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Abstract
“Application of Statistical Quality Techniques in Lrbid Public Works
Dircctorate: A Case Study”
Prepared by
Raw’a Abdul-Rahmman Hijazi

Supervised by

Dr. Abdulrasool Al—l-layani

Nowadays, and due to the increasing emphasis on i:ﬁprovcd quality, and due
to the availability of computers in most of the organizations, it becomes a necessity to
use statistical quality control (SQC) methods inl many organizations. But the efficient
use of SQC methods needs support [rom the managets, intensive training programs,
and convincing managers and employees of the importance of SQC methods.

This study aimed at providing guidanée to understanding and using SQC
methods for the people interested in quality control in construction organizations.
Also, this study aimed at providing a practical application by applying some
inportant SQC methods to show people interested in quality control the impottance of
applying SQC methods. The SQC methods wete applied on the concrete compressive
strength test results for four projects thal were constructed under the supervision of
Irbid public works directorate (IPWD) to help this directorate contro! concrefe quality
and solve problems.

Four SQC methods were applied, they are: hypothesis testing, confidence
limits, tolerance Jimits, and control charts. 'I'hq mathematical treatments were done
cither manually, ot by using the compuler programs 1EXCEL, and Statistical Package

for Social Sciences (SPSS).
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‘The four SQC methods were presented smoothly. That is by starling with
presenting the possible fields of application of these methods in IPWD. This had
pro\;ided guidance to understanding and using SQC melhods for people interesled in
quality in the directorate under study. It was concluded that SQC methods are not
applied in [PWD-according to interviews with the manager of IPWD. The tmportance
and benefits of SQC methods were shown through practical application of four SQC
methods on past data.

The most impoﬁant recommendations were the necessity for applying SQC
methods by IPWD, and making people inlerested in quality in this directorate more
conscious to the importance of using SQC. Also, i‘t was recommended to appoint
specialized employees in SQC in IPWD, and teach SQC courses in a practical way

that includes theory and application.

Key Words: Statistical Quality Control (SQC) Methods, Hypothesis Testing,
Confidence Limits, Tolerance Limits, Control Charts, Construction Industry, 1tbid

Public Works Directorate (IPWD), Concrele Compressive Strength.

X111



Chapter 1

General Framework of The Study

1.1 Introduction

Statistical qualily .conlrol (SQC) methods are useful in solving problems
facing different types of otganizations. The essence of SQC methods is lo reduce
process variability that has many causes: common and assignable, Reducing
variability improves the process and makes it more predictable. Bul before it can be
reduced, variability must be understood and measured using SQC methods.

One of the pioneers in the area of SQC is the physicist Walter Shewart. In
1924 he developed the control chart which recognizes the important concept of
variability in mass production. From that time, SQC methods had been used in many
fields such as managetial, industriaf, clinical, engineeting, ... etc. Now, SQC methods
are widely used in the developed countries, but in the developing ones, these methods
are either not used ot used but iqgfﬁcienlly. |

Nowadays, and due to the increasing emphasis on improved quality, and
because computers ate available in most of the organizations, il becomes a necessity
to use SQC methods in many organizations. Bﬁl the efficient use of SQC methods
needs support from the managers, heavy training programs, and convincing managers

and employees of the benefits and easiness of using SQC methods.



1.2 Problem Statement

The problem of the study is that people are reluctant to use SQC methods in

solving problems in public construction organizations.

'This may be due to:
Ignoring variation in the constructional specifications and contracts.
Not recognizing the importance and the benefits of applying SQC methods, and
not accepling using SQ‘C methods by employees in constructional organizations.
The interest in qualily control appears only when the constructional products are
apparently bad.

The desire to avoid additional costs of quality programs.

1.3 Objectives of The Study

The main objectives of this study are:
Providing guidance to understanding and using SQC methods for the people
interested in quality control in constructional organizations and showing the
importance of SQC and how SQC methods are easy to apply.

Reaching a better understanding on how statistics helps in quality conirol, as an

introduction to reach a mental attitude toward using SQC methods.

Providing a practical application by applying some important SQC methods- on
the concrete compressive strength test results for projects that were constructed
under the supervision of the direclorate under study- to help this directorate

conlrol concrete quality and solve problems.



1.4 Importance of The Study

The importance of this study stems from the following needs and necessities:

- The need to take variation into consideration in constructional specifications and
contracts in orde\r to make such variations minimal.

- ‘Ihe necessity for people interesied in. quality conirol in constructional
organizations to recognize the importance and (he benefits of applying SQC
methods, and to recognize that the SQC methods are easy to understand and vsc,

- The necessity foril;people interested in quality control in constructional
organizations to recognize that quality control is not a temporal process, but it
must be a patt of a system.

- The necessity of making people interested in qualily control in constructional
-organizations conscious of keeping a record for the past data_, which in turn saves
money, lime, efforl and lessen the need to appoint large number of people to work
in quality controf.

- Because of scarce of the Arabic studies on using SQC methods in business
organizations, this study helps in making people interested in quality control care
aboul applying these metho.c-l-s'.in their organizations.

- This study is considered as one of the first studies - for the best knowledge of the
researcher- on using SQC methods in public construction organizations in Jordan.
It includes a practical applicatioﬁ of SQC methods on past data to show how SQC
helps in the decisiox{ Iinaking process.

This study is important for people interested in quality contro! in all stages of
production, it is imporlelml for people working on specifications and designs,
laboratory managers, producers, contractors. As for the designers they wo.uld

understand the realistic variability of the materials they are dealing with, and how



such materials [it in their overall qualily, so, the specifications and design will be
realistic wilh proper tolerances to take inlo consideration the unavoidable variations,
For lab managers, this study would help to managing data and treating unnatural
variability quickly and efficiently. For producers and contractors, this study helps
them to evaluate their process control and gives a powerful incentive to reduce the
variability by better control of their processes in order to improve efficiency and

increase profits.

1.5 Methodology and Data Gathering

This study depends on one of the descriptive research ‘designs that is the case
study. The case study places more emphasis on a full contextual analysis of a limited
number of events or conditions and their interrelations ( Emory and Cooper, [991).

This study places emphasis on a full contextual analysis of a limited number of
concrete compressive strength test results for projects that were constructed under the
supervision of the directorate under study using,: SQC methods. This kind of analysis
was chosen by the researcher as it is appropriate to the objectives of the study,
specially providing the practicéi application. Also, such design and analysis allows
the researcher lo make deeper analysis and discover new ideas and solutions.

The researcher depends in this study on many methods 1o collect data, they
are:

- Methods for collecting secondary data. This includes books, arlicles, and codes
that are related to the study subject, in addition to the formal projects documents
in the directorate under study. The secondary data was collecled from libraries,

Internet web, and the directorate under study.



- Methods for collecting primary data, These methods include personal interviews
with the manager of the directorate, lab managers and employees, concrete
;producer_s, and contraclors. The aim of these interviews is to have a general
description of the directorate under study, and to get information about the
constru.ction industry and causes of variation in concrete, All the interviews were
semi-structured.

The researcher had conducted three personal inlerviews wilh the manager of
IPWD in the directorate itself. Each interview of them took about half an hour, The
main questions in the first and second interviews were about the directorate duties and
responsibilities. Also, the researcher had asked if SQC methods were applied in
IPWD, and aboul the reasons of not abplying such methods in IPWD. Also, it had
been asked about contractual arrangements conceming quality control and about
properties of construction-industry. The third interview with (he manager had been
conducted after the practical application of SQC methods on data from four executed
projects. The main question in the third interview was about IPWD manager’s mental
attitude to apply SQC methods in the directorate.

The researcher had conducted four interviews with the four contractors of the
projects under study. Each interview took about one hour. Each contractor was
interviewed in his company. The contractors were Ali Al-Radaideh, Moh’d Al-
Dalgamoni, Fathi Féraj Allah, and Abdel-Raheem Al-Wishahi. The main questions in
these interviews were about the role of the coniraclors in the projects, the causes of
variation in concrele strength, the properties of construction industry, and about the
requirements for development of construction industry.

The researcher had conducted three interviews with (hree labs managers and

employees. The thiee labs were IPWD lab, Mu’ta lab, and Al-Karasneh lab. Each
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interview took about an hour. The interviews were conducted in the labs themselves,
The main questions in these interviews were about causes of varialion in concrele
strength, and about concrete compressive strength testing methods and samples.

Two interviews were conducted with two conctete producers. The producers were
Irbid Ready Mix Concrete Company and Ready Mix Concrele and Construction
Supplies Company. Fach interview took about half an hour. The interviews were
conducted in the comparics themselves. The main questions in (hese interviews were
about the properties of construction industry, conerete production steps, and about the
causes of variation in concrele sirength,

In this study, some statistical quality control(SQC) methods will be applied on
past data from projects thal were construcled under the supervision of IPWI on years
1999 through 2002. The reason for choosing this period is that all projects that had
been executed in it are large, and ready mi.xed concrele was used in all of them. Also,
data for this period is available in IPWD. The reason for choosing a clonslruction
organization is that SQC methods-according to the interviews with IPWD manager-
are not applied in public construction organizations in Jordan. The reason for
choosing IPWD is that this directorate, in general, supervises the construction of the
largest public projects in Irbid, and follows general technical specifications in
construction works, and keeps recoids of past data. Bul the directorate-according o
the interviews with IPWD manager- does not apply SQC melhods that can help in

solving problems.

1.6 Statistical Quality Control Methods Used in the Study
Depending on the data available, only four SQC methods are used, they are:

hypothesis testing, confidence limits, tolerance limits, and control charts. Some
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problems are solved by hand, and the other by using compuler softwares such as

EXCEL, and SP’SS.

1.7 Operational Definitions

Statistical Quality Control (SQC) methods: are methods based on (he probabilily
approach to solve problems concerning quality control.

Irbid Public Works Directorate (IPWD): is a public constructional organization
sited in the north of Jordan.

Common causes of variation: ate predictable causes of variation, they are inherent in
the sysiem.

Assignable causes of variation: are unpredictable causes of variation, (hey are niol
inherent in the system.

Conerete Compressive Strength Test: is a test in which compressive strength of
concrete is determined using 150mm cubes (according lo UK specifications). The
molsl common age at lest is 28 days [rom the casting date, but additional test can be
made at 7 days.

Total Quality Management(TQM): is an important philosophy in quality

management which drives a continuous improvement approach inlo all aspects of the

otganization.

1.8 Study Contents
This study includes five chapters of which is this chapler, the following
paragraphs provide a brief description concerning the objectives and contents of each

chapter:



Chapter II: Theoretical Background

'The aim of this c.:hapter is to reach a good understanding of SQC. This chaptex
presents quality concept and historical background of quality. Then it presents
primary and secondary topics in SQC. Finally, it provides an idea about quality
control in concrele construction.
Chapter 111 Literature Review

‘This chapter preéenls the relevant studies on using statistical quality control
(SQC) methods in construction organizations.
Ch;lplcr 1V: Application of Statistical Quality Control Methods in Irbid Public
Works Directorate

This chapter presents the application of statistical methods for quality control
in ltbid public works ditectorate. The chapter includes r;t"atclical application of
statistical quality contro! (SQC) methods in the mentioned direclorale to show the
easiness and benefits of using these methods.
Chapter V : Conclusions and Recommendations

This chapter includes the conclusions reached after conducting the study, and

provides (he most imporlant recommendations depending on the study results.



Chapter 11
Theoretical Background

2.1 Introduction

‘I'he aim of this chapter is to reach a good understanding of SQC. This chapter
presents quality concept and historical background of quality. Then it presents
ptimary and secondary topics in SQC. Finally, it provides an idea about quality

control in concrele consiruction.

2.2 Quality Concept

‘Ihe dictionary definition of qualily is “a degree of excellence”, or “a degice of
conformance to a standard™ (Miller, 1995, p.2).

Quality has no s,inp__;,le definition, there are many definitions to quality. Some
definitions focus on two aspects of quality (subjective and objective), whereas other
definitions focus only on one of these aspects. 'I;hc following paragraphs clarify this.

Crosby (1979) deﬁneé quality as “conformance to requiremenis or
specifications”. His definition I'(')cusés on the objective aspect .of quality.

Conversely, Juran and Gryna (1980) offer a delinition focusing primarily on
the subjective aspect of quality. Their definition is “quality is {itness for use”. 'l'héy
emphasize that requirements and specilications translate filness for use inlo
measurabie quantilies.

Shewart (1931) focuses on the two aspects of quality by stating the following:



“We are dealing with {he subjective concept of quality when we
atlempt to measute the goodness of a thing, for it is impossible o think
of a thing as having goodness independent of some human want.”
thaé]Jal‘i (1985) couples the concepts of quality, customer perception, and
continuing improvement. |
Beauregard et al.(1992) have pointed oﬁl that Deming adds an important
element by bringing in (he future when he states: “The consumer is the most
important part of the production line. Quality should be aimed at the needs of the
consumer, present and future” (Wadsworth et al., 1986, p.15 ;Beauregard et al.,1992, -
p.p 18-19).
lrom all of the previous deéfinitions of quality, it could be concluded that;
qualily has two aspects, an objective reality that is constan and measurable as well as
a subjective aspect that is closely tied to utility or value. Because there is no
universally accepted measure of value, quantitative physical measurements are the

usual standards by which quality is judged.

2.3 Historical Background

Modern quality pracltices have nol been shaped by onljlz one person, but by a
core of quality experts. Among the most famous ones of this core are Shewart,
Deming, Juran, Feigénbaum, Crosby, Ishikawa, and Taguchi .They have enormous
efforts in controlling and improving Iqua]ily as follows. |

Onc of the pioneers in the area of SQC is the physicist Walter Shewarl. In
1924 he developed the conttol chart which recognizes the il.nporlanl concept of

variabilily in mass production.
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Edwards Deming (1950s) studied under Shewarl. His fundamental philosophy
is based on defect prevention rather than detection by using the statistical tools.

Joseph Juran (1950s) focused on the project-by-project improvement
approach.

Armand Feigenbaum (1960s) introduced the concept of total quality control
(TQC). He saw that when improvements were made in a process, other areas of the
company also had gained some improvements.

Philip Crosby (1960s-1970s) focused his efforts on quality improvement and
on minimizing quality costs.

Kaoru Ishikawa has lent his name to the ‘fishbone’ diagratn , also named the
‘cause-and-effect diagram’. This diagram is used for dispersion analysis, production
process classification, and cause enumeration. The four basic steps to prepare a cause-
and-cffect diagram are to clarify the object effect, pick causes, delermine the priorily
causes, and to work out the counteractions for priorily causes.

Genichi Taguchi has iniroduced the important concept of the qualily Joss
function and he is known for his novel apptoaches to the design of experiments as
applied to manufacturing qualiiy (Miller and Miller, 1995; Wadsworth et al., 1986).

A recent philosophy in qualily management is the total quality management
(TQM). TQM is a philosophy of management that drives a continuous improvement
approach into all aspects of an organization. There are three key elements of TQM.
First is the creation of the environment and that would include communicating the
vision and developing a TQM philosophy to give the organization direction. The
sccond clement is the continuous imptovement {oolbox, which includes the statistical
tools for continuous improvement and the skills to work the philosophy. The third

element focuses on the employee empowerment in order to provide the resources

11



needed to use the tools in order to implement the philosophy. The most important
program for employee empowerment is the qualily control circles (Beauregard et

al.,1992).

2.4 Statistical Quality Control (SQCj}

Modern quality control uses statistical methods intensively. Therefore, it is
sometimes referred to as statistical quality conlfo] (8QC) (Ishikawa , 1990; Freund et
al., 1988).

Wadsworth et al.(1986) have staled that Deming’s definition of quality conlrol
(QC) places emphasis on the statistical aspects applied on an overall basis. His
definition is “I'he statistical control of quality is application of stalis@ical principles
and techniques in all stages of clesién, production, maintenance and service, directed
toward the economic satisfaction of demand” (p.30). Burill and ledoller (1999) have
delined -SQC as “ a branch of applied statistics dealing with statistical tools that help
control the quality of products and improve the processes responsible for these
products” (p.435).

Besterfield (1980) has.j‘)binled oul that compulers play an essential role in
quality control function. They petform operations at fast speeds with a high degtee of
accuracy. Also he has pointed out the quality control needs served by the compuler.
Iliese needs are: data collection, data analysis and reporling, siatistical avalysis,
process control, test and inspection.

Quality control (QC) in the production process can occur at three points for
different purposes, and- involves (wo statistical procedutes. The iwo slatislical
procedures are statistical process control (SPC) and acceptance sampling. the first

point at which quality conltol can occur is before procuction to make sure that inputs

12



are acceplable. It involves acceptance sampling procedures. The second point is
during production to make sure that the conversion of inpuls into oulpuls is
proceeding in an acceptable manner. It is referred to as statistical process control
(SPC). The third point is afler production to make a final verification of conformance
before passing goods on to customers. It involves acceplance Isampling procedures.
Figure (2-1) gives an overview ol where these two procedures are applied in

the production process.

Figure (2-1)

Aceeptance sampling and process control

Inputs »| Transformation » Oulputs
Acceplance Process Acceptance
Sampling control sampling

Source: Production/Operations management, Sievenson, W, J , MeGraw-I1ifl, New
York, USA, 1999

It has been pointed out..t'hlat SP°C is a procedure in SQC. So, it is important to
have more clarification about SPC.'Montgomery (1991) defines SPC as “a powerful
collection of problem-solv‘ing tools useful in achieving process stability and
improving capability through the reduction of variability” (p.101).

