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Abstract
A Construction Materials Management System for Gaza Strip

Building Contractors

Effective construction materials management process is a key to success of a construction
project. Nowadays, successful management of construction materials has to be based on
thorough and updated information, and processed utilizing a well designed construction
materials management software.

The aim of the thesis has been to explore the local practice in construction materials
management and develop a construction materials management system to facilitate the
management of construction materials mainly in the building construction. Construction
materials management related literature has been generally reviewed; meanwhile some
construction materials management software packages have been reviewed also.

A survey questionnaire supported by interviews is used to explore the local practice in
construction materials management. One hundred and twenty questionnaires were
distributed to contractors of first; second, and third class, eighty-four questionnaires were
received and analyzed.

The researcher concluded that all contracting companies are interested in using some
techniques of managing construction materials such as creating and updating database for
materials categories, local and international suppliers. Also, the Israeli closure on Gaza
Strip is the main element that affects materials availability and cost and causes increase
the cost of main materials such as cement, reinforcement steel and aggregate.

The study shows that most of contracting companies are still managing construction
materials manually. Shortage of user-friendly construction materials software packages
and lack of qualified personnel in using computer-based materials management systems
are considered the main obstacles in using computer in construction materials
management.

The researcher explores Microsoft Excel capabilities and utilizes these capabilities in
developing a Construction Materials Management Software which he names
"construction materials management software” (CMMYS).

CMMS is a PC-based software which has been designed to run under Microsoft
Windows. Microsoft Excel is used in developing CMMS, as most companies in Gaza
strip are familiar with it. Full description of CMMS has been given with detailed
implementation procedures. CMMS has been evaluated to test its suitability to local
practice. Evaluation of CMMS has addressed both conceptual and practical issues. One of
the main recommendations of this research is to encourage local contracting companiesto
have a construction materials management software package and use it in determining the
required quantities of construction materialsin order to get materials in time and required
quantities, save time and minimize error.
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CHAPTER 1
INTRODUCTION

1.1 General

In this research, the existing construction materials management practices of Gaza
Strip contracting companies are investigated, and an attempt to improve it is
conducted. The proposed improvements are formulated in development of a
computerized materials management system. In this chapter, the rationale, research
aim, research objectives, and outline methodology of the research are explained. The

contents of thisthesis are also summarized.

1.2 Rationale

Construction projects can be accomplished utilizing management processes. These
processes include planning, organizing, executing, monitoring, and controlling (Ahuja
et a 1994). During any construction project the three inter-related factors of time,
money, and quality need to be controlled and managed. Successful completion of
projects requires all resources to be effectively managed. Materials management is
considered as a means to achieve better productivity, which should be trandated into
cost reduction.

Computer software systems are widely used in construction management in the
developed countries. Yet, using computer applications is still in its early phase of
development in the developing countries. Therefore, it islogical that computerization
has emphasis in the process of improvement of project management practices in the
developing countries. The majority of local contractors in Gaza Strip have poor
experience in managing construction materials. Materials management software
systems are not quite available and there is a shortage in qualified persons to use these
software packages. The results obtained from studying the local practicesin managing
construction materials is used to develop a computerized materials management
system in order to improve the capabilities of local contractors in handling materials

management functions.
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To the researcher knowledge, a little research effort has been done to investigate the
construction materials management practices of Gaza Strip contracting companies. It
is important to explore and evaluate these practices, and then offer recommendations
and develop practical techniques to improve existing practices.

1.3 Research Aim

The aim of this research is to explore the existing common practices in construction
material management for the building construction projects in Gaza strip. Also the
research aims at developing a computerized materials management system that suites

and, hopefully, improves the local practices.

1.4 Research Objectives

The am of this research can be broken down into the following objectives:

o to review literature related to the construction material management,
and also to review the relevant software packages.

o to investigate the local practices of construction material management
in contracting companies in Gaza strip.

o to explore the influence of the Israeli closure on materia prices,
materials availability, and materials management.

o to assess the impact of computerization on construction materials
management.

o to develop a computerized system in construction materials
management to improve the common existing practices.

o to evauate the system by experienced contractors.

1.5 Methodology Outline

The research is conducted through the following stages:

First stage: Literature Review

Materials management related literature was reviewed to identify the main topics and
concepts that related to this research. This stage included also a review of available
material management software packages. The researcher also explored the Microsoft
Excel capabilities.
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Second Stage: Field Survey
A survey of the local materials management practices of contracting companies in

Gaza Strip was made. A structured questionnaire was used and the person in charge of
managing construction materials in the company was interviewed. Statistical analysis
for questionnaires was done by using Statistical Package for the Social Sciences
(SPSS). Discussion for the obtained results was a so made.

Third Stage: Model Formulation and Evaluation

A material management computerized system was developed based on the results
obtained from the field survey, the review of material management software
packages, and the exploring of the Ms Excel capabilities. This system was evaluated

by experienced contractors after applying it on ongoing projects.

1.6 Thesis Contents

Apart from this chapter, there are other five chapters and nine annexes. Chapter 2
presents the literature review of materia management in construction projects.
Chapter 3 presents the Methodology. Chapter 4 presents research results. It includes
the questionnaire design, the method of analysis, and analysis of the surveyed results
and discussion of these results. Construction materials management software is
discussed in detail in Chapter 5. The discussions include the concepts, the description,
the implementation, and evaluation of the material management system. Chapter 6
presents conclusions, recommendations for the main parties involved in the

construction industry, and recommendations for further studies.

There are nine Annexes, which supplement these chapters. They are:

Annex 1: The questionnaire (In Arabic).

Annex 2: The questionnaire (English Version).

Annex 3: A review of construction materials management software.

Annex 4: A sample of ActivitiesList.

Annex 5: The system evaluation questionnaire (In Arabic).

Annex 6: The system evaluation questionnaire (English Version).

Annex 7: Recording incoming of construction materials device.

Annex 8: The Average waste percentage of construction material in different
countries.

Annex 9: Help and method of use
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CHAPTER 2
CONSTRUCTION MATERIALSMANAGEMENT

2.1 Introduction

Construction materials constitute a major cost component in any construction project.
The total cost of installed materials (or value of materials) may be 50% or more of the
total cost (Stukhart 1995, Bernold and Treseler 1991), even though the factory cost
may be a minor part of the total, probably less than 20-30%. This is because the
manufactured item must be stored, transported, and restored before it is put in place or
"consumed" at the site. The total cost of materials will include, in addition to the
manufacturer selling cost, the cost of procurement (cost of placing processing and
paying the material, physical distribution, the distributor's cost, and the transportation
of materials), and the site-handling costs (cost of receiving, storage, issuing, and
disposal). The efficient procurement and handling of materia represent a key role in
the successful completion of the work. It is important for the contractor to consider
that there may be significant difference in the date that the material was requested or
date when the purchase order was made, and the time at which the materia will be
delivered. These delays can occur if the contractor needs a large quantity of material
that the supplier is not able to produce at that time or by any other factors beyond his
control. The contractor should always consider that procurement of materials is a
potential cause for delay (Willis, 1986).

Poor planning and control of materials, lack of materials when needed, poor
identification of materials, re-handling and inadequate storage cause losses in labor
productivity and overall delays that can indirectly increase total project costs.
Effective management of materials can reduce these costs and contribute significantly

to the success of the project.

2.2 Background

The Webster's dictionary defines materials as "the elements, constituents, or
substances of which something is composed or can be made." Ballot (1971) defines
materias as the physica materials that are purchased and used to produce the final
product and does not suggest that materials are the final product. In other words,
materials are the parts used to produce the final product.
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Bailey and Farmer (1982) define materials as the goods purchased from sources out of
the organization that are used to produce finished products. Stukhart (1995) defines

materials as the items that are used to produce a product and which include raw

materials, parts, supplies and equipment items.

Chandler (1978) states that construction materials can be classified into different

categories depending on their fabrication and in the way that they can be handled on

site. He classifies the materials into five categories. They are:

Bulk materials- these are materials that are delivered in mass and are deposited

in acontainer.

Bagged materials- these are materials delivered in bags for ease of handling

and controlled use.

Palleted materials- these are bagged materials that are placed in pallets for

delivery.

Packaged materials- these are materials that are packaged together to prevent

damage during transportation and deterioration when they are stored.

Loose materials- these are materials that are partially fabricated and that

should be handled individually. Table 2.1 presents some examples of

commonly used materials in construction and their classification.

Table2.1: Classification of Materials (Adopted from Chandler, 1978)

Materia

Bulk

Bagged

Palleted

Packaged

Loose

Sand

X

Grave

X

Topsail

X

Paving Slabs

Structural Timber

XX

Cement

Concrete

XX

Pipes

Tiles

XX

Doors

Electrical Fittings

Stukhart (1995) states that the main categories of materials encountered in a

construction project are engineered materials, bulk materials, and fabricated materials.

Bulk materials- these are materials manufactured to standards and are

purchased in quantity. They are bought in standard length or lot quantities.
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Examples of such materias includes pipes, wiring, and cables. They are more
difficult to plan because of uncertainty in quantities needed.

e Engineered materias- these materials are specifically fabricated for a
particular project or are manufactured to an industry specification in a shop
away from the site. These materials are used for a particular purpose. This
includes materials that require detailed engineering data.

e [Fabricated materials- these are materials that are assembled together to form a
finished part or a more complicated part. Examples of such materials include
steel beams with holes and beam seats.

Stukhart (1995) defines material management as the activities involved to plan,
control, purchase, expedite, transport, store, and issue in order to achieve an efficient
flow of materials and that the required materials are bought in the required quantities,
at the required time, with the required quality and at an acceptable price.

Plemmons and Bell (1995) define material management as the plan and control of all
activities to ensure the correct quality and quantity of materials and equipment to be
installed as specified in timely manner, obtained at reasonable cost and are available
when needed.

Dobler and Burt (1996) state that material management is designed to improve the
activities related to the flow of materials. They add that material management should
coordinate purchasing, inventory control, receiving, warehousing, materials handling,

planning, and transportation.

2.3 Importance of Materialsfor a Project

Problems related to managing the flow of materials can be found in every
organization. The efficient management of materials plays a key role in the successful
completion of a project. The control of materials is a very important and vital subject
for every company and should be handled effectively for the successful completion of
a project. Materials account for a big part of products and project costs. The cost
represented by materials fluctuates and may comprise between 20-50% of the total
project cost and sometimes more. Some studies concluded that materials account for
around 50-60% of the project cost (Stukhart, 1995 and Bernold and Treseler, 1991).
Materials are critical in the operations in every industry since unavailability of

materials can stop production. In addition, unavailability of materials when needed
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can affect productivity, cause delays and possible suspension of activities until the
required material is available.

Unavailability of materials is not the only aspect that can cause problems. Excessive
quantities of materials could aso create serious problems to managers. Storage of
materials can increase the costs of production and the total cost of any project. When
there are limited areas available for storage, the managers have to find other
aternatives to store the materials until they are needed. Some of these alternatives
might require re-handling of materials, which will increase the costs associated with
them. Provisions should be taken to handle and store the materials adequately when
they are received. Special attention should be given to the flow of materials once they
are procured from suppliers.

It is obvious that materials should be obtained at the lowest cost possible to provide
savings to the company (Damodara, 1999). In the late 1970's, construction companies
experienced an increase in costs and a decrease in productivity. Owners of these
companies thought that these increases in cost were due to inflation and economic
problems. Further research concluded that these companies were not using their
resources efficiently and that the decrease in productivity was also attributable to poor
management (Stukhart, 1995). Material management has been an issue of concern in
the construction industry. 40% of the time lost on site can be attributed to bad
management, lack of materials when needed, poor identification of materials and
inadequate storage (Baldwin et. al, 1994).

The need for an effective materials planning system becomes mandatory. Some
companies have increased the efficiency of their activities in order to remain
competitive and secure future work. Many other firms have reduced overheads and
undertaken productivity improvement strategies. Considerable improvement and cost
savings would seem possible through enhanced materials management. Timely
availability of materials and systems are vital to successful construction. Materials
management functions are often performed on a fragmented basis with minimal
communication and no clearly established responsibilities assigned to the owner,

engineer or contractor.

Better material management practices could increase efficiency in operations and
reduce overall cost. Top management is paying more attention to material
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management because of material shortages, high interest rates, rising prices of
materials, and competition. There is a growing awareness in the construction industry
that material management needs to be addressed as a comprehensive integrated
management activity.

24 What isMaterial Management?

Different researchers provide different definitions for material management.
Therefore, different definitions can be found in different references. Basicaly,
material management is concerned with the planning, identification, procuring,
storage, receiving and distribution of materials. The purpose of material management
is to assure that the right materials are in the right place, in the right quantities when
needed. The responsibility of one department (i.e. material management department)
for the flow of materials from the time the materials are ordered, received, and stored

until they are used is the basis of material management.

Ballot (1971) defines material management as the process of planning, acquiring,
storing, moving, and controlling materials to effectively use facilities, personnd,
resources and capital. Tersine and Campbell (1977) define material management as
the process to provide the right materials at the right place at the right time in order to
maintain a desired level of production at minimum cost. The purpose of material
management is to control the flow of materials effectively. Beekman-Love (1978)
states that a material management structure should be organized in such a way that it
allows for integral planning and coordination of the flow of materias, in order to use

the resources in an optimal way and to minimize costs.

Chandler (1978) states that material management systems should be implemented to
plan, order, check deliveries, warehousing, controlling the use of materials, and
paying for materials. He adds that these activities should be interrelated. Ammer
(1980) defines material management as the process in which a company acquires the
materials that it needs to achieve their objectives. This process usually begins with the
requisition of materials from the supplier until the material is used or incorporated
into a product. Bailey and Farmer (1982) define material management as a concept
concerned with the management of materials until the materials have been used and

converted into the final product. Activities include cooperation with designers,
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purchasing, receiving, storage, quality control, inventory control, and material control.
Gossom (1983) indicates that a materia management system should have standard
procedures for planning, expediting, transportation, receipt, and storage to ensure an
efficient system for materials control. Cavinato (1984) states that materia
management involves the control of the flow of goods in afirm. It is the combination
of purchasing with production, distribution, marketing and finance. Arnold (1991)
states that material management is a function responsible for planning and controlling
of materials flow. He adds that a materials manager should maximize the use of

resources of the company.

Materials management is an important element in project planning and control.
Materials represent a maor expense in construction, so minimizing procurement or
purchase costs presents important opportunities for reducing costs. Poor materials
management can aso result in large and unavoidable costs during construction. First,
if materials are purchased early, capital may be tied up and interest charges incurred
on the excess inventory of materials. Even worse, materials may deteriorate during
storage or be stolen unless specia care is taken. For example, electrical equipment
often must be stored in waterproof locations. Second, delays and extra expenses may
be incurred if materias required for particular activities are not available.
Accordingly, insuring a timely flow of material is an important concern of project
managers. Materials management is not just a concern during the monitoring stage in
which construction is taking place. Decisions about material procurement may aso be
required during the initial planning and scheduling stages. For example, activities can
be inserted in the project schedule to represent purchasing of major items such as
elevators for buildings (Dubler and Burt, 1996).

The availability of materials may greatly influence the schedule in projects with afast
track or very tight time schedule. Sufficient time for obtaining the necessary materials
must be alowed. In some cases, more expensive suppliers or shippers may be
employed to save time. Materials management is also a problem at the organization
level if central purchasing and inventory control is used for standard items. In this
case, the various projects undertaken by the organization would present requests to
the central purchasing group. In turn, this group would maintain inventories of
standard items to reduce the delay in providing material or to obtain lower costs due
to bulk purchasing (Cavinato, 1994).
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This organizational materials management problem is analogous to inventory control
in any organization facing continuing demand for particular items. Materias ordering
problems lend themselves particularly well to computer based systems to insure the
consistency and completeness of the purchasing process. In the manufacturing realm,
the use of automated materials requirements planning systems is common. In these
systems, the master production schedule, inventory records and product component
lists are merged to determine what items must be ordered, when they should be
ordered, and how much of each item should be ordered in each time period. The heart
of these calculations is simple arithmetic: the projected demand for each material item
in each period is subtracted from the available inventory.

When the inventory becomes too low, a new order is recommended. For items that are
non-standard or not kept in inventory, the calculation is even simpler since no
inventory must be considered. With a materials requirement system, much of the
detailed record keeping is automated and project managers are alerted to purchasing
requirements (Stukhart, 1995).

The role that a materials manager plays in an organization is strictly economical since
the materials manager should keep the total cost of materias as low as possible. The
person in charge of handling materials should keep in mind the goals of the company
and insure that the company is not paying extra money for materials. The goa of
every company is to make a profit. This is the basis for company survival, costs
should not exceed income, but keeping in mind customer's expectations.
The typical tasks associated with a material management system are (Tersine and
Campbell (1977), Ammer (1980), Stukhart (1995)):

» Procurement and purchasing

« Expediting

« Materials planning

« Materias handling

« Distribution

« Cost control

* Inventory management / Receiving/ Warehousing

« Transportation

Purchasing and procurement deals with the acquisition of materialsto be used in the

10
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operations. The primary function of purchasing and procurement is to get the
materials at the lowest cost possible, but keeping in mind quality requirements.
Expediting is the continuous monitoring of suppliers to ensure on time deliveries of
materials purchased. The purpose of materials planning is to procure the materials for
the dates when they are needed, storage facilities, and handling requirements. The
primary function of materials handling is to manage the flow of materials in the
organization. The manager has to assure that the costs associated with handling
materials are kept to a minimum. In cost control, the manager has to insure that the
costs to buy materials are kept to a minimum. In other words, the manager has to
insure that he is buying the products at the lowest possible price. The inventory
management deals with the availability of materials. Transportation involves using the
safest most economical means to transport the materials to the site where they are
needed.

