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Preface

This is the issue number 1 of the third volume of the Journal of Applied and Emerging Sciences
published and distributed by the Balochistan University of Information Technology, Engineering
and Management Sciences BUITEMS, a leading university of Balochistan and Pakistan with vision
and mission statements as follows:-

Vision
To be among the leading universities of the world – accessible to all, imparting quality education
and promoting cutting edge research.

Mission
We are committed to providing quality education with focus on research and to equip students
with the art of living as productive members of society, contributing to the socio-economic uplift
of Pakistan in general, and Balochistan in particular.

The original work of researchers published here in this issue is yet another effort of the university
to meet its mandate expressed in the vision and mission statements for the promotion of research
despite all odds. The editorial committee selects quality papers with continuous effort to improve
the criteria for evaluation of papers with help of referees and subject experts. Present issue
publishes 15 papers, but the editorial committee has recommended many more which will appear
in following issues for the reason of time constraints in the processing.

The editors wish to express their sincere gratitude to Engr. Ahmed Farooq Bazai, Vice Chancellor
for his personal involvement and participation in BUITEMS publications including Research
Journal.

The editors also wish to express thanks to all those who helped and provided their services in
publishing this issue.

Editor
Jamil Ahmad, PhD
Director ORIC
Email: jamil.ahmad@buitms.edu.pk
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INSTRUCTIONS TO AUTHORS
Authors are requested to send the manuscripts typed in MS WORD and on  CD-ROM,
only those articles will be considered in which the work reported is original and the
results are solely contributed to this journal. Screening of the articles will be done by
the referees. In case they do not consider an article suitable for publishing, they can
reject the article or send it back to the author for revision. The comments of referees
are considered as the final decision.

Typescript
Articles must be typed on one side of the paper. It should be double-spaced and with
a 30mm margin on all sides on white bond paper. This also applies to the abstract,
tables, figure captions and the list of references each of which should be typed on
separate sheets.

Title Page
Title should be brief and informative, typed in 14 pts. First alphabet of each word except
prepositions should be capital and the rest in small letters. Names of authors should
be followed by address of Institutions. The address for communication (along with
e-mail address and telephone, telex and fax numbers), should also be given.

Abstract
The abstract should indicate the objective of the study, method, principal findings and
should be typed in double space. It should not be more than 150 words.

Key words
Four to six key words must be provided which could assist in indexing.

Text Heading
All headings should be left aligned and BOLD. The main sections headings should be
typed in 14 pts. Capital letters and the sub-headings should be typed similarly in lower
case (12 pts.) bold letters.

Introduction
The paper must start with ‘Introduction’ which should not be more than 200 words.
Text of the paper must be typed in 12 pts.

Materials and Methods
The Materials and Methods section should include sufficient technical information to
allow the experiments to be repeated. Give enough information about the maker and
model of instrument, operating conditions and other details of the experimental
procedures. For commonly used materials and methods simple reference is sufficient.

Results and Discussion
Results followed by discussion can be included under the same heading of Results
and Discussion or as separate.

Acknowledgement
Few lines of any desired acknowledgement of research support or other credit should
be added if required.
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Tables and Graphs
All tables must be numbered consecutively in Arabic numerals in the order of appearance in
the text. Tables and graphs representing the same set of data should be avoided. All tables,
figures, illustrations should be self-contained and have a descriptive title or creatively prepared
so that their size can be adjusted as desired. Details of experiments (not mentioned in the
text) may be indicated in brief below the table as a legend.

Figures and Photographs
Figures and photographs can be included as jpg, bmp or pdf attachments. Photographs should
be numbered consecutively along with the figures in Arabic numerals in the order of
appearance in the text. Photographs should be sharp, with an indication of the scale. Do not
include line drawings and photographs in the same plate.

References
References should be cited in the text by author and year, not by number. If there are more
than two authors, reference should be made to the first author followed by et al in the text.
References at the end of the paper should be listed alphabetically by authors’ names, followed
by initials, year of publication, full title of the paper, name of the journal volume number, initial
and final page numbers. References to books should include: name(s) of author(s), initials,
year of publication, title of the book, edition if not the first, initials and name(s) of editor(s) if
any, preceded by ed(s), place of publication, publisher, and pages referred to.

Examples
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Authors are requested to prepare the manuscript carefully before submitting it for publication
so as to minimize the corrections. Proofs of  articles will not be provided. lf there is any Editorial
revision, it must be made while your article is still in manuscript form.
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The Schema as the Predictor of Depression among the Adolescents

Ayesha Manzoor,* Sundus Sial, Faiza Manzoor and Anwar-ul-Haq

Department of Social Sciences, Balochistan University of Information Tecnology, Engineering &
Management Sciences, Quetta, International Islamic University, Islamabad,

Department of Sociology, University of Balochistan, Quetta, Department of Psychiatry, Capital Hospital
Islamabad

Abstract

The paper focuses on the role of individual’s schema in generating the depression among the
adolescents. A purposive sample of 100 adolescents male and female with age range of 10 to
25 years was taken from non-clinical population. The Beck Depression Inventory II and Young
Schema Questionnaire (Short Form) were administered on the subjects to determine the level
of depression stimulated by schema. The Readiness Ruler was also administered to determine
how much the subject was ready or how much daily life events make him to alter his schemas.
In addition to these measures the Demographic Information sheet was also provided to subjects
to get the background information from them. Data was analyzed by applying Pearson Product
Moment Correlation and Regression analysis. The results clearly supported the hypotheses that
the disorganized or false schemas and beliefs lead to depression. Results are discussed in
relation to latest schema theories and cognitive therapy which can be used to rationalize the
beliefs in maintaining the good mental health of an individual.

Key Words: Schema, Depression, Adolescents, Cognitive Therapy, Mental Health

*Corresponding Author’s email:- ayesha.manzoor@buitms.edu.pk

INTRODUCTION
The psychosocial factors play a major role in
the development of depression, aggression,
anxiety and other psychological disorders.
This study aims to find out whether the core
beliefs, negative thoughts and prejudiced
attitudes lead to depressive symptoms and
other maladaptive behaviors or not. Also how
these depressive thoughts and beliefs effect
our decisions, daily living, our relations and
so on. According to Beck (1976), depressive
information processing stems from the
activation of pathological cognitive structures
or schemas that develop early in life and
become activated in adulthood in response
to stressful experiences. These schemas
lead to the development of beliefs which in
future restrain or catalyze living a healthy
sociable life, making constructive decisions
and maintaining relationships.
Once activated, such schemas are thought
to offer access to a host of negative themes,

and guide a pattern of negative self-reference
information that precipitates depression
(Beck et al., 1979; Segal & Shaw, 1988).
Cognitive products may take the form of
negative attributions, pessimistic or hopeless
expectations for the future, or perceptions of
inferiority (Rector et al., 1998). The studies
by Segal et al (1988) and Segal & Vella
(1990) suggest that depressive information
processing is driven by the activation of
negative elements within a self-structure,
rather than the activation of an enduring
depressive self-schema. The schemas lead
to the development of beliefs about our
various related events, issues, things and
people; also that these beliefs not solely
depend upon our relative experiences but
also strengthened by the cultural
perspectives of everyday living. Ellis and
Harper in 1961 (Rahman & Ahmed, 2005)
outlined a number of dysfunctional cognitive
processes and irrational beliefs that lead to
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depression which include: Demand for
approval, high self expectations, blame
proneness, frustration reaction, emotional
irresponsibility, anxious over concern,
problem avoidance, helplessness for change,
and perfectionism.
Adolescence is considered as transitory
phase, which Erickson (Rahman & Ahmed,
2005) called identity versus role diffusion; as
going through transitions these young minds
may avoid problems rather than solving them.
In addition, frustration reaction was found to
be a predictor of depressive symptoms both
in males and females (Rahman & Ahmed,
2005). Gotlib proposed that interpersonal
cognitive schemas, i.e., how the individual
perceives him/herself in relation to
interpersonal relationships, should be
emphasized in research on interpersonal
pathways to depression. In line with these
integrative interpersonal models of
depression, Schmidt and Young (1999) noted
that schema-based formulations of
interpersonal relationships can be useful in
understanding the role of interpersonal
factors in the course of depression. Beck
theorized that early parenting style and early
negative life experiences may result in the
development of maladaptive, negative core
beliefs or schemas about oneself and how
the world functions. When early maladaptive
schemas are activated by related
interpersonal or stressful events later in life,
the individual is likely to develop a negative
view of self and the event, and cognitively
distort relevant information, which may lead
him/her to experience depression. Hence,
Beck proposed maladaptive schemas and
dysfunctional cognitive styles as vulnerability
factors to depression that potentially
exacerbate the effects of stressors on
depression. In general, research with children
as well as adults on the role of cognitions in
depression provided support for Beck’s
theory of depression (Schmidt and Young,
1999 Cankaya, 2002). The question of which
cognitive schemas as measured by Young’s
Schema Questionnaire (Young, 1994) were
related to depression was examined in
several studies. Schmidt et al., (1995)
reported that ‘dependency’ and
‘defectiveness’ predicted depression in an
undergraduate student sample.

‘Mistrust/abuse’, ‘abandonment’, and ‘social
isolation’ predicted depression in college
students in Harris, Curtin, and Vicente’s study
(1999). ‘Defectiveness/shame’, ‘self-
sacrifice’, and ‘insufficient self-control’ in a
clinical sample and ‘vulnerability to harm’ in
a nonclinical sample predicted depression in
Shah and Waller’s study (2000). Further,
Shah and Waller showed that the EMSs;
‘vulnerability to harm’ in the nonclinical
sample, and ‘vulnerability to harm’,
‘dependence/ incompetence’, ‘emotional
inhibition’, ‘failure to achieve’, and
‘unrelenting standards’ in the clinical sample
were the subscales of the Yaung that acted
as mediators in the relationship between
early parental experiences and depressive
symptomatology. Taken together, while
inconsistent across studies, the seven
cognitive schemas directly related to
depression in previous research afforded the
highest likelihood of establishing connections
to depression (Cankaya, 2002).

Rationale
So far little work has been done on the
schema, cognition and irrational beliefs as
the predictors of psychological problems in
the Pakistani population. Particularly the
schema has not been among the most of
interest of the Pakistani researchers.
However, these are the basic structures that
organize our knowledge and assumptions
about something and are used for interpreting
and processing information. This study
mainly aims to find out the basic distortions
in our cognitions and thoughts that lead us to
maladaptive behaviors. This research based
on the adolescents of the society will help
and guide the professionals in the society
who are working as the social mediators and
also the psychologists and psychiatrists to
look more clearly into the process and help
people to alter their beliefs and live a healthy
mental life.

MATERIALS AND METHODS
Sample collection
Adolescents aged 10-25 years were selected
by purposive sampling. Among them there
were 54 males and 46 females chosen from
educational institutes, hospitals, and

The Schema as the Predictor of Depression among the Adolescents
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organizations. The reason being the
language of measuring instruments must be
properly comprehended by the subjects i.e.
English.
Measurements
Demographic Information Sheet
Demographic information sheet was given to
the subjects to get their information regarding
age, gender, birth order, education and
marital status.
Young Schema Questionnaire
(Short Form)
The measure of schemas was the Young
Schema Questionnaire that consists of 75
items. Each item is scored on a 6 point scale
i.e. from completely or almost completely
untrue of me (1) to describe me perfectly or
almost perfectly (6). It covers 15 major
hypothetical dimensions of schema (Stopa,
L., & Waters, A. 2005). The SQ has been
found to have adequate test-retest reliability
- the stability scores for subscales range from
0.50 to 0.82 (Schmidt et al., 1995).
Beck Depression Inventory-II
Depressive symptoms were measured
through Beck Depression Inventory II. BDI-II
is a self report inventory that comprised of 21
items and used to measure levels of
depression. Each item is scored on a 4 point
scale i.e. from minimal depression (1) to
severe depression (4). The test retest
reliability of BDI-II is reported to be 0.93
(Steer and Brown, 1996).
Readiness Ruler
The Readiness to Change Scale was also
used to assess how the individual’s core
beliefs create hindrance or catalyze the
treatment process.
Procedure
A pilot study was conducted on 10 students
(5 males and 5 females) at the university, with
their consent and the purpose of the study
was explained to them. The objective of the
pilot study was to find and make clear that
the mode of instructions, language of the
scales is easily understandable by the
subjects; also to check the total time taken
by the individuals for the completion of two
questionnaires.
The Research design employed was
Repeated Measure Design. The participants
were given the demographic data sheet for

knowing their background information. The
participants were presented the Young
Schema Questionnaire to know their
schemas. Then the time break of 20 minutes
was given before presenting them the BDI-II
for measuring their level of depression.  The
participants rated themselves on the 10 point
scale of readiness ruler to find out how much
they had an insight into their cognitions and
how much they feel themselves to bring a
change in their thoughts and imaginations

RESULTS AND DISCUSSION
The Table I shows the results of total score,
and for men and women separately (Stopa
and Waters, 2005). The results are computed
by using SPSS.16 (Statistical Software).

ED= Emotional Deprivation, AB=Abandonment, MA=Mistrust and
Abuse, SCI=Social Isolation, DI=Defectiveness and Social
Undesirability, FAIL=Failure, DI= Dependence/ incompetence VUL=
Vulnerability to Harm and Illness, EMN=Enmeshment,
SJ=Subjugation, SS= Self Sacrifice, EI=Emotional Inhibition,
US=Unrelenting Standard, ENT= Entitlement, ISC=Insufficient Self
Control

Table 1
Means and Standard Deviations of the total
and subscale scores of YSQ, total of BDI and
total of Readiness ruler for male and female
Adolescent participants (M=54, F=46) . The
level of depression i.e. Total BDI score for
male (M=16.06, SD=8.87) and female
(M=15.63, SD=9.57) is moderately low and

The Schema as the Predictor of Depression among the Adolescents
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also the total score on YSQ for male
(M=198.22, SD=58.30) and female
(M=189.48, SD=51.71) is quite low. The Total
RR score for male (M=5.48, SD=2.44) and
female (M=5.83, SD=2.10) is also moderately
low. To determine the relationship between
the schema and depression the Pearson
Product Moment Correlation was applied.
Table 2
Pearson Product Moment Correlation
Coefficient between total score of BDI -II With
the total was used and subscales of YSQ and
Readiness to change Ruler for 100
adolescents (N=100)

ED= Emotional Deprivation, AB=Abandonment, MA=Mistrust and
Abuse, SCI=Social Isolation, DI=Dependence/incompetence, DEF=
Defectiveness, social undesirability, FAIL=failure, VUL=
Vulnerability to Harm and Illness, EMN= Enmeshment,
SJ=Subjugation, SS= Self Sacrifice, EI=Emotional Inhibition,
US=Unrelenting Standard, ENT= Entitlement, ISC=Insufficient Self
Control.

Note:*=p< 0.05, **=p< 0.01
The schema and depression are significantly correlated, r = 0.349,
p < 0.01.
Among the hypothetical schemas Emotional
Deprivation, Abandonment, Mistrust and
Abuse, Social Isolation, Defectiveness,
Social Undesirability, Self Sacrifice,
Unrelenting Standard, Insufficient Self
Control are the most highly correlated with
depression. The results also demonstrating
the negative correlation between the

depression and readiness to change, though
not quite significantly. To predict the relation
between schema and depression the
Regression Analysis was applied.
Table 3
Relationship between total score of BDI-II
with the total and sub-scale scores of YSQ
and Readiness Ruler using Multiple
Regression Analysis for the total sample
(N=100).

ED= Emotional Deprivation, AB=Abandonment, MA=Mistrust and
Abuse, SCI=Social Isolation, DEF= Defectiveness and Social
Undesirability, FAIL=Failure, DI=Dependence/incompetence, VUL=
Vulnerability to Harm and Illness, EMN= Enmeshment,
SJ=Subjugation,  SS= Self Sacrifice, EI=Emotional Inhibition,
US=Unrelenting Standard, ENT= Entitlement, ISC=Insufficient Self
Control
Note: R2= .103, ∆R2=.103, B= Unstandardized Coefficient, SE B=
Standard Error of Unstandardized  Coefficient,  β=Standardized
Coefficient Beta, **=p< 0.01

The results reveal the overall weak prediction
of depression. However the hypothetical
schemas including Emotional Deprivation,
Dependence/ incompetence, Subjugation
and self sacrifice are the strongest predictors
of depression of the overall group of
individuals.

The overall analysis also indicates that the
subjects’ depressive thoughts make changes
in expected direction as hypothesized.

The Schema as the Predictor of Depression among the Adolescents



BUITEMS
Quality & Excellence in Education

5

DISCUSSION
The aim of this paper was to investigate the
role of individual’s schema in generating the
depression among the adolescents. The
results indicate that emotional deprivation,
dependence/ incompetence, subjugation and
self sacrifice are the strongest predictors of
depression among the adolescents. The
results also demonstrate the negative
correlation between the depression and
readiness to change, though not quite
significantly.  However, these results must be
interpreted cautiously as the sample was
small and the schemas are pre-conceived
ideas that vary from time to time and from
individual to individual following different as
well as adverse circumstances. The study
shows that even very modest shifts in mood
can influence the way in which participants
respond to some questions on the YSQ.
Changes in mood may alter a person’s view
of self in a negative direction (Stopa and
Waters, 2005). As adolescents is a transitory
phase, which Erickson (Rahman and Ahmed,
2006) called identity versus role diffusion; as
going through transitions these young minds
may avoid problems rather than solving them.
It highly advocates our results of reluctance
to change their current schemas as they
consider themselves  well inclined to their life
issues and changes. Young (1999) proposed
that schemas can be grouped into domains,
which represent the hypothesized
developmental origins of the schemas. He
described five domains: disconnection and
rejection, impaired autonomy and
performance, impaired limits, other-
directedness, and over-vigilance and
inhibition. Each domain represents a
grouping of developmental needs. There is
no evidence at this stage to indicate whether
the developmental stage at which the
schema emerged influences when and how
that schema is retrieved. However, it is
interesting to note that both of the schemas
which were raised in the depressed mood
condition belong to the earliest domain, that
is, disconnection and rejection. On the other
hand, entitlement which is raised in the happy
condition belongs to the later developmental
domain of impaired limits (Stopa and Waters,
2005).

In the whole study we found the low score on
the Entitlement; we have found that this
schema can be problematic for clinical
patients, both when it is high and also when
it is low. For example, people with very low
entitlement scores may be unable to
appropriately assert themselves, may feel
that their needs are unimportant, and may
tolerate unacceptable behavior from others.
It is possible that moderate levels of
entitlement are both healthy and have a
protective function for the individual. Again,
these points must be interpreted with caution,
as we do not have data on the ‘healthy’ range
of entitlement scores (Stopa and Waters,
2005). A basic premise of Jeffrey Young’s
approach is that individuals with more
complex problems have one or more early
maladaptive schemas, which makes them
vulnerable to emotional disorders.
Most of our hypotheses have been approved
as per our results indicated. The question of
which cognitive schemas as measured by
Young’s Schema Questionnaire (Young,
1994) were related to depression has been
examined in several studies. Schmidt et al.
(1995) reported that ‘dependency’ and
‘defectiveness’ predicted depression in an
undergraduate student sample.
‘Mistrust/abuse’, ‘abandonment’, and ‘social
isolation’ predicted depression in college
students in Harris, Curtin, and Vicente’s study
(1999). (‘Defectiveness/shame’, ‘self-
sacrifice’, and ‘insufficient self-control’ in a
clinical sample and ‘vulnerability to harm’ in
a nonclinical sample predicted depression in
Shah and Waller’s study, 2000). Taken
together, while inconsistent across studies,
the seven cognitive schemas directly related
to depression in previous research afforded
the highest likelihood of establishing
connections to depression (Cankaya, 2002).
The present design and time duration did not
allow us to examine why some schemas
should be affected whereas others were not.
One of the main weakness was that
individuals were currently in varied
circumstances and those affected
significantly in their responses to the
questionnaires. As the Young Schema
Questionnaire was adapted, for this study
mainly due to the reason as it measures

The Schema as the Predictor of Depression among the Adolescents
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specifically negative schemas, the population
used was non clinical and this is the most
important reason probably for non significant
results. However, the implication of this
research may help the professionals by
keeping in view the vulnerability of the
individuals that may adapt to some
maladaptive or negative schemas which they
carry on in their lives without changing them.
The reason being their current situation, their
interpersonal relations, social desirability,
parental attitudes, etc. As particularly in our
Pakistani culture the adolescents are at the
most sensitive stage where they have to cope
many entangled problems of the society and
family conflicts as well as cultural varsities;
they may form the schemas that drastically
lead them to depression and many other
cognitive dysfunction. So keeping in view all
this we could formulate more constructive
strategies and chalk out future plans to lower
the rapidly increasing psychological problems
in our country.
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Abstract

The aim of this work is to design an efficient Natural gas dehydration plant (using TEG as
desiccant) in both terms i.e., optimized desiccants flow rate as well as optimized energy
requirements.  For this purpose the Natural Gas Plant of Hassan Gas Field, Shikarpur was
selected as case model and the basic design study was carried out for the said plant. Natural
gas is one of the important fossil fuels, used after treatment. Treatment includes removal of acid
gases and dehydration. The major methods of dehydration are Direct Cooling, Absorption and
Adsorption. The present work is the study of efficient design for Dehydration using absorption
column by Triethylene Glycol (TEG) as desiccant. Efficiency of the Natural Gas Dehydration
Column can be measured through optimized flow rates of desiccant or optimized energy
requirements.