So. it is importa;nl to point out the variations and causes of these variations.
Beauregard. ¢t al. (1992) slates thal everything varies, and that variation arises Irom
differences in (he processes (hat create products and services. Also, they state that the
total variation of a proces's output is the sum of the variation of the components that

make up the process:

13



V(output) = V(methods) -+ V(malerials) + V(equipment) -+ V{environment}
+V(operators skills)+V(information)
Where V is the variation { or variance , in mathematical terms).

With respect to causes of variation, Beauregard el a).(1992) and CroQ1(1983)
and Menon(1992) state (hat variation in a process may either be random or
nonrandom. Random variation is the result of chance events, Chance events are
routine and based upon probability. Deming refers to these chance events as common
causes of variation. They are the causes of variation inherent in the process or the
ones that are always present and can never entirely be relnoved. Whereas, nonrandom
variation arises {rom special causes. Special causes are not inberent in the system.
They are unpredictable. Special causes of variation were deseribed by Shewart as
“aésignable causes” becﬁuse they can be assigned, or associated with, a specific factor
or group of factors-which can be removed or altered- in the process.

According to Croft (1983), one of the basic issues in SQC is whether to make
100% inspection or to lake samples; a sample is defined by Plane and Opperman
(1986) as “a subset of a population” (p.3). The measurement data from the sample can
be used to estimate the properi_‘iéé of the population.

A mote intensive inspection, which is 100% inspection is needed when the
items have large costs associated with passing defectives. But it has many
disadvantages, the most important of them are that in many industries 100%
inspection cannot be done because many inspections destroy the product. Another
disadvantage is that 100% inspection adds cost. Also, in 100% inspection, defective
products can be missed and good product can be sorted out inadveriently (Beaurcgard

et al.,1992).
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Bissell(1994) points out another basic issuc in SQC, that is: whether to inspect
aliributes or variables : there are two basic types of numbers which compromise most
statistical data, they are: first ,lhe frequencies of occurrence of events or allributes,
which give tise to counted data, fc')r which ‘discrete distriBulions’ are appropriate.
Second, from inlerval ot ratio levels of measurement, variables are obtained, for
which ‘continuous distrwibutions’ are appropriate.

In some situations, process conirol involves the measurement of something
(e.g., height, weight, diameter). But in many situations, such detail of measurement is
either unnecessary or impossible, Somelimes a go/mo-go approach can be used in
place of exact measurements. This type of testing results in an accept/reject decision
for each part. By taking a sample, or even testing each item, a record of the number of
defective parts versus the number that is acceptable can be developed. Wheteas in
some cases, il is possible to keep track of only the number of defects found, not the
number of non-defects. For example, it is possible to count the number of defects per
1,000 feet of electrical cable, but the number of non-defecls cannot be counted
(Vonder,1991 ;Starr, 1989).

Attribule measuremenls' are-quicker and easier to make, so they offer more
economical dala gathering and stofage. Vartable measurements contain more potential
information; they proviae the capability data, and provide more powerful information
for controlling the proce.ss (Adam and Eberet, 1992).

The most important SQC techniques are presented in the following
subseclions.

2.4.1 Control Charts

Coutrol chatts is one of the most important SQC techniques. Control charts

have been used for a long time, ever since Shewart first coined the term in 1926. The
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control charl is defined as “a statistical ool used to control processes, and to

distinguish variations due to assignable causes from those due to chance causes, so

abhormal vatiation can be eliminated” (Kume, 1992, p.92, ;Heizer,1988, p.718).
Concerning the use of control charts, Bi.ssell (1994) states that there are four

aspects to these charts as follows.

To measure the per[’brmance of the process, indicate the extent to which it is stable

or ‘in control’, and signal the presence of assignable causes of variation.

- To signal departures from target conditions permitling prompl correctlion.

- To provide pointers to means of improving the performance of the process ( in
terms of process yield , capability to a specification, or other aspects).

- To continue the flow of information relevant to maintaining control and making
process management decisions.

The basis for the control chat is the sampling distibution, which describes
random variability. There is a difficulty refating to the use of a normal sampling
distribution. The theorelical distribution extends in either direction to infinity.
However, as a practical matter, it is known that 99.74 petcent of the values will be
within + 3 standard deviations of the mean of the distribution as shown in Figure(2-
2). Therefore it could be decided lo draw the line al values that represent +3 standard
deviations from the mean, and it could be concluded that any value that was farther
away than these limits was a nonrandom variation. These Jimits are called the control
limits (Stevenson, 1999). |

A typical control chart is shown in Figure(2-3), which is a graphical display of
a quality characleristic that has been measured or computed from a sample versus the
sample number or time. The chart contains a center line(CL) that represents the

average value of the quality characleristic cotresponding to the in-control stale. Two
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other horizontal lines, called the upper control limil (UCL) and the lower control
limit(LCL), are also shown on the chatt (Montgomery, [994;Ryan,1989).

The characteristic values are plotied on tlhe chart which represent the state of a
process. If all these values are plotted within the control limits without any particular
tendency, the process is regarded as being in the control state. Jlowever, if any point
{alls outside the control limits or shows a peculiar form, the process is judged to be
out of control and managerial action is called f‘()l;, then process corrections arc made
(kume,1992;Starr,1989).

Figure(2-2)

Distribution of the normal curve

[ 1 ot |
~J -7s ~1s X s +2s +3s
| 68, |
5%
99.7X%

Source: A Practical Guide to Statistical Quality Emprovement, Beauregard ct al., Yan

MNostrand Reinhold, 1992
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Figure (2-3)

A typical control chart

Upper control limit

Center fine / \ // \\/ \ x‘/
/\/ | \/

| Lovter conirol limit

Sample quality characteristic

Sampte number or time

Source: Applied Statistics and Probabllity for Engincers, Montgomery,D.C. and Runger,

G.C., John Wiley, Canada, 1994

There will be some risks of wrong conclusions or de_:cisions in 'the use of the
control chart. Control limits are designed to “balance” somewhal two important risks
associated with the use of control chatts, namely type [ and type 1l errors. Type I error
is :lhe risk of conctuding an out of control condition whex.l'there has been no change in
the underlying universel. Type 11 error is the risk of not detecting an actual change in
the underiying universe. The common practice is to selecl a very small value for type
I error, and not to specify the second risk (Wadsworth et al.,1986).

For early. detection of assignable causes of vatiation, a pair of warning lines

(upper warning line and lower warning line (UWL and L

18
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charls at values that represent 2 standard deviations from the mean of the
distribution . Because of type I error, violation of a watning line is not taken as a
signal for immediate action. The usual practice is either to take a re-check sample, or
to wait uniil the next subgroup result is available. Then if the two successive results
both yield warning values, the necessary corrective action is taken (Miller and
Miller,1995;Bissell, 1994).

Control chart.s may be classificd into (wo general types: variables control
charts and allributes control charts. Variable control charts are used when the quality
characteristic is a variable, il is described with a measure of central {endency and a
measure of variability .The most common types are: control chatts for means( x-bar
chart) which is used for controlling central tendency, control charts for the range(R
chart), and control charts for the s‘tandard deviation (S chart) which are used for
controlling process variability, and, control charts for individuals (X chart).Because
both the vatiation and the location should be known and tracked , the variable charts
are combined into an x-bar and R chait, x-bar and S chart, or X and R chart.
Attributes control charts are used when the qt_laiily characleristic is not a variable
(Montgomery,[991).

The most common attributes control charts are; control chart for fraction
defective (p-chart) which deals with the fraction of defective product, control chart for
defects (c-charl) which deals with the number of defects per mnit (Montgomery,
1991).

Special control charts other than that have been described before can be used
such as the moving average conirol charts. '_I‘hc moving average is the simplest
filtering method that is used to reduce noise (high-frequency oscillations). A moving

average filler replaces each data value by the average of itsell and observations
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occuring immediately before it in time. An n-term moving average replaces each
observalion by the average of itself and the (n-1) terms immediately preceding it
(Petruccelli et al.,1999). 1n this research, we are interested in vatiables control charts,
and especially in mean and range control charts. Detailed equations will be presented
for these two types of control charts in (he following paragraﬁhs |

- Mean Contrel Chart ( x chart):

UCL = x+ A, R (2-14)
LCL=x~- AR (2-10)
CL=x

where
X is the average of sample means

7 is the average of sample ranges
A, is a constant tabulated for various sample sizes in Table (Al-1)
CL: center liué

(FFeigenbaum,1991).

- Range Control Chart (R-chart):

UCL =D, R " (2-2a)
LCL= DR (2-20)
CL=R

where
D3 and Dy are constants tabulated for various sample sizes in Table( Al-1)

(De Voret al.,1992).

Heizer(1988) summarizes the general steps to determine the initial control

limits as follows :



- Collect 20-25 samples and compute the appropriate sample slatistic(s)for each
sample. |

. Set appropriate control limits, usually at the 99.7% Ilevel, and calculate the
preliminary upper and lower control limits.

- Graph the sample statistic on the control ch.art and look to see if any fall outside
the acceplable limits.

- Investigale points or patlerns that indicate the process is out of control, Try to

" assign causes for the variation and then resﬁme the process. Some useful general

conditions to look for ate described by Wick and Veilleux(1987) as follows:

“Trends/cycles: Syslematic changes in the process environment, wotker,

fatigue, maintenance schedules, and wear conditions.

-High proportion of points near or beyond control limils: Qver control of the

process, and large differences in incoming raw malerial.

-Sudden shifts in level: New machine, new worker, new batch of raw

materials, chang(; in measurement system, and change in production method.

The unnatural pattetns are usually faitly obvious. Often, however, special
causes of variation produce palierns that are less obvious. Therefore a rigorous pattern
analysis should generally be conducted.

Several useful tests for the presence of special causes can be performed by
dividing the distance between the upper and Jower control limits into six zones; each
zone is one standard deviation wide (see Figure (2-4)). The zones for the uppet half
on the chatt are referred to as A(outer third), B(middle third), and C(inner third); the
lower half is a mitror image. The probabilistic basis for the tests using the zones is
derived from (he normal distribution. Therefore, these tests are applicable to mean

chart and may be applied to the chatt for individuals if it can be assumed that the data
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Figure(2-4)

Representation of dividing control regions into zones

Upper control limir
{ . LoneA
3ol | __Zone B
[F201104 ZoneC ,
T o b Zome C Centerline
~30 2 Y L_":H*Z-EEE***“
y v Zone A

Lower control himit

Source: Tool and Manufacturing Engineers Handbook, Wick C. and Veilleux R,,
Quality Contro] and Assembly, Society of Manufacturing Engineers, Michigan,

US.A, 1987
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l'oltlow a normal dislribul_ion. The various lests are illustrated in Figure( 2-5 ) (Wick

and Veilleux,1987).

Although these ftests can be considered as basic, lhéy are not totally
comprehensive. When the existence of a specia{l cause is signaled by a test, the last
point should be circled. Other control chart evidences for invesligation are pointed oul
by Adam and Eberet (1992) as shown in Figure( 2-6 ).

- After investigaling points or patterns that indicate the process is out of control, the
last step in determining the initial control limits is done. That is collecting
additional samples and revalidatl:ng the control limils usiné the new data,

‘Fhe contral limits are based on the mean and variability of the sampling
distribution — not on the design specifications, so, a process that is in statistical control
may not be producing products or services according to design specifications. While
process capability refers to the ability of the process to meet the designh specifications.
A process is capable if it has a process distribution whose extreme values fall within
the upper and lower specifications for a product or service (Krajewski and Ritzman ,
1999).

The word spcciﬁcatimié always appears in the definitions of capability, so,
what does it mean?

Design specifications are sometlimes referred to as specification limits, or
design tolerances (Russell and Taylor, 1995).

Design specifications indicate a range of values. With the range, all individual
units of output that fall within th.e limits are accepted as meeting the specified
standards. Confusion frequently exists regarding the relationship of the engineer’s
specifications of tolerance and the characteristics of the production process. The

engineer’s specifications cannot demand more than the process is able to deliver. So,
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Figure (2-5)*

Pattern Analysis of Mean Control Chart
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Figure (2-6)*

Additional Pattern Analysis of Mean Control Chart
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poor performance sl ly-

Five succassiva dala polnis Five successive data polnis Erralic behavior,
below cenlral line. Investigale on increasing or decreasing Investigate.

. for cause of suslainad line. Invesligaie for cause
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Sudden changa In level.
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Source: Production and Operalions-Managemem, Adam E. and Eberet R, Prentice-
Hall, England, 1992.
* Tests | through 15 in Figures(2-5) and (2-6) are applicable to mean control chart.

While tests | through 4 are applicable {o range conirol chatl.
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to be reasonable, lolerance limits must be adjusted (o the abilities of the process
(Statr,1989).

There are several measures lo assess the capability of a process . The mosl
commonly used is (he process capability ratio (Cp). It is defined as the ratio of the
specification widh to the process capability. Process capabilily is typically deemed to
be +3 standard deviations from the process mean (Krajewski and Ritzman,1999;
Burrill, 1998; Monigomery, 1994).

If the process is not capable, there are many alternatives. The most important
ones are improving the process, renegotiating the specification with the customer, or
buying a new process (l?;earegard et al., 1992).

So, it is important that the process capability studies be done during the
product design, and before contracts for new products ate entered into (Russell and

Taylor, 1995).

2.4.2 'l‘dlcrancc Limits

'l’olefance limits technique is one of the most important SQC leclmi(iues'
Sometimes, it is needed to -d_élermine an interval that contains a certain (high)
proportion of the measureménts, with a known probability. Such an interval is called a
tolerance interval. Tolerance intervals are sometimes specified by a design engineer or
production supervisor, in which case measurements must be taken from time to time
to see il the specification is being met. The general formula for tolerance interval is :

(x —ks, x + ks) (2-3)
It is possible to find a number k such that the tolerance interval has the

property that it covers a proportion § of the population with confidence coefficient 1-
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a. Table (Al1-2) gives values of k for three values of Sand two values of 1- o

(Scheaffer and McClave,1990).

2.4.3 Acceptance Sampling

Acceplance sampling technique is one of the most important SQC technique.s.
A(::ceplance sampling plans were devcloped by Harold F. Dodge in the late 1920s, as
an! alternative to 100 percent inspection (Russell and Taylor,1995). These plans are
defined as “inspection procedures used to delermine whether to accepl or reject a
specific quantity of material ” (Krajewski and Ritzman,1999, p.285).

Acceptance sampling conﬂic.ts with the philosophy of TQM in that it assumes
that some degree of poor quality will occur and that it is acceptable. While, TQM
secks ultimately (o have zero defects. So, acceplance sampling is used as a SQC
method by many compz;nies who have not yet adopted a TQM approach (Russell and
Taylor, 1995).

The bastc procedure of acceplance sampling plans consists of three steps, they
are as follows:

- A random sample is taken from a large quantity of items and tested or measured
refative (o the quality characteristic ol interest.

- If the sample passes the test, the entire quantity of items is accepled.

- If the sample fails the test, either (a) The quantity of items is subjected o 100
percent inspection and all defective items repaired or replaced or (b) the entire
quantity is returned to the supplier (Krajewski and Ritzman,1999).

A sampling plan establishes the guidelines by which a .sample is [akeﬁ and the

criteria for making a decision regarding lhe quality of a product fot (Russell and

Taylor, 2000).
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Acceplance sampling is important for the customer and the supplier {o insure
that the suppliet is meeting guality specifications and that quality standards ate met
prior to shipment, respectively (Schroéder,l989). .Consequently, the customer,
sometimes in conjunclion with the producer thrqugh cotractual agreements, specifies

|
the parameters of the acceptance sampling plan (Krajewski and Ritzman,1999).

When a sample is taken and inspected for quality, the items in the sample are
being checked lo sce if they conform to some of two forms, cither atlributes or
variable measures (Russell and Taylor, 19955.

All sampling plans are devised to provide a specified producer’s and
consumer’s fisk. Aluibute sampling plans includes structural components and
performance measures. The structural components ate concerned with the lot size, the
sample size, the acceplable number of defective items in a sample,.the actual number
of defective items in a sample. Whereas the performance measures include the

producer’s and consumer’s risks, the acceptable quality level, and the ot tolerance

percent (proportion) defective (Russell and Taylor, 1995).

2.4.4 Hypothesis Testing

There are other statistical technigues used in SQC. The most common arc tesls
of significance. They are methods based on statistics to assist in decision making, they
provide a confidence level that the conclusions are correct. They include hypothesis
testing and regression analysis.

Before defining bypothesis testing, it is necessary to define stalistical
inference. Statistical inference is (he process of drawing conclusions aboul a
population based on information contained in a sample. It provides the basis for

hypothesis testing (Levin,1991; Azzalini, 1996).
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Hypothesis lesting involves the use of a sample, drawn from a population, to
determine the validity of a theory posed about the population, ‘The general tdea of
hypothesis testing is to formulate a iaypothesis that is to be tested and then use data to
test the hypothesis and detérmine whether or not the hypothesis should be rejected
(Levin,1991; Sachs, 1982).

T'o Tacilitate the hypothesis testing, it is useful to select an appropriate sample
stalistic, and a deciston rule stating which sample values of the siatistic will Jead to
acceplance of hypotbesis and which will lead o tejection of it. Slatistic is defined by
Howanitz and Howanitz (1987) as “a numerical value that characterizes a sample-for
exémple, x-bar tepresents the mean and s the standard deviation of a sample” (p.21).