Figure 2.1 depicts the different phases of the material management process including
the relationship and interdependency between the different activities in each phase.
From this figure it can be seen that decisions taken at each phase in the system,
directly affect the activities of the phases that follow.

Home Office

L — ozl 3 —y
Purchasing v _M.nrrena! Takeoff ~
{/Requisition/ Investigate Supplier { Engi?_neered;?r{a nuf.—?mm?'ed o
Selecting/Negotiating/Purchase Order) g _‘_/Airl"”""-‘-'ﬂ'lr Bulk Material .~

_______

| Procurement Costs ($) |

Delivery Field Purchase™
Distributors/ | (Expediting/Quality Assurance) all 1a )
— - iﬂ Q
- Ordering Recervmg \ T=
- Storage Shipment {Ideutjficatiov..Iuslpectmg-’Recc:dmg] ﬁ
— Packagmg/

Storage

Out loading | Site

Issumg/Distribution
1
Disposal

Materials Selling
Costs (§)

Manufacturers II /

Ordering/Delivery
€«———————

Site Handling Costs ($)
Indirect Costs (39)

Figure2.1: Typical Materials Management in Construction (Source: Thabet , 2001)
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2.5 Need for Material Management Systems

The costs associated with material management are hidden in other activities or
included as overhead costs. Stukhart (1995) states that studies from the Construction
Industry Cost Effectiveness Project (CICEP) concluded that senior management have
not recognized the contribution of material management to cost issues in projects, that
personnel involved in material management activities do not receive an adequate
training, and that the computer systems used by companies are not good sources of
information for materials control. Historically, managers had paid more attention to
the costs associated with personnel, equipment and plant and little attention has been
given to materials. For manufacturing organizations, the costs related to materials
have increased and had become the largest expenditure of the organization; therefore
more attention has been placed into activities related to materias (Tersine, 1978). The
cost of materials has escalated to twice the cost of labor between 1975 and 1980
inducing companies to pay more attention to activities related to materials (Bernold
and Treseler, 1991).

Navon 2002 developed and evaluated an automated model for management and
control of materials ordering, purchasing, and supply and use. In order to evaluate the
model under real conditions, the model was implemented in a prototype system and
used in ongoing construction projects. The model provides a comprehensive
approach, encompassing materials purchasing aspects, their delivery to the site and
their dispatching for use in the building. The model can reduce the time needed for
materials management, reduce wastage caused by manually ordering the materials and
ensure that materials on site on time, in the right quantity and according to
specifications.

Figure 2.2 illustrates a typical flow of materials, and materia activities in an
organization. From the figure, it can be seen that decisions taken at early stagesin the
material management flow might affect other activities and decisions to be made in
later stages. For example, if the proposals from suppliers are not analyzed (i.e. step 6
in the purchasing activities), then the selection of suppliers might be affected (i.e. step
3 in the supply management activities).

Coordination is needed in order to reduce the impact that a decision at a certain stage
might have in other activities. Communication is essential among members of the

team to avoid conflicts and to take the better decisions regarding materials flow.
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Figure 2.2: Relationship of Purchasing/Procurement/supply management with

material management (Adopted from Dobler and Burt, 1996)

2.6 Goals of Material Management
As it was mentioned previoudly, the role of the materials manager is strictly
economical within an organization. This section will describe some of the aspects that

the materials manager should keep in mind to handle al activities related to materials
appropriately.

Cavinato (1984) states that the objectives of a material management system should
include lowest fina cost, optimum quality, assurance of supply, and lowest
administrative costs. The materials manager should obtain the materials needed at the
lowest cost possible.

By buying products at the lowest possible costs, operating costs can be reduced and
profits can be increased. Proper handling and storage of materials can reduce the total
cost of materias, therefore the materials manager should ensure that materials are
handled properly and stored in the most adequate places. Quality is a very important
aspect that the materials manager has to keep in mind. When specifications require a
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high quality product, quality could become the most important objective. Suppliers
play an important role in any organization. Many companies rely greatly on outside
suppliers for the materials needed for production. Good relations with suppliers might
be decisive for acompany to be in business.

Companies that have good relations with suppliers could be more successful in
attracting customers than companies that have bad relations with suppliers. When a
company has good relations with its suppliers it could benefit from cost reductions,
cooperative environment from the employees of the supplier, and willingness to help
with materials ordered and orders pending. When a company has bad relation with
their suppliers it might be possible that it experiences late deliveries or wrong
materials delivered. Thiswill have an impact on the total cost of the product, possibly
increasing the total costs, and delaying the completion of the final product. Materials
acquisition from the procurement time until it is received in the field can have a
significant impact on the schedule of a construction project. Based on the studies
presented, it is clear that effective management of materials can minimize the impact
that lack of materials or improper management of materials could have on the overal
schedule and cost of the project. The materials manager should assure that effective

and economical transportation are used to transport materials to the site.

2.7 Benefits of Material Management

An effective material management system can bring many benefits for a company.
Previous studies by the Construction Industry Institute (ClIl) concluded that labor
productivity could be improved by six percent and can produce 4-6% additional
savings (Bernold and Treseler, 1991). Among these benefits are:

» Reducing the overall costs of materias

« Better handling of materias

» Reduction in duplicated orders

« Materiadswill be on site when needed and in the quantities required
« Improvementsin labor productivity

« Improvementsin project schedule

*  Quadlity control

 Better field material control
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« Better relations with suppliers

* Reduce of materials surplus

» Reduce storage of materials on site
« Labor savings

« Stock reduction

» Purchase savings

« Better cash flow management

From a study of twenty heavy construction sites, the following benefits from the

introduction of materials management systems were noted (Stukhart and Bell, 1987):

« In one project, a 6% reduction in craft labor costs occurred due to
the improved availability of materials as needed on site. On
other projects, an 8% savings due to reduced delay for
materials estimated.

e« A comparison of two projects with and without a materias
management system revealed a change in productivity from
1.92 man-hours per unit without a system to 1.14 man-hours
per unit with a new system. Again, much of this difference

can be attributed to the timely availability of materials.

« Warehouse costs were found to decrease 50% on one project
with the introduction of improved inventory management,
representing a savings of $ 92,000. Interest charges for
inventory also declined, with one project reporting a cash
flow savings of $ 85,000 from improved materials

management.

Against these various benefits, the costs of acquiring and maintaining a materials
management system has to be compared. However, management studies suggest that

investment in such systems can be quite beneficial.

2.8 Scope of Materials Management
This section deals mainly with the attributes of materiad management and the

responsibilities of those involved in carrying out the material management functions.
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A detalled understanding of each contributing function is required in order to
comprehend the interfaces between material management functions. A materials
management system includes the maor functions of identifying, acquiring,
distributing, and disposing of materials on a construction site (Stukhart, 1995).

By definition, material management is the management system for planning and
controlling al of the efforts necessary to ensure that the correct quality and quantity
of materials are properly specified in a timely manner, are obtained at a reasonable
cost, and are available at the point of use when required. Each firm has its particular
materials management system where the responsibility for the various activities is
spread between engineering, purchasing, and construction. Some assign full
responsibility and accountability to a material manager, but for most firms the

responsibility is divided and therefore prone to problems (Stukhart, and Bell, 1987).

Figure 2.3 represents the logical steps in the process from identifying material needs
to delivering the materials when required at the point of use. Each step isalink in the
chain of events and the strength of the chain is only as good the weakest link. From
review of these stepsit is apparent that the system can break down in numerous places
as the result of misdirected effort or lack of effort by the many individuals involved.
These steps resulting delays in delivery. It aways costs more if things are not done
right the first time. Delays and additional effort are costly, reduce efficiency of a
construction operation because of reallocation of resources, and therefore negatively
impact productivity. The steps shown are only the key element and are part of the
whole material management process which by definition includes the planning and
controlling of al supporting efforts (Ahujaet a, 1994).

2.9 Material Management Steps

There are several steps within the scope of material management and each of these
steps can give rise to potentia problems. The more the responsibility is divided, the
more potential problems that exist.

Figure 2.3 shows the steps in material management and the pertinent action related to
these steps. Some actions are described in terms of the documentation produced, such
asreceiving report and vendor data. (Ahujaet a, 1994)
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Sequence Contribution action
1-RFQ (Requisition) Drawings, specifications.
Material bills
Terms and conditions
2-Bids Approved bidders list
Pre qualification of bidders
Bid evaluations
3-P.O. (Purchase Order) Bid clarification
Notice of award
4-Expediting Vender data
Manufacturer inspection
Delivery
Routings
5-Transport Carrier and route
Ownership en route
Custom
6-Receiving Inspection and acceptance
Receiving report
Storage
7-Inventory Dispersal (i.e. material handling)
Inventory level

Figure 2.3: Material Management steps (Ahuja et al, 1994)

2.9.1 Request for Quotation (RFQ)

Specifications and drawings are needed to implement the request for quotation
process successfully. The specifications and drawings are utilized by a rather diverse
group of participants. The specifications and drawings help the contractor to estimate,
control, manage and direct the works. Also they help the purchasing department to
purchase materials and equipments that described in the drawings and specifications,
finally they help the owner to know what to buy and what he is entitled to receive.

There are relations between the specifications and drawings will clear and generally
show the following information and items. From drawings we can obtain information
about the location of materials, equipment, fixtures, details and overall dimensions,
interrelation of materials, equipment and space, sizes of equipment, identification of
materials at is locations, and another aternatives. And from specifications we can
obtain type and quality of materials, equipment and fixtures, quality of workmanship,
methods of fabrication, installation, erecting, test and code requirements, unit, options
and alternatives (Ahuja, and Dozzi 1994)
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2.9.2 Purchasing

The purchasing function is central to material management. Purchasing has the
responsibility and the authority to commit project funds for materials, equipment, and
services. This activity may be accomplished by the home office, the field, or a
combination of both depending on the size and the scope of the project. The home
office must maintain planning, procedural, and policy direction over the field
operations in order to ensure consistent purchasing practices. (Stukhart, and Bell,
1987)

Vendor selection follows policy and procedures as a key step in accomplishing the
work. In selecting vendor for the project, purchasing is forming the foundation for the
success or failure of the project. Vendors must be selected on the basis of their
capabilities, geographical location, prior experience, and owner preference.
Measurement of capabilities includes such considerations as past performance,
financial  condition, bargaining agreements, capacity, = competitiveness,
responsiveness, and schedule adherence. (Stukhart, and Bell, L.C, 1987)

Several methods of contracting are available to the purchasing organization,
depending on the commodity or service required. Purchasing orders are the most
common form of contract utilized on projects. Although blanked orders and other
forms of agreement are used in varying degrees. Under any form the contract it must
encourage the on time delivery and completion of the work.

“Standard” or “general” terms and conditions of the order or contract generaly
address various commercial aspects of transaction; they define the respective rights,
duties, and obligations of the contracting parties.

Specia terms and condition aso must be incorporated into the body of the purchase
order or contract. Items such as schedule test information, data submittals, drawing
approvals, expediting, and terms of payment are typical of the information, which
must be clearly specified.

Purchase orders often require technical service agreements to complete the scope of
work when the vendor’s technical representative is required at the site to supervise

installation and or erection.

2.9.3 Expediting
Severa types of expediting exist, each with a different level of intensity and cost. The
least intense type of expediting is simple status reporting. Periodic telephone contact
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is made with the vendor to determine the status or progress of an order, and the
information is reported to the project in some systematic format. This type of
expediting provides basic information to the project, but does little to prevent or
overcome delays or problems with an order.

Reactive or correction expediting is more intense than the simple status reporting. But
it isinitiated only in response to some event or action. Vendor contact may be made
in response to a problem of delayed or late delivery (Ahujaand Dozzi 1994).

Finally, proactive or preventative expediting is the most intense aggressive type of
expediting. Here, vendor and sub vendor contact is initiated as soon as the order is
issued and continues through the live of the order. The expeditor will review al
elements of the order to ensure that the vendor understand the various submittal,
testing, and delivery requirements.

The expeditor will seek to gain athorough understanding of the vendor’s engineering,
purchasing, and manufacturing operations as they relate to the particular order. This
enables the expeditor to monitor all elements of the vendor’s performance with the
intent of anticipating and resolving problems before they seriously impact the
projects.

Experienced professional expeditors serve as a key bridge between the engineering
and purchasing activities that specify and order materials and the field operations that
are dependent on those materials for their progress. Accurate and dependable
expediting information is essential for informed management of the projects, and
facilitates the mobilization of buyer and vendors resources in response to problems or
delays (Ahujaand Dozzi 1994)

2.9.4 Transportation

The movement of equipment, materials, and personnel to the job site represents a
unique and specialization element of materials management. Experienced traffic
personnel can have a positive impact on the execution of the project while minimizing
transportation cost (Ahujaand Dozzi 1994)

Significant saving is possible with nationa agreements or negotiated project
trangportation, and through various commercia arrangements for the transportation of
goods, materials, documentation, or personnel. Special consideration is required in
setting terms, thereby determination the proper point for transfer of materials

ownership and liability. The prime contract, especially insurance clauses, may have a
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direct impact on the purchasing terms and conditions concerning transportation.

Early specialized activities in the project planning phases, such as properly performed
route survey and consideration of local traffic conditions, can significantly affect later
execution of the work. These front end efforts affect engineering by defining shipping
envelopes, weight limits, and schedule limitations, the traffic function or group
significant input to purchase documents including packing specifications, shipping
instructions, invoicing instructions, and document requirements.

This group's expertise is necessary in developing routing guides, shipments progress

reports, and troubleshooting as transportation problems devel op.

Transportation or traffic expertise aids the materials management team in handling
numerous types of special loads from delicate electronics to massive modules, each
requiring transport equipment that is specially designed or of limited availability.
Knowledge of requirements, source and availability of this equipment may be critical
to successful execution of the work.

Transport permitting requirements also must be considered early in the project.
Assigning the above responsibilities to suppliers may present an easy upfront
decision, but can later lead to painful lessons if the expertise is not available to the

materials management team to ensure that traffic functions are handled properly.

Traffic or logistics for foreign sites present an added dimension to the transportation
requirements for a project. Each phase of the transportation effort is more complex,
with often-stringent requirements due to ocean shipment and transportation to remote
areas of the world. Each country's customs requirements are unique with potentially

significant duties, taxes, and delays that must be considered in the planning efforts.

2.95 SurplusMaterials

All projects can expect a certain amount of surplus, however, the key to successful
surplus materials management is a well-conceived and well-executed materials
management plan. Various shortcomings in the engineering, materials control,
procurement, and field materials management phases of the work may results in
surplus materials. Understanding and anticipating these potential problems areas are
the first in minimizing surplus (Stukhart and June 1987)

Many causes of surplus can be identified. Surplus can be caused by a poorly
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performed materias take off (MTO). Engineering revision and changes are yet
another cause of surplus, particularly if the MTO occurs early and systems are not
adequately responsive to changes. Inadequate construction materials management
practices also may lead to surplus, particularly on fast track projects. Primary causes
are:

e Duplicate buying and poor control systems/procedures leading to procurement
of unnecessary materials.

e Minimizing surplus on a project requires a proactive and timely system of
communication among al functions involved in the materials acquisition and
installation cycle.

e Option for disposal include using the surplus in the aternative services, using
the surplus materials on other projects, returning them to the vendor, or selling
them to a third party. All options require complete records and timely
reporting to achieve optimum results. The best option is to do the necessary
planning and to implement the necessary materials management system to

reduce surplus at the source(Ahuja and Dozzi 1994)

2.10 Responsibilities

The purpose of clearly establishing the responsibilities and authority of the
participants is not for attaching blame should something go wrong in the process, but
to communicate clearly what is expected and avoid misunderstandings as to who does
what and when. The scope of each participant's involvement must be clearly defined.
If not, increased effort will be expended to rectify missed expectations in quantity,
quality, or cost. Unexpected effort reduces productivity of the operation. A quality
effort is required in all parts of the project, otherwise poor quality in the materia
management process becomes apparent immediately at the point of use. By
comparison, poor quality of engineering, for example, may not become apparent at
al. (Ahujaand Dozzi, 1994)

Severa participants contribute to the material management process and the scope of
their involvement should be clearly stipulated in the contractual document. Figure 2.4
shows the contractual relationships (shown with double-ended arrows) and the key
document that are used to establish the scope of materiad management of each

participant. An efficient material management system leads to improve productivity
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and must necessarily include all participants. The dternative is an inefficient,
incomplete plan, which will prove counterproductive.

If an owner purchases a long-lead item and later assigns the purchase order to the
contractor, a clear understanding of the purchase order is required, as well as full

knowledge of any relevant correspondence, to ensure that nothing is overlooked.