Keywords: Energy Consumption, Natural Gas, Optimal Energy

INTRODUCTION
Pakistan is one of Natural gas dependent
economies of the world. Pakistan has
27.89527 TCFT proven reservoirs of gas. This
include 34.78 MMCF of associated reservoirs
(Pakistan Energy Yearbook, 2010). During the
financial year 2009-10 Pakistan produced
1482846 MMCFT (Pakistan Statistical Year
Book, 2011).
The pressure and temperature of natural gas
are reduced, when the gas is produced from
the reservior during flow from subsurface to
wellhead; hence the gas yields liquid water
condensate. Due to presence of water vapors
in gas may cause gas hydrates in sale gas
transmission lines which could stop gas
transportation or supply (Donald and Robert,
1990; Boyun and AIi 2005, Vincente et al,
1992). Natural gas some time may contain
H2S, which itself is a poisoning gas (Gas
Processors Suppliers Association, 1987). It
is necessary to remove H2S gas (gas
sweetening) prior to the dehydration of NG
because it may corrode transportation and
processing facilities, which may create many

health, safety and environment issues
(Meyers, 2003).
Natural gas dehydration may be achieved
by four techniques i.e. direct cooling,
compression followed by cooling,
absorption and adsorption. In Absorber the
hydrates are removed by hygroscopic liquid,
i.e. ethylene glycol (EG), diethylene glycol
(DEG), triethylene glycol (TEG), and
tetraethylene glycol (T4EG) (Saeid et al.,
2006; Lurance, 1978). Pipeline specification
for water content in NG is 7lbm/MMSCF
(Donald  and Robert,  1990).
TEG flow rate in absorption column is
dependent on water content in the NG,
commonly flow rate of 2 to 6 gallon of TEG/
lbm of water with concentration of 99.0% to
99.9% is used (Landreau et al., 1999; Kohl,
and Riesenfeld, 1985).
Process Description
Sweet gas / wet gas delivered to the bottom
of gas absorber tower and lean TEG is
showered from top of the tower. Both gas
and TEG solution counter affect each other
during this phenomena.
Glycol achieves solubility with water phase
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because of H-O bond and very low water
vapor pressure. Water rich glycol passe
through filter. Separation of water from TEG
is achieved in surge tank. Separated lean
glycol is again ready to be reused in absorber
tower (Mohamadbeigy, 2008; Jou. et al.,
1987). A process flow diagram (PFD) is
shown in figure 1.

MATERIALS AND METHODS
Design Standards for NG dehydration unit
Optimum flow rate of TEG for dehydration of
gas may be calculated by using standard
models containing associated graphs and
tables. The availability of following parameters
is necessary.
· Flow rate of Gas in MMSCFD
· Gas Specific gravity
· Gas Operating pressure in psig
· Gas inlet temperature in 0F
· Gas Water content  required at Outlet in

lbm / MMSCF
Natural gas water content was found by using
McKetta and Wehe Chart (McKetta and Wehe
Chart, 1958; Chorng et al., 2005) in lbm

H2O/MMSCF at operating conditions of 60°F,
14.7 psia.

Figure 1. Process Flow Diagram (PFD)  of
Natural Gas Dehydration Unit

Gas composition prior to the dehydration
is shown in Table.1 Operating parameters

The absorbing capacity of gas was
corrected on operating temperature and
sp: gravity by using Sivalls Correction
Factors and equation 1.

))(( t g

GoGs =
CC (1)

Dew point depression was calculated
from Equation 2. It remained
constant for the optimized flow rate of
TEG
Dew point Depression= Inlet Gas
Temp: – Outlet Dew point Temp:

(2)

Quantity of water removed was
calculated by using Equation.

24
))((W W GW i - o

r =
(3)

Flow rate of TEG in Absorber column
was calculated by using Equation.

24 ))((W GLL = w i (4)

Heat consumption for TEG as sensible
heat in reboiler  was  calculated by
utilizing equation.

))()(L( C 2 1TTQ Ls = r - (5)
Required energy for vaporization of
water was calculated from Equation

24
))(970.3(W W GQ i - o

w =
(6)

Energy consumed inside the reflux for
vaporizing the water was calculated
from equation

)0.25( wr QQ = (7)
TEG losses during regeneration
process was calculated by using the
equation

)((0.04)TEGofLoss = L rL (8)
Case Study of Dehydration unit,
Hassan Gas Filed Shikarpur
Hassan Gas Field is situated in gas block
F-22 near Shikarpur, Sindh. Gas field
is operated by the Pakistan Exploration
Limited (PEL). The gas capacity of field
is 20 MMSCFD and currently it is processing
14 MMSCFD.

Optimization of Energy Consumption during Natural Gas Dehydration
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of Hassan Gas field dehydration unit used
in this analysis are shown in Table. 2
Regeneration of TEG consumes a high
amount of energy. Number of iterations was
made by forming the sets of TEG flow rate
and concentration, from flow rate 3.5 to 3.0
gal/lbm of water and concentration from 99.0
to 99.9%, a constant variation of 0.1 gal. /
lbm of water and 0.1% was made in flow rate
and concentration respectively.

Table 1. Gas composition prior to the
dehydration.

RESULTS AND DISCUSSION
It was observed that when the Glycol (TEG)
to water ratio is decreased from 3.5 to 3.0
Gallon TEG / lbm of H2O, simultaneously the
Lean TEG flow rate at the top of the
absorption column is also decreased from
238.42 to 204.36 gal/hr. as shown in Figure
2.

Figure 2. Relation of flow rate and glycol
water ratio.

Figure 3 indicates the Rich TEG
concentration when lean TEG concentration
flowed on the top of the absorption column
at different flow rates ranging from 3.0 to 3.5
Gallon TEG / lbm of H2O. This shows that as
the Lean TEG concentration and GWR
increased, the concentration of Rich TEG
also increases. This supports the proposed
energy saving plan parameters for Hassan

Table 2. Available data of Hassan Gas Filed
dehydration unit

Table 3. Calculated parameters and
Operating conditions of the    dehydration
unit, Hassan gas field

Table 3. Calculated parameters and
operating conditions of the
dehydration unit, Hassan gas field

TEG- Gas Contactor
Outlet temperature 34°F
Dew point depression 86°F
Water Removed 68.1 lbm/ hr
TEG Concentration in
Rich Solution

96.01%

TEG Concentrator
Circulation Rate 238.42 gal/ hr
TEG sensible heat 281.960 BTU/ hr
Heat of vaporization for
Water

66,097 BTU/ hr

Heat vaporized the
water reflux

16,925.25BTU/ hr

Heat Losses of
Reboiler

10,000 BTU/ hr

Total Heat in Reboiler 374573.2 BTU/ hr
TEG losses 7.153 gal/ hr

Optimization of Energy Consumption during Natural Gas Dehydration
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Gas Field Dehydration Column with the same
concentration of the rich TEG.

Figure 3. Rich TEG concentration on various
Lean TEG

Sensible heat is consumed by Glycol during
the regeneration of the TEG; this indicates
that as the GWR decreased from operating
condition of 3.5 to 3.0 Gallon TEG / lbm of H2O,
the sensible heat also decreased from
281.952 to 242.8936 K BTU/ hr by optimum
selection of GWR and Lean TEG
concentration, as shown in  figure 4.

Figure 4. Consumption of Sensible Heat on
different flow rates of GWR and Lean TEG
concentration

Total load on the reboiler was calculated
through the sum of sensible heat of TEG,
energy for vaporization of water and energy
consumed inside the reflux for vaporizing the
water. This resulted in decrease on the Load
of reboiler as the flow rate of TEG  decreased
with the varing concentration of lean TEG,
shown in figure 5.

Figure 5. Total Heat Transfer inside the
Reboiler on Different flow rates of GWR and
Lean TEG concentration

Loses of TEG on different flow rates are
calculated by using the Eq. 8. Figure 6
shows that as the GWR increased the losses
of TEG increased at the same rate.

Figure 6. TEG loses at different flow rates of
GWR

CONCLUSION
After the detailed designing of the
dehydration column it was observed that the
design of the column had the satisfactorily
matching with the present design and did not
require any fabrication. By changing the
operating conditions a handsome amount of
energy was saved during the process. By
changing the GWR and concentration of the
Triethylene Glycol (TEG) improved the
dehydration of the natural gas on the same
number of the plates inside the dehydration
column. Comparison of existing parameters
and proposed parameters showed the
following facts.

Optimization of Energy Consumption during Natural Gas Dehydration
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With increase of the concentration from 99.0
to 99.5 % Lean TEG reduced GWR from 3.5
to 3.0 gal of TEG / lb of H2O. Concentration
of the TEG in rich solution was maintained as
the optimized condition on 96.0%, so that the
regeneration of the TEG was done on the
same temperature of 350°F. Glycol
circulation rate reduced from the 238.42 to
204.36 gal/hr. This shows that the duty of the
TEG pump reduced up to 14.5%. Total heat
load on reboiler reduced from the 374573.2
to 335514.9 BTU/hr, an amount 39058
BTU/hr saved during the operation which
was about 10.5% of the regeneration energy
consumption.

ACKNOWLEDGEMENT
The authors would like to acknowledge the
support of Hassan Gas Field and Pakistan
Exploration (Pvt.) Limited.

REFERENCES
ü Boyun G and AIi G.  (2005). Natural Gas

Engineering Hand Book, Gulf Publishing
Company, Houston, P. 126

ü Donald LK  and Robert LL. (1990). Natural
Gas Engineering Production and Storage,
McGraw Hill International,  P.617-619

ü Gas Processors Suppliers Association,
Engineering Data Book, 1987.

ü Mohamadbeigy K. (2008). Studying of the
effectiveness parameters on gas
dehydration plant. International Journal for
Petroleum Processing, Petro-chemistry
and Coal Processing.  50(2):  47-51.

ü Kohl A and Riesenfeld F (1985). Gas
Purification. Gulf Publishing Co., Houston.

ü Landreau B, Amande J, Doerler N and
Bojey A. (1999). Gas drying process using
glycol, including purification of discharged.
US patent documents.

ü Lurance SR. (1978). Method of removing
water from glycol solutions, US patent
documents.

ü Meyers RA. (2003). Handbook of
Petroleum Refining Processes, McGraw-
Hill Professional, third edition, 2003.

ü Pakistan Energy Yearbook. (2010).
Hydrocarbon Development Institute of
Pakistan,

ü Pakistan Statistical Year Book. (2011). P
.159, 2011.

ü Saied M,  William A, Poe and James GS.
(2006). Handbook of Natural Gas
Transmission and Processing. Elsevier.
323.

ü Takahashi S and Kobayashi R. (1982).
The Water Content and the Solubility of
CO2 in Equilibrium with DEG-Water and
TEG-Water Solutions at Feasible
Absorption Conditions. Technical
Publication TP-9, GPA, 1982.

ü Vincente N, Hernandez-V, Michael WH. ,
Jerry AB. (1992). Design Glycol Units for
Maximum Efficiency. Proceedings of the
71st GPA Annual Convention. Tulsa, OK:
Gas Processors Association. 310-317.

Optimization of Energy Consumption during Natural Gas Dehydration



BUITEMS
Quality & Excellence in Education

12

INTRODUCTION
The Monte Carlo method was discovered in
1940 by John Von Neumann, Stains Law
Ulam and Nicholas Metropolis during their
research on the nuclear weapon project
(Manhattan project) in the Los Alamos
National Laboratory. Its name relates to the
Monte Carlo Casino, a well know Casino of
which where Ulam’s Uncle was a member.
Monte Carlo is a technique which involves
using random numbers and probability
statistics to solve problems (Wittwer J).
Monte Carlo methods are computer algorithm
depending upon the repeated random
sampling to compute their results for the
physical, statistical and mathematical
problems. These methods are used when
complicated problems cannot be solved by
conventionally analytical methods (Harvill
and pipes, 1970, Vose, 2008).
Monte Carlo Method has applications equally
in physical sciences, nuclear physics, space
physics, fluid mechanics, telecommunication,
engineering, computation biology, applied
statistics, games, finance and business etc.
They are widely used as well in mathematics
to calculate multidimensional definite
integrals with complicated boundary
conditions. There is difference between a
simulation, Monte Carlo method and Monte
Carol simulation. A simulation is a fictitious

representation of reality, a Monte Carlo
method is a technique which is used to solve
a mathematical and statistical problem and
a Monte Carlo simulation uses repeated
sampling to determine the properties of some
action (Wikipedia). For example if we toss a
coin once, head or tail outcome can be used
to simulate the tossing of coin. This can be
done by drawing one pseudo random uniform
variable from the interval [0, 1] is simulated
the toss of coin. If the value is less than or
equal to 0.5, designate the outcome as head,
but if the value is greater than 0.5 the
outcome as tails. This is simulation but not
Monte Carlo simulation. The  area of an
irregular shape inside in a unit area of square
and computing the ratio of hits within the
irregular figure to the total number of darts
thrown. This is a Monte carol method but not
a simulation. If we select to draw a large
number of pseudo random uniform variable
from the internal [0, 1] and assigning values
less than or equal to 0.5 as heads and
greater than 0.5 as tails is a Monte Carlo
simulation of the behavior of tossing a coin
(Woller, 1996).

MATERIALS AND METHODS
Monte Carlo (MC) methods stochastic
technique which based on the use of random
numbers and probability statistics to

To Study the Basic Concepts of Monte Carlo Simulation
by Calculating the Value of π
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investigate problems.  It has applications in
many fields.
The methodology to calculate the value of π
by using this technique is discussed as below
by considering the square and an inscribed
circle in it as below.

2r
Figure:1  The circle of radius r is inscribed in
the square of side 2r . Let us consider a circle
inscribed in a square of having side 2r and
radius of circle is r. The ratio of area of a circle
to the square is
π(r)2    = π
(2r)2             4

If we imagine the player of dart who hits  the
darts to a square and counts that of hits and
missing. It is obvious that area of the square
and circle is proportional to the No. of hits.
In other words

If each dart thrown hits somewhere inside the
square, the ratio of hits in the shaded area to
throws will be one fourth the value ofπ. If we
do this experiment it takes a very large
number of throws to get a proper value of π.
To perform this procedure a computer
program has been written in C++ language.
The algorithm of this program is as under,

#include<iostream.h>
#include<stdio.h>
#include<conio.h>

#include<stdlib.h>
#include<iomanip.h>
#include<math.h>
void main(void)
{
clrscr();
FILE*stream;
float r,s,x,y,dist,z;
int i,k,n,range,min,max;
cout<<"enter min and max,try"<<"\n\n";

cin>>min>>max>>n;
cout<<"# of Iteration"<<setw(12)<<"# of
hits"<<setw(16)<<"value of pi";
cout<<"\n\n";

stream=fopen("MCData.txt","w+");
fprintf(stream,"# of iteration    # of hits     value
of pi");

fprintf(stream,"\n\n");

range=(max*100)-(min*100);
k=0;
for(i=1;i<=n;i++)
{r=rand()/10%(range+min);
s=rand()/10%(range+min);
x=r/100;
y=s/100;
dist=sqrt(x*x+y*y);
if(dist<=1&&dist>=0)
 k=k+1;
z=4.0*k/i;
cout<<i<<setw(18)<<k<<setw(16)<<z;

fprintf(stream," %d                 %d  %f",i,k,z);
fprintf(stream,"\n\n");
cout<<"\n\n";
}
fclose(stream);
getch();
}

In this program random numbers are
generated. If we suppose our circle has
radius 1.0unit, then for each throw we can
generate two random numbers as x and y
coordinates which are used to calculate the
distance from the origin (0,0) using the
pythagora’s theorem x2 + y2 = 1. If the
distance from the origin is less than or equal
to 1.0 then it  means  that value lies within
the shaded area and counts as hit. Repeat

To study the basic concepts of Monte Carlo Simulation by calculating the value of π
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this process thousands of times and we get
an estimated value ofπ. The accuracy of this
value depends on number of iterations and
the quality of random numbers generated
(Woller, 1996).

RESULTS AND DISCUSSION
For the scientific program execution, three
inputs are entered, one is minimum, second
maximum value and third is number of
iterations (4). From minimum and maximum
values the range is determined and the
computer codes generates random number
between 0 and 1. In the first iteration these
random numbers are checked the condition
x2 +y2<=1, if this condition satisfied it means
our first throw hit is within circle otherwise it
is outside from circle and count as a missing
(5). Then we try second, third and repeatedly
try to get hits and miss of throws. Finally by
calculating the probability of hits and
multiplying it by 4 we get estimated value of
π i.e. 3.142. By giving the inputs min
=0,max=1 and number of attempts 1000 the
outputs of some values are illustrated as
below.

# of iteration     # of hits     value of pi

1                           1         4.000000

2                           2         4.000000

3                           3         4.000000

4                           4         4.000000

5                           5         4.000000

6                           6         4.000000

7                           6         3.428571

8                           7         3.500000

9                           8         3.555556

10                         9         3.600000

11                        10        3.636364

12                        11        3.666667

13                        12        3.692308

14                        13        3.714286

15                        13        3.466667

16                        14        3.500000

17                        14        3.294118

18                        15        3.333333

19                        15        3.157895

20                        16        3.200000

636                      499      3.138365

637                      500      3.139717

638                      501      3.141066

639                      502      3.142410

640                      503      3.143750

641                      503      3.138845

Thus there are two main reasons which
compel to use Monte Carlo method because
of their anti aliasing properties and their
ability to approximate quickly an answer that
would be very time-consuming to find out the
answer too if we were using methods to
determine the exact answer. The second
point refers to the fact that Monte Carlo
method is used to simulate problems that are
too difficult and time-consuming to use other
methods for.

CONCLUSION
By the Monte Carlo method and simulation,
different types of complicated physical,
mathematical and statistical problems can be
solved. This technique has been used for the
calculations  of    value  of  π  successfully  by
using computer scientific program. Monte
Carlo simulation can be improved by powerful
computer, proper computer codes, random
numbers and number of iterations.

To study the basic concepts of Monte Carlo Simulation by calculating the value of π
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Abstract

This paper aims to examine the level of influence of some external factors (macro-economic
variables) have on the profitability of commercial banks in Pakistan. The study covers the period
from  2005 to 2009. The period under analysis (2005-2009) was selected mainly because during
the said period, the world banking industry showed a huge declining trend in profitability due to
global economic recession with many renowned banks filing for liquidation and this affected the
Pakistani banking scenario as well, and the local banks both public and private showed a declining
trend. The data used in the study is panel data. Panel data refers to pooling of observations on a
cross-section of firms (say banks) over several time periods.  Four variables including interest rate,
exports, imports and inflation rate are used as independent variables (external factors). All the
analysis of this study is carried out using the statistical package “Eviews”. The stationarity of data
is tested by applying the individual unit root test. To test the multicollinearity in the data the
correlation matrix is made. Durbin-Watson statistic is used to detect auto correlation. To measure
the individual impact of each of these independent variables on ROA as well as their pair wise
impact on ROA and further joint impact of three variables on ROA, the technique of “all possible
regression” is used to reach the best panel regression model. The results obtained from the
regression models show that interest rate and imports have significant affect on the bank’s
profitability. The best regression model is consisting of the macro-economic variables, imports,
inflation rate and interest rate.