Once the hypothesis is written, the appropriate test statislic —according o the

conditions below- is performed (Beauregard et al., 1992).

Hypothesis type test statistic conditions

Single mean t o unknown, 1 <30
Two means t o unknown, = |2
Two variances I

Where:

p : mean of population
o: standard deviation of population

n: number of samples

Critical values of t and up‘per significance levels of the F-distribution fot
P=0.05 and for P=0.025 are shown in tables (A1-3) , (A1-4) and (A1-5) conscquently.
Also, it is important to measure the errors that can be made in a hypothesis

testing. T'wo Lypes ol etrors can occur. They are type 1 error which is rejecting the null
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hypothesis when it is true, and type Il crror which is failing to reject the null

hypothesis when it is false . o is the probabilily of doing type I error and B is the
probability of doing type 1l error (Watson,1990). Typically o is chosen lo be 0.05
corresponding to a 95% confidence level (Beauregard et al., 1992).

There are many types of hypothesis. But, in this research, we are interested
only in the normal distributions tests because the strength of concrete test specimens
on;controllcd projects can be assumed to fall inlo a normal frequency distribution
curve according to (ACI Manual of Concrete Practice, Standard 214-77, 1985). Of the
normal distributions tests, we are interesied only in the following tests: testing the
meah for a single sample case when the population variance is unknown, lesting the
difference between two means when the two populations variances are unknown,
testing the ratio of variances. The null hypothesis, alternale hfpotheses, tesi statistic,
and rejection regions for all of the previous tests, are tabulated in table (A1-6). The
following paragraphs present a short description of {he first test

Testing the mean for a normal dislribulion when the popuiation variance is
unkiown is used when sample sizes ate small, and so the population variance(o?) is
unknown. In this test, the population varimice(oz) is estimated by (he sample
variance(S?). The test statistic is T and is calculated according to the following

formula:

=Xt (2-4)
S/n
Whete
Y is the sample mean
1o is the hypothesized value of the population mean

5 is the sample standard deviation

n  is the size of random sample
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‘The test statistic will have a t distribution, under null hypothesis Hg : 1= {ty, The

three possible alternate hypotheses are Ha: > Mo, or Ha: ju< (g, or Ha: L7 o, The
rejection regions are:

T>t ,OF T < , or ITl > {'m:z”wl respectively, where t o, t w2 are

ai-1 _!a -l

the points cutting off areas of o, 0/2 respectively in the upper tail of the t distribution
with (n-1) degrees of [tecdom (Petruccelli et al., 1999; Schealler and McClave, 1990,

Zwillinger and Kokoska,2000).

2.4.5 Confidence Limits

Confidence Limits technique is one of the most important SQC techniques.
The goodness of an interval estimation Iprocedure is evaluated by examining the
fraction of times in repeated sampling (hat the intervals contain (e parameter being
estimated. ‘This fraction, called the confidence coelficient, is 0.95 when using the
formula ( ;i].960-; ) That is, 95% of the time in repeated sampling, intervals
calcutated by using the formula ( ¥ +1 960 -)will contain the population mean(Oit
and Mendenhall,1990,p.p250-251). The confidence interval is delined as an interval
estimate and an associated probability that the parameter is within the given interval
(Naiman et ai.,1996,p.309). The lower point for the conﬁdencé interval is called lower
confidence limit. While the upper point for the conlidence interval is called upper
confidence limit. For 95% confidence interval, the lower and upper conlidence limits
are calculated using the formulas : §~i.96<‘7; . }-H.%o‘; respectively (Ott
and Mendenhall,1990,p. 252) The conlidence interval is a likely range of values for

lhe patameter being esilmaled The concept 01‘ likely” is quantified as a confidence

level (Petruccelli ot al.,,1999,p.242).
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In this research, for confidence interval technique application, we are
interested in the same cases that were mentioned for hypothesis testing application.
Confidence intervals for the cases we are intere_sted in are presented in Table(A1-7).
Confidence interval on the mean of a normal distribution with unknown variance will
be presented in the folldwing paragraphs.

Confidence interval on the mean of a normal distribution with unknown
variance is based on the .t distribution. If x zﬁtcl s are {he mean and standard deviation
of a random sample from a normal distribution with unknown variance o, then a
100(1-¢) percent confidence interval on p( population mean) is given by the

following formula:

X Lypp8 A S pr S x4 R IL A )

Where tyzq.¢ is (he upper /2 percentage point of the t distribution with n-1 degrees of

freedom (Montgomery and Runger,1994).

2.4.6 Regression Analysis

Regression analysis is a method for analysis of relationships among several
variables on the basis of unp-lémned data. Simple linear regression is the use of
statistical methods to find “ best-fitting” linear relalionships between iwo variables
(random: y and nonrandom: x). Multiple linear regression is the use of stalistical
methods to find * best-fitling” linear relationships between a random variable: y and a
set of nontandom variables: x(, X2, X3,..., Xu. Coelficient of correlation is the strength
of a linear relationships between the fixed variable and the random variable can be

measured by (he slope of the least- square repression line ( Miller and Miller,1995).
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2.5 Quality Control in Concrete Construction

The selected sample to apply stalistical quality controt (SQC) on consists of
concrete construction projects that had been constructed under the supervision of Irbid
Public Works Directorate . So, before applying these methods, it is importani to have
an idea about quality managemént in construction industry in general, then
specifically about quality control in concrete conslruction. This is what this seclion

provides.

2.5.1 'The Construction Industry

Depending on literature review, interviews with the manager of the directorale
under study, project managess, lab managers and employees, concrete contractors, and
the researcher experience in working in construction field, the researcher had
summarized the most important points concerning construction industry as follows.

Construction industry is one of the oldest industries that human being knows.
The cultural, social, economical, and mlilitary needs for a sociely are expressed
through different constructions.

Construction industry is a main economical and technical industry in all
countries. This industry includes a wide variety of activities, and has many propetties,
the most important of them are: its economic size, alinost it is dedicated to public
section, and its produclﬁ need a long time for planning and building; these products
are considered as long-term investiients. Because of these properties, it is difficult Lo
intlroduce quality management in construction industry. In Arab countries, the

investment in construction consists 60% of total investments (Zahlan, 1985).

33



Because the ec?nmnic size [or construction industry is large, it is worthy lo
apply SQC (o reduce variation in construction induslty. By reducing vatiation, the
productivity, quality, and profitability will be improved

In addilion. to the previous properties of construction industry, there are many
other propetties such as; the existence of special factors that have to be taken into
account such as weather conditions, and the mobilily of labor. The products of this
industry are intended for a long life and the contractors can be held liable for defects
for many years afler hand-over. -A]so construction products are expensive and
complex. In construction industry, it is a duty of the purchaser of cons{ruction
products 1o identify his needs and communicate them to his designers and suppliers in
clear fashion. Construciion products cannot be verified by inspection and testing in
their final slate and deficiencies may become apparent in thent only after use by the
customer. Therefore, construction processes should be carried out under controiled
condilions such as documented work instructions and certification of processes and
equipment,

In construction industry-as in any other industry- there ate inputs, processes,
and outputs; the inputs are ﬁiﬁ(:hin%, materials, workmanship, information, and
transportation services. The processes are design, survey, lests, architectural works,
and specifications of methods and materials. The outputs are constructions such as
bu'ildings, dams, and software systems. The contractor has to manage a complex
process concerning grouping of materials, workmanship, malchines and tools in the
site, and converging these inputs into the required construction.

The reaction between design, machines, malerials, and workmanship is the
chain of construction industry. The development of construétion industry in Arabic

countries depends on making contextual relationships between the institutes and
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groups that represent these four factors (Zahlan, 1985). It was pointed out in chapter
two that these four factors are the causes of variations. Also, it was pointed out that

reducing variations is the essence of SQC.

2.5.2 Quality Management in Construction Industry

Juran and Gryna (1988) have pointed out that the activities needed lo achieve
fitness for use can be classified in Ilerms of the basic disciplines employed, and that
the most important disciplines are busiliess, management, and technology. They
define management as “the process through which people are mobilized lo achieve
designated goals” (p.2-21).

Goetsch and Davis (2000) lhlave pointed out that the best 1SO definitions of
quality management and quality éyslcm are as follows. Quality management is
defined as “all activities of the overall managemeﬁt function that determine the
quality policy, ob_ieclivés, and responsibilities, and implement them by means such as
qu;alily planning, quality control, quality assurance and quality improvement within
the quality system™ (p.443). Quality system is defined as “Organizational structure,
procedures, processes and ré.é(-)uroes needed lo implement quality management”
(p.443). Wadsworth et al. ( 1986 ) have pointed out that SQC is an element in.qualily

system.

Managers gain many benefits from the adoption of quality management; they
become able to make a satisfactory response to clients who make the implementation
of an effective quality system a condition of contract. Also, they improve their
efficiency by eliminating the costs, delays, waste, and disruption caused by failure to

do things properly {irst time.
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Any person or 01‘gnni7.nli0n‘inlcrcslcd in successful performance can bencfit
from quality management, and this includes. the construction industry. But, the
introduction of qualily management in construction industry is more difficull than in
olher industries because of its properties that had been presented in the previous sub-
section.

Since the quality management in construction industry is a dilficull task, it is
imporlant that those who are in charge of this task should have access to the latest and
most effective quality management lechniques. One of these techniques is the
statistical quality control lechniques. A flftldan1elllal question which needs to be
addressed by top management is: Does the organization want to run its business ost a
ba:sis of integrity and compliance with the rules, or does it wish 1o pursue shorl-term
profits by tolerating bad practices? If the answet is the latter, then any qualily system
which might be established will be an additional cost. On (he other hand, if the
01'ganizali()11"s management policy is to gei things right and to require its employees to
adopt an honest altitude to iheir work, a formal quality system will provide an
excellent and economic means of so doing.

The quality managemelif of work on the construction site takes place in three
phases, they are planning what is to be done, controlling the excculioﬁ of the plan, and
providing vetification (hat the work has been carried out according to plan.

2.5.3 Quality Control in Coucrete Construction

Concrele is defined by ACH Committee 214 (1985} as “a composile malerial
which consists essentially of a binding medium within which are embedded particles
or fragments of aggregate; in portland cement concrele, the binder is a mixture of

Portland cement and water” (p. L 16R-12).
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Concrele is the most important building matetial in Jordan. it is widely used
because of its availability, and moderale cost (Abdel-Jalim et al., 1985). So, in this
research, concrete is chosen to apply Statistical Quality Control on its conipressive
strength tests. Compressive strength test is chosen because it is the most cominon test

|
made 1o evaluate the properties of the hardened concrete. Thete are three reasons for
this: (1) the strength of concrele in compression has in most cases a direct influence
on the load carrying cabacity of structures ; (2) compressive strength can usually be
determined most éasily; and (3) the results of cqmpressive strength tests can be used
as a qualitative indication of other important qualities of hardened
concrete(Fintel, 1986). b

Concrele construction consists of several operations: forming, production,
placement, and curing. Forming is required .to conlailn and suppost the fluid concrele
within its desired final outline until it solidifies and can support itsell. Concrete may
be obtained from commercial batch plants which deliver it in mix trucks, or it may be
produced at the job sile.‘Concrele production includes a sequence of operalions as
follows: the correct quantities of cement, aggregate, watet, and admixture, are batched
and mixed in a concrete mixer. This produces fresh concrete, which is transported
from the mixer 1o ils final location. Concrete is placed by chuting dircctly from the
mix teuck, or from buckets handled by means of cranes, or it can be pumped into
place by concrete pumps, Then concrete is compacted so as to achieve a dense mass
which is allowed to harden. Curing-which is defined by Bakertl‘)SS) as “the process
of conlrolling the temperature and water conlent for a definite period, so that the
concrele will be stronger”-of exposed surfaces is required to prevent evaporation of
mix water or to replace moisture that does evaporale. The proper balance of water and

cement is required to develop full design strength (Nevitle and Brooks, 1990;
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M_cGraw-l-li!I Eneyclopedia of Engineering, 1983). In other ‘words, concrete
pr'caduclion consisls of. five stages, they are: .proporlioning, mixing, {ransporting,
placing, and curing.

The compressive strength of concrete is influenced by the waler / cement
(W/C) ratio, aggregale/cement ratio, quality of the aggregate (grading, surface texlure,
shape, strength, and stiffness}), tlmgimtlln size of the aggregale, lype and brand of
cement, amount and type of admixture, degree of compaction, age, and lemperature
(Neville and Brooks,1987; Fintel, 1986).

Regarding quality conlrol in concrete production, Baker (1985) has pointed
out that the amount of time and ef[‘ﬁrt given to the control of quality depends on the
importance of project. He presents a classification of a qualily system as follows: (1}
moderate control; (2) good control; and (3) close control. The details of them are
given in the following p.al'agmphs.

Moderate control includes the following requirements: storing materials
correctly, testing the [“ulle aggregales for sift conlent before the work starls, having
suitable measuring containers where aggregates are batched by volume. Also il
includes checking the moisllu.‘é-(.:c;nlenl ol aggregates before work starls and whenever
a change is detected, checking the quantity of water added at the mixer whenever in
doubt. Other requirements in moderate control are controlling workabilily by visual
inspection and taking slump tests where necessary, making test cubes which are stored
on site but sent for independent testing, and supervising all operalions adequately.

Good control includes the following requirements: determining the moisture
contents of the coarse and fine aggregales at commencement and at regular intervals

as work proceeds. Also, it includes examining the silt content of the fine aggregate
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regularly, batching aggregates and cement by weight, and checking the amount of
water added at the mixer regularly.

Close control includes the requirements in the previous two classifications and
the following requirements: making all tests at least daily, making tests to accepled
standards and either tesling locally or on site, regular calibration of Qeigh batching
plant and water measuring appliances. Also, it includes determining proportions of the
fiesh concrete and all other tests by approved methods, catrying out the selecled
workability tests regularly, and supervising all work stages closely and consistently,

All the previous requirements inake it necessaty to apply SQC in concrete
production. Comparing circumstances in the projects under study to the previous
requirements, it could be concluded that quality control in these projects is a moderale
one.

The sample for compressive 'slrenglh is taken so that one sample -consists of 5
observations- represents 50m’ of concrete (Ministry of Public Works and Housing
(MPWF) General Technical Specifications for Building-Civil and Archeitectural
Works,1996). 1t is c;)mmon in projects to take a sample that consists of six
observations (cubes) and lo test three of them at 7days [rom casting and the other
three at 28 days. The test al 7 days gives an indication lo the results at 28 days since

the 28-day strength may be assumed-io be 1.5 times the 7-day strength (Neville,1981).

The procedure for compressive strength testing required in MPWH
specifications is the one specified in British Standards (BS 188: Part 108: 1983). For
details, sece Appendix 2.

The design of concrete conslructions is based on the assumption of certain
minimum propetties of concrete, such as strength. But in reality, the sttength of

concrete produced is a variable quantity. In general, the most important sources of
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vartability according to Taylor (1991) are: design paramelers, material selection and
propetlies, process parameters, tooling parameters, methods. Other sources are
procedures and techniques, operator skills and training, production environment, and
measurement errors. While in coticrele strength tests, the most important sources of
variation according to Neville and Brooks (1987) are: variations in mix ingredients,
changes in concrete mixing, lranspbrling, placing, curing, Also, with respect lo test
tesults, the variations in the sampling procedure and in testing. It is important {o
minimize this variability by quality control measures and by adopting (he standard test
procedures. Moreover, L.mowledge of the variability is required so that strength values
can be interpreted property. Here appears the importance of SQC in detecting
slatistically signiﬁcant changes in strength.

In Arab counlries, there are many quality control problems in concrele

industry, the most important are:

Problems in quality control of raw materials -

- Increased demﬁnd on building 1T1alcl'ials, which encourages the producers lo care
about increasing quantilies and forget about quality.

- The wrong idea that qualil'j-r‘éontrol adds costs

- Lack of coordination between quality control aclivities and plant

- Lack of trained employees on quality control works.

- . Lack of good planning for all activities.

. The wrong idea (hat quality control is one of the purchaser duties, not the producer

(Al-Shareef, 1985). These problems can be reduced by abplying SQC in concrete

industry.
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2.5.4 Suinmary
This section canhbe swumarized as follows:

- Quality management in construction industry is a difficult task because of the
properties of this industry.

- Quality control requirements make il necessary to apply SQC in concrete
production.

- 'There are many soutces of varialion in concrete production. These sources make
the strength of concrete produced a variable quantily. Reducing variation is the
key to improving productivity, quality, and profitability. The essence of SQC is
reducing variation, So, it is important to apply 8QC in concrete production.

- In Arab countries, there are many qualily control problems in conctete industry.

These probiems can be reduced il SQC is applicd in concrete industry.
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Chapter 11

Literature Review

3.1 Introduction
This chapter presents the relevant studies on using statistical quality control

(SQC) methods in construction organizations.