RE —— Engineer/Arc

P.O Agreement

Vendor/SuppI
Agreem

P.O Agreement

/
_Subcontract

Figure 2.4: Reationships and key documents (Ahujaand Dozzi, 1994)

2.11 L egal Aspects of Document

A purchase order (P.O.) is a contract, which specifies technical, delivery, warranty,
and cost details for the goods and services to be provided. Besides providing technical
specifications, it is important to clearly state the required delivery date and whether
the goods are FOB (free on board) at the supply source or the delivery destination.
Vendor information such as engineering data sheets and drawings are often required
in order to finalize the engineering drawings, specifications, or both. The P.O. must
clearly defined what drawings are required and when. Two examples are the fina
anchor bolt layout for a piece of machinery or eectrica grounding locations. This
information is required in order to complete foundation design and construction, and
late delivery of vendor information could result in delays and additiona costs to
overcome the effects of delay.

Leases should be read carefully to understand the limitations respecting insurance

coverage. The wording on leases leaves little doubt that the lessee assumes
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responsibility for the piece of equipment or vehicle that is being leased from the
lesser. The legality of contracts is readily ascertained, but it is not apparent to many
involved in procurement of materials that some of the otherwise bothersome
paperwork has legal implications. A bill of lading transfers responsibility for the
goods from the supplier to the transporter of the goods.

Upon delivery to the receiver of the goods, at both ends of the shipping phase, the bill
of lading is signed as being correct by the receiver of the goods. Signed releases by
inspectors are another group of documents that allow fabrication or processing to
proceed during the manufacture of items. Pressure vessels and piping are examples of
fabricated is not allowed until signed approva is received from an authorized
inspector. (Ahuja and Dozzi, 1994) It is commonly required to produce mill test
reports for materials used in the shop fabrications or field construction. Also, reports
for specific testing of materials are required to fulfill the contractual requirements for
supply of some goods. In fact, materials should not be unloaded without the proper

and complete documentation.

The absence or delay of the required documentation can delay fabrication progress
and potentially delay the project. Besides, there are serious longer term lega
implications for use of materia that has not been properly certified as acceptable for
use in aparticular application. A dramatic example of such an occurrence is the major

fire damage exceeded 100 millions of dollars.

212 Just In Time (JIT)

The acronym JT has been highly visible since the late 1980's, as manufacturing
attempted to meet competitive challenges by adopting newly emerging management
theories and techniques, referred to by some as Lean Production (Womack and et all,
1991). Manufacturing JIT is a method of pulling work forward from one process to
the next "just-in-time"; i.e. when the successor process needs it, ultimately producing
throughput. One benefit of manufacturing JIT is reducing work-in-process inventory,
and thus working capital. An even greater benefit is reducing production cycle times,
since materials spend less time sitting in queues waiting to be processed. However,
the greatest benefit of manufacturing JIT is forcing reduction in flow variation, thus

contributing to continuous, ongoing improvement.
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2.12.1 Construction JIT vs. Manufacturing JIT

JIT is atechnique developed by Taichi Ohno and his fellow workers at Toyota (Ohno,
Taichi., 1987). Ohno's fundamental purpose was to change production's directives
from estimates of demand to actual demand. A purpose originally rooted in the
absence of a mass market and the need to produce small lots of many product
varieties. In assembly line production systems managed by lean production concepts,
the directives for production are provided by means of kanban from downstream
processes. This system insures that whatever is produced is throughput, i.e. is needed
for the production of an order. Kanban works as a near-term adjusting mechanism
within a system of production scheduling that strives for firm and stable aggregate
output quantities, and provides al suppliers in the extended process progressively
more specific production targets as the plan period approaches, resulting ultimately in
a firm 2-6 week production schedule. This system provides sufficient flexibility to
adjust to actual demand, while assuring that all resources are applied to the production
of throughput. In manufacturing, the need for flexibility comes from a potential
difference between forecast and actual demand. Many products are being produced,
SO it is important to minimize the time required to produce any specific type of
product demanded. In construction, there is only one product produced once. And in
the case of industria construction, that product is the facility for producing
manufacturing's products. It is consequently important to reduce the time needed to

produce the facility, not necessarily the time to produce any component.

The application of JIT to construction differs substantially from its application to
manufacturing because construction and manufacturing are different types of
production, and because of the greater complexity and uncertainty of construction.
The extent and significance of uncertainty in construction has been adequately
addressed, but a moment's reflection supports the view that construction is complex.
The number of parts, relative lack of standardization, and the multiple participants and
constraining factors easily make the construction of an automobile factory more
difficult than the production of an automobile in that factory. When this complexity is
joined with economic pressures to minimize time and cost, that uncertainty results is

not surprising.
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2.12.2 Using JIT toreduce variation and waste: Manufacturing vs.

construction

By minimizing inventories between processes, Ohno removed the safety stock that
allowed a downstream process to continue working when a feeder process failed. He
also required that operators stop the production line when they were unable to fix
problems. Consequently, it became necessary to solve problems rather than ssimply
passing bad product down the line. Problems also became highly visible since they
could result in line stoppages. Forced confrontation with problems together with
analysis to root causes produced a progressively more steam lined and smoother
running production process, with fewer end-of-the line defects and higher throughput.
How might this work in construction? Construction is schedule driven. Given a well-
structured schedule, if everyone stays on their part of the schedule, the work flows
smoothly and maximum performance is achieved. However, as we all know, it israre
that projects perform precisely to their origina schedule. Business conditions change,
deliveries dlip, a design requires correction, etc. If a schedule has sufficient slack in
the impacted activities, changes may not impact end dates. When there is little or no

slack, players are pressured to make it up in accelerated production.

2.12.3 Types of Construction Buffers

There are two types of inventories that can serve the function of buffering
downstream construction processes from flow variation. The most familiar type is
piles of stuff; materials, tools, equipment, manpower, etc. These piles of stuff may
originate in decisions to insert certain time intervals between scheduled activities, e.g.
between fabrication and installation of pipe spools. Consequently, while they take the
form of stuff, they often also represent time added to project duration, so these are
caled "schedule buffers’ (Howell et. all, 1994). Less familiar are inventories of
workable assignments, produced by planning processes that make work ready for
downstream production (Ballard et. al, 1994). These buffer by enabling a reliable,
predictable flow of output from each process. They need not imply the existence of
piles of stuff, depending upon the predictability of flow between supplier and
customer processes. Ballard et. all caled these inventories of workable assignments

"plan buffers."
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Figure2.5. Typesof construction buffers (Howell et. all, 1994)

2.12.4 Functions of Schedule Buffers

In the construction of process plants (petroleum, chemical, food processing, pulp and
paper, etc), projects are frequently fast track; i.e. construction begins before design is
completed (Huovila et. al, 1994). Late delivery of drawings and materias has led
construction contractors to demand earlier delivery, reducing the time available for
engineering to complete design, resulting in more delivery problems and demands for
even earlier deliveries. Thisis clearly avicious circle. Large schedule buffers between
suppliers and construction may shield the contractor from the impact of late deliveries
(Howell et. al, 1994), but does nothing to address the root causes of variation.
Further, the shielding is expensive, both in time and money. There is a better way. A
suggested rule: Place schedule buffers just after processes with variable output. For
example, that suggests placing schedule buffers between engineering and fabrication,
rather than between fabrication and installation. The fabrication and delivery
processes are highly predictable, unless drawings are incorrect or incomplete, or
drawings are pulled out of fabrication to be revised. A schedule buffer in front of
fabrication would provide more time for engineering to complete its work and do it
correctly. It would also provide the fabricator an opportunity to select and bundle
work to meet his needs for production efficiency and the contractor's needs for
guantities and sequence.

Another suggested rule: Size schedule buffers to the degree of uncertainty and
variation to be managed. Research (Howell et. al, 1994) has shown that schedule
buffers are sized without regard to the toughness of projects; i.e. their level of
uncertainty. This amounts to wasting time and money accumulating piles of stuff not
all of which is needed
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CHAPTER (3)
METHODOLOGY

3.1 Introduction

This chapter includes the methodology used in this research. It provides the
information about the research strategy, research design, population, sample size,
various approaches to data collection and data anaysis. It aso identifies the

guestionnaire design, pilot study, validity content, and reliability.

3.2 Resear ch strategy

Research strategy can be defined as the way in which the research objectives can be
guestioned (Naoum, 1998). The explanation of mass behavior often requires mass
attitude data that can only be obtained by a survey (Weisberg and Bowen, 1977). The
people who provide information to the researchers are referred to as subjects, study
participants, or respondents in quantitative research or as study participants or
informants in qualitative research (Polit and Hungler, 1999). There are two types of
research strategies, namely, ‘quantitative research and qualitative research’ (Naoum,
1998). Data may take the form of narrative information (qualitative data) or numerical
values (quantitative data), (Polit and Hungler, 1999). Quantitative research is
‘objective’ in nature. It is defined as an inquiry into a social human problem, based on
testing a hypothesis or a theory composed of variables, measured with members, and
analysis with statistical procedures (Naoum, 1998). Quantitative researchers focus on
the relationship between the independent variables and dependant variables (Polit and
Hungler, 1999). Quantitative research is an objective measurement of the problem.

In this study, both quantitative and qualitative approaches are used. The questionnaire
of this study is designed to get the factua information about local practices of
contractors in managing construction materials in building projects as well as the

opinions of contractors about these practices.
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3.3 Resear ch design
The purpose of this research is to explore the current practices of construction
materials management of building projects and develop a computerized materials
management system to be used in materials management works.
A structured questionnaire with personal interviews is used together in this research.
The structured questionnaire is probably the most widely used data collection
technique for conducting surveys. Questionnaires have been widely used for
descriptive and analytical surveys in order to find out facts, opinions and views
(Naoum, 1998). It enhances confidentially, supports internal and external validity,
facilitates analysis, and saves resources. The advantages of interviews as summarized
by Naoum (1998) are:

o theresponserateisrelatively high.

e providing more accurate answers and

e eliminating the tedium and idleness of the responds.
Data collected in a standardized form from samples of population. The standardized
form allowed the researcher to carry out statistical inferences on the data, often with
the help of computers. Using a questionnaire has some limitations such as: it must
contain simple questions, no control over responds and respondents may answer

generally (Naoum 1998).

3.4 Limitation of theresearch

The study is limited to Gaza strip contracting companies that are classified as first,
second and third degrees, which have a valid registration in PCU. The subcontractors
and contracting companies of fourth and fifth categories were excluded because these

companies are too small to have specific arrangements for material's management.

3.5 Data collection and questionnaire design

In this research, few methods of data collection were used including observation,
documentations, interviews and questionnaire and documentary analysis.

The good design of the questionnaire is a key to obtain good results and warranting a
high rate of return. The questions of the research questionnaire are constructed based
on:

e Literaturereview.
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e Severa interviews (39 interviews) with contractors to obtain different
thoughts, which can be useful for creating questions.
e The experience of the researcher and some engineers in construction
management in Gaza strip.
The questionnaire was built mainly using closed questions, and it was divided into
five sections as follows:
Section one: company profile, which includes 10 items.
Section tow: Application of construction materials management tools and techniques
in construction projects, which includes 17 items

Section three: The effect of closure in Gaza strip on materials availability and cost,

which includes 5 items

Section four: Computer applications in materials management systems in construction
projects, which includes 11 items

Section five: Implementation of construction materials management systems, which
includes 12 items.

The questionnaire was developed in Arabic (Annex 1) to be more understandable by
respondents. An English version is prepared (Annex 2) to help in documenting this

research.

3.6 Field work research

The problem solving approach accompanied with a field survey was adopted for
conducting this research. In the problem-solving approach (aso named action
research), the researcher reviews the current situation, identifies the problem, gets
involved in introducing some changes to improve the situation and, possibly,
evauates the effect of higher changes. This type of research is more attractive to
practitioners, industrialists, and students from the professional background that has
identified a problem during the course of work and wish to investigate and propose a
change to improve the situation (Naoum 1998).

A questionnaire was designed and constructed to survey the situation and reality of
construction materials management practices of Gaza strip contracting companies.
The data which is collected by the questionnaire is analyzed and discussed.

Figure 3.1 illustrates the methodology flow chart.
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Figure 3.1: Methodology flow chart
3.7 Pilot study

A pilot study provides a trial run for the questionnaire, which involves testing the
wording of questions, identifying ambiguous questions, testing the technique that used
to collect the data, etc. (Naoum 1998). After the preliminary testing, a pilot study was
conducted to evaluate the questionnaire; the researcher distributed the questionnaire to
a sample of five different contracting companies to fill them. The purpose of this step
is to discover if the questions are well understandable or not, also to find out any
problem that may raise in filling the questionnaire. Generally speaking, it appeared
that respondents had no difficulty in understanding the items or the instructions to
complete the questionnaire.

The validity content of the questionnaire was tested by five contractors. Each of them
has full information about the research objectives. Each of them was requested to
evauate validity content for each item based on rating the index of content validity.
The contractors were then requested to rate each item based on relevance on the four-
point ratings scale. The point scale developed by Yaghmaie (2003) as "1 = not
relevant; 2 = item need some revision; 3 = relevant but need minor revision; 4 = very
relevant”. Based on comments of the contractors some minor changes, modifications,
and addition were introduced to the questions.
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The relatively of the questionnaire is a mgor criterion for assessing its quality and
adequacy. The value of the reliability coefficient theoreticaly can range between -
1.00 and +1.00. For most purposes, reliability coefficients above 0.7 are considered
satisfactory (Polit and Hungler, 1999). Five questionnaires were redistributed. The
reliability coefficient was calculated which indicated a high level of reliability. For
more accuracy, reliability coefficient was calculated for important parts.

Table 3.1 Reliability coefficient for the questionnaire.

section contents No. of reliability
No. questions | coefficient
2 Appllcatlc_m of <_:onstruct|on_ matenals management tools 43 0.9356
and techniques in construction projects.
3 Th(? effgct of closer in Gaza strip on materias 5 0.7542
availability and cost.
4 Computer applications in material management systems 13 0.7327
in construction projects.
Implementation of construction materials management. | 109 0.9626
3.8 Interview

The researcher interviewed 39 contractor company representatives and asked them to
fill the questionnaire during the interview. The interview gave to afar extent, accurate
and clear answers due to the clarifications which made by the researcher.

Before carrying out the interview, the questionnaire was sent to a company and
gpecific time and date were determined for interview. This provided a chance for the
contractors to study the questions before answering them. In the beginning of the
interview the researcher introduced himself to the respondent to create a friendly
atmosphere, then he thanked the respondent and affirmed that all the data to be
collected would be used only for the research and would not be transferred to any
other party.

3.9 Population and sample

The studied population includes the contracting companies in Gaza strip who have a
contractor's union valid registration in January 2006. As materials management is a
somehow sophisticated activity, the researcher addressed his study towards the top
contracting companies of the first, second, and third class according to the contracting
Union classification. The total number of these companies is 84 companies and they
are dtratified as follows: the first class has 34 companies; the second class has 21

companies; the third class has 29 companies.
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3.10 Data coding and data analysis
The use of computers requires that answers given by the respondents be coded into
numbers before the actual data analysis (Weisberg and bowen 1977). The coding
process for closed ended questions consists of recording the number of response. The
response categories must be mutually exclusive, so no answer can fit more than one of
the categories (Weisberg and bowen 1977).
The returned questionnaire was numerically coded to enter the data systematically and
efficiently. Data was entered using the statistical package for socia sciences (SPSS)
software. Double check, manually and by computer, was made to ensure data
cleaning.
Statistical analysis for the data was conducted using the SPSS as follows:

e Defining and coding of variables.

e Summarizing the data on raw data sheet.

e Entering data.

e Cleaning data (Double check).
After applying the above-mentioned steps, the descriptive statistic method has been
used. The descriptive method is one of analysis method which provides a general
overview of results. It gives an idea of what is happening (Naoum 1998). In this
study, frequency distribution and percentage were used to describe aspects of data.
The researcher uses this method because large amounts of data were gathered. It is
often useful to distribute the data into categories and to determine the number of
individuals or cases belonging to each category. This is called "category frequency”
(Naoum 1998). In this research, the data were presented in forms of tabulation, bar

charts, and pie charts.

3.11 Developing and evaluating the computerized system
The researcher has developed a tailored construction materials management software
that suits Gaza strip contracting companies. This software was devel oped depending
on survey results, literature review, the experience of the researcher and other experts
in construction materials management in Gaza strip, and the relevant computerized
packages that the researcher reviewed such as Navon study (2002). He developed and
evaluated an automated model for management and control of materials ordering,

purchasing, and supply and use. In order to evaluate the model under real conditions,
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the model was implemented in a prototype system and used in ongoing construction
projects. The software was developed using Microsoft Excel platform. Thisis because
contracting companies are familiar with Excel and find it easy to use. To increase the
capability and skills of the researcher in Microsoft Excel package, he reviewed some
books explaining the use of Excel, internet Excel publications, and Excel manual.
These skills increased the capability of the researcher to develop the software. The
developed software was tested by four contractors asking them to try it on red
projects. They were also asked to fill a questionnaire for evaluating the software (See
annex 5)
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CHAPTER (4)
SYRVEY RESULTS

4.1 Introduction

In this chapter, the results of the field survey are presented and discussed. The chapter
illustrates and discusses the characteristics of the study population, application of
construction materials management tools and techniques in construction projects,
computer applications in material management systems in construction projects, and

Implementation of construction materials management systems.

