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Abstract: Construction resources including materials, labors, and equipment are 
extremely cost extensive in all construction projects. The management of these re-
sources is a complex process, which significantly affects construction costs, quality 
and time. There are several factors that have been identified in the literature which 
contribute in enhancing the efficiency of resources management during the life cy-
cle of buildings and optimizing the utilization of these resources. These factors are 
referred to as the Critical Success Factors (C.S.Fs). Therefore, there are required 
processes and data that should be identified in order to appropriately address these 
factors which are commonly referred to as the necessary procedures for success. 
These procedures depend on the availability of specific processes and data that are 
essentially needed while assessing the efficiency of resources management in the 
design, construction, operation and maintenance of buildings during its life cycle. 
This paper aims at identifying these necessary procedures (in terms of required 
processes and corresponding data), associated with the C.S.Fs that help in improv-
ing the efficiency of resources management. The research methodology adopted in 
this paper includes both content analysis and comparative analysis to identify 
the required processes and their corresponding data. The results presented in this 
paper include a formulation matrix that presents the identified necessary proce-
dures of materials, labors, and equipment related to the C.S.Fs for assessing the 
efficiency of resources management during the life cycle of buildings.  The matrix 
articulates the nature and type of required processes and their corresponding data 
along with the specific stages of buildings life cycle to facilitate the assessment of 
resources management efficiency. This matrix introduces an important tool for 
the designers and managers of construction projects to be utilized while conduct-
ing the assessment of resources management efficiency.
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INTRODUCTION
Resources are essential tools for fulfilling the proc-
esses of construction projects. Resources consist 
of materials, labor and equipment [1].  Resources 
management is a complex operation, as it is af-
fected by several associated variables. Moreover, 
the versatility of tasks related to each operation 
unit, its performance, cost and spatial distribution 
of the resources in the site are also important fac-
tors that increase the complexity of the resources 
management. The waste in construction projects 
can be defined as the elements that are involved in 
construction tasks which increase cost indirectly 
without any value to the production [2]. The main 
outcome of resources management is to direct 
and coordinate the resources during project life 
cycle using modern management techniques to 
achieve quality, efficiency in cost and time, and to 
satisfy the needs of project participants. The ef-
ficiency is “doing the thing right” [3], and it is an 
assessment of the management criteria, and it 
converts the inputs (resources) to products within 
the limits of cost, time and quality, which are re-
ferred to as “the iron triangle of success” [4, 5, 
6]. The efficiency of resources management can 
be achieved by applying a number of procedures, 
which are related to a set of factors that ensure 
the operations efficiency of construction projects. 
Quantitative and qualitative information (which 
are required for each procedure to facilitate the 
efficiency of resources managements), represent 
the assessment criteria that should to be consid-
ered in planning resources management in order 
to enhance the efficiency of management, and to 
facilitate the achievement of resources manage-
ment. This research aims at identifying the neces-
sary procedures related to (Critical Success Fac-
tors), and the information which are needed for 
each procedure related to the C.S.Fs, to facilitate 
the assessment of resource management effi-
ciency through the building life cycle. These proce-
dures and information can be used via computer-
based systems and multiple methods of modeling 
to enhance the assessment and improve the ef-
ficiency of resources management by recording, 
storing and archiving the type of required data and 
information formats for all necessary procedures 
associated with the C.S.Fs. 

BACKGROUND
One of the main objectives of resources manage-
ment is to supply and support a project to achieve 
its requirements within a specific budget and time 
[7]. The main resources of construction operations 
are materials, labor and equipment [8].  Materials 
represent one of the most demanding elements in 
construction projects [9], which are supplied to the 
project site in large amounts. It represents about 
(30%-80%) of the total project cost [10]. So, there 
is a necessity for a unique management system 
to increase the efficiency of resources manage-
ment. The material management is the method for 
planning, coordinating and assessing purchas-
ing, transporting and storing materials to reduce 
wastage and to improve profitability by reducing 
cost [2]. The appropriate utilization of labor en-
sures the proper use of material [9]. It is important 
to integrate material control process from design 
phase to use of material phase [11]. The efficiency 
of labor management is a realistic indication of 
economic success. The productivity in construc-
tion projects depends on human performance and 
effort. The labor cost in construction projects rep-
resents (30%-50%) of the total project cost [12]. 
Therefore it is important to recruit skilled labor 
as well as unskilled labor, to reduce the costs [9]. 
The equipment is characterized by its potential to 
be used under any circumstances; then the labor 
capacity can be reduced significantly. The quantity 
and class of equipment can affect the project time 
and cost. The equipment is used to execute basic 
construction operations. The equipment repre-
sents (10%-30%) of total project cost according to 
project mechanization level [13]. The evaluation of 
equipment quantity required for a project depends 
mainly on the quality of equipment maintenance 
and management.