3.2 Studies Focusing on Using Statistical Quality Control (SQC) Methods in
Construction Organizations
| A study conducted by Witzig (1993) on Granite Rock Company in California
to evaluate its experiment of recycling concrete and asphalt. It was pointed out that
Granite Rock used statistical process control (SPC) on almost everpy product made at
its quarries, ready-mixed concrete and asphalt plants, to insure a high quality product.
Also, SPC reports were prepared on their recycled product ‘and material was tested
three times each week. it was concluded that using SPC gave the customers a sense of
secutity in the quality ‘of the-product they were buying because-by using SPC- the
company could telt its customers what the gradations would be and the range of
gradations on their material. Another concluded benefit from using SPC was that if
there was a problem, SPC gave a tool to go back and anatyze where the problem was.
Statistical techniques, as an element of the ISO 9002 standard- {covers
production and installation), were pointed out in an article by Kuennen (1997) . It was
reporied that statistical techniques is one of nineteen elements of the ISO 9002

standard. The value of measurement using statistical techniques was stressed; these

techniques are used to assess reliabilily, process control, capability studies,
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delermining quality levels and inspection plans, and data analysis, performance
assessment and defect aﬁélysis in concrete industry.

A study conducted by Svedala (1998') on Pavex Construction company
prcl)vided an overview about the shift toward quality assurance and quality control
(QA/QC) in the united states road paving, and about shifts to perfoimatnce
specifications. Svedala Dynapac equipment were used on a paving job in California
by Pavex Construction company which undertook a demonstration of the process
during the paving job. It was reportécl that as the U.S. matket shifted to performance
specifications, contractors had to provide their own materials testing, and the owing
agency was leaving equipment selection up to the contractor. It was concluded that
the contractor had o be chosen, ‘wol on low bid basis alone, bul on historical
performance in which the contractor provided a'qualily material and laid it down in a
quality fashion.

A paper by Beretta and Murakami (1998) aimed o discuss and investigate two
key points in a successful application of a statistical technique called statistics of
extremes. The methodology of application was to use statistics of exiremes to analyze
the defect sizes, then by c01lsia§1'i1]g the maximum occuting defect size, the lower
bound of fatigue properties can be correctly predicted. The first key point was the
choice of the statistical method for analysis of data, the second was the knowledge of
the minimum number of defects needed to obtain a good estimate of extreme defects.
It was concluded that the results obtainéd in the study allow one to formulate a
procedure for estimating the exireme defects with a precision suitable fér [atigue
strength prediction.

A study conducted by Sohn et al. (2000) focused on applying a stalistical

process control (SPC) technique known as an “X.bar contro) chart” to vibration-
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based damage diagnosis. The nientioned technique was applied to vibration test data
acc:[uired from a concrele bridge column as the column is progressively damaged, lhe
data was acquired by students and stalf at the University of California. It was found
that the X-bar control chart proviﬂed a framework for monitoting changes in a
sefecled feature mean values and for identifying samples that were inconsistent with
the past data sets. It was concluded that the approach presented in the paper was very
attractive for the deve!oinneni of an aulomated continuous monitoring system because
of its simplicity, minimum interaction with users, and a seamless process of
continuous data siream analysis. |

In his study under the subject of * Stalistics in the pipeline”, Howell (2000)
discussed the application of staliétical process conirol (SPC) in soft syslem areas,
causes of varation, and benefits of SPC.- lle conducted his study on BG
Transco(which owns and operates the network of gas pipes across the country). It was
eslimated that there was 10% less varkﬁion in the soft syslem afler one year of
implementing SPC. It was reporied that SPC assumes two causes of variation; special
and natural. Transco iniltially tackled the special causes, then it looked at the natural
varialions whose tackling was‘“iﬁore difficult and involved a éomplete rethink of the
process. The benefits that the company under study got from applicalion of SPC were
that SPC had created visibility within a very complex system, and that SPC chatts
showed natural variation in the measurements and peaks, trends, cycles and other
patterns which may be altributed to special causes of variation. 1t was reported that
many otlher companies realized the importancé of SPC, but not all were willing lo
invest the time and effoft needed to be statisticalty correct because they had problems
gelling people to understand what SPC was because there were lots of quile subtle

ideas.
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A recent study in NAICS/ Industry Code (2002) focused on the development
of module programmed soﬁwafe for quality assurance in construction materials by
Conitek company. The putpose of the module was 1o help usérs handie all production
management needs, calibration, verification and mix designs. It was noted that the
module could help in producing a product that increased the service life while using
locally available materials and decreased the uncertainty resulting from the variability
of test results.

Anothei recent study conducted in NAICS/ Industry Code (2002) focused on
the ability of equipped concrete contractors to perforn concrete testing in Kenlucky,
and on improvement of procedures for quality control and-'assurance of nonpay-
related concrete paramelers (e.g. temperature and stumps). It was stated that several
QC/QA specifications shifted the responsibility for day;to-day testing for process
control, qualily conlrol, and ac(:eplémce from the slate deparimenl of highway to the
contractor. Also, it was stated thal QC/QA procedures were relatively easy to
undersiand and execute, and what made the new Kentucky specilications different
was that they combine statistical theory and engineeting experience. It was reported
that procedures for quality “control and assutance of noupay-related concrele
parameters (e.g. lemperature and slumps) cou!dl be improved, and that the variations
of those parameters should be estimated by stalistical methods. Also, it was reported
thz;t in regions with poor suppliers and weak competition, judgement was needed to
address the problem of uniformity on a case-by-case basis.

Under the squect of “ Making Roads Better and Betler”, Kopac (2002)
conducted a study in four stateﬁ which are Jowa in 1996 and Kansas, Missouri, and
New Mexico in 1997, Tield trials of performance related specifications (PRS) for

concrete were conducled in those states. In those field trials, the use of PRS was
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simulated on projects being coﬂstrucled “under {he res.pective stale’s current
specifications. The trials ;llowed that the quality control/quality assurance (QC/QA)
testing by the contractor and the ageicy did not take more time ot effort than required
under current specifications. It was repotted that PRS were based on quantified
relations between key design, materials, and construction variables and pavement
performance. For the models based on laboratory and field data, it was concluded that
they presented a clearér and more realistic pictute of performance than could be
visualized through engineering judgement only. It became appatent that there is a
need to collect and maintain compreheﬁsive data on quality, cost, time, and
performance. For the risks inherent in contracting, it was conciuded that as more PRS
projects were constructed, they would geverale more useful databases to improve the
performance models, so both contractors and agencies would understand the product
better, thus the risks inherent in contracting would decrease for both parties.

In their article under the subject of “ Statistical Control for Road Pavetnents”,
Griffiths et al. (2003),presented a method for oblaining conirol limits for a mean
control chatt when correlated observations were taken over a grid on a two-
diensional pavement‘sur‘fab‘é:.bata from a closely monitored road construction
project were used (o delermine if the conslruction process could be considered ‘in
control’. It was concluded that by conirolling pavement surfaces, base course

thickness was controlled. So, the specification’s ultimate aim was achieved,

3.3 Summary
The previous literature review can be summarized as follows:
- Many benefits were got from using SQC for the whole organization and for

customers as follows: using SQC gave the customets a sense of securily in the
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quality of the product they were buying(Lau,2002a; Witzig, 1993). Also SQC
gave a tool 1o go back and analyze where the problem was(Wilzig, 1993).

- Statistical quality control (SQC) methods are easy to understand and use since
these methods require the user to be able to deal with statistical variation
only(Webb and Bryant, 1993; Cawley,2000; NAICS/Industry Code, 2002). SQC
methods can be used in different orga_nizations (private or public, small or large,
industrial or service), and construction organizations are allnong the organizations
in which SQC were used successfully. But, in some cases, SQC was not used
because there were no trained stalf (o apply it (Gullu and Motorcu, 2003). Also
not all the companies that realize the importance of SQC were willing to apply
because thejf had problems getting people to understand what SQC was (Howell,
2000).

- The fields of application of SQC methods can be summarized as follows:

o Showing whether changes to the process result in statistically significant
changes in product properly(Sauers,l‘)Sﬁ.
e Understanding variation(Cawley, 2000).
+ Making comp‘arisons.' between what is virtually produced and
specifications{Abdul-Emam, 1998).
Depending on the summary of the literature review, in this study:

- The benefits of applying SQC in construction organization will be discussed; the
most important of these benelits is that SQC can be applied to rank projects
according to degree of control and economy. This helps in the decision making
process when a construction organizalion needs to pre-qualily contraclors,

producers, and labs for performing projects in the future. That is by choosing
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contractors, pt'oduce:rs, and labs depending on historical performance, and not on

low bid basis only.

- Guidance —to underslanding and applyi.ng SQC methods- will be provided for
people interested in quality control in construction organizations. That is because
it is tmportant to understand and measure variability using SQC before reducing il.
Also the easiness of using SQC will be shown since efficient use of SQC needs
support from managers, and agccplance from employees. A guidance will be
provided and the casiness will be.shown in this study to reach a beller
understanding to how statistics helps in quality control. This will be an
introduction to reagh a menial altitude toward using SQC methods to reduce
reluctance toward using SQC methods in solving pl‘dbl@lﬂS in construction
organizations. That is because mental attitude is more important than just
knowledge of SQC. Iﬁelhods.

- The fields of application of SQC methods will be as follows:

e Showing whether changing contractor, lab, and producer result in changes in
vatiability of strength test resulls through comparing control charts of diflerent
projects.

¢ Understanding sources of variation in concrete strength through pattern
analysis in control chatts. Concrele strénglh has many sources of varialion,
they are: mix ingredients, concrete making and placing, lemperature and
moisture content, sampling, and testing.

e Making comparisons between lolerance limits and specifications to rank
projects under sludy according lo economy. Alsp making comparisons
between control charts for the projects under study to rank projects according

to degree of control. Then a compromise will be made including degree of
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control and economy as a slep lo pre qu'a[il‘y contraclors, producers, and labs
sharing in these projects,
In more details, the {ields of application of each statistical lobl will be as follows:

. Hypothesis testing will be applied to:

;\/ Check if concrete production needs modification to evaluate safety in the
| projects under study. |
v" Check producer’s claim in mix design as a step in pre-qualifying producers.

v Tind the most efficient concrete producer as a slep in pre-qualifying concrete
producers for future projects.

«  Confidence limits will be applied to draw conclusions about the parameter
value in the hypothesis.

» Tolerance limits will be applied to rank projects according to economy.

»  Control charts will be applied as {ollows:

v IPWI) may apply control charts on concrete compressive strength test results.
The researcher did not find a project undei construction that meets the sample
requirements. Thal is .because projecls supervised by IPWD were in their final
stages. Accordingly, the researcher has applied control charts on executed projects
only. The objective of applying control charls on such projects is to analyze the
pattern of variation of comprelssive .slrengths. This pattern analysis gives the
directorale an idea about the special causes of variation in the projects it had
supervised. This would represent an indication about the causes of variation in
future projects. The dil‘ectoralé would be able (o avoid and be more conscious lo
such causes in future projects. This is duc to the fact that projects supervised by
IPWD are nearly sitnilar in nature, Also, IPWD man_dates the same conditions

from concrete producers, contractors, and fabs to be réliable in the projects it
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supervises. The directorate follows the same specifications in all projects which
are the general techl{ical specifications by MPWII.

v 1PWD can study the influence of many elements and procedures in concrete
production process on vatiation in compfessive strength test results. Examples are
influence of raw matetials, testing, and curing conditions on the variability of
concrele test results.

v IPWD can rank different projects according to degree of quality control. That is
by compating control charls of ;hese projects. This helps in the decision making

process when IPWD needs to pre-qualify conlractors, producers, and labs for

performing projects in the future. That is by choosing contractors, producers, and

labs depending on historical performance, and not on low bid basis only.
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Chapter 1V

Application of Statistical Quality Control Methods In Irbid

Public Works Directorate

4.1 Introduction

This chapler‘ presents the application of statislical methods for quality control
in Irbid public works dil'rectorate (IPWD). The chapter includes practical application
of statistical quality control (SQC) methods in tﬁe mentioned directorate to show the

easiness and benefits of using these methods.

4.2 Irbid Public Works Directorate

Irbid public works directorate (IPWD) is a constructional grganization in the
north of Jordan. It belongs to the ministry of public works and housing (MPWII).
IPWD objeclives and responsibilities reflects the objectives and responsibilities of the
ministry, but is restricted to Irbid.

I'he organizational Fram_ework for IPWD is shown in Figure (4-1). The
direclorale organizational framework consists of the following management and
departments: manager of Irbid Public Works Directorale, tenders committee secretary,
information and comptiter unit, county engineer, assistants of the manager for the
following: roads, bui]cliﬁgs, support services, management and finance. Each assistant
supervises two or three departments as follows: assislant for roads supervise road
performing department, road maintenance deparlment, and agricultural roads
depattment. Assistant for buildings supervise building performing department and

building maintenance department. Assistant for support services supervise lab
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department, workshop deparlment, survey and possession depatriment. Assistant for
management and {inance supervises manageme.nt and {inance departments. |

The main duties of IPWD ate construction and development of road network,
cormecti.ng ateas which have a high population density, industrial sites, agricultural
areas, and tourist places in Irbid. Other main duties are construction of public
builcl_ings, developing lhe. conslruc‘lion field, and developilllg the technical human

resoutces in lebid.

4.3 Importance of Quality Management to IPWD

The importance of quality management to PWD and the basis for
implementing a quality system-of which SQC is an important element- in (his
directorate are pointed out throughthe [ollowing presen;ation of the main
responsibilities of it. Depending on year books of MPWH for the years 1999 (o 2001,
construction contracts, interviews with the manager ol ll’Wb, projects managers, lab
managers and employees, concrete'conlractors, the researcher had summarized the
most important points concerning IPWI) responsibilities.

Before preseniing IPW[_)-direciorale responsibilities, i; is useful to introduce
some definitions that are widely used in describing these responsibilities. These
definitions are: employer, engineer, 'enginéer’s representative, contractor, and contract
documents. Employer or owner is the client seeking construction of a project. A
conim'actor is usually asked to implement ownex’s projects. Iingineer is the engineering
office, or the consullan.t office, or the engineer, or any technical community that is

delegated by the owner to play a role of an engineer.
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Figure (4-1)

Organizational Framework of Irbid Public Works Directorate
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Source: information and computer unit in [PWD
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In the following presentation of the responsibilities, IPWD plays a role of an
engineer. On the other hand, engineet’s representative is any site engineet or assistant
engincer or foreman appointed by the engineer(Uniform Tender Contract for
Construction Projects, 1996, p.9). Also a contractoris an individual or construction
company with whom an owaer conl;'acls for performance of all the work and delivery
of the finished project within a specific period of time and usually without exceeding
estimated cost (Merritl et al,, 1996, p.4-2). Finally, contract documents include
sections that describe hlow a prospective bidder must prepare the bid, a copy of the
agreement between the owner and conlractor to be execuited, a division called general
conditions, a division called special conditions, a division called technical conditions,
a division called technical specifications, contract drawings, and bidding documents

(Metritt et al., 1996, p.3-1; Uniform Tender Contract for Construction Projects, 1996,

p.9).

The main responsibilities of IPWD are :

- Sharing MPWH in preparing plans, studies and designs necessary 10 construct
road 11e1§vork (public, rural, agricultural)' in Irbid, and necessary to their
mainlenance and road safé&. Under MPWII contractual arrangements, it is the
role of the design professionals lo identify the owner’s needs and to translate these
into drawings and specifications suitable for incorporation inlo a contract. The
principles of goocf quality management are as relevant to the design of building
and civil engineering works as tl;ey are lo their construction.

- Sharing MPWI in preparing studies and designs for public building projects in
Itbid, and supervise performance and maintenance of them.

- Making laboratory tests and anhlysis for construction materials and works and

quality control for the projects in Irbid. Under MPWIH contractual arrangements,
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the primary responsibili{y for quality control rests with the contractor or supplier,
with the directorate or its representative underlaking a monitoring role {hrough
verification that the lests and checks have been propetly executed and truthfully
recorded. For construction Imatcrials, MPWII1 contractual arrangements confirm
;the contractor’s responsibility for ensuring that bought-in materials comply with
specilication and specifly the right of the directorate or its representative to inspect
al source or upon receipl. The criteria for compliance are defined in the
specifications, together with the apprépriate sampling and lesting methods. The
extent to which materials should be inspected on receipt should be carefully
planned, bearing in mind the costs of inspection and the possible penalties which
may arise from building sub-standard items into the works. Here appears the
importance of acceplanc.e sampling technique thrqugh judging the acceptability of
the whole lot or batch according to the performance of a representative sample.

Shating MPWH in conducting’ theoretical and applied researches and studies
concerning roads and buildings works .

Providing suggestions for MPWII in preparing regulations concerning buildings
and roads, updating thesé regulations, and developing specifications on a
continuous basis, such that the specifications and regulations become appropriale
to the local requirements and concli[ions,' and to lreat alf the sides (owner,
conlraclor, engineer) with justice. Particular care should be taken when specilying
construction tolerances as these are the cause of many quality problems. In the
real world of conslruction,'exacl dimensions cannot and do not exist. The
specification of uﬁreasonably tight tolerﬁnces can result in greatly increased costs
without any compensaling benefits. On the othet hand, if the tolerances specified

are very wide, serious problems can arise on site from lack of fit.
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- Sharing with MPWH in modernizing basis and methods used in design and
mainlenance of construction projects due to changing circumstances.
- Sharing with MPWH and specialized institutions and associations in preparing

and implementing regulations concerning transportation and road maintenance,

. Preparing training programs for engineers and olher employees, and managing
{hese programs.

- Sharing MPWII in suppotting the construction industry by unilying tenders
procedures and modernizing the uniform tender contract. Also, support the local
contractor.