4.2 Study population characteristics

The general characteristics of the study population were investigated. They include
the field of work, classification of contractors, number of employees and their
gualifications, number of executed projects and their values during the last five years,

and the person in-charge-of managing construction materials.

4.2.1 Year of establishment

Table 4.1 shows that only (14.2%) of the contracting companies were established
before 1994. (36.9%) of companies were established from 1994 to 1997, while
(48.8%) of them were established after 1997. This indicates that most of companies
arerelatively newly established having less than 13 years of experience.

Table4.1: Year of establishment of contracting companies

. Contractors
Variable
Frequency Percentage%o
v ; Before 1994 12 14.2
ear o
establishment 1994 - 1997 31 36.9
After 1997 41 48.8
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4.2.2 Field of work

Table 4.2 demonstrates that all respondents are involved, in a way or another, in
building works, (94.9%) are involved in water and sewerage works, and (95%) are
involved in roads works. This show how important is the building construction to the
construction industry in Gaza strip.

Table4.2: Field of company specialization

Company work field Main | Secondary | Unspecialized
. . Freguency 75 6 0
Building work field Percentage% | 92.6 7.4 0
Water and sewerage Freguency 44 30 4
works Percentage% | 56.4 38.5 5.1
Freguency 44 32 4
Roads works Percentage% | 55.0 40.0 5.0

4.2.3 Classification of contractors
Table 4.3 illustrates that about half of contractors (43%) are classified asfirst classin

building works. (22.6%) of them are classified in first class in sewage and water

works and (19.0%) of the respondents are classified in first class in roads works.

Table4.3: Degreeof classification

Company classification according the First Second Third
i : .9 Others
contracting union for thefollowing fields class class class
. Freguency 34 21 29 0
Buildingworks — I5e - tage%% 43.0 26.6 30.4 0.0
Water and sewerage | Freguency 19 20 36 9
works Percentage% 22.6 23.8 42.8 10.7
Freguency 16 26 35 7
Roads works Percentage% 19.0 309 417 8.4

4.2.4 Number of employees and their qualifications

From Table 4.4, it has been found that (97.6%) of respondents employ civil engineers, while
(76.2%) of them employ architects, (55.9%) of them employ electrical engineers, and (59.5%)
of contracting companies employ mechanical engineers.
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Table4.4: Qualification of employeesin the contracting companies

Variable No. Percentage%
Civil engineer 82 97.6
Architect 64 76.2
Electrical engineer 47 55.9
Mechanical engineer 50 59.5
other specialist engineer 14 16.5
Technician 75 89.3

Table 4.5 demonstrates that (45.2%) of respondents have 10 employees or less, whilst (3.6%)

of contractors have more than 40 employees. The other (51.2%) of contracting companies has

from 11 — 40 employees.

Table4.5: Distribution of respondents number of employee.

Number of employees Frequency Percentage%
10 and below 38 452
11-20 29 345
21-30 11 13.1
31-40 3 3.6
More than 40 3 36
total 84 100.0

These results reveal how small the organization size of contracting companiesin Gaza

strip is generally. This means that most contractors execute their projects mainly

using subcontractors. In fact, subcontracting is an essential component of almost any

project.

4.2.5 The number and value of executed projectsduring the last fiveyears

Table 4.6 shows that (42.9%) of contractors executed less than 10 projects during the

last five years and only 3 contractors executed more than 40 projects. The majority of

contracting companies (53.6%) executed from 20 — 40 projects in the same period.

36

www.manaraa.com



Table4.6: Distribution of number of executed projects

Number of executed
projects
during the last five Frequency Per centage%
years
10 and below 36 429
11-20 31 36.9
21-30 10 11.9
31-40 4 13
More than 40 3 36
total 84 100.0

Table 4.7 shows that (53.5%) of respondents executed projects with a value of less
than 3 million dollars, during the last five years. (27.3%) of contracting companies
executed projects with a value between 3 and 6 million dollars, and (19%) of
contractors executed projects with a value of more than 6 million dollars. This

indicates that most of executed projects are of small size.

Table4.7: Distribution of value of executed projects.

Total amount of executed projects Erequency | Percentage¥
during the last five years (in million dollars) € Y gero
1.5 and lesser 27 32.1
163 18 21.4
3.1-45 17 20.2
4.6-6 6 7.1
6.1-7.5 6 71
Morethan 7.5 10 11.9
Total 84 100.0

4.2.6 Distribution of respondent’s person in-char ge-of managing materialsin
construction projects

Table 4.8 shows that none of contracting companies has a specific section for
managing construction materials. For other companies, the person in-charge-of
managing construction materials is the director in (26.2%) of companies and the

project manager in (50%) of companies.
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Table4.8: Distribution of respondents person in charge of managing construction

materials

e e e oo AN | praquency | parotage
Company Director 22 26.2
Project Manager 42 50
Site Engineer 20 23.8
specific section 0 0.0
Others 0 0.0
Total 84 100.0

4.3 Application of construction materials management techniques in
construction projects

Considering the necessity and degree of using of some techniques in managing
materials process in general, Table 4.9 illustrates that (69.5%) of contracting
companies believe that updating the database for materials price when change occurs
is the most important technique.

The results show general consistency between the necessity and usage degree of
establishing database techniques and the necessity and usage degree of corresponding
updating database techniques. The results show also consistency between the
necessity and usage degree of each of these techniques.

Also Table 4.9 shows that the most important technique in establishing database
group is "creating materials price database" (72.8%), and the most important
technique in updating database group is "updating the database for materials price
when change occur” (69.5%). It is noticed that the most important tool in establishing
database group and updating database group is the tool that related to the prices of
materials. This results may referred to the fact that in Gaza strip materials cost has the

lion's share of the project cost.
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Table4.9: Technique necessity and usage in managing construction materials

Necessity degree Usage degree
>
| < B = <
S (=) >
No. Techniques > 3 g § = o
Pz |3 : B
3 g | B 3 04
8 ¢ £]° 8
e D O
A
1 | Establishing categorized
3 materials database 61.3 350 37 |500|444 56
o]
CU . .
2 | Creating local suppliers
& il 654 321 25 |569|403 28
E’ 3 | Creating international
ﬁs 4 | Creating materials price
w database. 728 | 235 | 371603368 29
5 | Updating the database of
% local suppliers, 60.8 329 63 [|575]329 96
s | 6 %fgﬁ;}%;;es"ua;gﬁﬁd 392 418 190|360 387 253
'g 7 | Updating the database for
g materials price when 695 220 85 |647]294 59
_g change occurs.
Q 8 | Using internet for
- knowing the new 509 353 138493 |296 211
materials and their prices.

4.3.1 Thenecessity, degree of usage, and method of use of some techniquesin

construction materials management

From the information in Table 4.10, it isclear that most contracting companies (85%)

consider that using daily recording for used materials in the project is necessary,

(77.8%) of contractors usualy use this technique, and (55.6%) of them recording

materials by using aform.

Other observation, the relatively least important technique in managing materials is

reporting the situation of materials in project's store where (63.3%) of respondents

consider it necessary and (56.0%) of them usually use it. This somehow come in line
with Al-Ostaz's study (2004) who concluded that (75.6%) of the respondents report

the situation of materials in the project's store in managing construction materials in

Gaza strip.
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The results demonstrate that (21.4%) of companies recording the received materials
on site by using a computerized form, but in Al-Ostaz's study (2004), (2.4%) of the

companies recording the received materials on site by using a computerized form. In

genera about half of contracting companies using the techniques shown in table 4.10
by using a form, but Al-Ostaz's study (2004) concluded that less than (10%) of

contracting companies using aform to apply some techniques shown in Table 4.10.

Table4.10: The necessary, degree of usage, and method of use some techniquesin
construction materials management

No.

Techniques

Necessity degree

Usage degree

Method of use

Necessary %

Necessary
somehow %

Unnecessary %

Usually %

Occasionally %

Rarely %

By USNg a
computerized
form %
Recording by

using aform %

Recording
without form %
Without
recording %

Providing alist of
materials in project that
includes for example
(material name, material
number unit price).

741

222

68.0

240

20.0

50.0

257 43

Daily recording of using
materials in the project.

85.0

138

13

77.8

222

0.0

20.8

55.6

222 14

Providing material cards
at site store that contain
for example (input-output-
balance).

68.3

232

85

52.8

333

139

17.9

50.7

147 164

Providing materials
purchase order including
for example (order
number-material
description-required
guantity —price).

76.9

17.9

52

60.8

284

10.8

212

62.1

106 | 6.1

Recording the received
materials on site, the
record shows for example
(delivery number-supplier
name-material
description- quantity).

82.7

16.0

13

75.3

23.3

14

214

58.6

171 | 29

Reporting the situation of
materialsin the projects
store, the report shows
(supplier name-order
number-quantity input-
guantity output-balance).

63.3

253

114

56.0

32.0

12.0

16.9

52.1

18.3 | 12.7

Reporting the problems
for examples (wastage
and breakage-thief and
loss-shortage in delivery).

73.2

244

24

58.7

36.0

53

8.3

514

278 | 125

Following up the pricesin
the market and recording
the variation of prices.

83.1

133

3.6

74.7

18.7

6.7

14.3

55.7

20.0 | 10.0

Following up the closure
variations in the "market

80.0

8.2

11.8

68.1

23.6

8.3

10.0

50.0

229|171

40

www.manaraa.com



4.4 The effect of closure of Gaza strip on materials availability and price

Table 4.11 represents the effect of closure on materials availability and price as

expressed by respondents. These results show that all respondents (100%) agree that

the closure causes a delay of a project completion. (98.9%) of them agree that the

closure has big effect on the prices of basic materias such as cement, aggregate and

reinforcement steel. On the other hand, the results show that (54.2%) of contracting

companies believe that the closure increase subcontractor rates. The researcher

expected all of these results. He was expected, in general, that the closure causes a

noticeable increase in the main material prices, an increase of other material prices, a

delay of aproject completion, and causes an increase of total project cost.

Table4.11: The effect of closure of Gaza strip on materials availability and price

N —
Bl 2ls 8|58
"Eo; 8T B 8 ks
8 T | & S B =
No. Factor g | & f:_”ﬁé g | 8|8
S P =8 5| 8o
o) o o S © | E
sl 5> 122>
5| T || =58
>
1 | Theclosure causesa
noticeable increasein the
main material prices 810(179,989| 1.2 | 0.0 | 0.0
specialy (cement,
aggregate, and sted!).
2 | Theclosure causes an
increase of other
material prices (painting, | 51.2 | 35.7 | 86.9 | 83 | 48 | 0.0
electrical, sewage
material).
3 | Theclosureincreasesthe | 50 o | o553 | 542 | 12,0 | 10.8 | 22.9
subcontractors' rates.
4 | Theclosure causes a
delay of aproject 69.0 31.0| 100 | 0.0 | 0.0 | 0.0
completion.
5 | Theclosure causes an
increase of total project | 59.5| 357|952 | 48 | 0.0 | 0.0
cost.
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4.5 Using softwar e for supporting the construction materials management

Table 4.12 shows that (28.6%) of the respondents do not use computer applicationsin
material management systems in construction projects and (61.9%) use spreadsheet-
based software like (Ms Excel) because it is a familiar application for all construction
companies. On the other hand (9.5%) of them Use specialized software and this is
somehow strange as the researcher did not get any evidence from interviewees of
these software that they claimed they had used.

Table4.12: Using softwarefor supporting the construction materials management

Using software for supporting the construction materials | equency | Percentage%
management
Not use 24 28.6
Use spreadsheet-based software (Ms Excel) 52 61.9
Use specialized software. 8 9.5
total 84 100.0

4.5.1 Respondent's efficiency of using popular computer software
Table 4.13 shows the respondents efficiency of using popular computer software.
These results illustrate that most of respondents (93.9%) have very good capabilities
in using MS-Excel spreadsheets, where (60.3%) of contractors have very good in
using Ms-Project. Only (24.1%) of them have the same capabilities in using Ms-
Access. The distinguished place of Excel may refer to its advantages, which are stated
by christofferson (1999) as the following:

e |tiseasytouse.

e |t can be customized to the company style of doing business.

o |tispowerful.

Table 4.13: Efficiency of respondentsin using popular computer software

¢ < .
No. software 5 o 3 =
S |32 g 8 g
(O] -§ o = -
. (&) (@] .
> O < 2 >
1 | Exce 939 | 49 1.2 00 | 0.0
2 | Word 916 | 7.2 1.2 0.0 | 00
4 | Ms-Project 60.3|130.8| 0.000 | 00 | 9.0
3 | Access 241 | 177 | 127 | 114| 34.2
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45.2 Obstacles that are facing the local companies in using a construction
materials management software

Table 4.14 represents the obstacles, which are facing the contractors in using
construction materials management software. These results show that the mgority of
respondents (80%) consider absence of understanding of construction materials
management software is the most important obstacle that affects the using of
computerized materials management packages. (79.2%) of the respondents think that
non-realization of importance of construction materials management system by the
contractor has big effect on using computerized materials management packages.
Another observation noted from Table 4.14, (49.5%) of the contractors believe that
implementing the system wastes the time of project supervisors. The researcher
notices that the most important obstacles are the technical ones (obstacle Nos. 1, 2, 3,
4, and 5), while the least important obstacles are the cost related obstacles (obstacle
Nos. 7 and 8).

The importance of technical obstacles has been supported by Navon study (2002); he
concluded that the main reason for non-using computer in materials management is

the lack of suitable software for managing construction materials.

Table4.14: Theobstacleswhich arefacing contractorsin using construction materials
management systems.

No. Obstacle

Mid degree effect %
Little degree effect %
Very little degree effect %

Very high degree effect %
High degree effect %
> Very high+ High degree%

1 | Non- redlization of importance of construction materials

management system by the contractor. 3291553192 47 | 7.1 00

2 | Absence of understanding of construction materials 259 | 541 | 800 | 165 | 35 | 0.0
management system.

3 | Inability implementation of the system. 238|538 | 776 | 81 | 143 | 83

4 | Shortage of user friendly of construction materials 271 | 365 | 636 | 200 | 153 | 1.2
management system.

5 | Shortage of qualified persons in using a construction

materials management system. 4471329 | 776 | 153 | 71 | 0.0

6 | Simplicity of manual managing a construction material. 241|349 | 620 | 289 | 7.2 | 4.8
7 'I;S?erwgh cost of a construction materials management 250|321 15711 179 | 167 | 83

8 | The thinking that implementing the system wastes the time
of project supervisors.

224 | 271|495 | 235 | 176 | 94
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4.5.3 Contractors’ opinions regarding willingness to get materials management
packages

In general, most of contractors surveyed (87%) are willing to get and use user friendly
and low cost construction materials management software in managing materials.
Table 4.15 shows that (70.2%) and (16.8%) of contractors surveyed are strongly agree
and agree, respectively, to get and use a user friendly and inexpensive construction

materials management software in managing construction materials.

Table 4.15: Contractors willingnessto get materials management packages.

| am ready to get and use user friendly and inexpensive cost Frequency | Percentace
construction material management system € Y 9eo
strongly agree 59 70.2
Agree 14 16.8
Neutral 5 5.90
Disagree 1 1.2
strongly disagree 5 5.9
total 84 100.0

4.6 Implementation of construction materials management systems
Implementation of construction materials management systems on construction
projects provides the contracting company with many benefits and it can solve many

problems that may face the contracting company.

4.6.1 Benefits of implementation of materials management on construction
projects
Table 4.16 outlines the benefits of construction materials management systems
according to contractors opinions. The most important benefits are listed below:

e Materials aretimely available on site with the right quantity (95.3%).

¢ Reducing duplication of materials orders (90.5%).

e Improving cash flow (86.6%).

e Complying to time schedule (85.1%).
On the other hand the benefits, which have lesser effect, are:

e Better relationships with suppliers (66.5%).

e Complying to enhancement of quality control. (74.7%).

e Reducing the space for materials on site (74.7%)
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Table 4.16: Benefitsof implementation of materials management software on
construction projects

X
S 3 S
3 3 §’ ° X e
. g8 8| 2 8|28 8
No. Benefit = 5 = 5 s
o4 £ | ® o
© 8 <) 8 Sé S
5| 5l 5| 2| 2
> < o ° L) >
O 2 > 2 E T
> I N = i >
1 | Reducing the costs of project materials. 40.0 | 388 | 785 | 176 | 35 | 0.0
2 | Better handling of materials. 405 | 405 | 81 | 179 | 00 | 1.2
3 | Reducing duplication of materials orders. 417 | 488 | 905 | 83 | 1.2 | 00
4 Matgnalsaretl_mely available on site with 548 | 405 | 953 | 47 | 00 | 00
the right quantity.
5 | Improving labour productivity. 373 | 470 | 843 | 108 | 36 | 1.2
6 | Complying to time schedule. 444 | 407 | 851 | 148 | 0.0 | 0.0
7 | Complying to enhancement of quality 289 | 458 | 747 | 217 | 36 | 00
control.
8 | Improvi ng follow up and monitoring of 310 | 440 75 | 238 | 12 | 00
construction materials.
9 | Better relationships with suppliers. 325 | 337 | 665 | 313 | 24 | 00
10 | Waste reduction. 427 | 354 | 781 | 195 | 24 0.0
11 | Reducing the space for materials on site. 325 | 422 | 747 | 193 | 6.0 | 0.0
12 | Obtai ning better price for the construction 420 | 333 | 773 | 190 | 24 | 12
materials.
13 | Improving cash flow. 50.0 | 366 | 866 | 85 | 3.7 | 12

4.6.2 Importance of materials management systems to solve some problems

Table 4.17 lists the contractors opinion about the extent of effect of implementing

materials management system to reduce material problems on construction site. The

results show that the majority of contracting companies believe that its important to

implement a construction materials management system to overcome most of

material management problems. The results also show that the problems which have

more conscious on its importance are "Materials are not available with required

guantity" (92.9%), " Sow response from the consultant engineer about submittals’
(91.5%), and " Materials are not available" (90.6%)
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Table4.17: Theimportance of implementing a materials management system

2 <
T e | =
£ = | B
ol 8 5
= £ S
S 8| E
No. Problem S £z €

2 8 | ¢ | = T
5 € | % | 8| B
— <] o Q c c
25151853
ElBl2 2|2 3

> Q B
&) g' > o § §
> = N =z < <
1 | Materials are not available. 435|471 906 | 35 | 35| 24
2 Mater_lals are not available with required 3531|5761 929 59 | 00| 12

guantity.
3 | Latedelivery to the site. 388 | 494|882 | 118 | 0.0 0.0
4 | Slow response from the consultant engineer 25 | 500 | 915 | 84 | 00 | 00
about submittals.