Keywords: Macro-economic variables, Commercial Banks of Pakistan
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INTRODUCTION

Banks play an important role in the operation of
an economics. This is particularly true in the
case of Pakistan, where banks are the major
providers of funds and their stability is very
important to the financial system. An
understanding of determinants of banks
profitability is essential and crucial to the
stability of the economy. External factors used
by contemporary researchers as determinants
of bank’s profitability include interest rate (intr),
inflation rate (ir), exports and imports (imp), etc.
There are a number of studies on determinants
of profitability in the banking sector (Indranarain
2009, Valentina et al. 2009, Panayiotis 2005,
Kyriaki et al., 2002, Krunakar et al. 2008), there
is hardly any such study in the context of
Pakistan.State Bank of Pakistan is the

governing body of the banking sector in
Pakistan. Banking sector of Pakistan
comprises of banking and non-banking
financial institutions. The banking
institutions mainly comprises  commercial
banks which may be further classified as
domestic and foreign commercial banks.
Domestic commercial banks are further
classified as; public sector and private
sector commercial banks.
This study examines the contribution of
macro-economic (external) factors to the
variation in profitability across domestic
commercial banks in Pakistan. The
quarterly data of macro-economic
variables for 5 years for the period  2005-
2009, is used to determine the important
factors in achieving high profitability.
The study used Return on Assets (ROA)
as a measure of profitability in line with

1 2
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Indranarain 2009, Valentina et al., 2009,
Panayiotis 2005, Kyriaki et al., 2002 and
Krunakar et al., 2008. ROA, defined as net
income divided by total assets, reflects how well
a bank’s management is using the bank’s real
investment resources to generate profits. The
banking sector in Pakistan has been going
through a comprehensive but complex and
painful process of restructuring since 1997. It is
aimed at making these institutions financially
sound and forging their links firmly with the real
sector for promotion of savings, investment and
growth. Although a complete turnaround in
banking sector performance is not expected till
the completion of reforms, signs of improvement
are visible. The almost simultaneous nature of
various factors makes it difficult to disentangle
signs of improvement and deterioration.
Today's commercial banks are more diverse
than ever. We can find a tremendous range of
opportunities in commercial banking like starting
at the branch level where you might start out as
a teller to a wide variety of other services such
as leasing, credit card banking, international
finance and trade credit. Public banks are those
which are operated by government. A public
bank is that in which there are numerous
partners or shareholders, and they elect from
their own body a certain number, who are
interested with its management. There are four
public banks in Pakistan. Limited Bank that is
limited by charter or by regulation to offering
only certain services to the public. Limited
service banks have narrow product lines, such
as credit cards or auto loans, and may offer
other services on an irregular basis.

MATERIALS AND METHODS
As there are 29 domestic (4 public + 25 private)
commercial banks in Pakistan so a sample of
15 banks is drawn by simple random sampling
using Goldfish bowl method. Sample size of
n=15 banks out of N=29 is a moderate size
(n/N > 50%), and the sample results can better
depict the target population. For a sample that
consists of 15 banks and each bank requires
data for six variables. Data for the four external
variables (interest rate, exports, imports and
inflation rate) is retrieved from the web site of
IMF through State Bank of Pakistan.

Data Analysis
Since this study involves panel data, so
the technique of “all possible regression”
is applied to panel data to reach the best
model. The best model is selected on
highest R2. A panel data regression differs
from a regular time-series regression or
cross-section regression in that way that
it has a double subscript on its variables,
i.e.
yit = A + BXit + εit

where,  i = 1, …, N; t = 1, … T
“i” denotes the bank and “t” denotes the
period or the time. In other words “i” de-
notes the cross-section and “t” denotes
the time series. “A” is the intercept; “B” is
K x 1 vector and “Xit” is the ith bank on kth
independent variable at time “t”.
Where εit = ui + vit

“ui” is called unobserved effect and “vit” is
the remainder disturbance. For example
in an equation measuring the profitability
of bank, “yit” measures the profit of the ith
bank, whereas Xit contains the set of inde-
pendent variables like bank size, depos-
its, interest rate etc. “ui” is time-invariant
and accounts for individual banks that is
not included in the regression. In our
study “ui” is banks unobserved ability and
“vit” varies with banks and time and there-
fore called as usual disturbance term in
the regression. Alternatively in profitability
equation yit measures the output and Xit

measures the inputs. The unobserved
bank specific effect is measured by “ui”
and we can think of this as unobserved
managerial skills  (Baltagi, 2005).
This study used cross-section weights for
every observed bank i at time t, and the
true variance components, in order to
produce a matrix-weighted average of the
within and the between (which is obtained
by regressing the cross section averages
across time) estimators (Baltagi, 2001).
More over all the panel regression models
are run using fixed effect (FE), because of
the reason that null hypothesis under
Hausman test is; there is no substantial
difference between FE and random effect
(RE) models. If the null hypothesis is re-
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jected, FE model is better than RE model (Gu-
jarati, 2004).
Before running the panel regression models
some preliminary tests are performed which
include unit root test for checking stationarity of
data, correlation matrix for checking
multicollinearity and Durbin-Watson Statistic is
used as a check for autocorrelation. The study
is already using the least square method to
fixed effects models, where the standard errors
are calculated by using White's (1980)
transformation to control for cross-section
heteroscedasticity.

Preliminary Tests
The correlation matrix (Table-1) showed that
the variables exports and imports have high
correlation (coefficient of correlation greater or
equal to 0.90). The variable ‘import’ is removed
from the regression models but its individual
significance is measured on ROA before its
removal and proved insignificant. Table (2)
shows the results of individual unit root test for
the four external variables. P-values of all the
four variables are suggesting stationarity of
data at 10% level of significance. Durbin-
Watson statistic is given in each table of
regression model suggesting no
autocorrelation problem at all for all the
variables.

Table1: The Correlation Matrix

Table2: Panel Unit Root Test for Bank Specific variables

RESULTS AND DISCUSSION
Using the technique of “all possible
regression” four models are run each of
which is for one external variable to test its
individual significance. Table (4) suggests
that only ‘interest rate’ is significantly
affecting the profitability on individual
basis. All the four external variables are
affecting the ROA negatively. The best
significant regression model on the basis
of highest R2 is,
ROA = 0.279227 - 0.006347 (interest rate).

Table 3: Individual Impact of Variables on ROA

Table (5) shows pair wise results. All the
three models (pairs) are significantly af-
fecting ROA as all the p-values are zero.
Individually no variable is significant. The
best significant regression model on the
basis of highest R2 is,
ROA = 0.269160 + 0.000904 (exports) -
2.06E-07 (inflation rate).

Table (6) shows result for full fledge
model. The model is significantly affecting
ROA but individually no variable is
significant. The variable ‘exports’ is
positively affecting the ROA while the
others negatively affect the ROA. The
model is,
ROA = 0.280647 + 2.92E-11 (exports) -
0.002613 (inflation rate) – 0.006846
(interest rate).
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In all the regression models Durbin-Watson statistic is suggesting no autocorrelation
problem. All the external variables are negatively affecting the profitability (ROA) of
domestic commercial banks of Pakistan.

CONCLUSION
This study is all about analyzing the important and significant external factors,
affecting the profitability of domestic commercial banks of Pakistan. “All possible
regressions” technique is used to estimate the impact of each individual predictor
variable, pair wise predictor variables and three predictor variables on ROA. Only
one variable out of four predictor variables was found individually significantly
affecting the profitability of commercial bank of Pakistan; the variable is interest
rate. All the four co-efficient are negatively affecting the bank’s profitability.
All the three panel regression models of pair wise bank specific variables are
significantly affecting the ROA. Co-efficients of all  variables are negative in all
the three regressions. The full fledge panel regression model is also significantly
affecting the ROA. Co-efficients of inflation rate and interest rate are negative
while co-efficient of exports is negative in this model.

Table 6: Full panel regression model with three predictor Variables

Dependent Variable: ROA
Method: Panel EGLS (Cross-section weights)
Date: 09/09/12 Time: 15:40
Sample: 2005Q1 2009Q4
Cross-sections included: 15
Total panel (unbalanced) observations: 279
Linear estimation after one-step weighting matrix

Variable Coefficient Std. Error t-Statistic Prob.

C 0.280647 0.050912 5.512385 0.0000
IR -0.002613 0.006956 -0.375675 0.7075

EXPORTS 3.89E-08 3.95E-07 0.098300 0.9218
INTR -0.006846 0.008074 -0.847971 0.3972

Effects Specification

Cross-section fixed (dummy variables)

Weighted Statistics

R-squared 0.349328 Mean dependent var 0.281991
Adjusted R-squared 0.306947 S.D. dependent var 0.325361
S.E. of regression 0.270863 Sum squared resid 19.14869
F-statistic 8.242587 Durbin-Watson stat 1.827651
Prob(F-statistic) 0.000000

Unweighted Statistics

R-squared 0.334879 Mean dependent var 0.210329
Sum squared resid 21.62282 Durbin-Watson stat 1.669186
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INTRODUCTION
The mysterious viruses are small, infectious,
obligate intracellular parasites solely relying
on host cells for their existence as they lack
the fundamental biochemical machinery
(Koonin et al. 2006). Although Viruses are
one of the most important biological entities
on the earth, still very limited understanding
is there of both the number of virus species
and the diversity of viral genes and genomes.
It is however, beyond doubt that they infect
almost all forms of life, including bacteria,
archaea and eukaryotes from plants to
humans to fungi (Prangishvili et al. 2006).
Among various viral infections, Dengue
infection has been observed to cause havoc
every now and then putting approximately,
40% of the world population at risk. The
estimated figure of dengue infections is
50-100 million people worldwide (WHO
2012). Dengue virus (DENV), which is a
mosquito-borne flavivirus causes a wide
range of diseases in humans, from a self-
limited Dengue fever, to a life-threatening
syndrome called Dengue Hemorrhagic Fever
(DHF). There are four antigenically different
serotypes of the virus: DENV-1, DENV-2,
DENV-3 and DENV-4. within the Flavivirus
genus of the family Flaviviridae (van der Most

et al. 1996)  All four serotypes cause dengue
fever (DF), and occasionally the potentially
fatal dengue hemorrhagic fever (DHF) and
dengue shock syndrome (DSS)(Melo et al.
2007). Despite many ongoing vaccine
development programs, no prophylactic
vaccine is currently available to prevent
infection of DENV and the most effective
protective measures are those that avoid
mosquito bites. Precedents for successful
vaccines exist against Flaviviruses (FV) like
the one against yellow fever but vaccine
design for other FV seems more complicated
(Adams and Boots 2006; Seligman and
Gould 2004; Thomas et al. 2006). For
example, a primary infection with one strain
of DV may predispose an individual to
Dengue Hemorrhagic Fever, a more severe
disease, if infected subsequently with a
different DV strain. It is thus critically
important to distinguish the common features
of these viruses, as well as differences that
may be associated with lethality.
This work aims at comparative analysis of the
genomes and proteomes of all four serotypes
of dengue virus with the purpose of finding
the similarities and differences among all four
serotypes. Similarities/differences at both
DNA and amino acid level along with
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predicting localization of viral proteins in the
host cell will hopefully help the future work
aiming at controlling the complications linked
with the Dengue virus and even in
vaccine/drug development.

MATERIALS AND METHODS
Sequences Retrieval
Complete genome and amino acid
sequences of DENV 1-4 were retrieved from
the National Center for Biotechnology
Information (NCBI) resource
(http://www.ncbi.nlm.nih.gov)
Nucleotide Sequence Analysis
CLC Sequence Viewer creates a software
environment enabling users to make a large
number of bioinformatics analyses. In this
study CLC sequence viewer 6.5.4 version
has been used to find out the nucleotide
sequence statistics of all four serotypes of
dengue virus.
h t tp : / /www.c lcb io .com/products /c lc -
sequence-viewer/ .
Amino acid sequence Analysis
Protpsaram, a web based bioinformatics tool
was used to calculate molecular weight,
isoelectric point, sequence length and
number of negatively and positively charged
amino acids of all dengue serotypes
(http://web.expasy.org/protparam/).
Predicting Subcellular Localization of
Viral<Proteins in Host
Virus mPloc which is freely available on web
was used to putatively predict localization of
viral structural proteins in the host cell. The
capsid, envelop and membrane proteins of
four dengue serotypes were predicted for
their subcellular localization.

RESULTS AND DISCUSSION
Nucleotide Sequence Statistics of all four
serotypes of Dengue virus.
The comparative nucleotide sequence
statistics of different serotypes of Dengue
represents that all four serotypes possesses
RNA genome. Among all serotypes, DENV-1
possesses the largest genome with a length
of 10,735bp hence, bearing highest
molecular weight of 3,471.58kDa.
Furthermore highest GC contents were
observed in DENV-4 i.e. 47.1% and lowest

in DENV-2 i.e. 45.8%. DENV-1 and DENV-3
contains an equal amount of GC content i.e.
46.7%. Complete details of nucleotide
sequence statistics of all serotypes is shown
in table 1.
Table 1 Nucleotide Sequence Statistics of all Se-
rotypes

Isoelectric point, molecular weight and
nature of amino acids in Dengue serotypes
ProtParam is a web based tool which is
widely used to compute different physical and
chemical parameters for a query protein
(http://www.expasy.ch/tools/protparam.html).
The parameters, among others, include the
molecular weight, theoretical pI and amino
acid composition Isoelectric point (PI) refers
to a pH at which a molecule carries no
electrical charge. The theoretical Pi of the
four Dengue serotypes ranged from 8, 63 to
8, 77. DENV3 was observed with the lowest
PI while DENV2 manifested the highest.
The protein molecular weight of the four
serotypes revealed that the DENV3 has the
minimum while the DENV2 has the maximum
molecular weight (377923,2 & 379803
respectively). The number of amino acids for
the four serotypes, however, showed the
difference of five amino acids between the
largest (DENV1 with 3392 aa) and smallest
(DENV4 with 3387 aa). The PI, Molecular
weight and Number of amino acids for
dengue serotypes are shown in table

Table 2: Molecular weight, theoretical pI and
Amino Acid sequence length of Dengue
serotypes
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Positively charged and negatively charged
amino acid residues were also calculated for
dengue virus and comparison was made
among the four serotypes.  DENV2
contained the highest number of both
positively and negatively charged residues
followed by DENV4. Figure1 shows the
detailed results.

Fig 1. Comparative analysis of Dengue
Serotypes in respect of variation in number of
negatively and positively charged amino acids

Dengue protein subcellular localization in
the host cell
Virus-mPLoc: is a freely available on line tool
and is extensively used to predict the
subcellular localization of viral proteins within
host and virus-infected cells (Shen and Chou
2010). The same tool was used to putatively
know the sub cellular localization of capsid,
envelop and membrane glycoproteins of all
four serotypes of dengue virus. Results are
summarized in the following table.

Table 3: Putative location of Dengue
structural proteins in the host

All structural proteins of all serotypes of
dengue virus are predicted to be localized in
the Endoplasmic reticulum of the host.  As
far as amino acid length of these proteins is
concerned, no difference was recorded for
each of the three protein types among the
serotypes except for capsid protein of DENV4
which was 115 amino acid long as compared
to 100 for the rest of three dengue types.

DISCUSSION
The main focus of this work was to predict
with the help of bioinformatics tools the
sub-cellular localization of different dengue
proteins in the host. Not only the prediction
was made for all three structural proteins but
also a comparative analysis was made
among Dengue serotypes. Surprisingly all
structural proteins belonging to all four
serotypes were predicted to be localized in
the Endoplasmic reticulum of the host cell. In
a previous such work these proteins were
predicted to be localized in the host plasma
membrane(Somvanshi and Seth 2009). The
discrepancy probably is due to usage of
different versions of the same tool that is
Virus ploc and its improved Virus mploc
version. As the later was used in this study,
we expect more sensitivity. As far as physical
and chemical parameters of the amino acid
sequences is concerned, DENV2 manifested
the highest molecular weight, highest pi and
largest sequence length showing the
interdependency of these characters on each
other. This is in addition to the highest
number of both positively and negatively
charged amino acids for the same serotype.
Among all four serotypes, DENV-4 was
observed with relatively high percentage of
GC content i.e. 47.1% which indicates that
the genome of this serotype is more stable
as compared to other serotypes due to the
increased percentage of hydrogen bonds
between G and C nucleotides. Therefore, this
serotype is thermally more stable and high
energy is required in order to denature its
genome as compare to other serotypes.
Contrary to this, the genome of DENV-2 is
least thermally stable and cannot tolerate
high temperatures and pressures as
compared to other three serotypes as its
genome contains the less GC content i.e.
45.8%.
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INTRODUCTION
There is significant interest in developing
semiconductor electronic devices capable of
operating over a higher temperature range
and with higher tolerance against ionizing
radiation than currently available. Wide band
gap materials are the potential candidates to
fulfill such requirements and SiC is one of
them. SiC include high-power high-voltage
switching applications, high temperature
electronics, and high power microwave
applications in the 1 - 10 GHz region. SiC is
attractive for these applications because of
its extreme thermal stability, wide band gap
energy, and high breakdown field (Powell
and Rowland, 2002). Because of the wide

band gap energy (3.0 eV and 3.25 eV for the
6H and 4H poly types respectively), leakage
currents in SiC are many orders of
magnitude lower than in silicon. Furthermore,
SiC is the only compound semiconductor
which can be thermally oxidized to form a
high quality native oxide (SiO2). This makes
it possible to fabricate MOSFETs, insulated
gate bipolar transistors (IGBTs), and MOS-
controlled thyristors (MCTs) in SiC (Ikeda,
1988; Hidayet and Enise, 2005).

MATERIALS AND METHODS
Sample preparation
The sample wafer used for this research was
6H-SiC n-type wafer prepared at Linkoping
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(Sweden). An epilayer of ~35 μm thick was
grown on the SiC substrate by chemical
vapor deposition (CVD) growth. Nitrogen
dopant atoms were incorporated during the
epitaxial growth sequence (Lin and Chang,
1995; Suzuki and Koizumi, 2004). Circular
Schottky contact of 0.8mm diameter using
Au and Ni separately was made by thermal
evaporation.
Capacitance-Voltage C-V Measurements
The C-V measurements are necessary to
determine the diode quality as well as to
determine depth profile. At different
temperatures capacitance voltage
measurements were taken for various
materials. From the C-V measurement we
find the carrier concentration, built-in-
potential and depth profile: Doping
concentration ‘Nd’, Built-in potential ‘Vbi’ and
Depth profile ‘depth vs. Nd,

Nd =    2/[qεm* slope]          (1)

Vbi = [intercept*qεm Nd]/2        (2)

Nd = [2(Va + Vbi)]/ [qεmd/dv(A2/C2)]  (3)
And
D(C) = εmA/C

Where
Va = Applied voltage, Vbi = Built-in potential, q =
Electron charge,

εm = Relative permittivity of the material, D = Depth

RESULTS AND DISCUSSION

Capacitance-Voltage C-V Measurements
of SiC
The typical C-V characteristics of n-type
6H-SiC as grown at different temperatures
295K to 400K are shown in Figures 1 to 12.
In the graphs of Voltage (V) and (A/C the
straight line is taken as the theoretical linear
fitting of the curves. The graphs of depth
profiles have taken between depth and
doping concentration shown in Figures 13
and 14. Using equations (1) and (2) and for
depth profile using equation (3) we
calculated the following parameters shown
in table below.

Table: 1 Parameters calculated from CV
measurements of 6H-SiC

From table 1 we observed that the doping
concentration and built-in potential was
effected by temperature. The value of Nd at
room temperature was determined 5.2061
´1012cm-3 which increased with the increase
in temperature. While the value of  Vbi at
room temperature calculated as 1.49V and
gradually lowered on increasing temperature
and measured 0.54V at 400K also an
unsequence value of  Vbi  determined at
360K.