Bradley (1986) has pointed out that realizing excellent constructions requires thal
all individual operations of the conslruction process ate excellent. The individual
operations include specifications, investigations, design, construction documents,
construction, and maintenance. The four main responsibilities that cover these
individual operations are studying, performing, maintenance,"and qualil.y control, In
1IPWD, there exists departments for performihg and for maintenance, but qualily
conirol is the responsibility of lab department with the supervision {rom MPWH,
There is no department for-ﬂs’t.udying in IPWD, but (he direclorale shares in

suggestions for MPWH in the field of studies.

4.4 Fields of Application of SQC Methods in IP’WD

Because of the multiplicity of SQC methods and because they are appropriale
to control quality in different stages of a process, researchers and users of these

methods are encouraged Lo apply them in multiple fields such as medical, engineering,

managerial, industrial, ...elc.
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This wide use includes‘ the construction orgauizaliohs, where one of their
responsibilities is to control quality. So, applying SQC is possible in construction
organizations, one of them is Irbid public works directorate.

There is a wide range of SQC methods that can be applied in construclion
organizations. In this research, only four of which are applied, they are hypothesis
testing, conlidence limits, {olerance limits, and mean and range control charts. These
four methods are sclccttlzd {0 be applicd sincé they are uselul fn interpreling vatiations
in concrele strength and in evaluating Uhe sirength test results. Not all SQC methods
are applied since one of the objectives of this research is to provide guidance to
understanding and applying SQC methods for people interested in quality control in
construction organizations. The four mentioned SQC methods are ptesented in chapler
2 of this rescarch.

The following are the fields of applying the four mentioned SQC methods in
general. The hypothesis testing is used in detenmining the significance of difference
between (wo sefs of data or belween a set of data and a standard value. The
confidence limits are used in determining the ability of a sample result to estimale a
irue value. Statistical toleram:;_limits are used in delermining tolerance limits on
single characteristics. Control charts are used in controlling process quality by early
detection of process changes.

The following subsections include practical applichlion o-l‘ the previously
mentioned SQC methods on IPWD. The researcher has referred to historical
information for four selected projects which were executed under the supervision of
IPWD. They are: Al-Flusn School for Girls, Land Registry Department-Irbid, Al-

Ramtha Sports Complex Stair Cases, and Bani-Kenana Educalion Direclorate
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Building. From now on, these {our projects will be named as Husn, Land, Ramtha,

and Bani-Kenana projects respectively alt over the research.

Table(4-1) shows general information about the four projects. Table(4-2)

contaiits mix design results for the four projects. Table(4-3) contains the required

specifications by MPWII. Tables(4-4) through (4-11) contain all necessary data for

applying SQC methods on these projects.

General Information about the Projects under Study

'Table (4-1)

P'roject

Project Contactor name | Laboralory Concrele Req'd Conerete | Casting
name and {degrec) name producer strengih | area Quanlity | period

Mps)™” | (m?) (M i the

: projeel
Al-llusn Al-Radaidel Al-Karasngh | Al-Ramz 22 1084 746 2000
School  Tor | and Al 1 1ab. Company'"! 2001
Cirly Awnwleh

Company {4")
Land Moli’d Sail Al- | Muta MCCS 25 2908 1393 1999
Registry Dalgamoni Engincering | Company™®
Departtnent= | Company (4") | Office and Al-
Irbid Ramz
(Couavnns

Al-Ramiha Fathi I"argj | Al-Karasneh { iR1BID 25 1000 585 1999
Sports Allah Company | Lab Company™™ 2000
Complex Qdy
Stair Cases
Dimi- Abdel-Rabeem | Mu'a fR1LY 25 2224 874 2000
Kening Al-Wishahi Engincering | Company 2001
Lducation Conlragting Office
Direclorate | Company (3%
Building

(1 Al-Ramz Company: Al-Ramz Concrele Industries Compéiny (RMC Jordan).
1) PRMCCS Company: Ready Mix Concrete and Construction Supplies Company.
0 “NRBID Company: IRBID Ready Mix Concrete Company

(1 ™ Req’d Strength: Required strength by IPWD in Bill of Quantity documents for
each project such that: the average compressive strength of the three test cubes at

28 days from casting must not be less than the required strength.

(@ Conerete Quantity: the total amount of conerete that was casted in the project. Il
will be used to find lota) amounts of wasted cement.
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Table(4-2)
Mix Deaslgn Triat Balches Resulis

No.| Project Lab] Plant Date Class| BL7% (Mpa)| 51.28 ™' | G.C™{Kgi | WiC™ [ Slump
. i mS} ICI{Cm}

A-1 {Al-Husn | Al-Ramz [At-Ramz| 10/4/2000 15 3.2 227 240 0.76 14.0
22 237 30.2 320 0.56 | 15.0

25 256 36.2 360 0.51 | 14.5

A-2 | Al-Husn | Karasneh |Al-Ramz| 27/4/2000 | 15 13.8 230 0.80 9.0
22 20.3 330 0.57 6.3

B-1} Land | Arabic |RMCCS| 25/3/1999 | 15 16.3 200 G.45 8.0
20 225 300 0.45 8.5

25 280 325 0.45 | 10.0

30 28.2 350 0.45 10.G

35 -37.68 370 0.43 | 10.0

B-2 | Land Mu'ta RMCCS| 204411999 15 14.4 2580 0.80 10.0
20 19.7 320 0.70 8.0

: 25 232 370 0.60 7.3

C-1 | Ramtha | Arabic Irbid 144211998 25 339 300 0.58 7.5
c-2 | Ramlha | Karasneh | trbld 17/8/1999 15 13.8 225 0.82 0.4
20 | 185 300 | 063 | 7.1

25 23.0 360 0.48 6.0

¢-3 [ Ramtha | Arabic trhid 22/911999 15 21.1 240 0.71 9.0
20 2606 280 0.65 8.5

25 33.9 300 0.68 7.5

a0 | 407 360 0.52 7.0

¢-4 | Ramtha | Karasneh | Itbid | 1999/10/09| 15 13.8 230 0.80 9.2
20 . 18.2 . 300 0.62 7.2

25 228 365 0.48 6.0

C-5 | Reamlha | Karasneh i Wbid 1 1999/12/13| 25 22.8 360 0.49 59
0-1 | Bani-K Asia  |AlRamzil 200/3/11 15 225 0.68 9.0
22 310 0.568 8.0

25 340 0.54 7.0

0-2 | Bani-K | Al-Ramz |ALRamz] 2000/03/13| 15 13.2 22.7 240 076 | 14.0
21 206 2786 310 0.57 | 15.0

25 256 35.2 360 .51 14.5

D-3 [ Bani-K | Arabic Ibid [ 2000/04/26] 15 21.1 240 0.71 8.0
20 26.6 280 0.65 8.5

25 34.0 300 0.58 7.5

30 40.7 350 0.52 7.0

G-41 Bani-K [ Muta kbid | 2000/07/31}F 15 16.5 250 0.81 9.5
20 207 310 0.65 78

25 253 350 0.57 6.0

from casting is 15 MPA. And so lor other classes.

(1) Class: Class, 15 means (bat the required compressive strength at 28 days

(2) SL7: Average compressive strength of three fest cubes at 7 days from

casling,
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(3) SL.28: Average compressive strength of thrce lest cubes at 28 days [rom
casting.

(4) C.C: Cement Content: Mass of cement per unit volume of concrete.

(5) W/C: Water to Cement Ratio: Volume of water added to the mix/Volume
of dry cement added to the mix.

(6) Slump: The decrease inl the height of the center of the slumped concrele in
shimp test. The mould for the slump (est is a frustum of a cone. Tirst, the
mould is filled with concrele. Aﬁer filling, the mould is slowly lifted, and
the unsupported concrete, will slump.

SL7 , C.C, W/C, and Slump will be used in the application of the

hypothesis testing technique to check concrete producer’s claim. Also, C.C

will be used to find amounts of wasted cement.
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Table(4-3)
Specifictions by Ministry of Public Works and Housing(MPWH) ("

No. | Class | Min. 8t | Min. St. | Mini.C.C {Max, wfc| Max.
7@ (Mpay| 28 | (Kg/m?) Slump
(Mpa) (Cm)
1 15 10 15. 220 0.85 12
2 20 13.3 20 275 0.75 10
3 22 14,7 22 275 0.71 10
4 | 25" 16.7 25 275 0.85 9
5 30 20 30 300 | 06
6 35 233 35 325 0.55

(1) Source: General Technical ~Specification for Building-Civil and
Architectural Works, Jordan National Building Council-MPWH, 1996.

(2) Min. St.7: Minimum average compressive strength at 7 days [rom casling.

(3) Min. St. 28:Minimum average compressive strength at 28days from
casling.

(4) Example: for concrele class 25: the MPWH specification states that :
Average compressive strength at 7 days from casting must be greater than
or equal to 16.7 M‘p.a. Average compressive stfeuglh at 28 days from
casling must be greater than or equal lo 25 Mpa. Cement Conlent in
concrete mixes must be greater than or equal to 275 Kg/m®. Water to
cement ratio’ in concrete mixes must be less than or equal .to 0.65. The
decrease in the height of the center of the slumped concrete must be less
than or equal to 9 Cm.

Data in this table will be used in Hypothesis lesting technique, Mini.C.C. will

be used to find amounts of wasled cement.
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Table (4-4)

Compressive Strength Test Results for Al-Husn School at 7 Days

Project Name:Al-Husn School for Girls

Contractor Name: Al-Radaideh and Al-Awawdeh Co.

Contractor Degree:Fourth
Age at Testing: 7 days

L.abName: Al-Krasneh Lab
Concrete Producer: Al-

Ramz Co.
Required Strength: 22 Mpa

wit3

| St.®

Stz

No™ [ Cast Date | Test Date | Wi | wi2 Avg, St.3 |AvgSt R St
o ®)

1 [2000/05/08 2000//5/15 | 8000 | 8100 { 8100 | 8067 243171 (1818192 | 4.2
2 | 2000/05/16 | 2000/05/23 ] 8000 | 8000 | 7900 | 7987 | 15.1 | 18.4 | 184 [ 173 ] 3.3
3 (2000/05/17 §2000/05/24 | 7900 | 7200 | 8000 | 7933 | 19.3 | 20.2 | 20.4 200 1.4
4 |2000/08/04 | 2000/06/11| 8100 | 8000 BOOO | 80331 141 | 167 [ 161 { 1860} 1.8
5 |[2000/06/08 2000.’06.’15 7900 | 7800 | 8000 [ 7000 { 156 | 162 | 17.3 | 164 | 1.7
8 | 2000/06/15 | 2000/06/221 7800 | 7900 ?900 7867 | 156 { 167 [ 164 | 1621 11
7 12000/06/22 1 2000/06/29 | 8100 | 8000 | 8000 { 8033 | 24.7 | 25.1 | 25.8 2521 11
8 12000/06/29 [2000/07/06 | 7600 | 7900 { 8000 | 7933 { 182 | 18.7 | 19.6 | 18.8 1.4
g 12000/07/04 | 2000/07/11| 8000 | 8100 | 8000 | 8033 | 24.4 | 20.9 | 24.7 | 23.3 3.8
10 | 2000/07/11 | 2000/07/19| 8100 | 8100 | 8200 [ 8133 | 16.7 | 18.2 [ 18.2 1771 1.6
11 12000/07/12 { 2000/07/19| 8000 [ 8100 | 8100 { 8067 | 17.1 | 18.9 [ 18.0 | 18.0 1.8
12 |2000/07/22 [2000/07/30( 8100 | 8200 | 800C | 8100 1 20.7 21 3 209 |1 210} 06
13 | 2000/08/10 | 2000/08/17 | 7900 [ 8000 | 8000 | 7967 | 19.1 { 19.8 [ 20.0 196 ] 0.9
14 12000708/22 | 2000/08/29( 7900 | 8000 | 8100 [ 8000 | 20.7 | 22.0 | 22.2 2161 1.5
15 | 2000/08730 | 2000/09/06 | 8000 [ 8000 | 8100 | 80331 19.3 | 19.1 | 20.2 | 19.5 11
16 |2000/09721 | 2000/09/28 | 7900 | 8000 | 7900 [ 7933 | 17.6 | 196 | 17.1 1811 2.5
17 | 2000/G9726 | 2000/10/03 { 8100 | 8100 | 8200 | 8133 | 16.0 | 16.2 | 16.9 1641 09
18 |2001/01/03 | 2001/01/101{ 8000 | 8000 | 7900 | 7967 | 19.8 [ 20.0 | 19.1 1961 09
19 12007/01/23 [2004/02/03 | 7900 | 8000 | 7800 | 7933 | 15.1 | 158 | 16.3 164 | 0.7
50 | 2002/04/28 } 2001/05/05 { 8000 | 8000 | 7900 | 7967 | 20.0 | 20.4 } 18.0 195 | 2.4
Avg. |18.89( 1.71

SD | 259

{1)No.: Sample Number.
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(2) Wil: weight of test cube number 1 in , and so for other cubes(No.2 and
No.3). All weights are in grams. W1, Wt.2, and Wt 3 are used to construct conirol
charts for weights.

(3) Avg. Wt.: Average weight of the three test cubes.

(4) St.1: Compressive sirength test result for concrete test cube No.1, and so
for the other cubes(No.2 and No.3). St.1 allld St.2 and St.3 are use to construct control
charts for compressive strength.

- (5) Avg. St.: Average compressive stfength of the three test cubes. It is used in
hypothesis lesting technique.

(6) R St.: Range of the compressive sltrengths‘of the three test cubes. It is used

{o construct range control charts manually.
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Table (4-5)

Compressive Strength Test Results for Al-Husn School at 28 Days

Project Name:Al-Husn School for Girls

Contractor Name: Al-Radaideh and Al-Awawdeh Co.

Contractor Degree:Fourth
Age at Testing: 28 days

LabName: Al-Krasneh Lab
Concrete Producer: Al-

Ramz Co.
Required Strength: 22 Mpa

No. | Cast Date | TestDate | wil | wi2 | wi3 | Avg. | St1 | St2 | St3 |AvgSti RSt
1 | 2000/05/08 | 2000/06/06 | 8100 | 7900 | 8000 8\’3{;0 267 | 23.1 | 240246 | 38
2 | 2000/05/16 | 2000/06/13| 8100 | 8100 | 8200 | 8133 | 21.8 { 222 | 227 | 22.2 0.9
3 |2000/05/17 | 2000/06/15] 8100 [ 8100 | 8200 | 8133 | 24.0 | 23.3 | 244 239 1.1
4 | 2000/06/04 | 2000/07/02 | BOOO | 8100 | 8000 | 8033 | 22.0 { 24.4 | 23.6 23341 24
5 | 2000/06/08 [ 2000/07/06 | 8100 | 8100 | 8000 | 8067 | 25.6 25.3 240 (250 ] 16
B | 2000/06/15 ) 2000/07/13 | 8100 | 8200 | 8100 | 8133 | 26.7 | 26.0 271266 | 11
7 13000/06/22 | 2000/07/20 | 8200 | 8200 | 8100 | 8167 | 28.9 [ 28.8 { 26.7 [ 27.9 | 2.2
8 |2000/06/29 |2000/07/27 | 8100 | 8000 | 8100 .806? 53.3 | 22.7 | 22.7 | 229 | 06
9 [2000/07/04 | 2000/08/01 | 8200 { 8100 | 8200 | 8167 | 24.9 | 24.0 | 25.1 247 | 14
10 {2000/07/11{2000/08/10| 8100 8200 { 8100 {8133 { 240 | 261 | 236 | 242 1.5
§1 | 2000/07/12 | 2000/08/10 | 8100 | 8000 | 8100 | 8067 | 23.1 | 22.7 229229} 04
12 {2000/07/22 {2000/08/19 | 8100 | 8100 | 8000 -806? 254 | 244 | 236|244 | 15
13 |2000/08/10 | 2000/09/07 | 8100 | 8100 | 8100 | 8100 | 24.4 { 24.9 | 23.8 2441 11
14 [2000/08/22 | 2000/09/20| 8100 | 8100 8200 [ 8133 22.7 [ 236 | 244 | 236 | 1.7
15 |2000/08/30 | 2000/09/27 | 8100 | 8000 | 8000 | 8033 | 27.3 58.0 | 26.0 | 278 | 07
16 12000/09/21[2000/10/19 | 8000 | 8100 | 8000 | BO67 | 24.4 | 24.9 2311241 ] 1.8
17 |2000/09/26 | 2000710/25 | 8000 | 8100 { 8000 | 8000 | 22.2 | 22.7 229|226 | 07
18 |2007/01/03 | 20017/01/31( 8100 { 8100 | 8000 | 8067 | 26.7 271 (260266 1.1
19 [2001/01/232001/02/22 | 8000 | 8000 | 8100 | 8033 | 22.2 | 22.7 23112271} 09
20 | 2001/04/28 | 2001705728 | 7950 | 7950 | 8100 {8000 | 28.9 | 28.9 | 27.3 { 28.4 | 16

Avg. |24.64) 1.38

S.D | 187
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Table {4-6)
Compressive Strength Test Results for Land Registry at 7 Days

Project Name:Land Registry Deparlfnent
Contractor Name: M.S.Al-Deen Al-Dalgamoni Co.

Lab Name: Mu'ta Lab.