RESEARCH PROBLEM AND OBJECTIVES
Resources management in construction projects 
aims at achieving the maximum benefit from avail-
able resources within a specific time and budget 
and with a distinctive quality. Previous studies 
[9, 14, and 15] have addressed the Critical Suc-
cess Factors (C.S.Fs) for resources management. 
Each of the C.S.Fs is related to the necessary 
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procedures to achieve the efficiency of resources 
management. Also, each of these factors incorpo-
rates both qualitative and quantitative indicators 
to identify the required assessment of success. 
The recognition of potentials and constraints of 
construction project and taking decisions that can 
increase efficiency of operations will facilitate the 
assessment of resource management efficiency. 
This research aims at identifying the necessary 
procedures related to C.S.Fs to achieve resources 
management efficiency, and to identify the quali-
tative and quantitative indicators related to each 
necessary procedure regarding the C.S.Fs, to fa-
cilitate the assessment of resource management 
efficiency in construction projects.       

RESEARCH METHODOLOGy AND  
FINDINGS
There is a group of elements that influences, con-
tributes, and facilitates the success of construc-
tion projects. These elements are referred to as 
the Critical Success Factors (C.S.Fs), which are 
identified as the elements that lead to the success 
of the project management [5]. These elements 
are represented statistically as the independent 
variables that increase the success probability 
of the project. In other words, C.S.Fs can be used 
as criteria to assess the efficiency of the project 
performance, by identifying the necessary pro-
cedures related to every critical factor and their 
qualitative and quantitative indicators. 
In this paper, in order to identify the necessary 
procedures associated with the C.S.Fs, the main 
function of each set of resources (materials, la-
bor, and equipment) is analyzed using an ana-
lytical approach. This has been carried out by 
analyzing the content of each function, in order 
to identify the factors which fulfill the task re-
quirements in the construction project for each 
set of the resources.
For instance, there are various studies [10, 11, 
and 15] that demonstrate the importance of the 
planning as one of the critical factors that help in 
resources management in construction projects. 
The thoughtful planning has a great influence on 
increasing productivity, profitability and facilitat-
ing the fulfillment of the construction project in a 

timely manner. On the other hand, the objective 
of materials management is to ensure the avail-
ability of these materials. Accordingly materials 
management systems are designed to ensure that 
both quality and quantity of required materials 
have been appropriately selected, purchased, de-
livered and handled properly at the site in a timely 
manner and suitable cost [2]. In order to improve 
the efficiency of materials management process-
es, there is a group of factors that should be taken 
into account namely: planning, purchasing, stor-
ing, handling and controlling materials [2, 9, 10, 
15, and 16]. This paper conducted content analysis 
of diverse studies related to the assessment and 
achievement of efficient materials management 
to identify and classify the necessary procedures 
for materials through the buildings life cycle.
Labor management can be assessed by the 
amount of production and the capability of labor 
to accomplish and perform the required work. La-
bor productivity assesses the efficiency of the op-
eration system in utilizing labor to convert labor 
effort to a useful product. It is necessary to iden-
tify: required skills for the completion of various 
project activities; monitoring mechanisms to con-
trol labor performance and to ensure performing 
required tasks efficiently without repetition, and 
make sure for avoiding construction errors [12]. 
Labor planning through the scheme preparation 
includes scheduling of activities to utilize labors, 
development of productivity criteria to determine 
size of required labor force, specifications re-
quired for each activity and skills, and structure 
of functional groups, time of operation of various 
work teams. Such factors contribute to labor sav-
ing and affect project total cost, and enhance ef-
ficiency of activities management in construction 
projects [16, 17]. This paper conducted content 
analysis of diverse studies related to the assess-
ment and achievement of efficient labor manage-
ment to identify and classify the necessary proce-
dures for labor through the buildings life cycle.
Regarding construction equipment, the selec-
tion of appropriate type and size of each equip-
ment affects required time, effort needed and 
productivity level of work on site. Accordingly, 
it is important for site managers and planners 
of construction projects to be familiar with the 
characteristics of main types of most widely used 
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equipment in construction processes. The equip-
ment can be classified to a type remains on site 
and a type transporting materials to and from site 
[9]. The management of construction equipment 
includes two sets of responsibilities operational 
and strategic. Operational responsibilities ad-
dress daily management of equipment, including 
maintenance, repair, logistics and provision of 
fuel and cost of life cycle related tasks. Strategic 
responsibilities include selection of equipment, 
financial aspects, management and regulation of 
equipment use and disposal [13].  The planning 
aims at identifying tasks that will be performed 
by equipment. Determining, accessing, decision 
making and production rate to accomplish tasks 
will lead to identifying the appropriate quality and 
quantity of required equipment for the project 
according to schedules and budget [9]. However, 
there is a need to identify operation, maintenance, 
storing and monitoring requirements of required 
equipment according to technical specifications, 
site dimensions, facilities to be constructed on 
site, cost estimation, safety and security consid-
erations and environmental constraints [14]. This 
paper conducted content analysis of diverse stud-
ies related to the assessment and achievement of 
efficient equipment management to identify and 
classify the necessary procedures for equipment 
through the buildings life cycle. 
To facilitate the assessment of resources man-
agement efficiency, the content analysis has been 
conducted on related studies for: (a) identifying 
information and indicators associated with the 
necessary procedures; (b) classifying this infor-
mation into quantitative and qualitative types; 
and (c) determining its relation to the appropri-
ate stage of building life cycle. In order to obtain 
a formulation matrix that presents the identified 
necessary procedures of materials, labors, and 
equipment related to the C.S.Fs for assessing the 
efficiency of resources management during the 
life cycle of buildings, a comparative analysis has 
been conducted on the results of content analysis 
conducted in this research as mentioned above...  
This resulted in an integrated matrix as shown in 
Table 1 which articulates the nature and type of 
required processes and their corresponding data 
along with the specific stages of buildings life 
cycle to facilitate the assessment of resources 