Temperatur
e

(T) K

Doping
Concentration

(Nd) cm -3

Built in
potential
(Vbi) V

295K 5.2061´1012 1.49

320K 1.1402´1013 0.90

340K 2.8920´1013 0.72

360K 7.8894´1013 0.52

380K 1.3945´1014 0.60

400K 2.5968´1014 0.54

Fig 1. The graph between C-V of SiC at T=295K.
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Fig 2. The graph between V and (A/C ) 2 of SiC at
T=295K.
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Fig 3. The graph between C-V of SiC at T=320K
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Fig 4. The graph between V and (A/C ) 2 of SiC at
T=320K
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Fig 5. The graph between C-V of SiC at T=340K.
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Fig 6. The graph between V and (A/C ) 2 of SiC at
T=340K
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Fig 7. The graph between C-V of SiC at T=360K.
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Fig 8. The graph between V and (A/C ) 2 of SiC at
T=360K.
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Fig: 9 the graph between C-V of SiC at T=380K.
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Fig: 10 the graph between V and (A/C ) 2 of SiC at
 T=380K.
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Fig: 11 the graph between C-V of SiC at T=400K.
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Fig:12 the graph between V and (A/C ) 2 of SiC
at T=400K.
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Fig 13 Depth profile of SiC at 320K.
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CONCLUSION
We studied the characterization of SiC by
means of capacitance spectroscopy. The I-V
characterization was performed to evaluate
the rectifying behavior of the diode. The
ideality factor (n), reverse saturation current
(Is) and barrier height  (φB) of the diodes at
various temperatures were evaluated.
Doping concentration (Nd), built-in potential
(Vbi) and depth profile were determined by
C-V measurements.
The n-type 6H-SiC sample was grown on SiC
substrate  ~35μm  thick  by  chemical  vapors
deposition technique.  I-V and C-V
measurements were taken at 295, 320, 340,
360, 380 and 400K. The calculated values of
n, Is, and φB at room temperature (RT) were
1.9894, 6.57´10-13A and 0.995eV
respectively. Nd and Vbi at RT were 5.2061
´1012cm-3 and 1.49V respectively. Over the
temperature range, investigated I-V
characteristics confirm that the conduction
mechanism of the diode is controlled by
thermionic field emission.
I-V measurements of SiC show ideality factor
(n) to be close to unity at room temperature
(RT) indicating the main mechanism of
current flow was thermionic emission.
However, below the RT, the ideality factor
was bit higher which is understandable due
to the freezing of carriers [3, 4, 5]. From C-V
measurements the depth profiles of material
remain uniform.
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 Fig: 14 Depth profile of SiC at various temperatures.
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INTRODUCTION
Lyocell is the first in new generation of
cellulosic fibers. TENCEL® is the registered
trade name for lyocell which is a
biodegradable fabric made from wood pulp
Cellulose. It is produced by environmentally-
friendly process from wood pulp. It is
comfortable and popular in clothing because
of absorbent nature and high strength.
Lyocell is regenerated and it is 100%
cellulosic fiber (Patrick, 2001). It is durable
and has low shrinkage as compare to other
regenerated cellulosic fibers (Bates et al.,
2008). Lyocell is a fiber spun from organic
solvents. Commercially, lyocell fibers are
regenerated cellulose fibers spun from a
cellulose solution in a mixture of N-
methylmorpholine N-oxide (NMMO) and
water. Lyocell is more environment friendly
fiber (Renfrew and Philips, 2003). The
method involves dissolving cellulose in N-
methyl morpholin-N-oxide (NMMO) and
filament is extruded into spinning bath

solution followed by washing, drying and
cutting (Bates et al., 2004). After drying
material is passed to finishing section for the
application of lubrication. This may be silicon,
soap or any other agent (Martin et al., 1998).
In wet state lyocell fibers fibrillates when they
are rubbed or agitated during wet-processing,
the micro fibrils are formed on the fiber
surface.  It affects lyocell to greater degree
than cotton, flax and viscose
(Chaudemanche and Patrick, 2010). Dyeing
with Bi- functional reactive dyes help to
reduce fibrillation problem (Nicolai et al.
1996). Fibrillated lyocell produces darker
shades which means higher color uptake as
compare to non-fibrillated it may be due to
low light scattering  on fibrillated surface
(Goswani et al., 2007).The fibrillation
tendency of lyocell can be reduced by
chemical reagent which contains at least two
aliphatic aldehyde groups, capable of
reacting with each other (Wang et al., 2003).
Different types of finishes have been used for

Reduction of Fibrillation of Lyocell Fabric in Continuous Dyeing
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Abstract

Lyocell is one of the recent regenerated cellulosic fibres. It is produced by an environmentally-
friendly process from wood pulp. Chemical structure of lyocell is similar to that of cotton and
other regenerated fibres. The main difference is of the length of polymer chains (degree of
polymerization).The main technical problem with this fiber is its ease of fibrillation. Fibrillation
becomes apparent when fiber is abraded in wet state during pre-treatment and dyeing. The
reason of such change of lyocell fibre surface is due to its physical structure (i.e. arrangement
of polymer chains in amorphous and crystalline regions). Lyocell fabrics were processed by
continuous dyeing method to observe the fibrillation effects. Cross-linking agents were applied
before and after dyeing to see their effect on fibrillation. The fibrillation was assessed by observing
the fiber morphology on Scanning Electron Microscope (SEM). The samples were also tested
for color fastness to washing. Further, the color assessment k/s was performed to compare color
yield of dyed, dyed cross-linked and cross-linked samples.  The cross-linked dyed and dyed
cross-linked samples were found to have reduced fibrillation. There was not any significant
difference in colorfastness of dyed, dyed cross-linked and cross-linked dyed fabrics and the
fastness was generally very good to excellent.
Key words: Lyocell, Fibrillation, Cross-linking agent, Continuous Dyeing.
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cross-linking cellulose fibers. DMDHEU
(Dimethylol dihydroxyethyleneurea) is most
important reactant resin. DMEU (Dimethylol
ethylene urea) is a reactive resin of high
reactivity. It is suitable for the production of
resin finishes on cotton /polyester blends.
DMDHEU is very stable to hydrolysis, having
bad colour fastness against chlorine. The
finished effects are fast to boiling wash
treatments. (Rouette, 2000). The aim of this
research work was to control the problems of
fibrillation during wet processing of lyocell
fabric and minimize the fibrillations by using
cross-linking agents.

Figure 1: Schematic of Lyocell manufacturing (Patrick,
2001)

MATERIALS AND METHODS
Fabric
Gray 100% lyocell woven fabric (223 grams
per square meter after preparation) was
used in this study. The fabric construction
was 16x16/102x66, twill.
Dyes and chemicals
Drimaren CL, bi-functional, and Drimaren K,
di-fluorochloropyramidine, dyes of Clariant
were used in this study. Trichromatic colours
of Drimaren CL and Drimaren K reactive
dyes and their percent concentrations used
for dyeing are given in below table.  Arkofix
XLF (Clariant) was used as an inter-polymer
cross-linking agent. Chemicals, sodium
carbonate and Magnesium chloride used
were analytical grade and the sodium
hydroxide (48oBe) and H2O2 (50%) were
commercial grade.

Table 1: The specific dyes for Tri-chromatic
combination and their grams per liter

Preparation of Gray Lyocell Fabric for
Dyeing
Desizing and bleaching.
Desizing process was carried out by pad-
batch process using Desizer HT 100
(Enzymatic). Lyocell fabric rolled in the form
of small batch for 12 hours. After 12 hours
washing cycle was carried out in multiple
sections; such as hot wash (90 - 95C) for 15
min, warm wash (60 - 70C) for 10 min.
Finally the fabric dried in dryer. The
bleaching process of the fabric was carried
out using mild chemical concentrations as
per recommendation of Clairant Pakistan
Ltd.
Process Sequences for Dyeing and
Finishing of Lyocell Fabric.
The process sequences for dyeing and
finishing in this study are given by chart.

Figure 2: process sequence for dyeing and
finishing of lyocell fabrics by chart.
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Dyeing of Lyocell Fabric with Reactive
Dyes
Continuous dyeing was carried out for as-
sessment of fibrillation properties. Drimaren
K and Drimaren CL dyes were applied for
comparative analysis. Continuous dyeing
process was carried out on the fabric which
was pre-treated. Twelve samples were dyed
through continuous dyeing. Six samples of
each Drimaren K dyes and Drimaren CL
dyes dyed in two different concentrations
1.7g/l and 13g/l. Drimaren K and Cl dyes
auxiliaries; wetting agent (Leonil EHC) anti
migrating agent (Solidikol N), fixing agent
(Na2CO3) and the dyes were used. The Fab-
ric Was Padded at 75 % Pick up. It Was
Dried at 120oc for 2 Min and Cured at 160oc
for 1 Min.
Finishing of Lyocell Fabric
Fabric Was Padded in the Recipe Contain-
ing Arkofix XLF, Mgcl2, and Ceranine HCS at
75% Pick up. After Drying of Lyocell Fabric
at 120oc, It Was Cured for 3 Minutes at 185
Oc.
Color Fastness to Washing Test (ISO
105-c03)
Samples Were Treated According to ISO
105-CO3. First Bulk Solution for Washing
Prepared with 50:1 in Each Washing Con-
tainer. Then Fabric Pieces (10x4 Cm2)
Dipped in Containers and These Containers
Fixed into the Laundro-meter.  Machine Was
Run at 60oc for 30 Minutes.  After That,
Samples Taken Out, Rinsed with Cold Water
and Dried.
Colour Difference Test (Aatcc 173-2005)
Dyed and Finished Samples Were Tested
on Spectrophotometer after Conditioning at
21+1oc Temperature and 65+2% Relative
Humidity. Spectrophotometer Was Calibrat-
ed First with White, Black and Green Col-
ored Tiles. The Samples Sequentially
Assessed for the Color Strength (K/s) Val-
ues.
Scanning Electron Microscope (Sem)
Analysis
The Images of Lyocell Samples Were Cap-
tured on Scanning Electron Microscope (JE-

OL Japan Model No. JSM- 6380A) at the
Magnification of 100-500. Samples for SEM
Analysis Were Coated on Auto Coater (JE-
OL Japan Model No. Jfc- 1500). The Coating
Was of Gold and Samples Were Coated up
to 300oa.

RESULTS AND DISCUSION
This Section Presents Experimental Results
and Analytical Discussion on Technical Fi-
brillation Problem of the Lyocell Fabric. The
Section Focused on the Effect of Dyeing
Processes on Fibrillation and Other Related
Properties of Lyocell Dyed Fabric. The Im-
provements by Pre and Post Cross-linking
Processes Have Also Been Reported in This
Section.
Comparative Study of Dyed, Dyed Cross-
linked and Cross-linked Dyed Samples
Colour fastness to washing:
It was observed that up to 13 g/l of dark
shades lyocell dyed samples gave good
results. Reasons of good result were due to
stable covalent bond formation between
cellulose and reactive dyes. It was also
observed that Drimaren K dyed samples
have better washing results in comparison to
Drimaren CL dyes on lyocell fabrics.

Figure 3: colour fastness to washing by
chart Drimaren CL and K dyes.
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Color strength (K/S)
It was observed that, in general colour
strength values increases by the increasing
in concentration of dye applied. It was
generally observed that dyed and cross-
linked dyed display higher colour yield.

Figure 4: colour strength at maximum absorption
of dyed, dyed cross-linked and cross- linked dyed
samples by chart.

Surface Analysis of Lyocell Fabric:
It was observed from following figures that at
magnification of x100 and x 500 dyed
samples have higher fibrillation problem as
compare to dyed cross-linked and cross-
linked dyed lyocell samples. In both types of
dyes (CL and K) at different concentrations
fibrillation of dyed samples was higher. The
problem of fibrillation was reduced, using
cross-linking agents. Reason of this was that
Reactive dyeing processes and resin
finishing reduce fibrillation of lyocell fibers
(Wang et al., 2003).

Fig. 5: Scanning electron micrographs of Drimaren K 1.7g/l (a) dyed, (b) dyed cross-linked (c) cross-linked dyed
at magnification of x100 and (A) dyed, (B) dyed cross-linked (C) cross-linked dyed at magnification of x500.
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Fig 6: Scanning electron micrographs of Drimaren CL 1.7g/l (a) dyed, (b) dyed cross- linked (c) cross-linked dyed at
magnification of x100 and (A) dyed, (B) dyed cross-linked  (C)  cross-linked dyed at magnification of x500.

a A

b B

c
C
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Fig 7: Scanning electron micrographs of Drimaren K 13g/l (a) dyed, (b) dyed cross-linked (c) cross-linked dyed at
magnification of x100 and (A) dyed, (B) dyed cross-linked  (C) cross-linked dyed at magnification of x500.
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Fig 8: Scanning electron micrographs of Drimaren CL 13g/l (a) dyed, (b) dyed cross- linked (c) cross-linked dyed at
magnification of x100 and (A) dyed, (B) dyed cross-linked   (C) cross-linked dyed at magnification of x500.
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CONCLUSION
This study showed that regenerated
cellulosic lyocell fiber has the technical
problem of fibrillation generation during
processing. Pre-treated lyocell fabric was
found to have excellent absorbency. It was
found in this study that the fibrillation problem
increased as the lyocell fabric passed
through further processes such as dyeing
and washing. It was further concluded from
the results obtained that the fibrillation can
be controlled by the application of internal
polymer cross-linking agent, which acts as a
linking bridge between cellulosic polymer
chains. After application of cross-linking
agent, dye sites are disturbed because cross-
linking agents attach at hydroxyl group of
cellulose which is also the dye site for
reactive dye. Thus, there are always chances
for cross-linking agent to occupy the dye site
and compete with reactive dye molecules.
This may affect the color strength. fiber
surface analysis showed that the surfaces of
fibres were smoothened after application of
cross-linking agents but shade depth and hue
changed slightly. If pre-treatment cost of
natural cellulosic fabrics and lyocell fabrics is
compared for similar whiteness and
absorbency level then it can be concluded
that lyocell pre-treatment was economical.
This is because of less processes and low
chemical concentrations required for pre-
treatment of lyocell fabric. Further, lyocell
fabric has higher absorbency, thus, having
more dye-uptake and less dye wastage than
the other cellulosic fibres. The lyocell fabrics
attained peach-skin effect during wet-
processing, which is an advantageous factor
over natural cotton and other regenerated
cellulose fibres.
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INTRODUCTION
In recent years, we have witnessed a large
increase of research interest in the area of
Vehicular ad hoc networks (VANETs). A
number of factors have contributed to the
growing interest including serious aim of
vehicle manufacturers to incorporate
information technology to ensure safety,
environmental and comfort issues of their
vehicles; and the concern of governments for
adoption of innovative technologies to
provide road safety. One of the important
safety applications in VANETs is Cooperative
Collision Warning System (CCWS) that
disseminates safety alert messages to
prevent potential accidents (Yan et al., 2010).
Several messages in this category need to
be propagated to vehicles beyond the
immediate transmission range, e.g. safety
alert messages about hazardous driving
situations such as dangerous road surface,
unexpected road block, accidents,

unexpected fog banks, and so on (Fasolo et
al., 2006; Rudack et al., 2003). Dissemination
of such messages requires the design of
effective propagation algorithms that can
provide reliable message delivery to all the
relevant vehicles with minimum delay.
Propagation of message beyond the
immediate transmission range involves multi-
hopping in the highly dynamic network.
Consequently, the propagation scenario
becomes much more complex as multi-hop
increases the chances of collision and also
causes over consumption of radio resource
due to unnecessary retransmissions
(Korkmaz and Ekici, 2004) . Considerable
research has been carried to address the
complex routing mechanism in VANETs. In this
regard, significant effort is directed on
providing feasible solutions using broadcast
routing techniques. Broadcast routing
accomplishes the critical requirement of
VANET safety messages by reliably
transmitting the message to all relevant
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Vehicular ad hoc networks (VANETs) rely on multihop communication in order to disseminate
information to locations beyond the transmission range. In this paper, the use of handshaking
mechanism is evaluated against instant transmission for safety message routing in VANETs for
the first time. It is argued that due to the small size of VANET safety message (mean payload
size of 100 bytes), handshaking may not be advantageous to avoid hidden node problem and
may incur overhead delay. The simplified instant broadcast routing without the use of handshake
mechanism is recommended. Theoretical analysis of message propagation delay using instant
broadcast routing is shown which can be easily extended for any broadcast method. Two
prominent handshake based broadcast routing schemes are implemented in ns-3 along with
instant broadcast scheme. The simulation results reveal that the instant broadcast effectively
lowers the message propagation delay by half, and guarantees reliable dissemination of safety
messages to all endangered vehicles on the road. Index Terms—VANETs, roads, vehicular traffic,
broad.
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vehicles. Urban Multi-hop Broadcast (UMB)
(Korkmaz and Ekici, 2004) BROADCOMM
(Durresi et al., 2005)  and Smart Broadcast
(SB) (Fasolo et al., 2006) are among
prominent works using broadcast technique.
Most broadcast methods adopt the
conventional 802.11 like RTS/CTS
handshake before transmitting the actual
safety message. RTB/CTB (request to
broadcast/clear to broadcast) handshake in
VANETs (substitute for RTS/CTS handshake
in 802.11) is used to mitigate the hidden node
problem. Unlike 802.11, here the safety
message initiator exchanges RTB/CTB with
only one of the recipients among its
neighbors. However, note that due to the
small size of VANET safety message payload
length of 100 bytes on average(Xu et al.,
2004), each safety message transmission
occupies the radio channel for a very brief
amount of time as opposed to a data stream.
Consequently, in case of message
transmission without RTB/CTB handshake,
the likelihood of message collision due to
hidden node is virtually equal to that with the
use of RTB/CTB exchange. Also importantly,
since vehicular topology has mostly extended
distribution of vehicles and multihop
transmission, the so called gagged terminal
problem and masked terminal problem are
acute in VANET scenario. Moreover, the
extended distribution of vehicles also has
frequent instances of hidden terminals
outside the transmission range of receivers
i.e. the CTB message from receivers is
unheard by those hidden terminals, thus
causing handshaking ineffective. Several
works in the literature evaluate the efficiency
of handshaking mechanism in infrastructure
based 802.11 networks (Sobrinho, 2005) and
general ad hoc networks (Xu et al., 2002).
However, to the best of our knowledge, there
does not exist any work in hitherto literature
that concerns the evaluation of handshaking
mechanism with regards to VANETs.
In this paper, the efficiency of safety message
dissemination using handshake based
broadcast in VANETs is evaluated. Instant
broadcast, a simplified version of Smart
Broadcast technique, is recommended where
safety message is propagated without using

handshaking mechanism and related control
packets. Analytical model based on Markov
chain modeling is also developed for
message propagation delaying instant
broadcast. Thorough evaluation and
comparisons performed in ns-3 simulator
show that lower propagation delay can be
guaranteed by avoiding handshaking
mechanism and at the same ensuring
reliability of reception by all the relevant
nodes. The main contributions of this work
are: evaluating the effectiveness of
handshake mechanism in VANETs for the
first time, improved end to end propagation
speed by 100% each hop through avoiding
handshake, theoretical analysis of delay for
the instant broadcast method which can be
easily extended for delay in any broadcast
method in VANETs, and profound simulation
results by modeling the communication
architecture in ns-3 simulator.

Handshake Based Routing Techniques in
Vanets
Several handshake based routing techniques
have been proposed for VANETs. However,
safety message dissemination in VANETs
imposes strict constraints of minimized
propagation delay and guaranteed delivery
to all relevant vehicles. Therefore, we will
focus our discussion to two solutions that
comply best with these requirements (Li and
Wang, 2007;  Yang and Chou, 2008). In the
following, we detail the functionality of Urban
Multi-hop Broadcast and Smart Broadcast
routing solutions.
Urban Multi-hop Broadcast (UMB)
In UMB protocol, node that is furthest away
from the sender is selected for the message
relay and is engaged in RTB/CTB
handshake. To select the relay node, the
coverage area of the sender is divided into
equal size sectors in the direction of
dissemination of message. The relay node is
selected in the furthest sector. The sender
node broadcasts a control packet called
Request to Broadcast (RTB) which contains
the geographical location of the source and
sector size. When the nodes in the direction
of dissemination receive this RTB packet,
they compute their distance to the source.
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Based on this distance they send a channel
jamming signal called black burst: the further
the distance of the respective sector the
longer the burst. Once a node completes its
burst it senses the channel. If the channel is
busy the node exits the contention phase.
However, if the channel is idle the node
identifies itself as the next relay node and
returns a control packet Clear to Broadcast
(CTB) containing its ID. Note that CTB would
collide if there were more than one node in
the furthest sector. In that case the process
will reiterate by dividing the sectors into sub
sectors of smaller widths. After successfully
receiving a CTB packet the source node
sends its broadcast packet that also contains
the ID of the node which successfully sent
the CTB (the relay node). The relay node will
now become the new source and repeat the
process for next hop.
Smart Broadcast (SB)
Smart broadcast is an extension of UMB
protocol that attempts to minimize the
excessive delay caused by iterative collision
resolution method in UMB. Similar to UMB,
SB uses the assumption that coverage area
can be partitioned in Adjacent sectors and
that node are capable of estimating the sector
they belong to. Hence a contention resolution
procedure is performed. Source broadcasts
the control RTB packet to seek the
corresponding CTB packet. The receiving
nodes Contend to return the CTB packet
based on their corresponding sector. In case
of CTB collision, unlike in UMB, the process
will not be iterated again but rather the nodes
would remain in contention phase and the
node with the next minimum back off will send
the CTB.