5 | Deliver wrong materials. 422 470|892 | 96 | 1.2 | 00
6 | Deliver materials with wrong dimensions. 310 | 524 | 834 | 143 | 24 | 00
7 | Ddliver materials with wrong quantities. 381|476 |857|131| 1.2 | 0.0
8 | Increase materials quantity in storages. 365|518 83| 71 | 47| 0.0
9 | Burglary, theft and vandalism 393|440 (833|143 | 24| 00
10 | Destroyed materials when deliver. 333|500 |833|143| 1.2 | 1.2

4.6.3 Theresponsibility of ordering construction materials

Table 4.18 shows that (30.9%) of the respondents have the company manager

responsible for ordering materials, and (48.8%) of them have the site engineer

responsible for this duty. Another observation noted from Table 4.18, none of

contracting companies has a specific section for ordering materials process.

Table4.18: Theresponsible about ordering construction materials

The person who responsi ble about

Ordering materials Frequency | Percentage%
Company manager 26 30.9
site engineer 41 48.8
procurement department 17 20.2
Persons worked in a specific section 0 0

4.6.4 Thetechniques used for ordering materialsfrom suppliers
From Table 4.19, it has been found that most of contractors (97.7%) use the telephone

for ordering materials from suppliers, (92.9%) of them prefer to use the fax for

ordering materials, while (47%) of respondents use the E-Mail, and (44.7%) of them

use internet for ordering materials from suppliers. It is noticed that the telephone is

the most important tool for ordering materials. This result may refer to the fact that in
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Gaza strip construction materials are ordered from local suppliers. It is noticed that

the modern techniques for ordering materials such as websites are not use in Gaza

strip.
Table4.19: Techniquesfor ordering construction materialsfrom suppliers.
S £ s |w
AR AR R
. S| B 88| £ | £ |Es
No. Technique 8| £ | E 22| 35|gs
£ 8| =8| § € |ET
> (S T £ © = |=
g = > - |22
> A
1 | Internet. 118 | 329 | 447 | 106 | 353 | 94
2 | E-mall. 129 | 341 | 47 82 | 388 | 59
3 | Fax. 553|376 | 929 | 47 | 24 | 00
4 | Telephone. 718|259 | 977 | 23 | 00 | 00
5 | Personal meeting. 541|318 | 859 47 | 47 | 47

4.6.5 Available covered and open storages
Asiillustrated in Table 4.20, most of respondents (52.4%) have an area of 200m2 and
below of covered storages, and (53.6%) of the contractors have an area of 1,000 m2

and below of opened storages. It is noted that none of the contractors have an area

more than 2,000 m2 of covered storages, and only one of them have an area more than

10,000 m2 of opened storages.
Table 4.20: Available covered and open storages.

\° X

g B g | %

Available area of o | 8 Available area of o | &

covered storages 3 § opened storages g §

T o i o

o a
200m2and bel ow 44 | 524 | 1,000m2and below 45 53.6
201-500m2 26 | 30.9 | 1,001-3,000 m2 22 26.2
501-1,000m2 9 | 10.7 | 3,001-6,000 m2 13 15.5
1,001-2,000m2 5 6 6,001-10,000 m2 3 3.6
more than 2,000m2 0 0 more than 10,000m2 1 11
total 84 | 100 | total 84 100

4.6.6 Materialsthat are stored in the company's storages

Table 4.21 shows how often the construction materials are stored in the contractor's

storages. The most important materials that often stored in the contractor's storages
are (shuttering timber, cement, sanitary materials, electrical materials, and pipes). On
the other hand, materials that are rarely stored in the contractor's storages are
(curbstone, stone, blocks, terrazzo tiles, and sand)

Table4.21: How often contracting companies store construction materials
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NS X

o N o

S g8 g | 2| |2

i & 515 |£| 5 &%

No. Material g1 2|2 5 | S s | £

< | © |z (% & =z |38

< b))

2 N
1 | Reinforcement steel. 6.0 | 143 | 20.3| 393|274 | 13.1 | 405
2 | Shuttering timber. 286|131 (417 |20.2|333| 48 | 38.1
3 | Cement. 119|226 | 345|238 | 357 | 6.0 | 41.7
4 | Sand. 71 | 48 | 119|298 | 35.7 | 22.6 | 58.3
5 | Aggregate. 49 | 49 | 98 | 427|354 | 122 | 47.6
6 | Blocks. 48 | 3.6 | 84 | 277|446 | 19.3 | 63.9
7 | Tiles. 48 | 7.1 | 119|298 | 48.8| 9.5 | 58.3
8 | Painting. 84 | 36 | 12 | 313|446 | 120 | 56.6
9 | Stone. 6.1 | 49 | 11 [ 220|354 |317|67.1
10 | Pipes. 131119 25 | 31.0]321|119| 440
11 | Terrazzotiles. 12 | 6.0 | 72 | 321|393 | 214 | 60.7
12 | Curb stone. 00 | 60 | 6.0 | 26.2| 464|214 | 67.8
13 | Base course. 36 | 190|226| 238|369 | 16.7 | 53.6
14 | Electrical materials. 119 19.0| 309|286 | 31.0| 9.5 | 405
15 | Sanitary materials. 143 16.7| 31 | 333|286 7.1 | 357

4.6.7 Theimportance of some factorsin qualifying suppliers
Table 4.22 shows that (98.8%) of the respondents believe that " price competitiveness'

is the main important factor in qualifying suppliers, and the least important factor is

"having many branches in different geographical areas".

Table 4.22: Thefactorswhich are affecting qualifying suppliers.

X g | X
8 5 | e 8
Fo t I 28R
S| B = %o Ro) T | X
Factor 58| 8 29 g | 8|2%
>0 3 $° 5| O | > o
g ls|> 228
T | =35
1 | Price competitiveness. 576 |41.2]988 | 00| 12| 0.0
2 Short period to deliver materials to the 565 | 412 | 977 | 24 | 00| 00
contractor
3 | Quality of materials 459 | 506 | 965 | 24| 12| 0.0
4 | Increase payment period 60.0 | 31.8|91.8 | 35|47 | 0.0
5 | The capability of supplier in the market 61.2 | 294 | 90.6 | 59| 35| 00
g | Having many branchesin different 464 | 357|821 60|83 36
geographical aress.

4.6.8 Frequency of contractor problemsat qualifying suppliers
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Table 4.23 shows that the most frequent problems that are facing contractors in the

process of qualifying suppliers are the prevailing political condition, the sole supplier

and lack of penalty measures against defaulted suppliers, respectively.
From the information in Table 4.23, it has been found that only (1.1%) of the

contracting companies never face the problems shown in Table 4.23.

Table 4.23: Problemswhich arefacing the companies when qualifying suppliers.

4.6.9

X = ‘\’
< S 8 | ° X
[

No. problem g | & | £ § | &
2 l5 /8 3 |38
< (% & | =

1 | Solesupplier. 29.8|50.0| 155 | 48 | 0.0

2 | Lack of required information about suppliers. 1341622 |171| 7.3 | 0.0

3 | Wrong information about suppliers. 16.7 |1 393|369 | 6.0 | 1.1

4 | Lack _of penalty measures against defaulted 310|417 | 226 | 28 | 00

suppliers.

5 Inabll_lty to enforce contract condition on 286 | 417 179 | 11.9 | 0.0

suppliers.

6 | Prevailing political conditions. 548 |369| 83 | 0.0 | 0.0

The importance of knowing waste percentage for different building

materials
As Table 4.24 indicates, most contractors think that knowing waste for different

building materials helps them to determine the exact quantities required for a project,

to price tenders more accurately and to prepare accurate bill of quantities

Table 4.24: Theimportance of knowing materials waste per centage.

X
8 °
S 5 >
8 < | . |s|8
bt X % > b g
?| g = | 83
No. Importance | 2 5| = | 9|
g 28373
o o)) z (@] 2
3 5 =
& 0]
N
1 | Helpto determine the exact required quantities. 500 | 476 | 976 | 24 | 0.0 | 0.0
2 | Increase the chance for obtaining the project finance. 226|524 | 75 | 190 | 6.0 | 0.0
3 | Helpfor preparing accurate bill of quantities. 381 |595|976| 24 | 0.0 | 0.0
4 | Help contractorsto price tenders more accurately. 50.0 | 440 | 94 | 60 | 0.0 | 00
5 | Help the contractor to have a better chance to win the tender. 393 | 476|869 | 863 | 36 | 1.2
6 | Knowing the real requirements for the project (materias-time- 345|512 |8.7|131| 12| 00
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X
3 o
8 5 3
8| o | Tl eo| |8
_ O\ é [=) g
g g s | 8|2
No. Importance | 9 9 £ | @|®
5 22 3 83
) o) < @] 2
&3 5 =
= 0]

7]

2\

cost)

7 | Helpto finish the project successfully and have profits. 405|512 | 917 | 71 | 1.2 | 00

8 | Helpin preparing a good schedule program including project 337 | 446 | 783 | 157 | 6.0 | 0.0
resources.

9 | Help contractor to prepare agood materials schedule program. 345 | 452 | 79.7 | 143 | 6.0 | 0.0

4.6.10 Material waste on site

In this section, the researcher divides the factors that are causing increase in material
waste on construction site into five groups. They are: on site practice; material
handling; transportation; site management and supervision on site. The total numbers
of factors are 35 factors.

a. On site practice

Table 4.25 represents the factors related to on site practice which cause increase waste
on construction site. The results show that the majority of contracting companies
believe that most of the factors, which are shown in Table 4.25, cause waste increase
on construction site. They believe that the factors which have bigger effect on causing
waste increase on construction site are poor quality of materials (89.1%), materials
damage on site (88.2), and improper cutting of materials (84.7%).

On the other hand, the factor which they believe has the lowest effect on causing
waste increase on construction site, is the existence of unnecessary materias on site
(64.3%). This comes in line with Al-Mogany study (2006), who concluded that more
than 80% of contractors consider that which factors causes waste on construction
Sites.

Table 4.25: Factorsthat increase waste on the construction site (Group a)
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X = X

g L B = S B

T | 2 |88 2 | 5| ®

8| 8 g5 5 &8

No. Factors causes increase waste on site 8 g =8| % “g g
s|p|28 & 5|

= o %‘ e .@ g =

5 & |”E| 2 |E|§

> T N+ = 3 >

1 | Materials damage on site. 506 | 376 | 882 | 106 | 0.0 | 1.2

2 | Improper cutting of materials. 40.0 | 44.7 | 847 | 153 | 0.0 | 0.0

Q 3 | Existence of unnecessary materials on site. 238 | 405 | 643 | 286 | 6.0 | 1.1
g 4 Overprod_uctlon/Proqluctlon of aquantity greater 235 | 459 | 694 | 188 | 94 | 24

® than required or earlier than necessary.

8 5 | Manufacturing defects. 208 | 488 | 786 | 16.7 | 48 | 0.0
5 6 | Burglary, theft and vandalism. 369 | 464 | 833 | 143 | 0.0 | 24
c 7 | Poor quality of materials. 381 | 512|893 | 95 | 00| 1.2
O | 8 | Lack of materials (dueto closure). 494 | 325|819 36 |72 72
< |9 | Lackof on site materials control. 417 | 345 | 762 | 190 | 48 | 0.0
~ | 10 | Poor storage of materials. 373 | 422 | 795 | 203 | 0.0 | 0.0
11 | Over sizing structural elements during execution. 208 | 440 | 738 | 202 | 36 | 24
12 | Using excessive quantities of materials. 30.6 | 400 | 706 | 21.2 | 82 | 0.0

b. Materials handling

Table 4.26 represents the factors related to materials handling group which cause

material waste increase on construction site. (75.8%) of the contracting companies

think that "duplication of transporting material on site" causes waste increase,

(69.1%) of them believe that "insufficient instructions about handling materials on

site" causes waste increase, and (67.2%) of the respondents believe that "improper

handling of materials on site" causes waste increase.

Table 4.26: Factorsthat increase waste on the construction site (Group b)

X 3 X

8| o B85 - | 8

T | S (88 |3 | ®

_ _ 8 | 8 |2% B |Z |8

No. Factors causes waste increase on site B 2|28 % g g

< 8’—3 ;g, (o @ 5 Q

=y g =S| B g =

= ke 5 %_) 3 g =

5§ 2|72 || 5§

> T N+ = 4 >

T‘g N 13 | Improper handling of materials on site. 321|351 |672 298| 24|00

2

g g 14 | Duplication of transporting material on site. | 305 | 45.1 | 758 | 183 | 6.1 | 0.0
= 8 — . -

) 15 Insuff_l cient instructions about handling 262 | 420 | 691 | 238 | 71 | 0.0

materials on site.

c. Material transportation
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Table 4.27 represents the factors related to transportation group which cause materia
waste increase on construction site. (81.2%) of the contracting companies believe that
"improper material transportation” causes waste increase, and (69.5%) of them think
that "storing materialsin far away stores' causes waste increase.

Table 4.27: Factorsthat increase waste on the construction site(Group c)

X B X

B | . |B% < | B

— > += < S b

T | % 88| 2 5| ®

. : 3 | 2 85| B &8

No. Factors causes increase waste on site | P g8 3 3B

s | 2|28 8 5|2

< he] 55| © g =

> < S = S - >

T | 2 I| 2 | E| 5

> I | W+ | = | >
S

® | 16 | Improper materials. 365 | 447 | 812 | 165 | 24 | 0.0
&
8

= . . .
= | 17 | storing materialsin far away stores 224 | 471 | 695 | 247 | 59 | 0.0

d. Site management

Table 4.28 represents the factors related to Site management which cause waste
increase on construction site. The results show that the maority of contracting
companies believe that the factors which have bigger effect on causing material
waste increase on construction site are "Lack of material and time waste management
plan” (83.8%), "Ineffective control of the project progress by the contractor” (80%),
and "delay in project commencement” (79.7%). On the other hand, the factors, which
have lower effect on causing waste increase on construction site, are "providing
project team with insufficient information™ (64.7%), "poor site layout" (70.6%), and

"lack of a quality management system" (71.5%).

Table 4.28: Factorsthat increase waste on the construction site (Group d)
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€| 3|58 ¢ |82
5| B S8B 5 B|=E
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1g | Lack of material and time waste 318 | 529 | 838 | 141 | 2.1 | 0.0
management plan.
Lack of aquality management system
. OO 17.9 | 536 | 715 | 26.2 | 24 | 0.0
- 19 aimed at waste minimization.
% 20 | Poor site layoui. 318 | 388 | 706 | 24.7 | 47 | 00
Poor qualification of the contractor’s
o) ) . ; 341 | 424 | 765 | 224 | 1.2 | 0.0
% 2L | technical staff assigned to the project.
£ | 2 Prowdln_g project team with insufficient 24| 123 NN 320 | 24 | 00
[ information.
& : .
D103 Ineffective control of the project 365 | 235 BB 155 | 00 | 12
a progress by the contractor.
=~ | o Shortage czf techni caI profonals inthe 310 42 | 75 | 238 | 00 | 1.2
contractor’s organi zation.
25 | contractors slownessin taking decisions. | 27.4 | 48.8 | 762 | 202 | 24 | 1.2
26 | Delay in project commencement. 393|404 | 79.7 | 155 | 24 | 24

e. Site supervision

Table 4.29 represents the factors related to site supervision group, which causes

material waste increase on construction site. The results show that the majority of

contracting companies believe al factors shown in Table 4.29, have a high degree

effect on waste increase on construction site. This result shows the adversely

relationship between the contractor and the consultant.
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Table 4.29: Factorsthat increase waste on the construction site (Group €)

S g S
g5 > | 88| S % ©
8 | 8|35 B | &8
No. Factors causes increase waste on site 2| % 28 5| 2| B
S| 8|25 8|83
= = et = o
=y g =S| P g =
= © 5 .% 3 g =
5 /7T 2 E |5
> I N+ = - >
27 P_oc_)r C(_)ntrol of supervision and delay in 506 | 329 | 835 | 153 | 12 | 0.0
giving instructions.
28 | Poor qualification of consultant engineer’s
) : 565 | 24.7 | 81.2 | 17.6 | 1.2 | 0.0
staff assigned to the project.
g 29 | Slow response _fr_om the consultant team to 512 | 333 IR 131 | 12 | 1.2
3 contractor inquiries.
; 30 | Delay in performing inspection and testing 545 | 290 | 844 | 130 | 26 | 0.0
ol by the consultant team.
@ | 31 | Poor coordination and communication
2 among the consultant, the owner and the 471|376 | 847 | 94 | 59 | 00
‘_75_ contractor.
w 32 | Owner's delay in handing over the site to 241 | 13> IERR 105 | 47 | 24
the contractor.
33 | Suspension of work by the owner. 435|365 | 80 | 141 | 35| 24
34 | Change orders. 412 | 458 | 87 | 11.8 |00 | 1.2
35 Poor_ cooperation of the owner tqwards 482 | 365 | 847 | 1411 00 | 12
settling contractors payments and claims
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4.7 Conclusions

From the results obtained, analyzed, and discussed, the researcher concludes that:

e The contracting companies in Gazastrip are:

(0]

o

o

o

Relatively newly established.
Involved mainly in building works.
Small size organizations.