management efficiency. This integrated matrix 
introduces an important tool for designers and 
managers of construction projects to be utilized 
while conducting the assessment of resources 
management efficiency.

CONCLUSION
This research paper developed and formulated 
an integrated matrix that identifies the necessary 
procedures to facilitate the assessment of re-
sources management efficiency for each Critical 
Success Factor used as a criterion in the assess-
ment along with required quantitative and qualita-
tive information for each procedure in association 
to the related the stages of buildings life cycle. In 
order to develop this integrated matrix, first the 
Critical Success Factors required to increase the 
tendency towards success in the operations of 
construction resources management have been 
identified. Second, the necessary procedures for 
the assessment of efficient resources (materi-
als, labor and equipment) management associ-
ated to the related stage of buildings life cycle has 
been extracted and classified.  Third, in order to 
facilitate the assessment of resources manage-
ment efficiency, the content analysis has been 
conducted on related studies to: (a) identifying 
the information and indicators associated with the 
necessary procedures; (b) classify this informa-
tion into quantitative and qualitative types; and (c) 
determining its relation to the appropriate stage 
of building life cycle. This was conducted for each 
of the concerned resources materials, labor and 
equipment. Finally, in order to obtain a formula-
tion of an integrated matrix that presents the iden-
tified necessary procedures of materials, labors, 
and equipment related to the C.S.Fs for assessing 
the efficiency of resources management during 
the life cycle of buildings, a comparative analysis 
has been conducted. The developed integrated 
matrix is part of an on-going research that aims 
at achieving the utilization of Building Information 
Model (BIM) for facilitating the assessment of re-
sources management efficiency during buildings 
life cycle. Accordingly, this matrix forms the base 
for investigating and achieving the anticipated 
utilization of BIM. BIM will be used as a vehicle 
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Critical 
Success 
Factor
(C.S.F)

Necessary procedures for the 
assessment of efficient resources 

management through buildings life cycle

Ty
pe

 o
f R

es
ou

rc
es

R
el

ev
an

t s
ta

ge
 in

bu
ild

in
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Required data for facilitating the assessment of 
resources management efficiency during buildings 

life cycle

Quantitative Qualitative 

Pl
an

ni
ng

Identify standards and specifications 
of each material and the available 
alternatives [11, 18].

M
at

er
ia

ls

D
es

ig
n 

st
ag

e

specify (various dimensions 
required for different 
materials) – ratio of 
materials mixture – time 
of various maintenance 
materials for buildings

Technical and formal 
specifications of materials 
- operation instructions 
- storage requirements 
- specific parts that are 
subject to maintenance

Identify prefabricated materials [11, 15]. Measurements of different 
pieces - part numbers -  
place of  installation -  time 
of installation

The desired properties of 
parts (technical - formal) 
- specifications and 
requirements of installation 
and maintenance.