Instant Broadcast
In this section a simplified version of Smart
Broadcast protocol is suggested that avoids
the use of handshake mechanism. Detailed
description with analytical model for
propagation delay is presented for Instant
Broadcast method.
Motivation
UMB and SB protocols rely on the exchange
of RTB/CTB messages each hop before the
transmission of actual safety message. Both
the protocols may perform well for the case
of non-safety data transfer in VANETs where
a typical data transfer carries more than 2312
bytes. However, the small size of VANETs
safety message (100 bytes payload on
average) may not be adequate to employ
RTB/CTB exchange which can incur
excessive delay (Li and Wang, 2007). In
particular for a multi-hop propagation, the
overall end to end delay would severely
deteriorate as the delay overhead due to
RTB/CTB multiplies each hop.
Protocol Description
Instant Broadcast is the simplified extension
of Smart Broadcast protocol that avoids the
usage of handshake mechanism. The sender
(message originator) gains access to the
medium by following the 802.11 CSMA/CA
policy and broadcasts the entire safety
message. Collision for the message
originator is dealt by following the exponential
back off mechanism. The position, direction
of broadcast, and sectoring information is
appended in the safety message packet as
a small overhead of about 12 bytes. This
overhead is not specific to Instant Broadcast
protocol as it is also used in both UMB and
SB protocols. The position information
comprises 4 bytes each for longitude and
latitude of the sender (acquired from the
on-board GPS device), hop count and
intended broadcast distance comprise 2
bytes, direction of broadcast is 2 bits, while
sectoring information comprises 1 byte each
for sector width (in meters) and number of
sectors. Receiving nodes will follow the same
SB contention procedure and the relay node
will rebroadcast the safety message. In case
of collision the vehicle with the next minimum
back off value will rebroadcast the message.

Figure 1. Sequence of packets in Handshake and Instant Broadcast schemes
(figure drawn to scale considering packet sizes (Message = 112 bytes, RTB=20
bytes, CTB=14 bytes, ACK=12 bytes); transmission delay is ignored)
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The rebroadcast from the relay node is
overheard by the sender; this will confirm the
successful reception of safety message. In
case the rebroadcast message is not heard
by the sender within the specified time
(timeout), the broadcast is repeated by the
sender. Note that the movement of vehicle
(50 miles per hour on average) relative to
message propagation speed (25 meters per
millisecond on average according to
simulations in section IV) is negligible to
affect the message overhearing mechanism.
In the last hop the message is retransmitted
twice, once by the actual forwarder and the
second time (after the first retransmission is
received) by the furthest receiving node for
the purpose of acknowledgement.
Figure 1 shows a general sequence of
packets in handshake based broadcast and
instant broadcast methods. The figure gives
an intuitive comparison between the two
methods in terms of delay while considering
collisions. Here, elimination
slots account for the time during which
surroundings nodes decide the next
forwarder among themselves. It can be
observed from the figure that by the time
handshake method broadcasts the message
in one hop, instant broadcast would have
almost completed two hops in case when
there is no collision. Interestingly, even while
comparing collision case for instant
broadcast to successful case for handshake
broadcast, the delay of instant broadcast
does not exceed drastically and it completes
its one hop in almost the same time as
handshake based broadcast. The delay gain
of instant broadcast in figure 1 may seem
improbable; however, we will also show in
our simulation analysis in section IV that the
delay gain of instant broadcast is effectively
twice as the handshake based methods
under practical assumptions. UMB, SB and
the suggested extension of SB use the
concept of equally partitioning the coverage
area into adjacent sectors around the sender
node, to decide the next relay node. Each
receiving node in the range decides its
corresponding sector by estimating its
distance from the sender node using the
location information. Each sector is assigned

a contention window containing equal
number of time slots:
Wn = ft1; t2; t3; :::; tlg + (N - n); n = 1; 2; :::;N (1)
Where Wn denotes the contention window
for sector n. The number of time slots l is
equal for all sectors and its value depends
on traffic congestion. The more congested
the traffic the more the number of time slots.
Each window is offset by N - n, where N is
the total number of sectors, thus making sure
that nodes in the further sectors always
transmit before nodes in the other sectors.
The optimization of parameters N and l will
be shown with the help of simulations in
section IV.

Figure 2. Markov chain model with hidden node collision

Delay Analysis
The delay analysis for the vehicular multi-hop
scenario using Instant Broadcast method is
formulated here. As explained above the
sending mechanism in the first hop (message
origination) is different from the sending
(forwarding) mechanism in the following
hops. In the former the sender increases its
back off window size in case of collision until
successful transmission occurs, while in the
latter the sender gives up in case of collision
and the node with the next minimum Back off
value will forward the message. As a result,
in the delay analysis, we deal the delay for
the first hop separately from the delay of the
following hops. The analysis for the message
origination hop is presented first. In this
analysis, a Bianchi’s Markov chain is used
with the assumption that the traffic
distribution is uniform and that there are fixed
number of contending nodes (CN) (excluding
the sender) and fixed number of hidden
nodes (HN) for each sender. In the Bianchi’s
Markov chain model (Bianch, 2000), the
author defines the probability p as a
probability that a transmitted packet collides
and thus increases current window size to
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double. The collision, as considered in
(Bianch, 2000), occurs when contending
nodes choose a time slot at the same time.
However, in our scenario we also consider
collisions due to hidden nodes. To
incorporate this effect, a modified Markov
chain model is depicted in Fig.2 . b(t) and s(t)
are stochastic processes representing the
back off time counter and back off tage,
respectively, for a given node at time t. P0 is
the packetollision probability at state s(t). Let
tr be the transmission
Time of the packet given by

Where HPHY and HMAC are the PHY and
MAC headers MAC header also includes our
protocol overhead). Rb is he data rate while
is the propagation time. Here, we assume the
same data rate for payload, PHY and MAC
headerTransmission.

We represent the interval, in terms of the
number f back off slots, that a hidden node
does not transmit a packet during time tr by

Let Tc be the transmission probability of a
contending node and Th be the
transmission probability of a hidden node.
The probability that a hidden node does not
transmits during the sender’s transmission
is (1 −  τ )tα .HN . Consequently, by
incorporating these collisions, the probability
of unsuccessful transmission becomes

Pr = 1 − (1 − τc)C N (1 − τh )tα.HN (4)

From (Bianchi, 2003), the probability that a
node starts its transmission in a given time
slot is given by

Ptr = 1 − (1 − τc)C N +1

The probability that a packet is successfully
transmitted given Ptr (probability that
transmission occurs among con- tenders) is
given by

E[slot] = (1− Ptr)σ + PtrPsTs + Ptr(1− Ps)Tc (10)

E[S] is the average number of slot times for
a successful transmission and E[slot] is the
average length of a slot time; σ is the duration
of empty slot, Ts and Tc are the average
time the medium is sensed busy because
of a successful transmission or a collision
respectively.

As explained in the protocol description, we
consider re-transmission in the next hop as
acknowledgment for transmis- sion in the
previous hop. Therefore, in (11), we include the
average next hop delay E[Dr ] as the
acknowledgement delay in (12), however, we
include the acknowledgment timeout of
the message originator. Now, we briefly describe
the analysis for the average delay
E[Dr ] of the forwarding hop. Here we assume
the transmission probability τh of a hidden
node is the same as considered above. Also,
we assume from our sectoring method that the
contention window size l is fixed for each

(5)

where Wr is the minimum window size and
m is the maximum backoff stage.  τc and
τh can be computed from (Bianchi,2003), and
equation (4) using numerical analysis. The probability
that a transmission occurs among contend- ing nodes
in a given time slot is

(6)
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collision, and the node with the next minimum backoff value
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retransmits the message. The probability of transmission in a
given slot time is given by τc

[11] and equation (4) using numerical analysis.
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The probability that a packet is successfully transmitted
given Ptr (probability that transmission occurs among con-
tenders) is given by
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Using (7), we get probability Pst that packet is successfully
transmitted. The average delay E[Dr ] for a forwarding hop can
be finally written as

where E[d] is the average delay for a retransmission at-
tempt, which can be computed by using (8), (9) and (10)
with m = 1, while X is the average number of retransmission
attempts in the forwarding hop given by

Ps = Ptr
(7)

From [12] and the above equations, we can write the average
delay for message transmission in the first hop (message
origination hop) E[D] as

E[D] = E[S]E[slot] (8)

where

(1− 2P r)(W r + 1) + pW r(1 − (2P r)m )

Note that while calculating the forwarding hop delay, we
include the average next hop delay to account for acknowl-
edgment in (11). Therefore, the average next hop delay will
be included in each forwarding hop until the retransmission in
the last hop. In the last hop, as explained in the protocol de-
scription, there is a retransmission after the initial forwarding
that specifically serves as acknowledgment without requiring

E[S] = 2(1 − 2P r)(1 − P r) (9) any further confirmation.

E[slot] = (1− Ptr)σ + PtrPsTs + Ptr(1− Ps)Tc (10)

E[S] is the average number of slot times for a successful
transmission and E[slot] is the average length of a slot time;
σ is the duration of empty slot, Ts and Tc are the average
time the medium is sensed busy because of a successful
transmission or a collision respectively.
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To analyze the comparison of handshake based broadcast

method and instant broadcast method, IB is fully implemented
along with UMB and SB broadcast schemes in ns-3 simulator,
version 3.9 [14]. The traffic mobility is generated using TraNS
(Traffic and Network Simulation Environment) [15].

The common simulation parameters are summarized in
Table 1. We have used 4 km road length scenario with
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sector in the propagation scenario. Since
the traffic distribution is assumed as uniform,
the number of hidden nodes and the number
of contending nodes are assumed to be the
same for each sector. Note that unlike in the
first hop, here the sender does not use
exponential backoff and rather gives up
transmission in case of retransmits the
message. The probability of transmission in
a given slot time is given by τc

Using (7), we get probability Pst that packet is
successfully transmitted. The average delay E[Dr]
for a forwarding hop can be finally written as

E[Dr ] = E[d]X (13)

where E[d] is the average delay for a
retransmission at-tempt, which can be computed
by using (8), (9) and (10) with m = 1, while X
is the average number of retransmission attempts
in theforwarding hop given by

Note that while calculating the forwarding hop
delay, we include the average next hop delay to
account for acknowl- edgment in (11).
Therefore, the average next hop delay will be
included in each forwarding  hop until the
retransmission in the last hop. In the last hop, as
explained in the protocol de- scription, there is a
retransmission  after the initial forwarding that
specifically  serves as acknowledgment without
requiring any further confirmation.

lt = 1 .
Using (7), we get probability Pst that packet is successfully

transmitted. The average delay E[Dr ] for a forwarding hop can
be finally written as

E[Dr ] = E[d]X (13)

where E[d] is the average delay for a retransmission at-
tempt, which can be computed by using (8), (9) and (10)
with m = 1, while X is the average number of retransmission
attempts in the forwarding hop given by

X = ∑ (1− PstPtr)nPstPtrn (14)
n=0

W-1

Simulation setup
To analyze the comparison of handshake
based broadcast  method and instant
broadcast method, IB is fully implemented
along with UMB and SB broadcast schemes
in ns-3 simulator, version 3.9 (The NS-3
Network simulation). The traffic mobility is
generated using TraNS (Traffic and Network
Simulation Environment) (Traffic and Network
Simulation Environment). The common
simulation parameters are summarized in
Table 1. We have used 4 km road length
scenario with unidirectional roads having two
lanes. Ten different vehicle densities are
tested with density from 5 to 50 nodes per
300 meters length of the road (i.e. one hope
distance), and having Gaussian randomly
assigned speed with mean 50

miles/h and standard deviation 3 miles/h. The
minimum safe time headway between
vehicles is kept 1.5 seconds. We use Jakes
model to estimate Rayleigh fading for the
channel (Blaszczyszyn et al., 2009). To best
study the performance of algorithms in the
existence of hidden nodes, the scenario is
tested for different message generation rates
of 0.01 to 1 message per vehicle per second,
where 1 message per vehicle per second has
a high likelihood of hidden nodes existence
at almost every broadcast instance.
Moreover, to account for randomness each
simulation test is run for three runs to acquire
thorough results.

Figure 3. Parameter optimization, throughput and reliability evaluation

(a) Average one hop delay with variable settings of
l and N

(b) Throughput for Instant Broadcast vs Handshake-
based Broadcast (Legend indices represent number
of Contending nodes (Left) and number of Hidden
nodes (Right))

(c) Average success rate
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RESULTS AND DISCUSSION
Figure 3(a) shows average one hop
propagation delay for instant Broadcast using
different contention window sizes l and
number of sectors N. The plot is based on
mean delay with variable node densities.
From the figure it can be observed that both
l and N are influential on the propagation
delay. The higher values of each parameter
may avoid collisions, however, it would incur
higher delay. On the contrary, the smaller
values incur excessive delay due to collisions
and the resulting retransmission. The
parameter setting of l = 7 and N _ 8 seems
optimal for minimum propagation delay. Also,
since the sectoring approach is identical in
all the three protocols under discussion, we
keep the optimum values of window size l =
7 and number of sectors N = 8 in the rest of
the simulation experiments. Figure 3(b) gives
an explicit comparison between handshake
based method and instant broadcast method
in the presence of variable number of hidden
and contending nodes under saturation
condition. Here, average one hop network
throughput is reported against variable
packet payload size from 100 to 2200 bytes.
For the sake of clarity in the plot, we depict
Smart Broadcast (being the closer
counterpart of IB) in detail, while for UMB, the
average throughput curve is shown. Clearly,
the IB method achieves higher throughput
compared to handshake based broadcast for
message sizes up to 1000 bytes. The
throughput gain of IB, for the smaller
message sizes, is almost constant regardless
of the increase of the number of hidden
nodes. The throughput gain is

understandable for a number of reasons.
Firstly, due the fact that handshake based
method aims to exploit the small size of RTB
to reserve the channel prior to sending the
actual message packet. However, for the
smaller message size, the message itself has
less likelihood of collision like an RTB packet.
Thus the handshake serves as an overhead,
resulting in lower throughput. Secondly, the
extended vehicle distribution (topology) on
the road has a high likelihood of gagged
station problem. In a gagged station problem
the RTB/CTB exchange unnecessarily
prevents simultaneous (non-interfering)
communication among neighboring nodes,
thus effecting the overall network throughput.
Thirdly, the extended distribution of vehicles
on the road causes the masked station
problem in high packet generation rates,
where RTB/CTB virtually becomes ineffective
and rather incursive delay. For message
sizes above 1000 bytes, however, the
handshake mechanism can be effective as
shown in the plot and can improve the overall
throughput. Figure 3(c) shows the success
rate of the three protocols. Success rate is
the ratio of the number of nodes that receive
the safety message to the total number of
nodes that are present in the multi-hop
coverage range. Here, reception by any node
is the final successful reception of message
regardless of the Number of retransmission
due to collisions. As discussed earlier, the
existence of hidden nodes is directly
proportional to packet generation rate. Here,
we see that IB performs equally well with a
very negligible loss (about 0.2% more than
handshake based method) over higher
packet generation rate. Thus, IB maintains
equal reliability as protocols with
handshaking overheads, while at the same
provides lower propagation delay as we show
in the following figures. Figure 4(a) shows
mean delay with respect to message
generation rate using safety message
payload length of 100 bytes. From the figure
it is obvious that instant broadcast method
provides considerable improvement over SB
and UMB protocols in terms of mean one hop
delay. The delay gain is consistent with
message generation rate until slightly above

(a) Average one hop delay with variable settings of
l and N

Figure 3. Parameter optimization, throughput and reliability evaluation
Table I

SIMULATION PARAMETERS

Description Value
Transmission range 300 meters

Data rate 3 Mbps
Message payload size 100 Bytes (except for experiment in Fig 3(b))

Protocol overhead 12 bytes
MAC header size 34 bytes
PHY header size 26 bytes

Base protocol 802.11p
RTB, CTB, ACK 20, 14, 12 bytes

Time slot, DIFS, SIFS 20, 50,10 µSec
Road length 4 km (2 lanes)

Vehicle density 5-50 vehicles/300 meters
Vehicle speed 50 miles/h (mean)

Message generation rate 0.01-1 message per vehicle/second
Path loss model Two Ray model
Fading model Rayleigh fading model

Simulation time 100 seconds (each run)
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0.1 message per second per vehicle where
the hidden node problem may be acute,
resulting in the handshake methods
performing equally well. However,
retransmission due to hidden node collisions
in the higher message generation case do
not significantly affect the IB performance as
the delay (even in the higher rates) is close
to the handshake based methods. Figure 4(b)
depicts mean delay with respect to distance.
We observe considerable delay gain of IB
again over SB and UMB protocols with
respect to distance. Note that the distance
interval (300 meters) on x-axis roughly
represents one hop communication range.
Therefore, we observe that the delay gain of
IB over the other two protocols doubles every
hop, and it can be seen in the fourth hop that
the delay gain of IB is about a significant 12
milliseconds.
Figure 4(c) depicts average load generated
by each message in the network against
vehicle density. The figure highlights an
important achievement of IB protocol over the
other two protocols. It provides the total
number of bits transmitted in the network in
order to disseminate a safety message to
related nodes. In other words, it shows the
channel reservation per safety event. The
average load generated per message
increases slightly with increasing vehicle
density for all the three protocols due to
retransmission triggered by collisions in the
high density traffic. However, since IB
involves only the actual message in the
propagation mechanism, it generates the
least amount of load in the network per
message. Since the handshake based
methods involve RTB and CTB overhead
packets, and also, due to their resulting
retransmission because of gagged station
problems and masked station problems, their
overall load generated per message is
higher. The evaluation results show that
Instant Broadcast offers equal reliability as
the methods using handshaking mechanism,
and at the same time improves the overall
safety message propagation delay by
avoiding overhead messages.

CONCLUSION
In this paper, we have analyzed the use of
handshaking mechanism for safety message
dissemination in VANETs. Instant Broadcast
routing without using handshaking is
asserted to be used for multi-hop safety
message dissemination in VANETs. Our
extensive simulation results using ns-3
simulator suggest that Instant Broadcast
significantly improves the message
propagation delay and ensures reliability of
reception by all the nodes in the multi-hop
range. The evaluation of handshaking
mechanism presented in this paper will assist
future researchers in considering
handshaking while designing VANET
communication protocols. Theoretical delay
analysis for instant broadcast method is also
developed in this paper, which can be
extended for delay calculation of any
broadcast method in VANETs. Future work
can be directed towards further investigation
of the contention resolution mechanism and
exploit some novel parameters such as
vehicle type and lane number with respect to
message originator. In this paper, we have
presented a new technique for sectoring the
broadcast range for safety message routing
in VANETs. Rush hour traffic scenario is
considered where most of the hitherto
mechanisms are severely affected with
collisions and consequent high message
propagation delays. The hitherto neglected
factor of road width is introduced to be used
as a second dimension for sectoring the
transmission range of the message sender.
Collision gain of the proposed technique is
evaluated using Marchov chains. Extensive
simulation evaluation is performed using ns-3
simulator, and the results suggest that Lane
based sectoring significantly improves the
message propagation delay by as much as
9 ms for rebroadcast in each hop while at the
same time improves reliability of message
propagation by reducing rebroadcast
collisions by 2% over the existing sectoring
technique even in worst traffic scenario.
Uncovering the importance of road width for
VANETs in this paper will assist future
researchers in understanding a more detailed
road topology that influences VANET
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communication. The idea of segmenting
transmission range into manageable units
can also be replicated in service channel
allocation strategy in VANETs where there is
an equally critical concern about effective
channel utilization. Theoretical delay analysis
for rebroadcast stage developed in this paper
can be extended for delay calculation of other
broadcast methods in VANETs. Future work
can be directed towards investigation
sectoring in road intersection scenarios, and
further study of the vehicle density and
topology learning mechanism on the road.
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INTRODUCTION
The textile industry is one of the largest
production industries, having significant role
in manufacturing sector global industry. It
provides enormous masses of materials for
clothing and furnishings, with their specialties
and end-uses (Broadbent, 2001). The dyeing
procedures may be divided into two major
classes of immersion exhaustion (exhaust
dyeing) and pad impregnation (pad dyeing)
processes (Khatri, 2010). The degree of
fixation is variable in different classes of dyes;
the reactive dye has 50-80% of fixation,  the
remaining components are unfixed dyes. The
dyeing process produces huge amount of
colored wastewater; the amount of color pick
up varies from material to material and
amount of dye to be hydrolyzed in water. The
wet pick up for polyester cotton blends for
reactive dyes is 40-45% and it is 60-70% for
cotton, cellulosic fibers, the remaining
amount of unfixed hydrolyzed disposed in
water streams (Broadbent, 2001).  The
reactive dyes react with hydroxide ions
present in the aqueous dyebath under
alkaline pH conditions. This produces
nonreactive hydrolysed dye which remains

in the dyebath as well as in the fiber. In order
to obtain the required levels of washing
fastness, it is necessary to remove all
unreacted and hydrolysed (unfixed) dye from
the cotton fiber. This is achieved by ‘washing-
off’; a series of thorough rinsing and ‘soaping’
steps. The dye fixation efficiency is typically
in the range of 50–80%; i.e. 20 to 50% of the
dye of the desired shade of color is
discharged to the environment. (Khatri,
2010). Irrespective of the dyeing method and
the type of reactive group, almost all of the
potentially toxic non biodegradable inorganic
electrolyte, alkali and unfixed dye are
discharged to dyeing effluent. This creates
potential environmental problems from a
highly-colored effluent with high levels of
dissolved solids and oxygen demand. (Khatri
, 2010). There are different conventional
methods available for the treatment of such
industrial waste; physical, chemical, physico-
chemical, biological, and membrane
technology are the methods that are widely
used for the control of these effluents.
Adsorption is one of the best methods for the
removal or reduction of dye containing water
effluents. Amongst all the sorbent materials
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for the removal of dichlorotriazine Reactive Blue (RB-Drimarine-K2 RL) dye from aqueous
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proposed, activated carbon is the most
popular for the removal of pollutants from
wastewater (Derbyshire et al., 2003). There
are different methods for the removal of
colorants such as chemical oxidation,
coagulation and reverse osmosis (Ahalya
et.al, 2006). The adsorption method has an
advantage over the other methods because
of sludge free process for the removal of dyes
ta a great extent from dissolved solution as
compared to other commercial methods and
their application in color removal
(Ramchandra et.al, 2008).
Though, commercially accessible adsorbent
materials are found to be very expensive.
the use of low cost adsorbent materials is
increasing in the application of the
adsorption technology, for the removal of
coloring substances and other compounds
from waste as well as from underground
water (Ramakrishna K.R. and Viraraghavan
T., 1997). It has been considered that low-
cost and biodegradable alternate materials
are obtained from natural resources to
remove organic impurities; some of them are
sugar-cane bagasse, rice husk, straw,
coconut husk, saw dust, and fly ash. By
using bio-degradable biosorbent materials
the waste can be minimized due to bio-
degradable nature of materials
(Ramchandra et.al, 2008).
Therefore, orange peels are found to be best
adsorbent material and used in this study for
the removal of reactive blue dye (Di-
Chlorotriazine) from textile effluent. Different
working parameters were optimized and
used. The following parameters were used:
adsorbent dosage, dye concentration,
particle size, shaking speed; shaking time
and pH to calculate the adsorption capacity
of orange peel and removal percentage of
adsorbate on adsorbent under these
optimized parameters.