Depending heavily on subcontractors.

e Most contractors are interested in using some techniques in construction

materials management such as.

o

o

Providing a list of materials in project that includes for example (material
name, material number unit price).

Daily recording of using materials in the project.

Providing material cards at site store that contain for example (input-
output-balance).

Reporting the situation of materials in the projects' store, the report shows
(supplier name-order number-quantity input-quantity output-balance).

Following up the prices in the market and recording the variation of prices.

o Thelsragli closure has big effect on materials availability and cost.

e Some obstacles that face the contractors in using computerized materias

management systems are:

(0]

Non- redlization of importance of construction materials management
system by the contractor.

Absence of understanding of construction materials management system.
Inability of implementing of the system.

Shortage of user friendly of construction materials management system.
The high cost of a construction materials management system.

The bdief that implementing the system wastes the time of project

Supervisors.

e Many benefits can be obtained from using a user friendly and inexpensive

computerized materials management systems such as:

o

(0]

o

Improving cash flow.

Reduce duplication of materials order .

Materials are on site with required time and quantity.
Complying with time schedule.
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o

O

Complying with enhancement of quality control.

Reduce the space for materials on site.

Many problems can be reduced when contractors implement construction

materials management systems such as:

o

o

o

o

o

o

Materials not available.

Materials not available with required quantity.

Late delivery to the site.

Deliver wrong materials

Slow response from the consultant engineer about submittals.
Destroyed materials when deliver.

Many benefits can be obtained from knowing waste percentage for different

building materials such as:

o

(0]

o

o

Help to determine the exact required quantities.
Help for preparing accurate bill of quantities.
Help contractors to price tenders more accurately.

Help to finish the project successfully and have profits.

There are many factors that cause increase to material waste on site they can

be categorized as the following:

a. Ondte practice

= Poor quality of materials.

Materials damage on site.

Improper cutting of materials.

Burglary, theft and vandalism.

Lack of materials (due to closure).

b. Materias handling

= Duplication of transporting material on site.
» |nsufficient instructions about handling materials on site.

» Improper handling of materials on site.

c. Material transportation

* |mproper materials.

= storing materialsin far away stores

d. Site management

= Lack of material and time waste management plan.
= |neffective control of the project progress by the contractor.
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= Deélay in project commencement.

» Poor qualification of the contractor’s technical staff assigned to the
project

e. Site supervision

= Change orders.

= Poor cooperation of the owner in settling contractors payments and
clams.

= Slow response from the consultant team to contractor inquiries.

» Deéay in performing inspection and testing by the consultant team.
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CHAPTERS
Construction Materials Management Software (CMMYS)

5.1 Introduction

This Chapter presents the computerized system which the researcher developed to
help the Gaze strip contractors to improve their practice in construction materials
management. The author named this software Construction Materials Management
Software (CMMYS). It aso discusses the general concepts on which the development
of software was based. The chapter describes the software components, and the

method of use. The software evaluation and limitations are al so discussed.

5.2 Concepts

The researcher reviewed the current situation of construction materials management
in Gaza strip by interviewing eighty-four contractors. He found out that the
construction materials management practices are generally inadequate and in the first
stages. In addition, he concluded that construction materials management practices are
not done in a systematic way. The researcher aims, by introducing CMMS, at
improving the common practices of local contractors.

Ahujaet a. (1994) summarize the criteriafor selection a software system as follows:
1. The software must be relatively easy to install and operate. The input data
must be easy to prepare, and the output reports must be understandabl e.
2. Datasorting isone of the base uses of computers.
It must be afully tested system and should have a proven record.
4. The program should be flexible and have capacity for handling many types of
application.
5. The database must contain all the necessary elements so it can be managed to
generate the desired information reports.
6. The program should be compatible with other programs and systems in use in
the company.
7. The system must be economical in terms of installation, operation, and
maintenance.
The author tries his best to accommodate, as much as possible, the above mentioned

criteriain development of CMMS.
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5.2.1 Computerized system

Figure 5.1 illustrates a schematic diagram for CMMS. The software consists of four

parts. Part one (input data and basic calculations), part two (materials purchase

decisions), part three (materials cards), and part four (waste control).

They are detailed as follows:

Part 1 (Input data and basic calculations): The input data and basic calculations can be

classified into company and project information; materials pool; activity pool; project

activities; activities materials quantities; materials needed; "2 dates materials to

order"; materials spaces and cash requirements; earned value calculations and earned

value S-curve.

Part 2 (Materials purchase decisions): The materials purchase decisions can be

classified into lead time for delivery and ordering; "materials must be purchased at";

materials spaces at (purchase order) P.O. date; materials prices a P.O. date;

cumulative prices and spaces; "purchase order and materials must be on the site at".

Part 3 (Materials card): It has one sheet called materials card.
Part 4 (waste control): It has one sheet called waste control.

Part 1

Main Menu

Part 2

| input Data & Basic Caic. |

| Mat, Purchase Decisions

«— Company & project Infor)

|Lead time for ordering & Deliver |

¥

«— Materials Pool | [Mat. Must Be Purchased At |
¥ v

«— Activities Pool | |Mat. Spaces At P.O. Date

«—| Project Activities | |Mat. Prices At P.O. Date

| Activities Materials Quan|

[€omulative Prices & Spaces

«—— Materials Neede |

|Purchase Order

«——| 2 Dates Mat. To Order |

<«|Mat. Must Be On Site At

|
|
|
|
)

l«— Materials Spaces & Cash|

«——] Earned Value Calc. |

«—|Earned Value S - Curve |

Part 3

Materiais Cards

Materials Cards

Part 4
Waste Cnirof

\Waste Control

Figure5.1: Construction Materials Management System (CMMYS)

5.2.2 Excel environment

The software is built within Excel environment. It includes spreadsheets processed by

number of functions which automate repetitive steps. Spreadsheets have many

advantages such as:

e They areversdtile.
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e They areinexpensive.

e They are easy to use.

e They can customizeto your style of doing business.

e They are powerful.

e They provide a clear and complete picture of inputs and outputs

(Christofferson 1999).

The field survey illustrated that most companies use Excel more than other programs
such as MS word, MS project, and Access. For this reason and for the previous
mentioned advantages, the researcher has chosen Excel environment for developing

CMMS. Thiswill make the user more comfortable and confident in using CMMS.

5.3 Softwar e description and components

CMMS basicaly consists of number of spreadsheets processed by functions.
Template sheets with embedded formulas are aso utilized to make CMMS more user
friendly. Thefollowing is ageneral description of CMMS components:

5.3.1 Start sheet

Figure 5.2 illustrates the start sheet. It provides a summarized identification of the
software. The user can open the main menu sheet by clicking on "Enter" icon of the
bottom at this sheet.
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M saix

master 13 Full G | Bl e

=

Figure5.2: Start sheet
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5.3.2 Main menu

This sheet contains many icons which represent the sheets and components of the
software. By clicking on any icon, the sheet related to this icon opens automatically.
The basic topics of the main menu are:

e Part 1 (Input data and basic calculations).
e Part 2 (Materials purchase decision).

o Part 3 (Materia card).

o Part 4 (Waste contral).

e Help and method of use.

The followings are more detailed description of these icons of the menu:

5.3.2.1 Part one (Input data and basic calculations)

It includes basic input data about the company and the project, activities pool,
materials pool, project activates, activities materials quantities, materials needed, "2
dates materials to order”, materials spaces and cash requirements, earned value S-
curve calculations, and earned value S-curve diagram. Basic input data can be either
directly entered or electronically transferred, especially the project activities sheet,
which can be transferred from the Microsoft project. The followings are details of the
basic input data and cal cul ations sheets:

Microsoft Excel - Part1 [= |[& ][]

: o) Moo S Slog sl Sl Sladl B 2l e e Gk E]_ & x
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£ | EEE 5] [ E [ F | G | H | | | J | K | L [ M ™ [ [s]) ==
1
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(5 | Part 1 Part 2 Part 3 Part 4
6
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8 ¥ ¥ ¥ ¥
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10| !
11| e Materials Pool Mat. Must Be Purchased At
12 | 7
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14
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19 e —] Materials Neede Purchase Order.
20
| 21 | [t 2 Dates MMat. To Order ~— Mat. Must Be On Site A I B S L
| 22 |
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24 |
25| e— Earned Value Calc.
| 26 |
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28
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30
31
32
(33
34|
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Figure5.3: "Main Menu" sheet.

61

www.manaraa.com



A. "Company and project information" sheet

"Company and project information” sheet involves data about the company like the
company name, address, city, phone number, location, and fax number. It also
includes data about the project like the project name, number, location, total cost, start
date, and finish date. This sheet can be opened by clicking on the company and
project information icon in the main menu. The data of the company and project can
be entered by typing or electronic transmission. Once this is entered it automatically
appears on the other sheets. The user can turn back to the main menu by clicking on
"Back to Main Menu" icon at the bottom of this sheet. Figure 5.4 illustrates the

company and project information sheet.
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Figure5.4: " Company and project information” sheet
B. "Activity pool" sheet
"Activity pool" sheet can be opened by clicking on the activities pool icon in the main

menu. This sheet includes data about activity description, activity unit; activity pool
code, materials name and its quantity, which is required for achieving one unit of an
activity. These materials and quantities are entered for one time for al building

projects. An activity code has four digits, the first two digits are reserved to main
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work type classification, the researcher assigned for example 01 for general works, 02
for earth works, 03 for concrete works, 04 for block works, 05 for plaster works, 06
for tiling works, 07 for painting works, 08 for carpentry works, 09 for metal and
aluminum works, 10 for electrical works, 11 for mechanical works, 12 for isolation
works, 13 for special works and 14 for finishing works. The other two digits is
reserved to different work types such as building blocks works 10, 15 and 20 cm
thick. The materials and its quantities which are used for one unit of activity are

transferred into project activates sheet automatically and these quantities are

multiplied by total quantities of each activity. (See annex 4)
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Figure5.5: "Activity Pool" sheet

C. "Materials Pool" sheet

Materials pool sheet contains materials code, material name, material unit, the space
needed to store one unit of the material and unit price. This data can be typed
manually or transferred electronically from another sheet. Most of materials used in
building works entered in the sheet for one time. Material unit can be typed or chosen
from alist as shown in Figure 5.6.
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Figure5.6: "Materials Pool" sheet

D. "Project Activities' sheet

"Project activities' sheet contains story number, activity pool code, activity
description, unit, duration, start and finish dates, quantity, unit price and total price.
This data can be obtained from Ms. Project by copying and pasting or typing
manually. Activity code in this sheet must match the activity code in activity pool
sheet. For example, B300 for column works in activity pool sheet have the code
number 0360. This activity in the project sheet must have the same code even if this
activity used in any storey (The activity code of B300 for the ground floor column
works is 0360, and the activity code of B300 for the tenth floor column works is the
same code 0360). Figure 5.7 shows a sample of project activities. Uniqueness of
activity codeis achieved by combining the storey No. and activity code.
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Figure5.7: " Project Activities' sheet

E. "Activities Materials Quantities' sheet
Figure 5.8 shows a sample of "Activities Materials Quantities' sheet. This sheet

consists of story number, activity pool code, activity description, unit, total quantity,
materials name, and its quantity, which is required for constructing the whole quantity
for each activity. Materids names and materials quantity can be obtained
automatically from activity pool sheet, but after the quantities be multiplied with total
guantity for each activity. The user can turn back to the main menu sheet by clicking
on Back to Main Menu icon at the top of this sheet. Also the user can open the
"materialsto order” sheet by clicking on Enter icon at the top of the sheet.
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Figure5.8: " Activities Materials Quantities shest.

F. "Materials Needed" sheet
Figure 5.9 shows a sample of "Materials Needed" sheet. This sheet contains story
number, activity pool code, activity description, unit, total duration and total quantity,

start and finish dates, the period of executing the activity and the distribution of
materials according to the duration of the activity. This data can be obtained
automatically from project activities sheet. Materials are equally distributed along the
duration days of an activity. The user can turn back to the main menu sheet by
clicking on Back to Main Menu icon at the top of this sheet, and he or she can open

the "2 days materials to order" sheet by clicking on Enter icon at the top of this sheet.
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Figure5.9: "Materials needed" sheet

G. "Materials to Order between two Dates' sheet
"Materials to order between two dates' sheet contains material code, material

description, and quantity of material. Figure 5.10 shows a sample of "2 dates
materials to order” sheet. The data can be obtained by entering two dates at the top of
this sheet. The user can return to the main menu sheet by clicking on Back to Main
Menu icon, and he or she can open the "Materials spaces and cash requirements” sheet
by clicking on Enter icon at the top of this sheet.
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Figure5.10: "Materialsto Order between two Dates’ sheet

H. "Materials Spaces and Cash Requirements"' sheet

Figure 5.11 illustrates "Materials Spaces and Cash Requirements" sheet. This sheet
consists of story number, activity pool code, activity description, all materials and
their quantities required for each activity, unit space, unit price, total space, and total
price. From this sheet the user knows total material quantities, prices, and spaces
required for each project activity. The user can return to the main menu by clicking on
the Back to Main Menu icon at the top of this sheet, and he or she can open the
"earned value S-curve calculations' sheet by clicking on Enter icon at the top of this
sheet.
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Figure5.11: "Materials Spaces and Cash Requirements’ sheet

|. Earned value S-curve calcul ations sheet

Figure 5.12 shows a sample of "Earned value S-curve calculations” shest. It contains

activity code, activity description, unit, start and finish dates, quantity, duration, unit

price and total price. In this sheet, the user must enter the project start date and project
finish date at the top of the sheet to obtain the total earned value for each activity.

From this output information earned value S-curve is drawn and it can be used as a

guideline for making a decision.

J. Earned value S-curve Sheet

It is a graph, which shows the cumulative earned value of the project against the time,

(see Figure 5.13)
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Figure5.12: "Earned value S-curve calculation” sheet
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Figure5.13: " Earned value S-curve" sheet

70

www.manaraa.com



5.3.2.2 Part two (Materials purchase decision)

It includes the following sheets. "Materials to order and deliver on sSite" sheet;
"materials must be purchased at" sheet; "materials spaces assignment” sheet;
"materials prices assignment” sheet; "materials cumulative spaces sheet & prices at
purchase order” sheet; "purchase order” sheet; and "materials must be purchased at"
sheet. Thefollowings are details of part two sheets:

A. "Materialsto order and deliver on site' sheet

Figure 5.14 shows a sample of "materials to order and deliver on site" sheet. This
sheet consists of material name, lead-time to order, and lead-time for delivery. In this
shest, in the column of "lead time for orders’, the user should enter the number of
days before which construction materials are to be ordered to have it available for
delivery on time. The same thing he has to do for "lead time for delivery”. The user
can open "materials must be purchase at" sheet by clicking on Enter icon at the top of
this sheet.
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Figure5.14: "Materialsto order and deliver on site" sheet
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B. "Materials must be purchased at "sheet
Figure 5.15 shows a sample of "Materials must be purchased at" sheet. Data in this

sheet is obtained automatically; this sheet shows materials assignment quantities
against the time for two months only. From this sheet the user will know the tota
guantities of construction materials needed for project activities which required to be
purchased. The user can open "materials spaces assignment” sheet by clicking on
Enter icon at the top of this sheet.
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Figure5.15: "Materialsmust be purchased at" sheet

C. "Materials Spaces Assignment” sheet

Figure 5.16 shows a sample of "Materials spaces assignment” sheet. This sheet
consists of material name and material spaces in m2 to be purchased. Data in this
sheet is obtained automatically. From this sheet, the user knows the spaces required
for storing construction materials daily and for two months only. Data in this sheet is
used for calculations used in "materials cumulative spaces & prices at purchase order”
sheet in order to calculate materials cumulative spaces. He or she can open "materials

prices assignment"” sheet by clicking on Enter icon at the top of this sheet.
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Figure5.16: " Materials Spaces Assignment” sheet

D. "Materials Prices Assignment" sheet
Figure 5.17 shows a sample of "Materials Prices Assignment"” sheet. Datain this sheet

can be obtained electronicaly, such as dates between start, and finish dates for the
two months, which entered in "materials to order and deliver on site”" sheet, materials
and prices required. Data in this sheet is used for calculations used in "materials
cumulative spaces & prices at purchase order” sheet to calculate materials cumulative
prices. The user can open" Materials Cumulative Spaces & Prices at Purchase Order"
sheet by clicking on Enter icon at the top of this sheet.