Determine the required quantities of 
each type of materials depending on 
the sequence of construction activities 
(identifying the quantity and quality of 
materials) and time of use [15].

Quantitive survey of materials 
– estimation materials cost 
–time of materials operations

Types of used  materials 

Determine required qualities and skills 
-Identify required size of manpower [16].

La
bo

r

Required size of manpower to 
implement each activity

Required specifications, 
mechanisms, and skills to 
implement each activity

Determine scheduling types to be used 
in the project [11] (Critical Path Method 
[9] -Location-based Methodology [21] – 
e-Sharing [20]).

Project time - required 
production rates – and 
financial expenses for the 
completion project tasks  

Types of activities and tasks

Structure functional groups of work 
teams and prepare of plans of operations 
[16].

Starting and ending date of 
each activity and task 

Types of activities and tasks

Determine prediction indicators of labor 
requirements to conduct activities / 
tasks (associated with materials and 
equipments) according to required 
production standards [16].

Required production rate for 
particular activities according 
to the schedule – starting 
and ending date for each 
activity - duration of the 
implementation of activities 
- financial expenses of the 
project

Required technical skills 
for labor to complete the 
tasks – Required skills for 
labor (education - technical 
experiences - age) - 
techniques and equipment 
used for the implementation

Identify appropriate technologies realted 
to the nature of construction project 
taking into account environmental 
constraints on site [14].

Eq
ui

pm
en

ts

Quantities of equipment 
items - starting and 
ending dates of using each 
equipment for each activity 

Types of activities, tasks 
and equipment to be used 
- required specifications for 
implementation – site nature 
(spaces of the work – access 
to reach the work place 
on site)

Determine functions of equipment and 
identify required equipment [13].
Determine time of use and operation [13].

Required quantity  of work 
hours to complete – Brake 
down tiem - starting and 
ending time of using each 
equipment for each activity

Required specifications and 
standards for conducting the 
work - materials to be used 
in construction

Table 1:
An integrated matrix 

that link the identified 
necessary procedures of 

materials, labors, and 
equipment related to the 
C.S.Fs for assessing the 

efficiency of resources 
management during the 

life cycle of buildings.
(continued on next pages)
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Critical 
Success 
Factor
(C.S.F)

Necessary procedures for the 
assessment of efficient resources 

management through buildings life cycle
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Required data for facilitating the assessment of 
resources management efficiency during buildings 

life cycle

Quantitative Qualitative 

Pu
rc

ha
si

ng

Determine the procedures for purchasing 
materials and evaluating the bids to 
determine the most convenient way to 
purchase and access resources [18].

M
at

er
ia

ls
 

Co
ns

tr
uc

tio
n 

St
ag

e 
– 

O
pe

ra
tio

n 
an

d 
M

ai
nt

en
an

ce
 S

ta
ge

Required amount of each 
resource  - quantity of 
required supply (supply 
time according to time 
of  using materials in the 
schedule - cost of obtaining 
materials - transportation, 
handling and storage on 
site)

Specifications and 
standards of types of 
required materials - site 
nature (available storage  
spaces - handling and 
monitoring  materials on 
site)

Scheduling and arranging materials 
according to operation timeand/
or installation on site to coordinate 
purchases [18].

Starting  and ending dates 
of activities - time of 
activities - required amount 
of  material to maintain  
required rate of work

Types of required 
materials for the 
completion of all  activities 

Estimate value of required equipment 
either through rent or purchasing 
andlifecycle cost of equipment 
(maintenance, transportation, storage) 
[13, 14].

Eq
ui

pm
en

ts

Cost of using the 
required equipment 
(rental or purchasing), 
including transportation, 
maintenance , e.g. cost of 
work unit performed by the 
equipment for the value of 
the construction item.

Required equipment for 
each activity - required 
techniques for each 
activity - nature of site - 
project size of the 

St
or

in
g 

an
d 

H
an

dl
in

g

Control handling and storing operations 
to ensure accuracy and to avoid damages 
and waste of materials during handling 
and identify the mechanism of inventory 
control [11, 15, 18, 19].

M
at

er
ia

ls

Co
ns

tr
uc

tio
n 

St
ag

e 
– 

O
pe

ra
tio

n 
an

d 
M

ai
nt

en
an

ce
 S

ta
ge

Storage spaces - number 
of stores - number 
of entrances on site 
- quantities of stored  
materials 

Storage spaces and places 
of entrances on site and 
list of items to stored on 
site

Scheduling the handling and storing 
operations [11, 15, 18, 19].