MATERIALS AND METHODS
The following chemicals were used for the
experimental work: Reactive dye; (H2SO4)
Sulphuric Acid, Hydrochloric Acid, (HCL)
Alkali (NaOH), Sodium bi-carbonate
(NaHCO3) and Distilled water were used.
The reactive blue dye (Dri-marine K2-RL)
from Clairant was used for this study.  The
dye has high rate of reactivity and dark color

with good fixation properties as compared to
other type of reactive dyes such as MCT
(Mono choloro-triezene) and Fluorine
containing dyes.

Machinery
Electronic weighing balance of (AFD-300)
with range of 0.01-300 grams , Universal pH
strips range of 1.0-14.0, Oven dryer (WTB-
Binder), Biochrom Lis S-22 Double beam
Spectrophotometer, Filter paper(Whatman),
Oscillating dyeing machine, Manual cutters,
Millers/Manual and Sieves ( Tyler
manufacturers USA) were used to prepare
adsorbent, adsorbent particle sizes.

In this research work the orange peel was
collected from local market and used as
biosorbent material for the removal of reac-
tive Blue dye from aqueous solution after
following process.

Preparation of adsorbent: The adsorbent
material was washed with tap water, fol-
lowed by chopping, drying under sunlight,
distilation washing, oven drying, grinding,
and sieving.

Preparation of aqueous solution: The
aqueous solution was prepared by mixing
different doses of dye 25, 50, 75, 100 and
125 mg/L respectively in distilled water.

Optimization of parameters: Following pa-
rameters were optimized to get the maxi-
mum sorption of dye on orange peel.

Adsorbent dose
Different doses 10.0, 20.0, 30.0, 40.0 and
50.0 respectively were used and optimized.

Particle size
Different particle sizes  of adsorbent
were made by sieving  the grinded ma-
terial with 600 µm,  1200 µm, 3.0, 4.0, and
5.0 mm respectively.

Orange peel as an adsorbent for the removal of reactive blue dye from textile wastewater.
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Shaking speed
Different shaking speeds 80, 100, 120, 140,
and 160 rpm were used and optimized.
Shaking time
Different amount of shaking time i.e 15, 25,
35, 45 and 55 minutes were used and opti-
mized.
pH
Different levels of pH under acidic levels of
2.0, 4.0 and alkaline levels of 8.0, 9.0, 12.0
were used and optimized.

Preparation of Adsorbent
Orange peels were collected from the local
market and Juice Centers of Hyderabad City
and washed several time with tap water to
remove the adhering dirt. Further the sam-
ples were dried under sunlight for 4-6 days
and chopped by manual cutters into small
pieces. Later on they were crushed with
manual miller to obtain different particle siz-
es and finally sieved with different mesh
sizes ranging from 600um to 1200 um and
3.0 mm, 4.0mm, and 5.0 mm. The mesh
sizes again washed with distilled water to
remove any acidity or basicity and was oven
dried at 80 0C for 2-4hrs. Oven dryer (WTB-
Binder) was used for drying purpose. The
chopped peels were further grinded to
achieve the different particles size. Finally
different mesh sizes of the Sieves were used
to obtain the different particle sizes of the
grouned material for the experimental work.
The mesh sizes of 3.0, 4.0, 5.0, and 600 µm
and 1200 µm were used in this study.

Preparation of Aqueous Dye Solution
The Drimarine Reactive Blue dye (DCT) was
used for the preparation of aqueous solution.
The dye was obtained from Clairant. Aque-
ous solution of Reactive Blue-(DCT) dye
with different concentration was prepared
and used in all batch experiments. The dye
solution was prepared by dissolving the dif-
ferent amount of reactive blue dye in distilled
water at various concentrations. Batch ex-
periments were carried out at concentrations
of 25, 50, 75, 100, and 125 mg/l of the dye
using the different doses of the adsorbent to
attain equilibrium conditions.

Optimization of Parameters
The following parameters were optimized to
get maximum removal percentage of reac-
tive blue dye, for further experimental proce-
dure.

pH and Dye Concentration
Dye solutions with different concentrations
(25 mg/L, 50 mg/L, 75mg/L, 100 mg/L, and
125 mg/L) were prepared by diluting the stock
solution accordingly. Batch biosorption
experiments were carried out for each of the
dye concentration prepared. The dyes
solution was prepared by dissolving these
doses in 1000 ml of distilled water to make
the aqueous solutions of different
concentrations.
The pH value of the samples was adjusted
using 2.0 M HCl solution in 1000 ml of dye
solution and 2.0 ml of NaOH solution in
1000ml of dye solution for Acid and alkaline
ranging from pH 2.0-12.0. The parameters
were optimized as minimum dye
concentration of 25 mg/L at pH of 8.0-9.0,
where maximum dye removal was found and
used for further experiments.

Particle Size
Different particle sizes were used to optimize
the adsorbent size, 1200 um, 600um, 3.0
mm, 4.0 mm, and 4.0 mm were used to find
the particle size. These mesh sizes were
used to sieve the material and batch
adsorption experiments were conducted. The
particle size of 600 um and 1200 um were
found to be the  best, where maximum
adsorption was achieved and used for further
experiments.

Adsorbent dose
Different adsorbent doses were used to
optimize the adsorbent dose, 10 g/L -50g/L
were used and it was found that the increase
of adsorbent dose increased the removal
percentage more than 85% at initial dye
concentration and decreased to 25-35%
when dye concentration was increased 25-
125mg/L. Therefore maximum adsorbent
doses of 40 and 50 g/L were found to be
satisfactory and used for further experimental
trials.
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Shaking time
The different amounts of shaking time were
used to obtain the maximum removal of color
from the aqueous solution, the shaking time
for 15, 25, 35, 45 and 55 minutes were used.
The dye removal of 76-92% was obtained
with maximum contact time of 55 minutes and
was used for further experimental trials.

Shaking Speed
The different shaking speed were used to
obtain the maximum removal of color from
the aqueous solution, The shaking speed of
80, 100, 120, 140 and 160 rpm were used. It
was found that on the maximum shaking
speed of 55 rpm, the maximum dye removal
of 84-89% was obtained and used for further
experimental trials.

The tests were performed in triplicate on lab
scale for the removal of color from aqueous
solution of reactive blue dye with different dye
concentrations on orange peel. The solution
was prepared by putting different doses 25,
50, 75, 100, and 125 mg/L of dye into 1000
ml of distilled water. Different experimental
parameters were optimized first and used to
get the best results of adsorption for reactive
blue dye on orange peel. The adsorbent dose
of (50 mg/L), size of 600 and 1200 um,
shaking time (55 minutes), pH (8.0-9.0),
shaking speed (160 rpm) were found to be
satisfactory where the adsorption was
maximum. The dye solution with pH of 8.0
and 9.0 was poured in to glass flasks.
Different particle size and doses of orange
peel were used and shaken in with oscillating
dyeing machine at different rpm and shaking
time; then the samples were taken for color
removal analysis.

The solution was filtered with Whatman filter
paper to separate the solution and peels. The
UV-Light Spectrophotometer (Biochrom-
Libra S22) was used to analyze the color
removal percentage. The five serum flasks
four of them were filled with dye solution after
adsorption process and one with initial dye
concentration. The obtained results were
compared and calculated by Bear-Lambert
law; the obtained values were plotted on

linear graphs to show the isotherms analysis.
The Langumir and Freundlich isotherms were
used to show the color removal percentage
of reactive blue dye on different parameters.

RESULTS AND DISCUSSION

Effect of pH and Dye Concentration

Table: 2 Shows the effect of pH and dye
concentration on dye removal

The effect of pH on the adsorption
percentage of dye by orange peels was
examined over a range of pH values from 2.0
–12.0, as the results showed that the amount
of adsorption decreases when the pH is
decreased to 2.0-4.0, as shown in in Graph.1.
With initial dye concentration of 25mg/L
adsorption was maximum and decreased
when the dye concentration was increased
to 100 and 125mg/L. The dye removal was
maximum at pH of 8.0 to 9.0 and decreased
as the pH increased to alkaline pH of 9.0-12.0
at initial concentration of 25 mg/L.

Figure: 1 shows the percentage of dye removal at
different concentrations

On observing the effect of dye concentration,
it was found that the maximum dye
concentration gave slow adsorption on
orange peel. Because after a definite time the
dye concentration came to equilibrium level,
where further adsorption was minimum or
zero. The results showed that maximum
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adsorption of 91.7% and 84.4% of adsorption
were obtained at 25 and 50 mg/L respectively.

Effect of adsorbent dose

From experimental results it was found that
the increase of adsorbent dose from 10-50
g/L increased the adsorption at optimized pH
levels of 8.0 –9.0, with mesh size of 600 um
and 1200 um respectively, at the shaking
speed of 160 rpm and contact time of 55
minutes. Furthermore it was found that the
maximum adsorption capacity was 84.6%-
92.2% at 40g/Liter and 50 g/L of adsorbent
dose with 600 um and 1200 um mesh sizes
at initial dye concentration of 25mg/L.

Table: 3 Shows the effect of adsorbent dose on
percentage of dye removal

Figure:: 2 Shows the percentage of dye removal at
different doses

Maximum color removal was obtained at 25
mg/L of dye concentration; the 60% color was
removed at 10g/L as initial adsorbent dose
and removal percentage was increased as
dose increased up to 50 g/L on which color
removal was found to be 90-92%. It is clear
from the above results that the increase in
adsorbent dose increased the adsorption and
decrease in color removal when adsorbent
dose eas  reduced.

Effect of particle size

The particle size also plays a major role in
adsorption due to the surface of the
adsorbent material, higher the surface area
higher the adsorption, lower the surface area
lower the adsorption. Particle sizes were
varied from (600-1200 um) and (3.0-5.0 Mesh
sizes) microns. For different particle sizes,
the removal percentages of dye on orange
peel were measured; the values are given
Table.2 Shows the results for maximum color
removal of dyes at different particle sizes.

Table: 4 Shows the effect of particle size on
percentage of dye removal

Figure: 3  Shows the percentage of dye removal on
different particle sizes

The results clearly showed that the maximum
adsorption was obtained at a concentration
of 25 mg/L with particle size of 600 um and
1200 um. As the concentration of dye
increased in the adsorption of dye on the
orange peel decreased and when the dye
concentration was reduced to 25mg/L, the
maximum color removal 82-88% was
obtained.

Increase in particle size gave the lower
adsorption due to the low surface area and
decrease in particle size gave the higher
adsorption due to the more surface area. It
was concluded from the observation that the
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mesh size of 600-1200 um were found to be
best for adsorption.

Effect of shaking time
Shaking time or contact time was used from
15-55 minutes; the shaking time was varied
to analyze the maximum adsorption for
optimization of contact time.

Table: 5 Shows the effect of shaking time on
percentage of dye removal

The effect of shaking time on adsorption was
conducted on various contact time and the
results show in Graph.4, that the adsorption
increased with the increase of contact time
and decreased with the decrease of time,
caused by the diffusion of dye molecules
towards the surface of orange peel. In some
cases it was found that more contact time
gives reversible reaction of dye diffusion from
orange peel surface to solution, so the
maximum time of best adsorption results was
found to be 45-55 minutes, where 89.4%-
92.6% dye was removed and adjusted for
further experiments.

Figure: :4 Shows the percentage of dye removal on
different shaking time

Effect of shaking speed
Different Shaking speeds ranging from 80-
160 rpm were used and optimized to find the
maximum color removal of reactive dye. The
other parameters such as pH, adsorbent

dose, dye concentrations, and shaking time
were kept constant after optimizing. It was
found that the maximum color removal was
obtained on maximum contact time of 55
minutes. The color removal percentage was
found 83-86% on 140-160 rpm.

Table: 6 Shows the effect of shaking speed on
percentage of dye removal

Figure: : 5 Shows the percentage of dye removal on
different shaking speed

Adsorption Isotherms Analysis
The dye removal percentage was studied on
different dye concentrations at optimized
parameters adsorbent dose of 50 g/L, parti-
cle size of 1200 um, pH of 8.0-9.0, with
shaking speed of 160 rpm and contact time
of 55 minutes and plotted on Langumir and
Freundlich isotherms. The initial and final
concentrations were measured and obtained
results were plotted. It was found that Lang-
umir and Freundlich isotherms fit the ob-
tained results. Isotherm constants and
coefficient of correlation of both are given in
table 6. The adsorption kinetics showed that
the adsorption was maximum at initial dye
concentration of 25 mg/L.
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Table 7: Shows the removal percentage of color at 2.5 g/250 ml

S.No M.AC
(g/250 ml)

Initial
Co
(mg/L)

Final
Cf
(mg/L)

X= Co - Cf
(mg/L)

Removal
%

X/M
mg/g

1/C
mg/L

1. 2.5 25.0 15.0 10.0 60.0 0.25 0.04
2. 2.5 50.0 24.0 26.0 52.2 0.091 0.02
3. 2.5 75.0 38.5 36.5 48.7 0.068 0.013
4. 2.5 100.0 61.4 38.6 38.6 0.064 0.01
5. 2.5 125.0 94.5 30.5 24.4 0.081 0.008

Table 6: Shows the Isotherms constant and coefficient of correlation of Langumir and Freundlich

S.No Adsorbent
dose mg/250

mL

Langumir
isotherm constants

Freundlich isotherm
constants

Qm (mg/g) Ka
(l mg-1 )

R2 Kf
(mg/g)

1/n R2

1. 2.5 17.52 0.12 0.997 7.23 0.146 0.995
2. 5.0 20.67 0.18 0.999 8.04 0.259 0.983
3. 7.3 24.26 0.24 0.996 6.53 0.275 0.971
4. 10.0 32.58 0.32 0.994 4.21 0.384 0.964
5. 12.7 38.72 0.39 0.995 2.82 0.553 0.952

Figure:: 6 Shows the (a) Langumir and (b) Freundlich Isotherm analysis of adsorbate
removal (X/M) mg/g on adsorbent at different concentration for RB (C0= 25, 50, 75, 100,
125& 150 mg/L; MAc= 10 g/L; particle size: 600-1200µm; Shaking speed = 80-160 rpm;
initial pH∼8.0-9.0; Shaking time = 15-55 min.
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Table 8: Shows the removal percentage of color at 5.0 g/250 ml

(a)

(b)

Figure: 7 Shows the (a) Langumir and (b) Freundlich Isotherm analysis of adsorbate
(dye) removal (X/M) mg/g, on adsorbent at different concentration of RB (C0= 25, 50, 75,
100, 125& 150 mg/L; MAc= 20 g/L; particle size: 600-1200µm; Shaking speed = 80-160 rp
m; initial pH∼8.0-9.0; Shaking time = 15-55 min.
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S.No M.AC
(g/250 ml)

Initial
Co

(mg/L)

Final
Cf

(mg/L)

X= Co - Cf
(mg/L)

Elimination
%

X/M 1/C

1. 5.0 25.0 19.8 5.15 79.4 0.970 0.04
2. 5.0 50.0 30.8 19.2 61.6 0.260 0.02
3. 5.0 75.0 42.2 32.7 56.3 0.152 0.013
4. 5.0 100.0 52.9 47.1 52.9 0.106 0.01
5. 5.0 125.0 71.0 54.0 56.8 0.092 0.008
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(a)
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Table 9: Shows the removal percentage of color at 7.3 g/250 ml

S.No M.AC
(g/250 ml)

Initial
Co

(mg/L)

Final
Cf

(mg/L)

X= Co - Cf
(mg/L)

Elimination
%

X/M 1/C

1. 7.3 25.0 20.5 4.5 82 0.622 0.04
2. 7.3 50.0 39.0 11.0 78 0.663 0.02
3. 7.3 75.0 46.5 28.5 62 0.265 0.013
4. 7.3 100.0 54.0 44.0 54 0.165 0.01
5. 7.3 125.0 52.5 72.5 42 0.100 0.008

(b)

Figure: :8 Shows the (a) Langumir and (b) Freundlich Isotherm analysis of adsorbate
removal (X/M) on adsorbent at different concentration for RB (C0= 25, 50, 75, 100, 125&
150 mg/L; MAc= 30 g/L; particle size: 600-1200µm; Shaking speed = 80-160 rpm; initial p
H∼8.0-9.0; Shaking time = 15-55 min.
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(a)

(b)

Figure: :9 Shows the (a) Langumir and (b) Freundlich Isotherm analysis of adsorbate
Re moval (X/M) mg/g on Adsorbent at different concentration of RB (C0= 25, 50, 75, 100, 125&
15 0 mg/L; MAC= 40 g/L; particle size: 600-1200µm; Shaking speed = 80-160 rpm; initial
pH∼8.0-9.0; Shaking time = 15-55 min.
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1. 10.0 25.0 3.75 21.2 85.0 0.47 0.04
2. 10.0 50.0 10.5 39.5 79.0 0.25 0.02
3. 10.0 75.0 22.5 52.5 70.0 0.19 0.01
4. 10.0 100.0 41.0 59.0 59.0 0.16 0.01
5. 10.0 125.0 65.0 60.0 48.0 0.16 0.008
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Table 10: Shows the removal percentage of color at 10.0 g/250 ml

S.No M.AC
(g/250 ml)

Initial
Co

(mg/L)

Final
Cf

(mg/L)

X= Co - Cf
(mg/L)

Elimination
%

X/M 1/C
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Table 11: Shows the removal percentage of color at 12.5 g/250 ml

(a)

(b)
Figure: 10. Shows the (a) Langumir and (b) Freundlich Isotherm analysis of adsorbate
removal (X/M) on adsorbent at different concentration for RB (C0= 25, 50, 75, 100,
125& 150 mg/L; M A.c = 50 g/L; particle size: 600-1200µm; Shaking speed = 80-160
rpm; initial pH∼8.0-9.0; Shaking. time= 15-55 minutes. The most common isotherms used for
the design and study of adsorption are Freundlich and Langumir isotherms. These two
isotherms are based on the analysis of monolayer formation of adsorbate over the surface of
adsorbent.

y = 0.0058x + 0.0079
R² = 0.9954
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Langumir Isotherm Analysis at 50 g/L for different
concenteration of dye

Series1

Linear (Series1)

y = 0.005x + 0.0121
R² = 0.9761
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Fruendlich Isotherms Analysis at 50 g/L for different
concenteration of dye

Series1

Linear (Series1)

S.No M.AC
(g/250 ml)

Initial
Co

(mg/L)

Final
Cf

(mg/L)

X= Co - Cf
(mg/L)

Removal
%

X/M 1/C

1. 12.5 25.0 23.0 2.0 92 2 0.04
2. 12.5 50.0 43.0 7.0 86 4 0.02
3. 12.5 75.0 64.5 10.5 78 6 0.013
4. 12.5 100.0 64.0 36.0 64 8 0.01
5. 12.5 125.0 72.5 52.5 58 10 0.008

Orange peel as an adsorbent for the removal of reactive blue dye from textile wastewater.
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It was found from the above plotted linear
graphs of Langumir and Freundlich isotherms
for the different dye concentrations of 25, 50,
75,100 and 125 mg/L at different doses of
adsorbent 10,20,30,40, and 50 g/L, that the
maximum adsorption was found on 25 mg/L
on adsorbent dose of 50 g/L. The Langumir
isotherms show more linear graphs as
compared to the Freundlich isotherms, the
isotherms constant and coefficient of
correlation are tabulated in Table .6. The
coefficient of correlation was found (R2 ≥
0.99) and the value of Kf decreased with the
increase of concentration from 25-125 mg/L
in aqueous solution. The adsorption isotherm
kinetics show that the maximum, easy and
well in time adsorption of reactive blue dye
on orange peel was achieved on 25 mg/L.