E. "Materials Cumulative Spaces & Prices at Purchase Order" sheet

Figure 5.18 shows a sample of "materials Cumulative Spaces & Prices at Purchase
Order" sheet. It contains purchase order dates, materials total space, materias total
price, and materials cumulative space and price. The program provides data in this
sheet automatically. The purpose of this sheet is to help the user for determining a
period of time to buy construction materials for this period according to the available
space and the available cash money. So the user can release a purchase order for this
period by typing the start and finish dates of this period in purchase order sheet. He or
she can open "Purchase Order "sheet by clicking on Enter icon at the top of this sheet.
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Figure5.18:

"Materials Cumulative Spaces & Pricesat Purchase Order” sheet
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F. "Purchase Order" sheet

Figure 5.19 shows a sample of "purchase order " sheet. This sheet consists of start and
finish dates for purchase order, materials name, materials quantities, and unit. In this
sheet, the user can obtain a purchase order for any period of the construction project
by typing the start and finish dates in yellow colored cells. The user can open
"Materials Must Be Purchased at" sheet by clicking on Enter icon at the top of this
sheet.
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Figure5.19: " Purchase Order" sheet
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G. "Materials must be on the site at" Sheet
Figure 5.20 shows a sample of "Materials must be on the site at" sheet. CMMS

provides data in this sheet automatically. This sheet consist of materials name,
materials quantities. The purpose of this sheet is to help the user in controlling and

managing construction materials. The user can return to main menu sheet by clicking
on Back to Main Menu icon at the top of this sheet.
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Figure5.20: "Materialsmust be on thesiteat” sheet

5.3.2.3Part Three (Materials Card)

Part 3 has one sheet called "materials card" sheet. Figure 5.21 shows a sample of this
sheet. It shows the distribution of a construction material on project activities. The
user can choose the name of construction material from a list, and then the software
will show the distribution of this construction material and its quantities. The user
can return to main menu sheet by clicking on Back to Main Menu icon at the top of
this sheet.
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Figure5.21: "MaterialsCard" sheet

5.3.2.4 Part 4 (Waste Control)

Part four has one sheet called "waste control” sheet. It consists of story number,
activity pool code, activity description, unit, total duration and total quantity, start and
finish dates, the stipulated activity duration in days, distribution of materials
according to the duration of activities, earned quantity, consumed quantity, and
percentage of waste. In this sheet, the user should fill earned and consumed quantities
in earned and consumed columns day by day, and then the program calcul ates waste

percentage for all materials as follows:

Waste percentage % = (consumed quantity - earned quantity)* 100 / earned quantity.
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The user should calculate earned and consumed quantities before filling it in the
program as follows:

Earned quantity = quantity achieved to date. — Previous achieved quantity.

Consumed quantity = quantity on site (Q) + IN quantity — Left quantity

Quantity on site (Q): Quantity available before.

IN quantity: New quantity brought to the construction site this day.

Left quantity: The quantity left at the end of the day.
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Figure5.22: "Waste control” sheet
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5.3.25 Help and Method of Use

Figure 5.23 shows a sample of "help and method of use" sheet. CMMS consists of
four files, input data and basic calculations, materials purchase decisions, material
cards, and waste control. The purpose of "help and method of use" sheet is to guide
the user in using CMMS efficiently. It is written in Arabic to be more helpful and to
suit Gaza strip building contractors. (See Annex 8)
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Figure5.23: "Help and method of use" sheet

79

www.manaraa.com



5.4 CMMS Evaluation

5.4.1 Evaluation objectives

Face validity is used as a test for model evaluation. Face validity is asking well-
experienced people about the system whether the model and or its behavior are
reasonable (Sargent 2000). CMMS was evaluated by this method, where four
contractors were approached to apply CMMS in four different on going projects.
Then they were asked to fill aquestionnaire to evaluate the performance of CMMS.
The objectives of CMMS evaluation are: (1) to assess the performance of construction
materials management CMMS tools and techniques; (2) to check the suitability of
CMMS design and structure; (3) to know the difficulties that faced the users during
applying CMMS; (4) to recognize the contractors criticisms or comments on the
software and (5) to explore CMM S advantages.

5.4.2 Evaluation methodology

CMMS was tested in four under-construction projects belonging to four different
contractors. All the four projects were in Gaza. The first project is a two-story
building for the ministry of health (surgery department). The second project is a five
floor building in Al- Remal area. The third and fourth buildings are for transportation

department in security forces complex (Al- Saraya).

5.4.3 Evaluation result and discussions

Table 5.1 illustrates the contractors responses to performance of CMMS tools and
techniques. It is clear that al respondents have positive attitudes towards CMMS
regarding the performance of many techniques especialy "Actual cost report for
project activities at any date”, " Needed storage area report for project materials at
any date", "Earned value S-Curve", and "Provide a card for any material and its
assignment on projects activities'.

Table 5.2 illustrates the contractors’ responses to the features of CMMS design and
structure. The results illustrate that all contractors companies agreed that the reports
and outputs are clear, and easy to read and understand.

Also it is noted that three of contractors companies strongly agreed that the software
is flexible, the data can be updated easily, text and numbers shown are concise, and
their sizes are suitable and readable, and the method of use is understandable. Not that
some of the respondents did not answer some questions.
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Table5.1: Thecontractors responsesto performance of CMM Stools and techniques

activities.

8
=) 3
8 > g @
No Techniques S g 1€ 2
2R %
> kS >
o) = = =
S |5 | & o
G| < | £ | 2|>
1 Needed storage area report for 3 1
project materials at any date.
5 Required quantities of materials ) 1
report project activities at any date.
3 Actual cost report for project 4
activities at any date.
4 Required materials report to be 5 1
purchased at any date.
. Required materials, to be available 1 5
on site.
6 | Earned value S-Curve. 3 1
Waste monitoring report for
7 o _ 9T 1 2
activity materials.
Provide a card for any material and
8 | itsassignment on projects’ 2 2
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Table5.2: Thecontractors responsesto the features of CMM Sdesign and structure.

8
| $ T 8| >
No Techniques = g | 5 | S
S 2 7§
@] e =
[ 8 >
s |12z 83
G| < | E |2 >
1 | Thesoftwareisflexible, and the data can be 3 1
updated easily.
2 | Ingenerd, itiseasy to use. 4
3 | It savestime and effort. 1 2
4 | Method of entering datais easy and clear. 3
5 | Thereports and outputs are clear, and easy to 4
read and understand.
6 | Method of sorting datais easy. 1 3
7 | Text and numbers shown are concise, and 3 1
their sizes are suitable and readable.
8 | Theinformation can beinquired easily. 2 2
9 | The method of useisunderstandable. 3 1
10 | Itiseasytohandleasit isdeveloped within ) 1
Excel environment.
11 | Training to usethe CMMSiseasy and it does
not need much time. In addition, it does not 2
need a professional user to deal withit.
12 | It can be applied for most of Gaza strip
projects. (It is suitable for Gaza strip 3 1
contractors).
13 | It contributes in improving the construction 1 5
materials management practice in Gaza strip.

Regarding the difficulties that the contractors were facing during the use of CMMS,
almost all contractors said that they had not faced real difficulties.
As for the criticisms or comments of the contractors, there are two main comments.

The first is that materials quantities per one unit in the "materials pool” sheet have to
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be determined by experience. The second comment is the difficulty in determining the
consumed and earned quantities for any materials used in the construction site day by

day in the "waste control" sheet to determine waste percentage.

On the other hand, the main advantages expressed by contractors are:

CMMS is easy to use and flexible; it helps the management staff in managing the
construction materials in future projects; aso, it helps the management staff to decide
when and how much of materials quantities to be bought; and CMMS input-output

relationships are reasonable.

Ovedl, the results of evauation indicate that CMMS tools and techniques are
encouraging. Also, the contractors are generally satisfied with the design and structure
of CMMS. Moreover, the contractors mention that a CMMS suite the Gaza strip
contracting companies and has the potential to contribute in improving the
construction materials management practice in Gaza strip.

The researcher suppose that this edition of CMMS must use by contractors in the
construction site, and another edition of this software after testing and evaluating will
be used on home office and attached them together with website.

5.5 Software Limitations
Some tools and functions are used in developing CMMS such as "macro” tool and "v-
lookup™ function. The security level in MS Excel should be low to make full use of
CMMS.
The researcher tried to make use of the full capacity of Ms Excel 2003. However, the
following are the limits, which directly, affect the function of CMMS:
=  Maximum number of project activities in Project activity sheet is 65,536
(affected by the capacity of Excel 2003).
=  Maximum number of materials in materials pool sheet is 65,536 (affected
by the capacity of Excel 2003).
» The number of materials that the user can enter in activity pool for each
activity isfive materials.
=  Maximum duration for one activity is 30 units (days, weeks, months).
To use CMMS for anew project all yellow cells must be deleted by determining them
and press "0" then presses Ctrl and Enter
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CHAPTER 6
CONCLOUSION AND RECOMMENDATIONS

6.1 Introduction

Construction Materials Management Software (CMMS) was developed to satisfy
some needs of Gaza strip contracting companies in managing construction materials.
This chapter introduces the research conclusions and recommendations for many
parties involved in the construction process to improve the local practices in
construction materials management. Recommendations for further studies are also
included.

6.2 Conclusions
e The survey results show that contactors, in general, are interested in using many
tools of managing construction materials. However, Most contractors did not
actually apply some tools and techniques of construction materials management
such as:
o Creating database for materials categories, local suppliers, international
suppliers, and materials cost.
o Updating database for loca suppliers, international suppliers, materials cost
when change, and using internet for knowing the new materials and its prices.
o Providing alist of materials in project, providing material cards at site store,
and recording the received materials on site.

Even the few contractors who used the above-mentioned tools and techniques,
they applied these tools either without recording at all, or with recording in an

unsystematic way without using manual or computerized forms.

e All surveyed contractors believe that the Isragli closure on Gaza strip is the main
element that affects construction materials availability and cost. In addition, the
Israeli closure affects clearly the prices of main materials such as cement,

aggregates, and reinforcement steel.
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Most contracting companies manage construction materials using non
computerized forms. Shortage of suitable construction materials management
software is considered the main obstacle to computerize materials management
processes. Another important factor is lack of qualified persons in using

computerized construction materials management packages.

There is a consensus amongst contractors on the importance of using a
computerized construction materials management system. The main advantages

that can be obtained from using materials management software are:

o Reducing the cost of materials needed in the project.

o Better handling of materials.

o Materias be on the construction site in time and with required quantities.
o More effective waste control.

o Improving follow up and monitoring construction materials.

Gaza strip contractors did not use any software to support project materials
management. This gave the researcher a thrust to develop a computerized
construction materials management system that supports and improves this
practice. The researcher names this software "construction materials management
software” (CMMS). It was designed within Ms Excel environment where the
results show that Ms Excel is the most used software by the contracting

companies in Gazastrip.

CMMS suits Gaza strip contracting companies and has the potential to contribute
in improving the construction materials management practice in Gaza strip. It has

a good performance and adequate accuracy.

CMMS provides many reports such as materials to order between two dates,
materials assignments, waste control, when to purchase construction materials,

when materials must be on the site, and purchase order between two dates.
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e CMMS provides the mechanism to decide when to buy construction materials and

what quantities of construction materials the contractor need in the project.

6.3 Recommendationsto the partiesinvolved in construction

Top management of contracting companies is invited to encourage development and
using construction materials management systems. They can make incentives for their
staff members to attend training courses in construction materials management and its
applications. They should be encouraged to actually use computerized construction
materials management systems to save effort and time, and to achieve more accurate

results.

Public employers can contribute in improving the current construction materias
management practices of the contractors by requesting them to implement
construction materials management systems during construction. This could be done

by adding relevant clauses in the project conditions of contract.

Universities, contractors union, and engineering association have to do more efforts to
improve the existing construction materials management practices, which may
include:
e Encouraging the contractors to use construction materials management
systems by addressing the importance of these systems.
e Helping the contractors to understand the system by initiating training
courses, lectures, seminars, and workshops.
e Transferring of technology and experiences of other countries in the
construction materials management field and adapting them to suit Gaza

strip contractors

6.4 Recommendationsfor further studies

CMMS is a step aong the way to establish a systematic construction materials
management practice amongst Gaza strip contractors. Of course, it needs continuous
modification and enhancement. The followings are some points, which need further

research efforts:
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e CMMS does not dea specifically with materials waste on the construction
site. S0, researchers are invited to put more effort to handle this aspect.

e The user can obtain the list of activities and all information involved in the
project activities sheet by typing or copying and pasting these information
from Microsoft Project software. This is a manua way to obtain data. So,
researchers are invited to fully integrate Microsoft Project with CMMS to
obtain data automatically.

e Different construction processes need more attention for study and research in
order to determine more realistic waste percentage for construction materials.
The resulting information will be helpful in determining required quantities for
each activity.

e CMMS divides al construction materials required for each activity equally at
the duration of the activity on "materials quantities of activities' sheet. Thisis
not realistic in all cases, and the user may want to modify these quantities.
Therefore, researchers are invited to handle this case.

e Researchers are invited to develop integrated packages that include CMMS.
Integration can be approached at various levels such as:

o Integrating materials management, materials control and monitoring
functions.

o Integration with a scheduling application packages such as M S-Project.

o Integration with other software programs such as the software which is
used in the construction storages.

e CMMS can be improved by adding to it some communications features that
enable it to be used on-line between the site and the head office (See annex 7).

e There is a chance to alter the method of gathering site data such as materials
delivered to the construction site. The proposed method is collection the data
by using an electronic device instead of filling a paper form. Now there are
globa research studies to automate monitoring process to calculate the in-
progress quantities. Researchers use cameras, electronic sensors, and other
devices to capture the data of progress and transfer them to computer
electronically (See annex 7).

Researchers are invited to develop a new version of construction materias

management software (CMMS) with probabilistic capabilities
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Annex 1

The Questionnaire (In Arabic)
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Annex 2

The Questionnaire (English Version)
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Section one: Company Profile:
1- Year of company establishment
2- Company work field:

e Building work : o Main o Secondary o Unspecidized
e Water and sewerageworks: o Main o Secondary o Unspecidized
e Roadsworks: o Man o Secondary o Unspecialized

3- Company classification according the contracting union for the following fields:
e Building works: o Firstclass o Second class o Third class
e Water and sewerageworks: o Firstclass o Secondclass o Third class
e Roadsworks o Firstclass o Secondclass o Third class

4- Manageria position of the respondent:
o Director/Deputy director o Project manager o Siteengineer o Other way

5- Average of employees number during the last five years

6- Average of employees number (in the year) during the last five years according to
their scientific certificates:

e MSc. And higher 0 Existing Number
e BS&c: o Existing Number
e Community Collage: o Existing Number
e Baccalaureate-Tawjihi o Existing Number
e Under baccalaureate: o Existing Number

7- Average of technical employees number during the last five years according to the
engineering specialization:

Civil engineer Architect engineer Electrical
engineer Mechanical engineer other specialist engineer
Technical

8- Number of executed projects during the last five years:

e olO0andbelow ©011-20 ©021-30 o031-40 o041-50 o Morethan 50
9- Total amount of executed projects during the last five years (in million dollars):

e nl5andlesser 01.6-3 03145 04.6-60 06.1-7.5 oMorethan 7.5
10- The person in charge of managing construction materials in construction projects:

o Company Director o Project Manager o Site Engineer
o specific section o Others. Determine
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Section tow: Application of constr uction materials management tools and

techniguesin construction proj ects:

11. To which extent you evaluate the necessary and degree of usage of the next

techniques in construction materials management:

Necessity Usage degree
degree
. > T
No. Techniques % > % > | g >
HIEEI B
Z |8 2> O
Establishing Data base

1 | Establishing categorized materials

database
2 | Creating local suppliers database.
3 | Creating international suppliers

database.
4 | Creating materials price database.

Updating database

1 | Updating the database of local

suppliers.
2 | Updating the database of international

suppliers.
3 | Updating the database for materials

price when change occurs.
4 | Using internet for knowing the new

materials and their prices.

12. To which extent you evaluate the necessary, degree of usage, and method of use

of the next techniques in construction materials management:

No

Necessity degree

Usage degree

Method of use

Techniques

Necessary
Somehow
necessary

Unnecessary

Occasionally

Usually
Rarely

By USTig &
computerized
Recording by
using aform
Recording
without form
Without
recording

form

Providing alist of materials
in project that includes for
example (material name,
material number unit price).

Daily recording of using
materials in the project.

Providing material cards at
site store that contain for
example (input-output-
balance).

Providing materials purchase
order including for example
(order number-material
description-required quantity
—price).

Recording the received
materials on site, the record
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No

Necessity degree Usage degree

Method of use

Techniques

Necessary
Somehow
necessary
Unnecessary

Usually

Occasionally

Rarely

By usSng a
computerized
farm
Recording by
using aform
Recording
without form
Without
recording

shows for example (delivery
number-supplier name-
meaterial description-
guantity).

Reporting the situation of
materialsin the projects store,
the report shows (supplier name-
order number-quantity input-
guantity output-balance).