Concrete Producer *;

RMCCS Co
Contraclor Degree:Fourth and Al-Ramz Co.
(last 8 tests)

Age at Testing: 7 days Required Strength: 25 Mpa
No. [Cast Date |TestDate w1 [wi2 [wt3 [Avg. [St1 [St2 [St3 [AveStIR St
1 | 1999/04/15| 1999/04/22| 8100] 8100 8150\{\&1? 21.3| 227 21.8] 21.9 1.4
5 | 1000/04/10| 1000/04/26| 8100 82007 8100| 8133} 19.6| 187 19.1f 19.1 0.9
3 | 1999/04/22] 1999/04/29| 8150| 8180 8100| 8143] 20.0[ 222| 2228 21.5 22
4 | 1009/04/27} 1999/05/04] 8050| 8100] 8100} 8083 24.0| 23.1[ 23.6f 236 09
5 | 1909/05/18{ 1999/05/26| 8175] 7934] 8248} 8119 182 20.0| 21.0} 197 28
6 | 1000/06/06] 1999/06/13| 8100| 8000{ 8000 8033 213 222 208} 215 1.3
7 | 1999/06/12| 1999/06/19| 8000 sa10{ soco] 8003| 20.0] 19.1].18.9] 193 1.1
8 1 1900/06/30} 1999/07/07| 8050} 8100| 8070 8073| 20.4[ 20.9{ 20.0/ 204| 09
9 }1999/07/05] 1999/07/12| 8150 6200 8250 8200 222| 227 21.8[ 222 09
10 [1999/07/27| 1999/08/03| 8100] 8200{ 8100] 8133f 20.0[ 19.1| 191} 194 09
11 [ 1990/08/14| 1990/08/21] 7900| 8200 8050( 8050 23.1) 22.7} 21.8] 225 1.3
12 11006708/26| 1969/00/02| 8000| 8200( 8200 8133| 17.8| 18.7] 18.9| 185 1.1
13 | 1999/11/13} 1999/11/20| 8000{ 8100j 8100} 8067 20.0| 22.7| 204] 210 27
14 1 2000/03/23] 2000/03/30| 7700 8700| 8600| 8333 25.6| 28.4] 267 26.9] 2.8
15 12000/04/23| 2000/05/02{ 8150 8200 8100 8150 21.3] 22.7] 22.7| 222] 14
16 | 2000/05/03| 2000/05/10] 8000f 8000 8200 8067| 16.0| 16.0{ 18.0| 16.7| 2.0

Avg. 210 1.5

SD 2.4

¥ Concrete producer was RMCCS for the samples ]

producer was RMZ in the samples 9 through-16.
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Table(d4-7)

Compressive Strength Test Results for Land Registry at 28 Days

Project Name:Land Registry Depariment
Contractor Name: M.S.Al-Deen Al-Dalgamoni Co.

Contractor Degree:Fourth
Age at Testing: 28 days

Lab Name: Mu'la Lab.
Concrete Producers:

RMCCS Co
and AL-RamzCo,
Required Strength: 25 Mpa

No. | Cast Date | Test Date | wt1 | wi2 | wt3 [ Avg. [ St.1 | St.2 | St.3 Avg.SL| R St.
1 [1999/04/15 [ 1999/05/13 | 8250 | 7985 8025 8\3;{;7 289 (2711282281 | 1.8
7 | 1999704/10 [1999/05/17 | 7820 | 7960 | 7600 | 7893 | 28.9 | 28.2 206289 | 14
3 [1999/04/22 | 1999/06/20 8100 | 8000 | 8100 | 8067 284 12781280281 06
2 | 1990/04/27 | 1999/05/26 | 8100 | 8150 | 8100 [ 8117 | 35.6 | 36.5 | 36.0 | 36.0 | 0.9
5[ 1999/05/18 | 1999/06/15 | 8150 | 8200 | 8160 [ 8170 27.6 { 28.0 [ 27.1 | 27.6 | 0.9
5 11999/06/06 | 1999/07/04 | 8250 | 8200 | 8150 | 8200 [ 28.0 | 28.9 | 26.7 | 27.9 | 2.2
7 17599/06/12 | 1999/07/10 | 7950 { 6200 | 8200 § 8117 | 26.4 | 276 | 28.0 } 27.3 | 16
B | 1099/06/30 | 1999/07/26 | 8100 | 8200 | 8200 | 8167 | 28.2 | 28.4 | 29.3 | 286 | 1.1
9 |1990/07/05 | 1999/08/03 | 8250 | 8200 | 8200 | 8217 | 28.4 2?."8 28.01281 | 08
10 11999/07/27 [ 1999/08/24 | 8100 | 8200 | 8100 (8133 | 26.7 | 26.0 | 268 | 262 | 0.9
11 11990/08/14 | 1999/09/11| 8100 | 8100 | 6200 | 8133 [ 28.0 | 26.7 | 26.2 | 27.0 | 1.8
12 [1999/08/26 | 1999/09/23 | 8200 8200 | 8150 [ 8183 | 25.6 | 26.0 | 26.0 | 26.8 | 0.4
73 11999711713 | 1909/12/11 | 8200 | 8150 | 8200 [ 8183 [ 27.1 | 26.7 | 28.9 | 276 | 2.2
14 | 2000/03/23 [2000/04/20 | 8150 | 8200 | 8100 { 8150 | 30.2 | 31.3 3091308 | 11
18 2000704723 | 2000/05/21 | 8300 | 8300 | 8400 [ 8333 | 26.1 { 25.8 | 26.0 | 266 | 0.9
16| 2000/06/06 | 2000/07/04 | 8250 | 8300 | 8200 | 8250 | 27.1 | 27.0 26.%1270] 0.2
Avg. | 2821 1.2
SD | 24
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Table (4-8)

Compressive Strength Test Resulls for Al-Ramtha Siair Cases at 7 Days

Contractor Degree:Third
Age at Testing: 7 days

Project Name:Al-Ramtha Sports Complex Stair Cases
Contractor Name: Fathi Faraj ALLAH Co.

Lab Name: Al-Krasneh Lab
Concrete Producer: frbid

Co.

Required Strength: 25 Mpa

No. | Cast Date | TestDate | w1 | wi2 | wtd | Avg. | St.1 [ St2 | St3 JAvgS R &t
1| 1999/12/15]1999/12/25| 7900 | 8000 | 8000 7\3’{;7 196 | 191§ 19.3 1St3:3 0.5
5 [2000/01/15 | 2000/01/23 | 8000 | 8000 | 8000 [ 8000 | 23.6 | 24 | 222|233 18
3 | 3000/01/18 | 2000/01/27 | 8000 | 8000 | 8000 | 8000 | 20 | 18.1]22.2 | 204 | 3.1
2 12000/01/24 1 2000/01/31 | 8000 { 8000 | 8000 | 8000 | 21.3 | 21.8 218216 | 05
5 15000702708 | 2000/02/15 | 8000 | 8000 | 8000 | 8000 22.2 | 21.8 | 22 | 22.0| 04
6 |2000/02/27{2000/03/05 | 8000 | 8000 | 7900 | 7967 207 | 20 | 2091} 205 09
7 |2000/03/08 2000/03/14 | 8100 | 8100 | 8000 | 8067 { 24.4 | 24 [ 236 | 240} 0.8
8 [2000/04/04 [ 2000/04/11} 8000 | 8000 | 8000 8000 | 244 [ 247 1 244 | 245 | 0.3
9 [2000/04/06 [2000/04/13 | 8100 | 8000 | 8100 | 8067 | 23.8 | 24.2 2361239 06
10 [2000/05/02 |2000/05/09 | 8100 | 8000 | 8000 8033 | 20.7 | 22811891215 39
11 12000/05/08 | 2000/05/15 | 8100 { 8000 | 8100 { 8067 | 216 | 21.3 2181216 | 05
12 |2000/05/21|2000/05/28 | 8100 | 8000 8000 8033 [ 19.6 193 | 20 | 196 ] 0.7
13 | 2000//5/28 | 2000/06/04 8600 8000 | 8000 [ 8000 [ 189 | 20 | 20 [ 196 | t1
14 [2000/06/12 | 2000/06/19 | 8400 | 8600 | 8300 [ 8400 [ 22.2 | 23.6 | 22.7 | 22.8 14
1% | 2000/07/10 | 2000/07/18 | 8000 | 8000 | 8100 [ 8033 | 22.2 | 22.7 | 23.6 | 228 1.4
Avg. 1218 1.2
sSDh |ty
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Compressive Strength Test Resuits for Al-Ramtha Stair Cases at 28 Days

Table(4-9)

Contractor Degree: Third
Age at Testing: 28 days

Project Name:Al-Ramtha Sporls Complex Stair Cases
Contractor Name: Fathi Faraj ALLAH Co.

Lab Name: Al-Krasneh Lab
Concrete Producer: Irbid

Co.

Required Strength: 25 Mpa

No. |CastDate |TestDate |wil [wi2 [wi3 [Avg. |St1 {St2 |St3 Avg St [R St
1 1999/12/1512000/01/12 | 8100 | 8200 8100 Vg‘tl.33 28.0 (287 | 278|282 | 09
5 | 2000/01/15 | 2000/02/12 | 8000 | 8200 | 8100 { 8100 } 32.2 | 32.9 | 31.1 | 32.1 18
3 12000/01/18 2000;'02;f15 8000 | 8000 | 8000 | 8000 | 28.4 } 28.9 [ 29.1 | 28.8 | 0.7
4 | 2000701724 | 2000/02/21| 8000 | 8000 | 8100 | 8033 | 28.2 | 28.9 | 28.9 | 28.7 07
5 12000/02/08 [2000/03/07 { 8000 | 8100 | 7900 | 8000 | 28.2 289281284 08
8 |{2000/02/27 20001'_03.-‘26 8000 | 8100 | 8100 | 8067 | 28.0 | 29.1 | 29.8 [ 20.0 [ 1.8
% 2000703708 | 2000/04/06 | 8100 | 8000 | 8000 {8033} 28.0 | 27.1 | 27.8 | 276 | 0.9
8 2000704704 | 2000/05/02 | 8000 | 8100 | 8100 | 8067 | 27.8 | 25.3 | 26.1 | 26.1 | 2.7
9 12000/04/06 | 20600/05/04 | 8000 | 8000 { 8100 8033 § 32.2 249 (301]291] 7.3
10 1 2600705/02 | 2000/05/30 | 8000 | 7900 | 8000 | 7967 | 26.7 | 27.8'| 27.6 | 27.4 1.1
11 [2000/05/08 | 2000/06/05 8100 | 8200 | 8100 8133 | 26.0 | 280 | 278273 | 2.0
12 12000/05/21 | 2000/06/18 | 8400 | 8400 | 8500 | 8433 | 27.8 | 28.4 2841282 06
13 |2000/05/28 [ 2000/06/25 | 8200 | 8100 [ 8100 | 8133 | 26.7 26.0 1256 | 261 11
14 [2000/06/1212000/07/13 820_0_ 8100 { 8200 1 8167 | 26.2 [ 2561 [ 3221278 | 71
15 [2000/07710 | 2000/08/07 | 8100 | 8000 | 8100 | 8067 | 28.9 318 (331|313} 42

Avg. | 28.4 | 22
SD| 186
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Compressive Strength Test Resulls for Bani Kenanah Directorate at 7 Days

Table{4-10)

Contractor Degree; Third
Age al Testing: 7 days

Project Name:Bani Kenanah Education Directorate
Contractor Name:A .Al-Raheem Al-Wishahi Co.

LabMame: Mu'ta Lab.

Concrete Producer: Irbid

Co.

Required Strength: 25 Mpa

No. | Cast Date | TestDate | wti | wt2 | witd | Avg. | 8t1 | St2 St.3 [AvoSt| RSt
1~ | 2000/06/01| 2000/06/08} 8118| 8212 8200 g‘jt?? 21.3] 24.0 23.0( 228} 27
7| 2000/06/22| 2000/06/29] 8200f 8100| 8200 8167 30.7] 35.1] 356| 338 4.9
3 | 2000/06/24| 2000/07/02| 8200{ 8200 8300 8233 30.1| 32.9] 25.6] 32.5| 135
7 5000/07/031 2000/07/10] 8200| 8200] 8200] 8200| 33.8 32.9| 32.0] 329 1.8
5 | 2000/08/14| 2000/08/21; 8100( 8100 8150 8117| 30.2] 28.0[ 329 304 4.9
8 | 2000/08724] 2000/08/3t[ 8150} 8200| 8150| 8167 39.1| 20.1] 37.3] 385 1.8
7 | 2000/00/27} 2000/10/04] 8200| 8100| 8150 8150 24.0| 258 264| 254} 24
8 |2000/10/03| 2000/10/10| 8150| 8100 8200| 81507 31.1| 28.4 284| 29.3] 2.7
9 | 2000M0M2 2000!1I0.’19 8200] 8150| 8200| 8183 30.2| 34.2 28.3[ 312 4.9
10 | 2000/11/27} 2000/12/04 8100 gooo| goool 8033 33.8 329 231} 299 107
11 | 2000/12/11| 2000/12f18] 8300( 8200| 8200 8233 231 .23.6 222 230 14
12 | 2001/02/12| 2001/02/19| 8200 8150] 8200 8183] 31.1] 356 36.4| 344 53
13 [ 2001/02/26| 2001/03/12] 8200 8200| 8200 8200 356| 37.81 369 368 22
14 | 2001/04/08; 2001/04/15 8399 700! 8000l 8067 14.2] 13.8] 14.2] 141 0.4
15 | 2001/04/14| 2001/04/24 8500 8150| 8150 8167| 27.1} 26.7| 28.0| 27.3] 1.3

| Avg. | 295] 41

S.D 6.3
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Compressive Strength Test Results for Bani Kenanah Directorate at 28 Days

Table(4-11)

Project Name:Bani Kenanah Education Directorate
Contractor Name:A .Al-Raheem Al-Wishahi Co.

Contractor Degree: Third
Age at Testing: 28 days

LabName: Mu'ta Lab,
Concrete Producer; Irbid Co.

Required Strength: 25 Mpa

No. [Cast Date [Test Date  |wtl  (wt2 [wt3 [Avg. [Stt [St2 |St3 [Ave.St R St
1 | 2000/06/01} 2000/06/29| 8200] 7950 6100 MQ&JBE' 28.9| 26.2| 289 28.0) 2.7
2 | 2000/06/22| 2000/07/20| 8250] 8200] 8200} 8217| 44.4 |44‘4 44,41 444 00
3 | 2000/06/24{ 2000/07/22| 8200 :8150 8200 8183| 40.0f 38.2| 3t1{ 364 89
4 | 2000/07/03| 2000/07/31] 8100 8200| 8200 8167| 40.4] 44.4[ 43.8| 42.9 4.0
5 | 2000/08/14] 2000/09/11| 8250| 8300{ 8250] 8267| 29.3 3?.3 37.3] 3486| 8.0
5 | z000/08i24| 2000/09/21} 8260 8200 8200| 8217 37.3] 41.8| 418 4031 4.5
7 [5000/00/27| 2000/10/22] 8300 8200 8250| 8250 31.1] 34.7| 33.3 3301 386
8 | 2000/10/03( 2000/10/31] 8150 8100 8150( 8133| 38.2[ 402 39.8) 394 20
o | 2000/10712| 2000/11/09 B8200| 8300| 8260 8250 37.3] 37.8| 387 37.9f 1.4
10 200071 1/27| 2001/01/02] 8300 8250 8300| 8283 37.3] 38.2 358 37.0] 26
11 [ 2000121 1| 2001/01/09| 8300] 8250 825C( 8267| 27.6| 27.6{ 28.0| 27.7 0.4
12 1 20017/02713] 2001/03/12| 8300 8250\ 8300| 8283] 46.2| 422 33.8; 40.7| 124
13 | 2001/02726| 2001/03/27| 8300] 8200{ 8200 8233| 44.4| 40.8] 333 39.5| 11.1
14 | 2001/04/08| 2001/05/08| 8000| 8000 8100] 8033 18.4| 182 19.1] 186| 09
15 | 2001/04/14| 2001/05/13| 8200 8100| 8200 8167| 32.9] 33.8| 34.0 336 14
' Avg. | 356] 4.2
S.D 3.9
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4.4,1 Applying The “Hypothesis Testing” Technique
IPWD can apply hypothesis testing technique on “mix design” and “concrele
compressive strength” test results in many cases, for different purposes, as follows:
- Checking if concrete production (mix) needs modification by testing if
concrete strength mce-ts specification,

For any building project that includes concrete works, minimum required average
compressive strengths of concrete for different structural elements are stated in Bill of
Quantity documents for safety purposes. A one-éample one-tailed iest for mean ,with
unknown variance, of concrele sirengihs in project can be applied by IPWD to test if
concrete meels the specification. If not, correction measure on concrele production is
required to increase its strength. |

_ Checking concrete producer’s claim by testing if concrefe in mix design meets

specification.

Al the beginning of any project, the concrete producer is asked to make
concrete mix design. Mix design ?s the process of selecting suitable ingredients of
concrete and del.ermining their refative quantitics with the purpose of producing an
economical concrele which has certain minimuny propesties, notably workability and
strength. The MPWH specifies the minimum required strength at the 7" and 28"
days after casting, minimum cement conlent, maxinmum watet/cement ratio, and
maximum slump. IPWD and the contractor can check the concrete producer’s claim-

(hal is by checking if the concrete he produces meels requirements - a the beginning
of a project by appl);ing a one-sample one-tailed test for mean ,with unknown
variance, of trial batch results . So, this gives the directorate an indicalion about the

qualily of concrele that will be used in a project. If quality is bad, the producer is
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asked to make modifications on mix design. I he doesn’t make modifications,

another producer will be reliable for the project.