CONCLUSION
The use of orange peel as bio- serpents for
the removal of reactive blue dyes from
aqueous solution was studied; the following
results were obtained after batch
experiments. The amount of adsorption
increased when the pH was increased to
8.0-9.0, at the adsorbent dose 50 g/ L; at 160
rpm of shaker for initial time of 55 minutes,
with particle sizes 1200 µm of mesh size; with
initial dye concentration of 25mg/L. Further it
was found that the optimized pH of 8.0, and
9.0 were ideal to obtain maximum sorption of
dye from the solution, the maximum
adsorption was 92.35% and 86.64%. It is
clear from the obtained results that the dye
concentration is inversely proportional to
adsorption and removal percentage, As dye
concentration was increased from 25 mg/L
to 125 mg/L, the maximum color removal was
found at 25 mg/L that is 90-92%. On the other
hand when dye concentration reached 125
mg/L the color removal percentage was
reduced to about 30-38%. Whereas, the
adsorbent dose is directly proportional to
adsorption and removal percentage;  when
the adsorbent dose was 10g/L the minimum
percentage of dye removal was found, as the
adsorbent dose increased up to 50 g/L the
maximum adsorption was established.
Further the optimized shaking speed 160
rpm, and optimized particle size found to be
1200 µm, and maximum contact time of 55
minutes were found to be satisfactory to get
the maximum results. The adsorption

percentage decreased with the increase of
particle size, Smaller the particle size, the
greater was the contact surface area for
adsorption. The results showed that the
adsorption isotherms fits both the Fruendlich
and Langumir  isotherms. The isotherm
analysis graph shows the linear slope that
best fits the Langumir for the removal of
reactive blue dye on orange peel.
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Abstract

Drilling is the primitive and common operation in rock excavation industry, starting from
exploration to exploitation. Effect of mechanical properties of the formation on drilling operation
is a big challenge to mining engineers.  The primarily problem is rock drill-ability. The objective
of this paper is to correlate the drill-ability of certain rocks with their mechanical properties
including  Compressive strength, Tensile strength, Schmidt hammer rebound number and Shore
Hardness number, in order to establish rate of penetration. This paper contains investigation of
both laboratory experiments and Field examination of drilling equipment. Laboratory work
includes the determination of various mechanical properties of rock specimen, determined
according to ASTM procedure using Universal Testing Machine. Schmidt hammer test conducted
on the rock specimen by clamping into the UTM loading platens. Shore hardness test performed
on disc specimen carefully prepared for the purpose. The test was conducted as per standard
procedure.

Keywords: Drill-ability, Mechanical Properties, Schmidt Hammer Test, Rate of Penetration,
Universal Testing Machine.
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INTRODUCTION
Drilling is the prehistoric and common
operation in rock excavation industries,
starting from exploration to exploitation of
mineral, oil and water. Rocks are drilled for
several purposes. such  as, geological
exploration, blast hole for mineral production,
for rock bolting, rock cores for determining
geotechnical parameters and rock excavation
for civil constructions (Akun and Karpuz,
2005; Kahraman et al., 2003).
In addition, energy applied to the rock affects
the type of fracture and breakage develops
in rock. No single rock property is a measure
of drill-ability of the rocks; infact all the
geotechnical properties of rock in some way
or the other contribute to the drilling
performance (American Society of testing
and Material 1974; Brady and Brown, 1985)
The most influencial parameters for drilling
are mechanical property of the rock, cutting
tools and their shapes, magnitude of forces

influenced at the bit, rock interface and
flushing rate. The performance of a drilling
system is usually represented by the drill-
ability of rocks which is defined as the real or
projected rate of penetration in a given rock
type. Thus, a study which describes
relationship between penetration rate and the
various rock properties for drilling parameters
is required to perform economical and
efficient drilling (Hardy, 1957; Hetenyi, 1966;
Olgay and Eren, 2011).

MATERIALS AND METHODS
The behavior of rock mass is governed by
the defects existing in the rock mass.
Because rock mass in general is non-
homogeneous and the properties of the
samples are taken from one portion of rock,
the rock mass may be different from another
portion. Therefore, sample collected must
truly represent the rock mass, the properties
of which are to be determined. Samples
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collected for laboratory testing should be in
the form of large blocks from the field [11]. In
instances where substantial drilling is
required to evaluate a deposit, it is usually
considered to be good practice to core a
certain percentage of holes in the drill
program. The actual percentage will vary with
the available budget and the degree of
complexity of the geology, but usually
average about 10% core samples offer the
advantage that sample location can be
closely defined, and there is little possibility
of contamination or loss of values as long as
recovery is good. On the negative side, core
drilling is expensive and usually the sample
obtained is relatively small. In case where the
ore boundaries are fairly well known, the cost
can sometimes be lowered by rotary drilling
to near the ore boundary and then continuing
with core. Rebound and rebound of diamond
tipped impactor hardness is calculated by
Shore Sceleroscope Hardness Test (Figure
1) .Rebound hardness is calculated by
Schmidt Hammer Hardness Test (Figure 2)
which impacts the piston striking.  This test
was first used for rapid examination of
compressive strength of concrete and later it
was used to calculate  the hardness of rock.
UTM (Universal testing machine) (Figure 3)
is used to determine UCS (UNI-AXIAL
COMPRESSION TESTING) which is the
most basic parameter of rock strength, and
the bore ability prediction is performed by
using UTM [8]. It is calculated in accordance
with instructions given in ASTM (American
Society for Testing and Materials).

Figure 1 – Shore Sceleroscope

1. Level Rod

2. Level Adjust Screw

3. Main Body

4. Table

5. Control Knob

6. Operation Knob

7. Indication Scale

8. Butt Gage Fixed Handle

9. Hole For Butt Gage

10. Dial Gauge Fixed Screw

Figure 2 – Schmidt Hammer

Figure 3 - Universal Testing Machine (UTM)
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In laboratory, the test specimens are required
to be prepared from the rock sample brought
from the field. The shape and size of
specimen depend upon the type of the test
to be conducted. Most of the test specimens
to Mechanical Properties are of regular shape
(i.e. Cylindrical). Typical diameter range used
for Cylinder sample are 25mm to 50mm. As
a standard, however, unconfined
compressive strength tests require that test
specimen be right circular cylinder with a
diameter not less than (54mm) core size and
the ratio of length and diameter is 2.0 to 2.6
to avoid the stress concentration at the time
of testing (Olgay and Eren, 2011)s. The
specimen sides should be regular in order to
avoid abrupt irregularities. The specimen
ends should be cut parallel to each other and
of normal to longitudinal axis. The ends
should be ground and end lapped. The result
obtained from testing a single specimen may
not represent the property of rock mass.
Therefore, in order to limit the testing work,
at least four specimens should be tested to
get an absolute value.
The strain, corresponding to each stress level
(or equivalent load level), is obtained by
multiplying the apparent strain by the
calibration constant of the compress meter.
The uni-axial compressive strength is
calculated by Qu = Pu/A, Pu =   the maximum
load carried out by the specimen while the
testing, and A = the actual cross sectional
area calculated in accordance with the
specification (Hartman, 1987). Indirect tensile
strength of a substance can be obtained by
the ratio of multiplication of failure load with
2  and  multiplication  of  constant  (π)  into
diameter and thickness of the specimen.
Tensile strength is calculated by σt= 2P/DT,
σt= indirect tensile strength, P= failure load,
D = diameter of specimen (disc), and T =
thickness of specimen disc (Lewis, 1964).

RESULTS AND DISCUSSION
The rate of penetration (ROP) is an essential
parameter for the calculation of drillability.
Causing the rock to break during drilling is a
matter of applying sufficient force with a tool
to exceed the strength of the rock. This
resistance to penetration of rock is termed as
its drilling strength, an empirical property; it

is not equivalent to any of the well-known
strength parameters.

Experimental work involves three samples
from three different sites. The rate of
penetration data of sample 1 and Sample 2
are shown in Table 1 and Table 2.

Table 1- Rate of penetration of Sample 1

Table 2- Rate of penetration of Sample 2

Table 3- Rate of penetration of Sample 3

Investigating the Mechanical Properties and Drill-ability of Rocks
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The uni-axial compressive strength tests of
the limestone rock specimens are calculated
by dividing maximum load carried by the
specimen (i.e. failure load) during the test, by
the actual cross-sectional area. Three
samples were tested to determine UCS of
lime stone as shown in Table 3. The tensile
strength of limestone rock specimen is
calculated as shown in Table 4.

Table-4 Results of UCS Tests of Limestone

Table-5 Results of Tensile Strength of Limestone

Shore hardness has to be determined by the
shore hardness testing instrument. The 2cm
thickness sizes of specimens were prepared
in the laboratory by means of cutter and
grinder from the each sample of the sites.
The readings of the shore hardness test of
each specimen are shown in the tables 5 and
Summary of Mechanical properties is shown
in Table 6.

Table-6 Shore hardness test

Table-7 Summary of Mechanical properties

Drill-ability of rock manifests the various
mechanical properties of rock. Assessment
of drill-ability or penetrability is the most
serious issue among the drilling equipment
manufacturers and operators. Unfortunately
there is no direct method of drill-ability
measurement but it could be measured
through empirical correlation of various
mechanical properties of rocks [11].
Correlation of UCS (Uni-axial Compressive
strength) & ROP (Rate of penetration),
Correlation of Tensile Strength & ROP, and
Correlation of Shore Hardness & ROP are
shown in Figure 4, 5, and 6.

Investigating the Mechanical Properties and Drill-ability of Rocks
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CONCLUSION
In this paper attempts have been made to
correlate the rate of penetration in the rocks
having different mechanical properties.
Following conclusions were drawn from the
experimental data. The limestone samples
obtained from the three different sites were
analyzed for Uni-axial Compressive Strength,
Tensile Strength and Shore Hardness
Number. Compressive Strength test shows
that all three rocks fall under the category of
Medium Hard Rock.
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Abstract
Comprehensive study of local aloe vera and its effects on acne/pimple was performed. The work
mainly describes the chemical investigation of aloe vera by traditional methods to check its
efficacy in the treatment of acne. Local aloe specie was gown and solutions of different
concentration were made. Samples of acne were collected from different acne sufferers to identify
the microbe which is major cause of acne infection. Doses of different concentrations of aloe
vera were tested on the acne causing microorganism. In the present work traditional methods
of plant extraction were used to find the relationship between aloe vera and acne treatment.
Doses of different concentrations were calculated and analyzed to treat acne.

Key Words: Aloe vera, Acne, Pimple, Traditional treatment, Medicinal plant
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INTRODUCTION
Aloe barbadensis miller (Aloe vera) belongs
to the Liliaceal family,of wich there are about
360 species. It is a cactus-like plant that
grows readily in hot, dry climates and
currently, because of demand is cultivated in
large quantities (Newall et al., 1996).
Succulent almost sessile perennial herb, has
leaves 30-50 cm long and 10cm broad at the
base, color pea green (when young spotted
with white), bright yellow tubular flowers
25-35 cm in length arranged in a slender
loose spike, stamens frequently project
beyond the perianth. Its thick leaves contain
the water supply for the plant to survive long
periods of drought (Foster, 1999). Due to the
increasing development of antibiotic
resistance, the emphasis of the present study
is being given on the use of Aloe vera as a
natural remedy for the inhibition of various
infections and to identify the different
compounds. (Agarry  et al., 2005)
Among these the most popular is Aloe
Barbadensis Miller which has most
therapeutic value and referred to as ‘True
Aloe’. After all the research, it has been

accepted that Aloe Barbadensis Miller is the
best, as it is the most consistent of all
varieties. Aloe Vera is generally propagated
by root suckers by carefully digging out
without damaging the parent plant and
planting it in the main field. It can also be
propagated through rhizome cuttings by
digging out the rhizomes after the harvest of
the crop and making them into 5-6 cm length
cuttings with a minimum of 2-3 nodes on
them. Then they are rooted in specially
prepared sand beds or containers. (Boudreau
and Beland, 2006; Oala et al., 2007).

Its thick leaves contain the water supply for
the plant to survive long periods of drought.
These leaves have a high capacity of
retaining the water. When a leaf is cut, an
orange yellow sap drips from the open end
which has a very strong laxative effect. When
the green skin of a leaf is removed a clear
mucilaginous substance appears that contain
fibers, water and the ingredients to retain the
water in the leaf. These ingredients give this
"gel" its special qualities as they are known
now for many centuries. Among the uses for
this gel is acceleration of wound healing, use
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on skin burns, moisturizing dry skin and it is
taken internally for peptic ulcers or gastritis.
(Rabe and Staden, 1997).
Chemical investigations of different parts
of leaf
The detailed chemical investigation of Aloe
Vera distinguishes between the different
parts of the leaf. The leaf pulp separately
analyzed from the rind. The pulp was found
to contain 98.5% water, and its alcohol-
insoluble was mucilage with high content of
uronic acid, fructose and hydrolysable
sugars. Enzymes such as an oxidase, a
catalase, a cetalase and an amylase were
reported to be present, but small nitrogen
content. The leaf pulp did not respond to tests
for “aloin”. The chemical components of the
gel scraped from the leaves after the exudate
had been drained off, were examined. The
crude gel had an ash content of 12.9%,
removable by dialysis. White water-soluble
mucilage was purified which on hydrolysis
was found to contain equal amounts of
glucose and mannose as the main
constituents, with a small amount of uronic
acid (2.37%). Ketoses were thought to be
absent. They also reported that some aloin
was present in the crude gel, despite
bleeding off the exudates from the leaves.

MATERIALS AND METHODS
Collection of plant material
Pakistani and Irani Aloe vera leaves were
collected from the Botanical garden of
Balochistan University, Quetta, Balochistan,
Pakistan.
Test organisms
Pure cultures of bacterial strains of
Escherichia coli, Staphylococcus aureus,
Bacillus subtilius, and Salmonella typhie were
used as test organisms. The organisms were
maintained on agar slants stocks and were
subsequently subcultured into newly
prepared macConky agar slants.
Plant extraction and fractionation
The leaves (2 kg) each were dried in shade,
ground and soaked in ethanol for 10 days
separately. Thick dark crude extracts were
yielded after evaporating the solvent through
rotary evaporator. Fractionation of the
methanolic extracts was carried out to find

the antibacterial activities. The extracts were
dissolved in Di-Methyl Sulfoxide (DMSO) and
used for the antimicrobial susceptibility
testing.
Antimicrobial susceptibility testing
The antibacterial activities of four plants
extract were determined against bacterial
strains by agar well diffusion Technique
(Agarry et al; 2005). Sterile agar (at 45°C)
was poured into sterile Petri dishes, which
had been inoculated with the test organisms.
The plates were allowed to gel for an hour.
Wells (10 mm diameter) were made with the
aid of flamed cork borer on the surface of the
agar plates. 0.1 gram of ethanol extracts of
aloe vera plants were dissolved in
(DMSO).From  this 10 μl, 15 μl was pipette
out and added to the respective wells. These
were incubated at 37°C for 24 h. The
presence of zones of inhibition was regarded
as the presence of antimicrobial action. From
the inhibition zones seen, antimicrobial
activity was expressed in terms of average
diameter of the zones of inhibition measured.

RESULTS AND DISCUSSION
Different doses for 75% Aloe vera solution
gave variety of results. Doses of 0.1, 1.0, 1.5,
2.0 and 2.5 didn’t give any result on acne
vulgaris caused by propionibacterium acnes
on body of mice for 3 days. 3ml does for 3
days caused the diameter of lesion to reduce
about 4.5 mm, 3.5ml does for 3 days caused
the diameter of lesion to reduce about 4.3
mm, 4ml does for 3 days caused the diameter
of lesion to reduce about 4.1 mm, 4.5ml does
for 3 days caused the diameter of lesion to
reduce about 3.9 mm best results were
obtained at 5ml does for 3 days caused the
diameter of lesion to reduce about 3mm.
(Table 1, Figure 2). Different doses for 80%
Aloe vera solution give variety of results.
0.1ml does for 3 days caused the diameter
of lesion to reduce about 4.6 mm, 1ml does
for 3 days caused the diameter of lesion to
reduce about 3.9 mm. 1.5ml does for 3 days
caused the diameter of lesion to reduce about
3.2 mm, 2ml does for 3 days caused the
diameter of lesion to reduce about 2.2 mm,
2.5ml does for 3 days caused the diameter
of lesion to reduce about 1.45 mm, 3ml does

Extraction Of Active Components Of Aloe Vera To Treat Acne/Pimple
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for 3 days caused the diameter of lesion to
reduce about 1.15 mm, 3.5ml does for 3 days
caused the diameter of lesion to reduce about
0.9 mm, 4ml does for 3 days caused the
diameter of lesion to reduce about 0.65 mm,
4.5ml does for 3 days caused the diameter
of lesion to reduce about 0.45 mm, 5ml does
for 3 days caused the diameter of lesion to
reduce about 0.3 mm. so the best results
were obtained at 5ml  in 80% aloe Vera
concentration. (Table 2, Figure 3). (Reynolds
and Dweck, 1999).
Different doses for 85% Aloe vera solution
give variety of results. first dose of 0.1ml for
3 days caused the diameter of lesion to
reduce about 4.4mm, second dose of 1ml for
3 days caused the diameter of lesion to
reduce about 3.5mm, third dose of 1.5ml for
3 days caused the diameter of lesion to
reduce about 2.9mm, fourth dose of 2ml for
3 days caused the diameter of lesion to
reduce about 2.1mm, fifth dose of 2.5ml for
3 days caused the diameter of lesion to
reduce about 1.2mm, sixth dose of 3ml for 3
days caused the diameter of lesion to reduce
about 0.8mm, seventh dose of 3.5ml for 3
days caused the diameter of lesion to reduce
about 0.5mm, eighth dose of 4ml for 3 days
caused the diameter of lesion to reduce about

0.2mm, ninth dose of 4.5ml for 3 days caused
the diameter of lesion to reduce about
0.1mm, tenth dose of 5 ml for 3 days
eliminated all kind if lesions with improved
texture of skin. (Table 3, Figure 4).
Different doses for 90% Aloe vera solution
give variety of results. first dose of 0.1ml for
3 days caused the diameter of lesion to
reduce about 4.2mm, second dose of 1ml for
3 days caused the diameter of lesion to
reduce about 3.1mm, third dose of 1.5ml for
3 days caused the diameter of lesion to
reduce about 2.4mm, fourth dose of 2ml for
3 days caused the diameter of lesion to
reduce about 1.9mm, fifth dose of 2.5ml for
3 days caused the diameter of lesion to
reduce about 1.1mm, sixth dose of 3ml for 3
days caused the diameter of lesion to reduce
about 0.6mm, seventh dose of 3.5ml for 3
days caused the diameter of lesion to reduce
about 0.3mm, eighth dose of 4ml for 3 days
caused the diameter of lesion to reduce about
0.1mm, ninth dose of 4.5ml for 3 days
eliminated all kind if lesions with improved
texture of skin(Rubina et al., 2009).

