are several factors 'which can cause construct1on delays, and which

the contractor can exert some control over.
ficance of each factor in terms of its cause for

Please indicate the degree of signi-
ime dela

on YOUR projects.
Note that factors such as force majeur, delay of drawings, etc. are not included,
as they are regarded as being comp]ete]y beyond the control of the contractor.

FACTORS

DEGREE OF SIGNIF LCANCE

VERY CON-
SIDERABLE

CONSIDER-
ABLE

MINOR

NOT SIGNI-
FICANT OR
N/A

2.

3.
4,
5.
6.
7.

. 8.

1.0'
11.
12.

130"

14.

15.
16.
17.
18.
19,

20.

21.

Late deliveries of materials’ by
suppliers

Temporary material shortages in the
market, especially for continuously
supplied materials (sand, cement,
etc.)

Low labour productivity

Labour absenteeism

Labour turnover

Ldbour relations problems

Lack of overall p\an for execution of
project

Insufficient detail in project plan

Duration of activities underestimdted
Equipment and labour requirements
underestimated

Schedules not updated frequently
enough to identify problem apéas
Lack of accurate data on job
progress

Delays by subcontractors

Problems in co-ordination of sub-
contractors P

Equipment breakdown

Problems with access to the site

Errors in drawings

Construction errors

Inspection or supervision problems
Sample approval’procedure :

Lack of an effective tool for fore~
casting time to complete

NI giw
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18. (cont'd.)’ (
DEGREE OF SIGNIFICANCE é
FACTORS : NOT SIGNi- °
| VERY CON- | CONSIDER- FICANT OR
| SIDERABLE| ABLE MINOR  [N/A

22. )

Other factors (please specify) '

”

19.

Please rank in order of significance (most significant first) the five most im-

< portant factors—whith-cause tonstruction delays in your projects. .
1. ' R .
2.
3.~ T -
e )
4,
5. N ‘ ’ \\\
Listed below are several factors which can cause cost overruns, and over which

the contractor can exert some control. Please indicate the extent to which. each
of the factors results in cost overruns. - Note that some factors are not included
here, as they are regarded as being completely’ beyond the control of the con-
tractor.

'DEGREE OF SIGNIFICANCE

FACTORS NOT SIGNI-
. VERY CON-| CONSIDER- FICANT OR
SIDERABLE| ABLECT MINOR N/A
1. Delay caused by labour shortages ! j
in certain trades ’ -—
2. Delay caused by late delivery of

4,
‘5.
6.

8.
9.

materials

Delay ‘caused by sub-con*ractors
High rates of material wastage on site
Material loss or theft . '
Low labour productivity
Labour turnover
‘Labour relations problems
Laboyr costs underestimated

T

—
—
f
——

v
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(cont'd.)

. FACTORS

¢

DEGREE OF SIGNIFICANCE

VERY CON-
SIDERABLE

CONSIDER-~
ABLE

MINOR

NOT SIGHI-
FINANT OR
N/A

10.
11.'

12.

13..

14.
15.

16.
17.
18.
19.
20.

21 o('

22.
23.
24,
25.

26.

27.

Material costs underestimated
Equipment costs underestimated .
General conditions underestimated.
Financing charges underestimated
Unexpected escalatiom of labour wages
Unexpected escalation of material
prices
Unexpected increase in interest rates

Subcontractor co-ordination problems

Equipment breakdown

Errors in drawings -

Amb?gu1ty of specifications or draw-
ings which result in an inaccurate
cost estimate

Construction errors . -

Inadequate quality control

Inspection Or supervision problems

Lack of documentation of claims

Inaccurate assignment of manhours
and equipment hours to cost codes

The lack of effective tools for
forecasting cost and time to
complete .

Other factors (please spec1f)0

*

N/

-

21.

Please rapk in order of signﬁficance (most significant: first) the fiv
portant factors which cause gost overruns in your projects.

1. N
2. '

é.

4,

5.

*

most im-