Starting times of activities 
- duration of each activity 
- amount of material to be 
used in each activity

List of materials to be 
uased in each activity 
–place of  using materials 
- storage location on site

Reviewing and inventorying materials to 
ensure the operation of older materials is 
cinducted befire the newer materials and 
providing appropriate warehouses [18].

Amounts of existing 
materials - date of 
recieving and storing 
materials - validity date of 
materials usage

Types of existing materials 
- required specifications 
for storage

Predicting the optimal material 
movement [11].

Time of receiving materials 
– process time of materials 
required for each activity 
- required quantities of 
materials

Locations of purchasing, 
storage and operation of 
materials on site 
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Critical 
Success 
Factor
(C.S.F)

Necessary procedures for the 
assessment of efficient resources 

management through buildings life cycle

Ty
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Required data for facilitating the assessment of 
resources management efficiency during buildings 

life cycle

Quantitative Qualitative 

M
on

ito
ri

ng
 a

nd
 c

on
tr

ol
lin

g 
th

e 
op

er
at

io
ns

Distributing and tracking the movement of 
materials on site [18, 19].

M
at

er
ia

ls

Co
ns

tr
uc

tio
n 

St
ag

e 
– 

O
pe

ra
tio

n 
an

d 
M

ai
nt

en
an

ce
 S

ta
ge

Amount of available 
materials - dates of 
receving, storage and 
operation of  materials

Types of available 
materials 

Identify appropriate methods to ensure 
efficient waste managemnt and waste 
disposal [11].

Number of vailable places 
on site - number of 
labors required for each 
inspection activity

Inspection procedures to 
be followed on  site

Identify safety and security requirements 
[9].

La
bo

r 

Numbers and places of 
distribution of labor on site

Types methods to be used 
to achieve the required 
specifications safety - 
project type – site nature  -  
types of activities - means 
of insurance on site.

Identify health practices to maintain 
public safety [9].

The number of divisions 
and places on site - 
number of workers at each 
place

Types of construction 
activities - inspection 
procedures to be followed 
on site - means of 
insurance and protection 
on site –procedures 
of  risk prevention and 
emergency 

Determine control mechanisms of using 
equipment and identify safety and security 
requirements [14].

Eq
ui

pm
en

ts
Number and size of 
warehouse - number 
of entrances on site - 
quantities and sizes of 
equipment to be stored (as 
required) 

Location of warehouse and 
site entrances 

or mechanism to include the representation and 
documentation of the required information both 
quantitative and qualitative for each conducting 
the assessment of resources management effi-
ciency in construction projects during the various 
stages of buildings life cycle. The inclusion of such 
representations and documentation within a BIM 
software (such as Autodesk Revit for instance) 
will enable building designers and project man-
agers to observe and assess the efficiency level 
of managing the resources (materials, labor and 
equipment) required for the completion of a con-
struction project and extend the observation and 
assessment not only during construction but also 
during operation and maintenance to cover the 

entire life cycle of buildings. This will substantial-
ly extend the reach and benefits of BIM to effec-
tively address the important issue of resources 
management in construction projects.
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The aim of these workshops and conference is to help transfer and spread newly ap-
pearing design technologies, educational methods and digital modelling supported by 
information technology in architecture. By organizing a workshop with a conference, 
we would like to close the distance between practice and theory.
Architects who keep up with the new design demanded by the building industry will 
remain at the forefront of the design process in our IT-based world. Being familiar with 
the tools available for simulations and early phase models will enable architects to 
lead the process. We can get “back to command”.
Our slogan “Back to Command” contains another message. In the expanding world of 
IT applications, one must be able to change preliminary models readily by using dif-
ferent parameters and scripts. These approaches bring back the feeling of command-
oriented systems, although with much greater effectiveness.

Why CAADence in architecture?
“The cadence is perhaps one of the most unusual elements of classical music, an indis-
pensable addition to an orchestra-accompanied concerto that, though ubiquitous, can 
take a wide variety of forms. By definition, a cadence is a solo that precedes a closing 
formula, in which the soloist plays a series of personally selected or invented musical 
phrases, interspersed with previously played themes – in short, a free ground for vir-
tuosic improvisation.”
Nowadays sophisticated CAAD (Computer Aided Architectural Design) applications 
might operate in the hand of architects like instruments in the hand of musicians. We 
have used the word association cadence/caadence as a sort of word play to make this 
event even more memorable.
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Chair of the Organizing Committee
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