- Checking concrete produce_r’s claim at the mid time of project
implementation not at the beginning,

This check can be done by tesling the significance of difference between two
means-mean 6F compressive strength in a mix design, and mean of compressive
strength in o projeet. IPWD shoutd not eheek n producer’s claim the beginning of
a project only, but should also check such a claim at different stages of the project
because concrete production process has many variations, and in order to make the
producer always caring about the'quality of his concrete. IPWD can apply a two-
sample one- tailed test for means, witl unknown variances, of compressive strength
results al project and compressive strength fesulls in mix design, to check the
producet’s claim that his concrete meets minimum required compressive strength. If
m:)t, then the producer is asked to make modifications on his concrele. I he doesn’t
make such modifications, then another produce-'r will be reliable for the project.

- Finding the most efficient conerete producer by testing the most consistent
producer’s concrete.

In concrele industry, it is desirable to have concrele with less variation in
compressive strength. The more the conerete has less v_arialion in compressive
strength, the more the producer is efficient. A two -sample one-tailed test for ratio of
variances of concrete strength in two projects-in which concrete producers are
different, but contractors and Jabs are the same -can be applied to compare between
two producers o find whom has less variances. The producer who has less variances

will be more quatificd for implementation of future projects.
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In this research, hypothesis lesting technique is applied either manually-using
equations and tables from appendix 1- ,or il is applied using a computer program
called SPSS. Sample calculations for “one sample” and “two samples” cases are
presented in the following paragraphs. While data and results found by computet are
presented in Appendix 3.

Sample Calculations

For a single sample case, testing the mean can be applied in two ways. The first

one is on compressive strength lest results and the second one is on mix design results
to determine if the concrete meets the specification. These two applications are
clarified through sample calculations! and 2 respectively.

‘: Sample calcufation’ 1: The results of 16 tests on concretﬁ cubes for compressive
stn;,ngth at 28 days are shown in Table (4-7) for land registry department project. Data
of Table (4-12) can be used for the purpose o‘f hypothesis testing since it contains
compressive strength test results at 28 days from casting for the four projects under
study. The specification states that the average compressive sirength at 28 days from
casling must be at least 25 Mpa. Does lhe. concrele in this project meet the
specification 7

This is a question about a population mean. According to ( ACI Manpual of
Concrele Inspection, Standard 214-77,1985), the strength of concrete test specimens
on controfled projects can be assumed to fall into a normal frequency distribution
curve. The population variance is unknown . A one sample (- test is appropriate

(Table(A1-6) in Appendixl 1, Test No.2).

“()I p,=25
Ha: P< 25
?' ;—ﬂﬂ

Y
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The test statistic(TS) is T

28 .16 - 25 ,
= ————— = 5,1803
2.44 [ /16
Rejection Region: 7 < ol s = s Ils = 1753 {(from Table(A1-3))

Conclusion: The value of the test statistic does nol lie in the rejection region.
So, accept Ho. There is no evidence to suggest (hat the population mean is less
than 25 Mpa.,

Table (4-12)

Strength data necessary for Hypothesis Testing™

Average Strength at 28 Days (Mpa)
No. Husn Land Ramtha Bani-K

1 246 - 281 28.2 T 280
2 22.2 28.9 32.1 44.4
3 23.9 281 28.8 36.4
4 23.3 36.0 - 287 42,9
5 25.0 276 28.4 346
6 26.6 27.9 29.0 40.3
7 279 |, 213 2756 33.0
8 22.9 28.6 26.1 394
9 24.7 28.1 29.1 37.9
10 24.2 26.2 274 37.0
11 22.9 27.0 27.3 27.7
12 24.4 25.9 28.2 40.7
13 .24.4 27.6 26.1 39.5
14 23.6 30.8 27.8 18.8
i5 27.8 256 31.3 336
16 24.1 27.0
17 226
18 26.6
19 22.7

20 284

Avg. 24.6 © 282 28.4 35.6

SD 19 24 1.8 39

Source: Summarized from tests results tables(4-5), (4-7),

(4-9), and (4-11).
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Sample Calculation 2: The MPWH specifies minimum requited strength at 28
days, minimum cement content, maximum walcﬁv’cemenl ratio, and maximum slump.
Does the values in the mix design for Ramtha project (Table (4-13)) meet the
requitements of MPWH (lable(4-3)) ? .In this sample calculation, only null and
alternate hypotheses, and Test No. will be présentecl.

For concrete class 25 :
1.Strength at 7 days :
Ho : p=16.7

Ha :1<16.7

{-lest { Table (A 1-6), Test No.2)

2. Minimum cement conlent:
Hy : l.l,=275
Ha :[1<275

{-test ( Table (A1-6), Test No.2)

3. Maximum water/cement raligf )
g @ |1=0.65

ila L >0.65

i-test { Table (A1-6), Test No.2)
4. Maximum slump:

Hp : =9

Ia:p>9

(-test ( Table (A1-6), Test No.2)

75



Table(4-13)
Trial batches data necessary for Hypothesis Testing for Al —

Ramtha Project*

No. Lab |Produj Date Class| St.7 | C.C|WIC |Slump
cer {Mpa) ‘ {Cm)
C-1'| Arabic | Irbid | 98/12/01 25 33.9 | 300|058} 7.5
C-2 {Karasnh| Irbid | 99/08/17 | 26 230 | 360048 6.0

C-3 | Arabic | Irbid | 99/09/22 { 25 339 (300|058 7.5

C-4 |Karasnh| Irbid | 99/10/09 | 25 22.8 [365|048| 6.0

CF IKarasnh| Wbid | 99/12/13 | 256 | 22.8 | 360 |0.49| 5.9
AVg. 77.3
SD 6.0

*Source: Summ.arized from Table(4-2)

The “two samples” case can be applied to test the difference between two
means for two normal distributions with equal unknown variances. Also, the “l\;vo
samples” case can be applied to test the difference between two means for two normal
distributions with unequal unknown variances. Another application of the “two
samples” case is to test the ratio of variances. That is to compare the variances of two
normal populations by Jooking at the ratio of sample variances. For details, see
Table(A1-6). The “iwo samples™ case can be applied by IPWD in two ways as shown
in sample calculations 3 and 4.

Sample Calculation 3: The mulliple sample tesl can be applied to test the
difference between the average sirength at 7 days in the project and the average
strength at 7 days in the mix design given at the beginning of the project. The
producer claims al the beginning of Al-Ramtha project that llis concrele class 25 will
have average slrength at 7 days \;JF 27.3 Mpa (Table(d-13)). The actual average

strength at 7 days in the project is 21.8 Mpa (Table(4-8).Check the producer’s claim.
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Given the following information: For mix design:S;=6, m=5 (Table(4-13)). For
Ramtha project :S,=1.7,n,=15 Table(4-8)).

Before testing the differenccla belween two means, il is important to {est th§
ratio of variances to know if the two normal distributions are with equal variances or

not. So F-test will be used first to test if o2 = 032 (T'able(A 1-6), Test No.12)

2
Ho: 01" = 022

Ha:0°# o,°
§ 2

F= —‘——2 =12.46
53

RR: [ < F1|_af2,nl+|,n2—l

of I
F 2 F i1

RRT S Foggs aa
i <389  from Table(Al-5)
I
N
o 3.89

RR:0.26<[7<3.89
Conclusion: The value of the test statistic () does not lie in the rejection region. So,

accepl Ho.

So, the test for normal distributions with equal variances will be used to test
the difference between the two means, (Table(A1-6), Test No.6).
Ho: pty- 2= Dp=0
Ha: - to # Do
Sp=23.2
T=33
Rﬁ 112 arztinnen

RR :|'1'| 2 {o 025,18
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RR:[1{22.1 from Table (Al-3)
Conclusion: The value of the test statistic lie in the rejection region. So, reject I-Io..
There is sufficient evidence to conclude that the two normal distributions differ in
average slrength.

Sample Calculation 4: By uéing the multiple sample hypothesis tests, [PWD
can compa.rc between the two concrete producers in Land Project (RMCCS and RM7)
to find who is more el’ﬁcieﬁt and has less variances. Testing the variances can be used
with

]'l(): 012 = 0'22

Ha :0‘|2> 02 2
v 2
SO
15'2
¢ 2
RR: -;"—2 > Fa:(ul,vl)
Y2

The results of hypothesis testing are summarized in Table(4-14).
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‘Table(4-14)

Summary of Hypothesis Testing Results

Objective  of | Project(s) Parametet Test Conclusion:
hypothesis included in Number accept or
lesting hypothesis {(No.} in | reject null
testing Table(A2-4) | hypothesis
Check i | Husn Compressive 2 accepl
concrele strength at 28
needs days [rom
modification casting
Land Compressive 2 accept
strength al 28
days
Ramtha Compressive 2 accept
strength at 28
days
Bani Kenana | Compressive 2 accepl
strength at 28
days
Check Ramtha Compressive 2 aceept
producer’s strength at 7
claims in mix days
design :
Ramtha - .. Cement content | 2 accept
Ramtha Water/Cement | | accept
ratio
Ramtha Shump { accept
Check Ramtha Compressive 12, then 6 | reject
producer’s strength at 7
claim in days
project
Find  more | Land Compressive 10 accepl
cfficient strength at 28
producer days
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The results of Hypothesis testing are as follows:
- In testing if concrete needs modification for safely purposes, the result is that there
is no need to modify concrele since its compressive strength for the four projects

is not less than the specified one.

- In testing producer’s claim in mix design for Ramtha project, his mix design
concrele meets MPWIH specifications. So, his claim was right at the beginning of
the project. But when checking his claim at the mid time of the projeet
implementation, the average concrete corpressive strength at the project was
found to be different from the one in the mix design. So, the concrete producer’s
_r_claim was wrong at the mid time of |)1'0_iect implémenlation. So, it is necessary {o
rs::heck concrete producers claims, at the mid time of the projects implementation as
well as ai the beginning of the projects.

- In testing which concrete producer is more efficient in Land project, the result i3

thal no one of the tested producers (RMZ and RMCCS) is more efficient than the

othet.

4.4.2 Applying The (I()llﬁ(lcli-cc Limits Technique

IPWD can apply confidence Jimits to determine the ability ol a sample result

{o estimate a true value. Confidence limits will be applied to draw conclusions about

the parameter values in the hypotheses that had been stated in the previous

technique(Hypothesis '.l"es‘ling Technique). That is because an acceplance of a

hypothesis does not mean a high probability of proof that a specific hypothesis is
correcl,

fn this research, confidence interval technique is applied either manually-using

equations and tables {rom appendix 1- ,or it is applied using a compuler program
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called SPSS. 95% confidence intervals are shown in lable(4-15). Sample calculation
is presenied in a paragraph following {he table. While data and resulls found by

computer are presented in Appendix 3.

Table(d-15 )

Summary of Confidence Intervals Resulls

Objective  of | Project(s) Parameter Confidence 95%
hypothesis included in interval Conlidence
tesling hypothesis number interval
1€sling (No.) in
Table(A1-7)
Check if | Tusn® Compressive | | 23.76-25.52
concrete sirength at 28
needs days
modification
Land Compressive | 1 206.87-29.46
strength at 28
days
Ramtha Compressive | | 27.51-29.3
strength at 28
days
Bani Kenana | Compressive || 31.86-39.34
sirength at 28
days
Check Ramtha Compressive {} 19.78-34.78
producer’s strength at 7
claims in mix | 1. days
design
Ramitha Cement | 294.98-
content 379.02
Ramtba Water/Cemen | | 0.46-0.59
t ratio
Ramtha Slump t 5.54-7.62
Check Ramtha Compressive | 2 2.156-13
producer’s strength at 7
claim in days
project
Find the more | Land Compressive | 4 0.59-14.8
efficient sirength at 28
producer days
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*Sample Calculation: Husn:

Confidence interval is given by the following formula

;—!a,z_”",SI\f; Sp<xH 0 Stn

Substituting:
¥ =24.64

n=20

t o.028,59=2.093

S=1.87

See Table(4-12)
Yields:

23.76 < 4t £25.52

That means that we are 95% confident that the average value of compressive
strength at 28 days for Al-Iusn project is in the inler\;a] (23.76, 25.52). And, since the
required average sirength al 28 days in this project is 22 Mpa- which is less than the
lower confidence level-, we are 95% conlfident that there is a waste in raw mﬁteriﬁls
in this project. But, concerning safety, we are 93% conflident that the average value of
compressive strength al-28 days for this project meets specification.

To see how large the ainount of cement wasted is, coﬁcrele class 22 in Husn
Project is laken as an example:
Form trial mixes of thig project for concrete class 22, the average cement conient is
(320+330)/2= 325 kg/m’. Table(4-2). |
The required cement content for concrete class 22 in MPWH specifications is 275
kg/m’. Table(4-3).
‘Iic amount of cement wasted per cubic meter of conerelc s 3.25—2?5= 50 kg.
The total amount of concrete that was casted in Husn project is 746 m”, Table(4-1).

The total amount of cement wasted -according to trial mixes- is 50*746 = 37,300 Kg.
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Atmounts of cement wasted for the four ‘projects-according to (rial mixes- ate

given in Table(4-16).

Table(4-16)

4.4.3 Applying The Tolerance Limits Technique

Amounts of Cement Wasted According to Trial Mixes

Project Naine Required concrete class | Amount of
cemeni  wasled
(Kg)

Husn 22 37,300

Land 25 100,992

Ramiha 25 36,270

Bani-Kenana 25 54,625

Tolal 229,187

IPWD can apply tolerance limits technique to rank projects according. lo

economy. Summary of tolerance timits results for compressive strengths at 28 days,

§=99%. w=5% is shown in Table (4-17). A sample calculation is given in the

paragraph following the table. -

Table(4-17)

Summary of Tolcrance Limits Results

for compressive strengths at 28 days-8=99%, a=5%

roject | Specified [ Sample Upper Lower AU =UTL - Al = Ranking:
strength | size (n) | Tolerance | Tolerance specified specified most
al 28days Limit Limit strenglh strenglh | economic
(Mpay (UTL) (LTL) - project
(Mpay (Mpay {Mpa) LTI according
: (Mpa) [ toleasl AU
ITusn 22 20 31.40 17.88 9.40 4.12 |
Land* 25 16 37.35 19.05 12.35 595 3
Ramtha 25 15 34.60 22.20 9.60 2.80 2
Bani 25 15 42.34 28.86 17.34 -3.86 4
Kenana '
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*Sample Calcutation: Land:

s=2.4
x=282

Sce Table(4-12)

For n=16, §=99%, a=5%. From Table {A1-2): k=3.812

Substituting into Equation (2-3): (; — ks, x + ks) , yields:

1.11.=28.2-(3.812) 2.4=19.05

UT1.=28.2+(3.812)2.4= 37.35

From Table(4-17), it c':oulcll be seen that the difference between Upper
Tolerance Limit (UTL) and specified strength at 28days is significantly greater than
the difference between Lower Tolerance Limit (L'TL) and specified strength at 28days
for the four projects. This could be written by symbols as follows: AU>Al.. This means
that large quantities of raw aterials, especially cement, were wasled in the four
projects. |

It could be seen also that in onc of the projects, namely Bani-Kenana , the
LTL is greater than the specified sireng(h at 28 days which means {hat very large
quanlitics of raw materials were wasted in this projecl. The four projects can be
ranked Irom the most economic to the Jeast economic according to the teast AU as
follows: Flusn, Ramtha, Land , Bani Kenana.

The results of applying two SQC tools (confidence and lolerance limits) show
that large quantities ol taw materials were wasted in the four projects.This means that
producers, contractors, and engineers must pay more allention to raw materials
quanlities in trial mixes and try to be more ec_onotﬁic in order to strelch society’s

resources.
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4.4.4 Applying Control Charts Technique
IPWD may apply control charts on concrete comptessive strength test results. The

researcher did not find a project under construction thal meets the sample

requitements. ‘That is because projects supervised by IPWD were in their final stages.

Accordingly, the rescarcher has applied control charts on excculed projects onty.

The objective of applying control charts on such projeets is (o analyze the patiern
of variation of co;11p1'e§sive strengths. This paltern analysis pives Lhe directorale an
idea about the special causes of variation in the projects it has supervised. This woutd
represent an indication about the causes ol variation ih future projects. The directorale
would be able 1o avoid and be more conscious (o such causes in.l‘ulurc projects. This
is due to the fact that projects supervised by IPWD are nearly shmilar in nature. Also,
IPWD mandates the same conditions from concrele producers, contraclors, and labs 1o
be reliable in the projects it supervises. The directorate follows the same

“specifications in all projects which are the é;:ncrul technical specilications by MPWLLL
APWD can sit:dy the influence of many elemenis and procedures in concrete
production process on variation m compressive strength lest resulls as [ollows:

- To study the influence of raw materials, mixing ratios and times, control chatts for
difTerent producers, same laboratory, same project are compared.

- To study the influence of casting conditions, control charts for different projects,
same contractor, same laboratory, same producer, can be compared. (No avaitable
data in the selecled projects documents).