Reporting the problems for
examples (wastage and
breakage-thief and loss-shortage
in delivery).

Following up the pricesin the
market and recording the
variation of prices.

9

Following up the closure
variationsin the “market

Section three: The effect of closurein Gaza strip on materials availability and

COst:

13. To which extent you evaluate the effect of closure on the following factors:

No Factor

Very high degree affect

High degree affect

Very little degree affect

Mid degree affect
Little degree affect

The closure causes a noticeable increase in the
main material prices specialy (cement,
aggregate, and stedl).

The closure causes an increase of other material
prices (painting, electrical, sewage material).

The closure increases the subcontractors' rates.

The closure causes adelay of a project
completion.

The closure causes an increase of total project
Ccost.

Section four: Computer applicationsin material management systemsin

construction proj ects:

14. using of your company of software for supporting the construction materials

management.
L1 Notuse. [ Use spreadsheet-based software (Ms Excel) [ Use special

software
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15. Rank the following software according your extent of handling them in the job:

Word o V. Good o Good o Acceptable o Low oV.Low
Excel o V. Good o Good o Acceptable o Low oV.Low
Access o V. Good o Good o Acceptable o Low o V. Low

Ms-project o V. Good o Good o Acceptable o Low o V. Low

16. To which extent you evaluate the next obstacles effect on the usage of

construction materials management:

No. Obstacle 8 B 3 % 8
= 5 — =
g g 28 g
c| 5|8 @
© 8| 5 8 =
c o o S o =
DS | T | = >
E w .= "—_— P E «
> I = — > 1

1 | Non- redization of importance of construction
materials management system by the contractor.

2 | Absence of understanding of construction materials
management system.

Inability implementation of the system.

3
4 | Shortage of user friendly of construction materials
management system.

5 | Shortage of qudlified persons in using a
construction materials management system.

6 | Simplicity of manual managing a construction
material.

7 | The high cost of a construction materials
management system.

8 | The thinking that implementing the system wastes
the time of project supervisors.

17. 1 am ready to get and use user friendly and inexpensive cost of construction
material management system.

o strongly agree o Agree o Neutra o Disagree o strongly disagree.
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Section five: | mplementation of constr uction materials management systems on

construction projects

1-5 Important of implementation a construction materials management system

18. To which extent you evaluate the effect of the following benefits when implement

a construction materials management system:

No

Benefit

Very high degree effect

High degree effect

Mid degree effect

Little degree effect
Very little degree effect

Reducing the costs of project materials.

Better handling of materials.

Reducing duplication of materials orders.

Materials are timely available on site with the right quantity.

Improving labour productivity.

Complying to time schedule.

Complying to enhancement of quality control.

Improving follow up and monitoring of construction materials.

Better relationships with suppliers.

Woaste reduction.

Reducing the space for materials on site.

B (e
RlIEBlo|o(~N|ojo|sw(inv ek

Obtaining better price for the construction materials.

13

Improving cash flow.

19. To which extent you evaluate the importance of implementing materials

management to reduce the following problems:

5 = | B
5 5 2|8
No Problem g/ &5 5| 8| E
S8 8 5 ¢
o g 9 B o)
> £ =z z 2z
1 | Materials are not available.
2 | Materiasare not available with required quantity.
3 | Lateddivery to the site.
4 | Slow response from the consultant engineer about submittals.
5 | Deliver wrong materials.
6 | Déiver materials with wrong dimensions.
7 | Deliver materials with wrong quantities.
8 | Increase materials quantity in storages.
9 | Burglary, theft and vandalism
10 | Destroyed materials when deliver.
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2-5 Ordering materials

20-To which extent you evaluate effect of the following factors on increasing quantity

of materias early:

28| 28 | =5 |8 z8
Factor BZ%| 8% | 58 |P.8|BE%
080 | 2o 0% |[z88W |02 o

Good project schedule.

Long of supplier period for contractor
payment.

Damage or waste of materials.

Contractors cash capability.

gbhw N |k

Sufficient storages available.

21-The person who responsible about ordering materials:
o Company manager o Siteengineer o procurement department

o specific section o others. Determine

22. Determine the importance degree of the following techniques to order materials

from suppliers:

= = g

g 58§
o — c = o

No Problem g1 5| X é E
> 8|5 |68
Tlg| s 8 ¢

1 | Internet.

2 | E-mall.

3 | Fax.

4 | Telephone.

5 | Personal meeting.

3-5 Storage materials:

23- Available area of covered storages:
o 200m2and below 0 201-500m2 o0 501-1000m2 o 1,001-2,000m2
o more than 2,000m2

24- Available area of no covered storages:
o 1,000m2and below o 1,001-3,000m2 o 3,001-6000m2 ©6,001-10000m2
o more than 10,000m2
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25- The company stores the next materials as follow:

No

Material

Always

Often

Sometimes

Seldom
Never

Reinforcement sted!.

Shuttering timber.

Cement.

Sand.

Aggregate.

Blocks.

Tiles.

Painting.

Stone.

Pipes.

Terrazzo tiles.

Curb stone.

SIRIEIBlo|o|/No|ju| s w|N|-

Base course.

H
~

Electrical materias.

=
(03]

Sanitary materials.

NO.

Factor

Very high degree affect

High degree affect

Mid degree affect

Little degree affect
Very little degree affect

=

In proper materials storage.

Inadequate stacking and insufficient storage on
site

Insufficient instructions about storage and stacking

AW

Using unsuitable places for store materials

a1

Inappropriate storage |eading to damage or
deterioration

26. To which extent these factors affect increasing waste in storage:
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4-5.How to qualify suppliers:
27. To which extent you evaluate the important degree of the following factorsin
qualifying suppliers:

NO. Factor

very important
important
Don’t know
Not important
Little
important

Price competitiveness.

Short period to deliver materials to the contractor

Quality of materials

Increase payment period

The capability of supplier in the market

OB WN| -

Having many branchesin different geographical areas.

28. To which extent you are facing the following problems when qualifying
suppliers:

No. problem

Always
Often
Someti
mes
Seldom
Never

Sole supplier.

Lack of required information about suppliers.

Wrong information about suppliers.

Lack of penalty measures against defaulted suppliers.

Inability to enforce contract condition on suppliers.

OO WIN

Prevailing political conditions.

5-5 materials waste:
29- To which extent you evaluate the important degree on knowing materials waste
for the following factors:

No. Importance

Strongly
agree
Agree
Neutral
Disagree
Strongly
disagree

Help to determine the exact required quantities.

Increase the chance for obtaining the project finance.

Help for preparing accurate bill of quantities.

Help contractors to price tenders more accurately.

Help the contractor to have a better chance to win the tender.

Knowing the real requirements for the project (materials-
time-cost)

Help to finish the project successfully and have profits.

o~ DO |IWN -

Help in preparing a good schedule program including project
resources.

5-6. Factorsincrease waste on the construction site:

30. Explain the degree of effect for the following factors which increase waste on the
construction site:

(1) Very high degree affect (2)High degree affect (3)Mid degree affect (4)Little
degree affect (5)Very little degree affect
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Effects Degree

No. Factor s causes crease waste on site 1 ‘ > | 3 ‘ 2 | 5
(A): On site:
1 | Materials damage on site.
2 | Improper cutting of materials.
3 | Existence of unnecessary materials on site.
4 | Overproduction/Production of a quantity greater than required

or earlier than necessary.

5 | Manufacturing defects.

6 | Burglary, theft and vandalism.

7 | Poor quality of materias.

8 | Lack of materials (dueto closure).

9 | Lack of on site materials control.

10 | Poor storage of materials.

11 | Over sizing structural elements during execution.

12 | Using excessive quantities of materials.

(B): Handling:

13 | Improper handling of materials on site.

14 | Duplication of transporting material on site.

15 | Insufficient instructions about handling materials on site.

(C): Transportation:
16 | Improper materials.
17 | storing materialsin far away stores
(D): Site management and practices:

18 | Lack of material and time waste management plan.

19 | Lack of aquality management system aimed at waste
mi ni mi zation.

20 | Poor site layout.

21 | Poor qualification of the contractor’s technical staff assigned
to the project.

22 | Providing project team with insufficient information.

23 | Ineffective control of the project progress by the contractor.

24 | shortage of technical professionalsin the contractor’s
organization.

25 | contractors downess in taking decisions.

26 | Delay in project commencement.

(E): Sitesupervisor:

27 | Poor control of supervision and delay in giving instructions.

28 | Poor qudlification of consultant engineer’s staff assigned to
the project.

29 | Slow response from the consultant team to contractor
inquiries.

30 | Delay in performing inspection and testing by the consultant
team.

31 | Poor coordination and communication among the consultant,
the owner and the contractor.

32 | Owner's delay in handing over the site to the contractor.

33 | Suspension of work by the owner.

34 | Change orders.

35 | Poor cooperation of the owner towards settling contractors

payments and claims
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Annex 3
Review of Construction Materials Management Software Packages

(CMMYS)
Figure A3.1: A sample of CMMSFiles.

Figure A3.2: A sample of "Main Menu" shest.

Figure A3.3: A sample of "Company and project information™ sheet
Figure A3.4: A sample of "Materials Pool" sheet.

Figure A3.5: A sample of "Activity Pool" sheet.

Figure A3.6: A sample of "Project Activities' sheet.

Figure A3.7 A sample of "Activities Materials Quantities" sheet.

Figure A3.8: A sample of "Materials Needed" sheet.

Figure A3.9: A sample of "Materials to Order between Two Dates’ sheet.
Figure A3.10: A sample of "Materials Spaces and Cash Requirements’ sheet.
Figure A3.11: A sample of "Earned value S-curve calculation” sheet.
Figure A3.12 A sample of "Earned value S-curve".

Figure A3.13: A sample of "Materiasto order and deliver on site" sheet.
Figure A3.14: A sample of "Materials Must be purchased at" sheet.
Figure A3.15: A sample of "Materials Spaces Assignment” sheet.

Figure A3.16 A sample of "Materials Prices Assignment” sheet.

Figure A3.17: A sample of "Materials Cumulative Spaces & Pricesat P.O.D."
Figure A3.18: A sample of" Purchase order" sheet.

Figure A3.19: A sample of "Materials Must be on the site at" sheet.
Figure A3.20: A sample of "Materials Card" sheet.

Figure A3.21: A sample of "Waste control" sheet.

Figure A3.22: A sample of "Help and Method of Use" sheet.
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Figure A3.18: asample of "Purchase order" sheet.
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Figure A3.19: asample of "Materials Must be on the site at" sheet.
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Act. Activity Description Unit
No.

0100 General Works

0101 Demolition Works l.s
0200 Earth Work

0201 Excavation m3
0203 Fill with compacted clean sand m3
0300 Concrete Works

0301 Plain concrete B150 m3
0302 R. Concrete B300 for foundation m3
0303 R. Concrete B250 for Ground beams and steps m3
0304 R. Concrete B300 for Necks and Columns m3
0305 R. Concrete B250 for Slaps 25 cm thick. m3
0400 Block Works

0401 Block works for walls 20cm thick. m2
0402 Block works for internal walls 15cm thick. m2
0403 Block works for internal walls 10cm thick. m?2
0500 Plastering Works

0501 3-faceinternal plastering m2
0502 External plastering on walls m2
0600 Tilling Works

0601 Pre cast terrazzo tiles 25* 25 cm for floors m2
0602 White ceramic tiles20* 30cm for walls m?2
0603 White ceramic tiles 20* 20cm for floor m2
0700 Painting Works

0701 Internal Painting-Poliside for Ceiling m2
0702 Internal Painting-Supercryle for walls m2
0800 Carpentry Works

0900 Metal and Aluminum Works

1000 Electrical Works

1100 M echanical Works

1200 I solation Works

1300 | Special Works

1400 Finishing Works

Figure A4.1 asample of ActivitiesList
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Annex 5

System Evaluation Questionnaire (In Arabic)
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Annex 6

System Evaluation Questionnaire (English Version)

www.maharaa.com

AL ib| .



Questionnair e about evaluation of

Construction Materials Management Software (CMMYS)

| strongly thank you for your contribution of time and effort to apply and test the
CMMS softwarein areal project.

Please fill this questionnaire which aims to verify the construction materials
management software (CMMS).

The researcher
Eng. Eyad A.Q.haddad
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First / The construction materials management tools and techniques

Clarify your extent of agree with performance with the performance of the followings

construction materials management tools and techniques which are provided by the

CMMS software
8
= $
8 > 8 &
No Techniques 5 gl1g 2
S @ §
5§ 2 5 8|2
— (@] += O
G < |E |2 |>
1 Needed storage areareport for project materials at any
date.
5 Required quantities of materials report project activities
at any date.
3 | Actua cost report for project activities at any date.
4 | Required materials report to be purchased at any date.
5 | Required materials, to be available on site.
6 | Earned value S-Curve.
7 | Waste monitoring report for activity materials.
8 Provide a card for any material and its assignment on

projects’ activities.
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Second / The design and structure

Clarify your extent of agreeing with the following features of CMMS design and

structure.
8
= $
8 > 8 ?
No Techniques S g18 2
SR 3
S ¢ g | § |2
—_ (@)} +— 33
A< | E|=|>
L The software is flexible, and the data can be updated
easily.
2 | Ingenerd, itiseasy to use.
It saves time and effort.
4 | Method of entering datais easy and clear.
c The reports and outputs are clear, and easy to read and
understand.
6 | Method of sorting datais easy.
; Text and numbers shown are concise, and their sizes are
suitable and readable.
8 | Theinformation can beinquired easily.
9 | The method of useis understandable.
10 It iseasy to handle asit is developed within Excel
environment.
Training to use the CMMS s easy and it does not need
11 | muchtime. In addition, it does not need a professional
user to deal with it.
1 It can be applied for most of Gaza strip projects. (Itis
suitable for Gaza strip contractors).
13 It contributes in improving the construction materials

management practice in Gaza strip.
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Third / Declare the difficulties that you faced during the use of CMMS.
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Annex 7

Recording Incoming of Construction Materials Device

Figure A7: Recording incoming of construction materials device

147

www.maharaa.com




Annex 8

The Average waste percentage of construction material in
different countries
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Annex 8

Table A8: The Average waste percentage of construction materia in different countries.

Palestine | Palestine | Palestine | Egypt | Austrdia | Korea | Netherlands | Hong Kong UK USA
Al Enshassi | Dahman | Garas | Ekanayake | Chen Bassink Poon et Study | Poon | Chen
Material Mogany | Study Study | Study | and Ofrie | etal and (2001a) eta etal
study (1996) (2004) | (2003) Study Study | Brauwers Study | Study
(2006) (2004) | (2002) Study Public | Privet | (2004) | (2002)
(1996)
Concrete 54 NA 4.7 4 NA 15 3 4-5 3-5 5 7.5
Steel 54 3.6 54 5 NA NA NA 1-8 35 5 NA
Reinforcement
Timber Board 8.7 NA 104 13 13.8 16.7 NA 15 5 NA 10
Block 54 NA 4.6 6 NA 3 NA 4-8 6 NA 35
Tile 4.4 NA 3.8 5 NA 2.5 10 4-10 6-8 2 6.5
Cement 4.4 NA 5.3 5 19.6 NA 10 4-20 1-7 10 NA
Sand 10.5 NA 8.8 9 NA NA NA NA NA NA NA
Aggregate 8.9 NA 5.7 NA NA NA NA NA NA NA NA
Paints 4 NA NA NA NA NA NA NA NA 2 NA
Gypsum 4 NA NA NA NA NA NA 6-10 5 NA NA
Water Pipes 1.7 NA NA NA NA NA NA 1-5 1 NA NA
Sewage Pipes 2.1 NA NA NA NA NA NA 1-5 2 NA NA
Crushed Rock 8.5 NA NA NA NA NA NA NA NA NA NA
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Annex 9

Help and Method of Use
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Help and Method of Use
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:Company and Project Information 4¢als 1.2.1
A Ll Ja) dgal sl aaa b iy
Lo Gl i) S 28 5 ccalell o8 yeinnall AS ) and (pe ) 5SE 5 A, Gy o
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& 5ol e 2 5 e g pdiall Aglay o U Alaa) g 5 il
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Al Uld) Jas) Agal sl sda 8 ol

&= Material Nameaila i3s3 5l g 5 piall dadiil apan A 413000 3 sl apan clasl @
83a 75 (e sl 23 laty ¥ Gy s LS (e ST 8 LAl ol sall ) SE e e (a pal
Lgs Ja il sale 84 o 5838 L3l 55 jlaill Jlae 8 Jasi do )l Bale @l e JUaS 5 aall 2aS
Baal g3yl

61,23 Al a8y 05 of (S Material Codedils il JSlam 5058 o

Ll ) aie Al (pe s gl LA Sy il ddasDle pe Uit 48 8 30La) paS ulB3on s @
AT Gl e L 5l sy
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A UL QR dgal sl o3 i aly
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Activity 20la dsaal 55 pals el g 5 e b ol Gl Ail JS Caagganl @
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Activity Cod. Activity Description
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oA Gale e e 5l sy

. Duration 4la 8 2LYL Llis JS jlai) s @

.Start Date & 8 LLill 4y & 55 e

.Finish Date &l & Ll 4)lgs & e

Quantity 4la A Llii K4S e
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