- 'l'o study the inlluence of curing conditions (lemperature, moislurc),. control charts

for compressive strength results.al 7 and 28 days for single project arc compared.
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The average and range control charts for the same project are drawn, inlerpreted,

and compared, any difference will be most likely due Lo curing conditions.

- To study the influence of testing (method, person, apparatus), control chatts for

projects with different laboratories, same producer, same confraclor degree are

compared,

In this research, control chartts are constructed using the computer program SPSS.

For data tables see Appendix3. Tables(4-18) through (4-21) shows summary of mean

and range control charts for 7 and 28 days tesults for the four projects. A sample hand

calculation is given in the paragraph following Table(4-18).

Table(4-18)

Summary of mean control charts for 28 days resulis

Projeet | N* | C.L U.C.L L.C.L | Types of [ No. of | Tests | faukine:

Tests* Tests | (%) | controtiea
' *HH project

Husn | 20 |24.65 | 26.06 2333 | 1,15 (7 85 |3

Land t6 | 28.16 29.35 26.97 1,14,15 H 69 2

Ramiha | 15 | 28.39 30.69 26.09 1,12,14,15 9 60 ]

Bani 15 | 3561 39.95 3127 181415 14 93 |4

Kenana

kodok K

Source: Sumimarized from Figures(4-2) through(4-5).

*N: Total number of points drawn on the control chart for a specified project

“Types of Tests: Types of tests for special causes -from Figures (2-5) and (2-6).

“*I'ests (%): No. of tests for special causes as a percentage of N.

#4kk Sample Calculation: Bani Kenana: See Table (4-11)

=356
R=42
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Figure(4-2)

Mean and Range Control Charts for I1usn Project at 28 Days

a.Mean Chart

Hush
28days
28,664
23
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s —
2;‘613 1 7 l "‘\m =TT 1 Average = 24 6450
5371 RS 17\ \J)\J‘l
i J\Z&E___Hﬂ_xg/___ﬂ\g'ﬁh( LCL = 23.2328
22,635 1
Tost Typo| No. ofTests
| | P
= W08/ . . Total Ho. of Tosts 17

5 11 13 15 17 19 Teslaft}= 17/20=857 -
2 4 6 8 10 12 14 165 1B D

Sigma level: 3
b.Range Chart
Hush
28days
L
e e e — — UCL = 35529
KR Test Type] Mo. ofTests
2.82 1 1
2 1
21 & Total Ho. of Tesls 2

2 \ /\ /\ Tests{Z)= 1
AR A R Average = 1.3600

- - - LCL =.0000

Sigma level 3
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Figure(4-3)

Mean and Range Controf Charls for Land Project at 28 Days

aMean Chatt
Land
i 28days
36.663 1| est Tyoe BD
14 1
19 4
Tolel No. 11
32.411 1 Tests|t) 69
232;5?% = v_ ‘_l?‘ :13/._. -f\ — ﬁ___, _!‘ = 28.5%
2735 - %/_' N 7 ——
UCL = 29.3460
23.906 4 _
Average = 28.1583
=
g I —— p—
= 19653 o . LCL = 26.9567

Sigma level: 3
b.Range Chart
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I glure(4-4)

Mean and Range Control Charts for Ramiha Project at 28 Days
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Figure(4-5)

Mean and Range Control Chatts for Bani-Kenana Project at 28 Days
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From Table(A1-1), for n=3, A;=1.023

Substituting in Bqualion (2-1) , yields:

UCL =135.6 + 1.023(4.2) = 39.90

LCL = 35.6 - 1.023(4.2) = 31.30

Note that the UCL, LCL obtained by hand calculation(39.90, 31.30) are close to that
obtained by Computer (59.95, 31.27).

According o mean charts for 28 days results, the most controlled project (i.c
the project which has the least tests ( %)) is Ramtha, then ILand, then [usn, and finally
Bani-Kenana.

From Table (4-18), it could be seen that tests 1 and 15 appears in all charts,
while test 14 appears in three of them only. The causes of such palterns in mean charis
are as lollows:

Test 1 the causes of this paltern are over control of the process , and large differences
in incoming raw material(Veilleux,1987).

Test 14: the causes of this paliern are differences in material, operator, test scts, over-
adjustiment of the process, wrong sampling procedures, changes in method of
measurements (Menon, 1992). |

Test 15: the causes of (his patiern arc change in material, operalor, tesl set, machine,

measurement system, and production method (Veilleux, 1987, Menon,1992).
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Table(4-19)

Summary of range control charts for 28 days results

Project N | C.L U.C.L | L.C.L. | Types | No. of | Tests%, ::lnnlt(ing:
' . 0s
O,f Tests controlled
: Tests project

Flusn 20 .38 3.55 0 [,2 2 t0 2
Land 16 1.16 2.99 0 - 0 00 |
Ramtha 15 1225 5.78 0 | 2 3
Bani 15 4,24 £(0.92 ] 1 2 q
Kenana

Source: Summarized from Figures(4-2) through{4-5).

According 1o range charts for 28 days results, the most controlled project (i.e

the project which has the least tests ( %) and least difference between UCL and L.CL)

is Land, then Husn, then Ramtha, and finally Bani-Kenana.

Land, then Ramtha, then Husn, and finally Bani-Kenana .

causes of this pattern in range charts are the same as in mean charts.

projects as possible,

Table(4-20)

Summary of mean control charls lor 7 days results

From mean and range chatls for 28 days results, the most controlicd project is

From Table(4-19), it could be seen that test [ appears in three charts. The

So, IPWD had to be aware of these causes in order to avoid them in fulure

Project |N | C.L U.C.L L.C.L Types of | No.  of | Tests%,
- Tests Tesls

Husn 20 18.89 20.63 17.F5 18,15 20 100

Land {3 21.03 22.61 19.46 £,5,15 15 94

Ramiha 15 21.84 23.00 20.61 1,5,9,14,15 18 120

Bani 15 29.48 33.63 2532 1,59,14,15 i7 10

Kenana

Source: Summarized from Figures(4-6) through(4-9)
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IFigure(4-6)

Mean and Range control charts for Husn Project al 7 Days
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Figure(4-7)

Mean and Range Control Charts for Land Project at 7 Days
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Figure(4-8)

Mean and Range Control Charts for Ramtha Project at 7 Days
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IFigure(4-9)

Mean and Range Control Charts for Bani-Kenana Project at 7 Days
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From Table(d-20), it could be seen (hat tests 1 and 15 appears in all charts, while test

5 appears in (bree of them only. The reason why lest 5§ appears in a mean chait is poor

perlormance(Adam, 1992),

Table(4-21)

Sununary of range control charts for 7 days results

Project [N [C.L U.C.L L.C.L Types of | No,  of [ Tests(%)
Tests Tests

Flusn 20 171 4,39 0 - 0 0

Land 16 1.54 3196 0 2 1 6

Ramiha 15 .19 3.07 0 ] 2 I3

Bani (5 |4.06 10.45 0. 1,3 2 13

Kenana

Source: Summatized [tomn Figures(4-6) through(4-9)

Control charts for 7 days resulls are not useful in ranking projects according o

the niost controlied one. That is because in 7 days charts, the influence of curing

conditions cannot be detected yel. While in 28 days charts, this influence can be

detected. Also, no special test appears in afl chatts or most of them.

To check the resulis that we ol from control charts, another criteria is used to

rank projects. [ is coefficient of variation. Classification of the four projecls

according to coelficient of variation is shown in Table (4-22).

Table(4- 22 )

Coclficient of variation (V*) for projects under study .

Project V 28days | Class of V 7days | Class of
) operation®’ G0 Operation

Fhusn 3.31 Very good 53k Tair

Land 2.51 Excellent 4.2 Good

Ramtha 4.58 Good 3.3 Very Good

Bani Kenana | 6.97 Poor 8.2 Poor
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**Class ol operation: From Table (A2-1) in Appendix 2.

(4-1)

V- within (est coellicient of varialion =

= I Q
= K

*kxSample calculation: for Husn project at 7 days:
From Table(4-4):

R=171
=18.89

dy=1.6926 for sample size=3 (Petruccelli et al., 1991)
Substituting in Equation (4-1), yields:
V=0.053=5.3%

From Table(4-22), it could be seen that class of operation for Land project is
excellent, while it is poor for Bani-Kenana project. This coincides with the results
from mean and range conlrol charts for 28 days results since they show that Land
praject is the most controlled pro,icci, while Bani-Kenana is (he teast controlled one.

Results ol control chart application 1o study the influence of different factlors
are given in the following paragraphs and tables:

- Influence of raw nfaterials, mixing ratios and limes

Project: Land, contractor: Dalgamouni Com[-}any, lab: Mu'la

Producers: RMCCS, RMZ.

Dala necessary lo compare producers in Land project is given in Table(4-23).
Comparisons necessary 1o study the influence of raw materials are shown in Table(4-

24),
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Tabisdssy it e e S
Data necessary o compare producers in Land project
Producer | RMCCS RMZ
Sample |Avg.S5t.28 R St28  |Avg.St.28 [R St.28
No.
1 28.1 1.8 28.1| . 06
2 28.9 1.4 26.2 0.9
3 28.1 0.6 27.0 1.8
4 36.0 0.9 259 0.4
] 276 0.9 276 2.2
6 27.9 2.2 30.8 1.1
7 27.3 1.8 256 0.9
8 28.6 .1 27.0 0.2
Avg 29.06 1.31 27.28 1.01
S.D 2.85 ' 1.66

-Source: Summatized from Table(4-3)

Table (4- 24 )

Comparisons necessary (o study the influence of raw materials

Control charts inforimation

Control  chart Mean chart Range chart
Aype '
Producer name | RMCCS RMZ RMCCS RMZ
Tests (Yo)* 88 110 0 0
General information
V (%) | 2.66%* [2.17 e e

*'rom Pigutes(4-10) and (4-11)

“* Sample calculation: for RMCCS:

From Table {4-23)

k=131

x = 29.06

dy=1.6926 Tor sample size=3 (Petruccelli et al., 1991)

Substituting in equation (4-1), yields:

V=10.0266=2.66%
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Figure(4-10)
Mean and Range Conirol Charts for RMCCS at 28 Days
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Figure(4-11)
Mearn and i'ange Control Chartts for RMZ at 28 Days
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From Table (4-24), it could be seen that pescentage of tests lor special causes for AL
RMZ Company is higher than that for RMCCS Company. While {he within test
coelTicient of variation (V__) for RMCCS Company is farger than that for Al- RMZ
Company. So, the influence of raw malerials from Al- RMZ Company is nearly
similar to the influence of raw materials from RMCCS Company on the control of the
process (concrele production process). So, it is not possible here to judge which
producer is betler than the other |'cgz¥|'(li|1g the degree ol control. This coincides with
ihe result from hypothesis testing that points out.lhat no one of the two producers is
more efficient than the other one.

- Influence of testing

Projects: Ramtha and Bani-Kenana, producer: IRBID, conlractors’ degrees: third,
labs: Karasneh for Ramtha and Mu’ta for bani-Kenan.

Comparisons necessary to study the influence of lesting are shown in Table(4-25).
Table(4- 25 )

Comparisons necessary (o study the influence of testing

Project Name Ramtha | Bani-Kenana
Tests(%) from range charts { 13 13

al 28 days*

V (%) ** 4.58 6.97

* From Table(4-19)

*4 From Table(4-22)

In Table(4-25), only range chatts are taken into consideration. That is because
range charls monitor variability of compressive strenglh Lest results in which we are
interested. From Table(4-25), it could be scen (hat within lest coefficient of
variation{V) for Ram(ha project is less than that for Bani-Kenana project. This means

that testing results in Ramtha are more controlled than that in Bani-Kenana. ‘This ts
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due to more controfled sample preparing by contractor and/or more controlled testing
process by lab. Since we are interested in studying the eflect of testing process by lab,
control charts for weights of samples will be compared as an indication to control in
sample preparing. Comparisons necessary (o study the influence of sample preparing
are shown in Table(4-26).

Table (4-26)

Comparisons necessary o study the influence of sample preparing

Control charts information

Control  chart | Mean chart for weight at 28 days Range chart lor weight at 28
type days
Project nhame Ramtha Bani-Kenana | Ramtha’ Bani-Kenana
Tests (%)* 47 73 7 7

General information
v | 0.8 [0.6 | |

* From Figures (4-12) and (4-13)

From Table (4-26), it could be seen thal percentage of lesls Il'or special causes
in Ramtha project is less than that for bani-Kenana project. While wilhin test
coefficient of variation(V) for Bani-Kenana project is fess than that for ramtha project.
This means that control in sample preparing is nearly the same for the two contraclors.
'l‘huls, the more controlled testing results in ramtha project are due (o testing process
only. So, it could be concluded that Ramiha project’s fab-which is Karasneh- is more
controlted than Bani-Kenana project’s lab-which is Mu’ta.

- Influence of Curing Comlitiong (temperature and muislturc)

The control charts at7days and 28 days for the lour projects are compared.

Comparisons necessary (o study the influence of curing conditions are shown in

Table(4-27).
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Figure(4-12)
Mean and Range Control Charts [or Ramtha-Weight al 28 Days
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Figure(4-13)
Mean and Range Control Charts for Bani-Kenana-Weight al 28 Days
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Table(4-27).

Comparisons necessary {0 study the influence of curing conditions

Control | Mean chart | Mean chart | Range chart | Range ¢hart

chartb at 7 days at 28 days | at 7 days at 28 days

type

Project | % tests for special causes % decrease in

Name % test lor
mean chart

Husn 100 85 0 10 fS5*

Land 94 69 6 0 27

Ramtha | 120 60 13 13 50

Bani- 110 93 I3 13 15.5

Kenana

Source; Summarized from Tables(4-18) through (4-21)

*Sample calculation :Mean Chart for Husn project:

% decrease in lests perceniage = (% tests at 7 days-% (ests at 28 days)/%tests at 7

days. For Husn = (100-85)/100 = 0.15 = 15%.

From ‘Table(4-27), the four projects could be classified according to more

controlled one dependiing on the largest decrease in % tests. The more controlted

project is Ramtha , then Land, then Bani-Kenana, and finally Husn.

It could be concluded that the four projects can be classified according to

economy and degree of control by applying tolerance limits and control charts

respectively as follows: according to economy, the projects are classified- through

applying tolerance limits- as follows: Husn, Ramtha, Land, Bani-Kenana. According
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lo degree of control, the projects are classifiedd —through applying single control
charts- as follows: Land, Ramtha, Husn, Bani Kenana. Also according Lo degree of
control, the projects atl'e classificd —through studying curing conditions effect- as.
follows: Ramtha, Land, [Husn, Bani Kenana. Since it is suggested in this study to care
about economy and control, the projects are classified according lo economy and
degree of control as follows: Ramtha, Land, Husn, Bani-Kenana. 1t is important (o
point out that classification ol prajects is not an objective by itsell. Bul, one of the
main objectives in this study is to provide guidance to understanding and applying
SQC methods for people interesled_ in quality control in construction organizations.
One of the fields of application is classifying according to economy and degree of

control.

107



Chapter V
Conclusions and Recommendations
5.1 Conclusions
The following conclusions had been reached:

- Statistical Quality Contro] (SQC) methods are not applied in IPWD directorale
because there is no trained stail to apply SQC methods in the direclorale-
according to interviews with the manager of the directorate.

- Byapplying four SQC methods on data from four execuled project, this research
had provided a guidance to unlderslanding and Llsillg SQC methods for people
interested in qualily control in construction organizations. Also, this research had
shown that SQC methods are easy to apply.

- Through applying the hypothesis testing technique, it is concliided that concrele
compressive strengths in the four projects meet specification, Also, it is concluded
that the concrele producer’s claim was I‘i"g,hl al the beginning of Al-Ramiha
project, but his claim was wrong at the mid time of projecl tmplementation.

- Through applying the conﬁ_dence limits technique, it is concluded that concrete
compressive strength in the four projects meet speeification. But, huge amounts of
cement are wasted in the I'ourl projects. Thal means that salety is taken into
consideuﬁion in mix design, while economy isn’t.

- Through applying (he tolerance limils technique, il is concluded that huge
amounts of cement are wasted in the four bl‘ojccls. And, the lour projects can be
ranked according to cconomy.

- Through applying the control charts technique. il is concluded that the four
projects can be ranked according lo degree of quality control. Also, it is concluded

that the special causes that made control charts for the four projects to be out ol
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Using computer software o perform different operations in SQC inctuding dala
analysis, dala reporting, and statistical analysis.

Concerning universities, it is recommended to include SQC inadministration
and engincering courses in universities and colleges. Also, it is recommended to
teach SQC courses Iin a practical way that includes theory and application. This
can be done by applying statistical methods for quality control in national
organizations. By doing (his, students will not be reluctant (o use SQC in solving

problems in different types of organizations.
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5.3 Future Studies

For [uture studies, the researcher suggesis conducting more studies focusing
on SQC. That is by studying SQC methods other than the ones in this study, such as
acceplance sampling, and cumulative sum controt charts. Also, it is suggested to Sludy
the application of SQC methods in IPWD on fields other than the ones discussed in
this study. Or studying application of  SQC mcthods on other public and private
organizations, such as industrial, medical, financial,...cle organizations. This will
imake people more conscious o the importance of SQC melh(l)ds, and (o the casiness
and benefits of applying SQC methods. This, in turn, may encourage people in
different administration levels (o apply SQC methods in their organizations. Finally, it

is suggested (o study the obstacles to apply SQC in different organizations.
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