(Table 4, Figure 4)

Table 1: Results for 75% dose of Aloe vera solution

Dose (ml) Size (mm) Other effects

0.1 NIL NA

1.0 NIL NA

1.5 NIL NA

2.0 NIL NA

2.5 NIL NA

3.0 4.5 Slight decrease in redness, no affect on pus filled lesions and hard

cysts

3.5 4.3 Dryness of pus filled lesions, no affect on hard cysts

4.0 4.1 Redness disappeared completely, pus filled lesions healed, no affect

on hard cysts

4.5 3.9 Hard cysts softened

5.0 3 Decrease in lesion’s size and inflammation

Extraction Of Active Components Of Aloe Vera To Treat Acne/Pimple
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Figure 1: Aloe Vera Doses and their effects at 75% Concentration
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Concentration

Aloe Vera Dose in (ml)
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Result No Result No
Result No Result No
Result

Table 2: Results for 80% dose of Aloe vera solution

Dose (ml) Size (mm) Other effects

0.1 4.6 Redness reduced, no affect on inflammation, pus filled lesions & hard

cysts

1.0 3.9 Redness disappeared, inflammation reduced, pus started to dry

1.5 3.2 Inflammation further reduced, cysts softened, pus reduced

2.0 2.2 Cysts reduced

2.5 1.45 Cysts further reduced

3.0 1.15 Pus filled lesions further reduced

3.5 0.9 Pus filled lesions more reduced

4.0 0.65 Pus filled lesions further reduced disappeared

4.5 0.45 Open mouth lesions reduced

5.0 0.3 All types of lesions reduced remarkably
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Figure 2: Aloe Vera Doses and their effects at 80% Concentration
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Table 3: Results for 85% dose of Aloe vera solution

Dose (ml) Size (mm) Other effects

0.1 4.4 Redness reduced, no affect on inflammation, pus filled lesions and hard

cysts (white & black heads)

1.0 3.5 Redness disappeared, inflammation reduced, pus started to dry, no affect

on hard cysts (white & black heads)

1.5 2.9 Inflammation disappeared, pus further dried, hard cysts further reduced

2.0 2.1 Pus further dried, Cysts more reduced

2.5 1.2 Open mouth lesions healed completely, pus further dried, and hard cysts

reduced

3.0 0.8 Pus filled lesions disappeared completely, cysts more reduced

3.5 0.5 Open mouth lesions disappeared completely, cysts completely

disappeared

4.0 0.2 All lesions reduced to like just spots

4.5 0.1 Some dried lesions left

5.0 0.00 All lesions disappeared completely
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Figure 3: Aloe Vera Doses and their effects at 85% Concentration
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Table 4: Results for 90% dose of Aloe vera solution

Dose (ml) Size (mm) Other effects

0.1 4.2 Redness reduced, inflammation reduced, no effect on open mouth lesions,

pus filled lesions and hard cysts (white & black heads)

1.0 3.1 Redness disappeared completely, inflammation reduced, open mouth

lesions healed partially, pus dried slightly and no affect on hard cysts

(white & black heads)

1.5 2.4 Inflammation disappeared completely, open mouth lesions healed to a

comparatively smooth texture, puss dried and lesions reduced, cysts

softened

2.0 1.9 Pus filled lesions more reduced, hard cysts (white heads) softened and

started to dissolve

2.5 1.1 Pus filled lesions almost disappeared, white heads completely

disappeared, hard cysts (black heads) reduced

3.0 0.6 Pus filled lesions completely dried, hard cysts (black heads) further

reduced

3.5 0.3 Hard cysts (black heads) almost disappeared, skin texture smoothened

4.0 0.1 All lesions healed with very smooth texture with breakouts

4.5 0.0

5.0 0.00

Extraction Of Active Components Of Aloe Vera To Treat Acne/Pimple



BUITEMS
Quality & Excellence in Education

71

0

1

2

3

4

5

6

1 2 3 4 5 6 7 8 9 10

Aloe Vera Doses and their effects at 90%
Concentration

Aloe Vera
Dose in (ml)

Lesion size
in (mm)

Figure 4: Aloe Vera Doses and their effects at 90% Concentration

CONCLUSION
Aloe vera plant extracts were found effective
against skin acne and skin pimples. Different
concentrations of Aloe vera have different
results and effects on skin lesions.  At higher
doses of Aloe vera concentrations the skin
lesions healed completely, pus filled lesions
dried and cysts disappeared completely.
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Abstract

Trade policy is gaining an increasing importance in developing economies as a strategy for
economic development. The rapidly growing world market offers. Realizing the importance of
trade policy as a tool for economic development, the government of Pakistan began to restructure
its trade policy from a protectionist regime to a more liberalized regime with the introduction of
wide ranging structural reforms in late 1980s. Successive trade policies attempted to diversify
the export base and to improve export infrastructure and to increase exports. This research
explores the impact of trade liberalization on the economic performance of trade in Pakistan for
the period  1977-2008. By using multiple linear regression estimation technique the aggregate
production function for Pakistani economy is estimated. The findings indicate that the trade
liberalization is having positive impact on the growth of economy. One interesting finding of this
research is negative but statistically significant coefficient for Foreign Direct Investment in
Pakistan. Extensive privatization of state owned enterprises could be one major reason behind
this negative sign. This research suggests the continuation of trade liberalization policy for long
term sustainable economic growth of the country.
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INTRODUCTION

Trade has become an increasingly important
global economic activity, with annual trade
volumes increasing sixteen fold over the last
fifty years and the ratio of world exports to
Gross Domestic Product (GDP) now
approaching twenty percent. Trade policy is
gaining an increasing importance in
developing economies as a strategy for
economic development. The rapidly growing
world market offers a window of opportunity
for the developing world to accelerate their
industrialization. With the increasing size of
the world market and acceleration of
international trade, developing countries
throughout the world have been drawing
foreign direct investment and technology
transfer, and increasing employment and
income growth (Frankel et al., 1999; Hinkel
et al., 1999).

Realizing the importance of trade policy as a
tool for economic development, the
government of Pakistan began to restructure
its trade policy from a protectionist regime to
a more liberalized regime with the
introduction of wide ranging structural
reforms in late 1980s. Successive trade
policies attempted to diversify the export
base and to improve export infrastructure and
to increase exports. The purpose of study is
to explore the impact of this important policy
change on the process of industrialization
and economic growth. The early years of
Pakistan’s economy can be characterized by
a weak industrial base, dominance of the
agriculture sector, lack of well-organized
infrastructure, and above all eco-political
instability. The main objective of the policies
of those years was to strengthen the
industrial base. To this end, Pakistan adopted
a restricted trade regime and protected its
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domestic industries with high tariff and non-
tariff barriers. The period of the sixties was
the period in which the industrial base was
laid and in which rapid expansion of large
scale manufacturing industries started in the
country. While the highly protected trade
regime remained effective in this period,
some additional policies were introduced to
encourage industrial exports from the
country, like an overvalued exchange rate,
export bonuses, preferential credit access to
industries with export potential and automatic
renewal of import licenses. Consequently,
both industrial production and exports
registered a reasonable increase during the
1960s. However, industrial expansion did not
continue at the same rate in the following
decade of seventies. In fact, it suffered a
setback in the following decade due to the
nationalization of industries (Narayan et al.,
2004; Onafowora et al., 1998). Although the
government nationalized different types of
industries in the country, it took three
additional trade liberalization measures to
encourage exports during this period, these
were:
ü Devaluation of the Pakistani Rupee by

57% in 1972.

ü Elimination of the export bonus scheme.

ü The discontinuation of restrictive licensing
scheme.

These steps stimulated exports especially of
manufactured products. Substantial trade
liberalization has taken place in Pakistan
since the late 1980s at a pace that has been
accelerating over time. Import taxes have
been reduced, the Statutory Regulatory
Orders (SROs) have now been mostly
withdrawn and Non-Tariff Barriers (NTBs)
have been largely dismantled. In particular,
the average tariff rate has declined sharply
from 77 percent in 1985 to about 17 percent.
Although trade policies were modified
continuously in Pakistan, changes of
particular significance were made after the
formulation of the new trade policy in 1987.
After the incorporation of the other changes,
the trade policy led, inter alia, to a reduction
in tariff slabs from 17 to 10 and introduction
of a uniform tax in place of commodity based

sales taxes. In fact, the government focused
in this decade mainly on enhancing the role
of private sector in the economy, increasing
the competitiveness and efficiency of the
domestic industrial sector, and promoting
exports. The specific measures that the
government took in pursuance of these
objectives, related to the provision of different
fiscal incentives such as tax holidays, tariff
cuts, and other profit augmenting
opportunities to the exporters. The maximum
tariff was reduced from 225 percent in 1986-
87 to 70 percent in 1994-95. Additionally the
number of custom duty slabs were reduced
from 13 to 5. Flexible exchange rate system
introduced earlier was kept in effect during
this decade. The response of economy to
trade liberalization policy was mixed, in
1980s the average GDP growth rate was
about 6 %, which reduced to 4 % in 1990s
and 3.8 % in 2000s. On the other hand, if we
analyze the patterns of international trade for
the same decades, we can see a relatively
different story. In 1980-81 the share of
primary and manufactured products was 44
and 45 percent respectively. The share of
manufactured products was 78 percent of
total exports in 2006-07, while the share of
primary products decreased to 11 percent for
the same period of time. Likewise, the import
of capital goods also increased considerably.
It was 28 percent of the total imports in
1980-81, which reached to 36 percent in
2006-07. It is really interesting to see that the
aggregate economic performance was
relatively slow, reflected by lower GDP
growth rates, but for the same period the
share of manufactured goods was increased
considerably in Pakistani exports. These two
contrasting scenarios provide a good
justification to analyze the impact of trade
liberalization on economic growth. This study
is focused to explore the impact of trade
liberalization on the economic performance
of a country endowed with labor but deficient
in capital (Paulino et al., 2004; Rigobon, 2005).
Historical Analysis of Trade Regimes in
Pakistan
After the independence in 1947 from British
Rule, Pakistan established protectionist trade
regime by emphasizing import substitutions
as a way to spur the growth of
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industrialization. This protectionist trade
policy continued for almost three decades,
from the 1950s to 70s. Although the
protectionist regime proved to be relatively
effective in protecting fledging domestic
industries, the lack of foreign competition
permitted the Pakistani investors to invest in
safe but less efficient industrial sectors such
as, automobile manufacturing, electronics,
and electrical appliances industries.
Consequently, many industries in Pakistan
became gradually inefficient and vulnerable
to the import substitution regime. It became
difficult for local products to compete
imported products on the basis of price or
quality. The ultimate outcome is that the
industries continued to enjoy the government
protection are now finding it difficult to survive
and compete with foreign products even in
local  market  (Rodriguez  and  Rodrik, 2001).
Protection from foreign competition is not a
new phenomenon in Pakistan. Since 1952,
a multifarious system of trade policy was
maintained in Pakistan and different tariff
rates were adopted for different commodities.
The major reason was not only to protect the
newly established domestic industries but
also to generate revenue. Many types of
trade barriers like quota, import bans, high
tariff rates, licensing requirements, and
others were introduced to protect domestic
industries. Unfortunately, owing to smuggling
and corruption these objectives were not
achieved. Until 1981, about 41 percent of
industrial value added products were
protected by the import bans and another 22
percent by various other forms of trade
restrictions (Siddiqui and Kemal 2002).
Meanwhile, there has been considerable
progress in trade liberalization in most
developing countries, turning from import
substitution strategy to export-oriented
approach in the 1970s. Trade liberalization
policy has actively contributed to enhance
the economic performance of many
developing economies. Hence, the
Government of Pakistan also introduced few
additional trade liberalization measures to
encourage exports during that period. The
devaluation of the Pakistani Rupee by 57%
in 1972 and elimination of the export bonus
scheme were few important measures to
stimulate export. Additionally, the

discontinuation of restrictive licensing
scheme was another important policy step
towards trade liberalization (Onafowora et al.,
1998). In early 1980s, trade policy reforms
were initiated in Pakistan with a view to
create a competitive and efficient industry
through easing the import of raw material,
intermediate goods and capital equipment.
In order to achieve the efficiency and
competitiveness, the domestic market was
liberalized and trade barriers were removed
gradually. Instead of quantitative restrictions
tariff is being used to protect domestic
industries and tariff structure has also been
rationalized. The customs duty itself was
lowered substantially from 80 per cent in
1996 to 30 per cent in 2001 and to 25 per
cent in 2002.The average applied tariff rate
fell from 42.7 per cent in 1996-97 to 20.4 per
cent in 2001-02. During 1983-84 to 1993-94,
724 items were removed from the negative
list. Overall, the number of goods on the
negative list was reduced from 142 to 16, 32
to 7 and 221 to 107, respectively. In 2002,
only 57 items constituted the negative list of
imports and 192 items remained on the
restricted list due to health and safety
concerns. Only an insignificant portion of total
imports is subject to quantitative restrictions.
All these changes resulted in a decline in
protection rates.
Tariff structure was rationalized further in the
1988-91 by the Government of Pakistan
(GOP) after reducing the quantitative
restrictions by the reduction in tariff rates and
their dispersion. Tariffs were reduced on
1134 items and increased on 462 items. The
maximum tariff was reduced from 225
percent to 100 percent. In June 1995, the
tariff was further reduced to 65 percent.
During the same periods the number of tariff
slabs was reduced to 10. Except for
automobiles and alcoholic drinks, the
maximum tariff rate was reduced to 25
percent and the number of tariff slabs has
been reduced to four (Rodrick et al, 2004).
If we examine the structure of trade during
the decades of eighties and nineties, we can
see that the share of imported capital goods
in total imports has increased from 28 percent
in 1981 to 37 percent in 1985-86. However
due to slow down in the industrial sector the
import of capital good declined to 25 percent
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by 2000-01 and in 2006-07 it was 36 percent.
The share of raw materials for consumer
goods also shows a declining trend over the
entire period, in 180-81 it was 50 percent and
declined to 40 percent in 1985-86, it was
increased to 55 percent in 200-01 and then
again declined to 47 percent in 2006-07. The
share of imported inputs for capital good has
remained less than 10 percent throughout
the period. The share of imports of final
consumer goods increased from 14 percent
to 18 percent over the periods from 1980-86
and it was reduced to 10 percent in 2006-7
Over the time, significant changes can be
observable in the structure of exports. The
share of exports of primary goods in 2006-07
is even less than one third of the 1980-81
level. The share of exports of semi-
manufactured goods has increased from 11
percent to 24 percent over the period of
1980-81 to 1990-91, but declined to 11
percent in 2006-07. However, the exports of
manufactured goods show a consistently
increasing trend. Its share increases from 45
percent to 72 percent over the 20 years
period and it further increased to 78 percent
in 2006-07 (Table 1)

Table 1: Share of Exports by Economic Classification
(Percentages).

Source: Economic Survey of Pakistan (various issues)

On the basis of this discussion we can say
that trade liberalization and natural resource
endowments are not the major factors behind
the economic growth. Institutional setup is
also an important stimulator for the economic
performance of any country. It will be an
interesting study to explore the impact of
trade liberalization on economic growth in
case of Pakistan. The growth rates of post
liberalization decades and export

compositions are portraying two opposite
scenarios. It will be exiting to explore the
impact of trade liberalization on economic
growth of Pakistan (World Development
Report, 1989).
Estimation and Analysis
The endogenous growth theory provides a
good theoretical framework for understand-
ing the relationship between trade policies
and economic growth. In order to explore the
relationship between economic growth and
trade liberalization, I am intended to use
human capital model of endogenous growth
model with little augmentation through incor-
porating two additional variables of trade
liberalization and foreign direct investment.
The present study examines validity of Lu-
cas (1988) model in the context of Pakistan.
Since, the functional form of our model is
nonlinear in its nature; consequently, we will
use the functional relation after taking the
natural log on both sides. Hence our final
model will be:
Where:
Y =Gross Domestic Product (Measured in billions
of current US $).
L= Labor Force   (Measured in millions)
K = Gross Capital Formation. (Measured in millions
of current US $).
FDI = Foreign Direct Investment (Measured in
thousands of current US $)
OT= (Import + Export/ GDP)   (Economics openness
or Trade intensity)
ln= natural log
et is the random error term.

We can estimate the quantitative linkage
relationship between among different
variables related to economic performance
by estimating equation (1). The additional
benefit of using natural log is that our
estimated coefficient will provide us the
information regarding the elasticity of
independent variables and the GDP. Since,
we need to satisfy different criterions while
establishing a quantitative linkage among
variables, all the procedures are explained in
forthcoming lines.
Data sources
All the data on above mentioned variables
was taken from World Development
Indicators (World Bank) and Economic
Survey of Pakistan.
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Estimation and Empirical Results
Prior to estimating the Model, it is important
to discuss the expected signs of coefficients
of explanatory variables, the expected signs
of coefficients are:
The expected sign for the slope coefficient of
dependent variable i.e. ln Y and L(labor),
expressed as “”in the Model is positive,
because GDP will increase due to increase
in labor force. . So our null and alternative
hypothesis will be:

H0:  0 and H1: > 0 (One tailed test).

We are expecting the positive sign for “”which
is the slope coefficient for dependent variable
i.e. ln Y and K (Capital), any positive change
in the capital stock of nation will effect GDP
positively. In this case we will tests following
hypothesis :

H0:  0 and H1: > 0 (One tailed test).

The expected sign for “” is positive, the
empirically many researchers have reported
that the trade liberalization (OT) have positive
relationship with the overall level of economic
activities (GDP growth). So our hypothesis
will be:

H0:  0 and H1: > 0 (One tailed test).

The expected sign for  is positive as a positive
change in foreign direct investment (FDI) will
have positive influence on ln Y (GDP growth).
We will evaluate following null and alternate
hypothesis:

H0:  0 and H1: > 0 (One tailed test).

By using the estimation software (MegaStat-
2007) I have estimated the MLR model
represented by equation (1). The estimated
model is as follows.
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Our estimated equation is:

(10.25)    (5.389)       (3.354)       (4.036)      (-4.165)

The results indicate that all the estimated
signs, except for FDI, are consistent with the
expected signs. The relatively smaller sign of
coefficients is due to the use of
macroeconomic data. One justification of the
negative sign of the slope coefficient of FDI
could be: that for last few years the FDI in
Pakistan is directed towards privatization of
state owned enterprises, so FDI is not
contributing effectively in the growth of GDP.
The t-values mentioned in the parentheses,
which are indicates that all the coefficients
are statistically significant at 95 % level of
significance. The overall significance of the
regression can be judged through the F-value
which is 267.39 (P<0.05). The value of
coefficient of determination R2, the criteria to
evaluate overall goodness to fit, is 0.775 or
77.5 %, indicating that all these variables
jointly explains 77.5 % of the variation in GDP
for Pakistan.

Appropriateness of OLS Method to Estimate
the Model. In order to explore MLR 3 we have
estimated the correlation coefficients
between variables and error term, as:

Correlation Matrix

All the correlation coefficients of independent
variables with error term are zero. So, we can
think that this model satisfies MLR 3(zero
conditional mean). Furthermore, there is
problem of multicollinearity, indicated by
relatively higher values of correlation
coefficients among the variables. The major
reason behind this high level of
multicollinearity is that we have used the

time-series data in our analysis and time
trend is the source of high multicollinearity as
well as for higher value of R2. Therefore this
problem is not serious enough, we can use
this model.

CONCLUSION
Though, both positive and negative effects
are involved in the channels of transmission.
However, on the basis of statistical trends we
can say that trade liberalization has positively
contributed to the economic growth. Trade
liberalization has had a poverty-reducing
effect through enhanced growth, productivity
and investment and through price stability.
However, it also has entailed some costs, in
particular costs related to changes in the
employment of factors of production, from
labor to capital, which have been poverty-
increasing impact on labor abundance
country. In this regard, trade liberalization has
contributed to the accentuation of income
inequality in the country. This may be
attributed to the poor performance of
mediating factors in Pakistan. With respect
to income inequality, the evidence suggests
that although trade liberalization by itself
leads to a slight reduction in inequality, a rise
in FDI appears to increase it
It is vital to have consistent policy
environment in order to take full benefit of this
channel. Further more liberalization of trade
can improve growth and reduce poverty in
Pakistan under the right conditions. Merely,
the liberalization of trade will not be helpful
for poverty alleviation. As the government’s
intervention, in the form of industrial polices,
are causing rural-urban bias. The massive
disguised unemployment in agricultural
sector could be effectively utilized if the
investment is not channelized through policy
interventions by the government. Some other
measures associated with uplifting the
productivity with the potential to increase the
income of the poor in rural areas are also
essential. For sustainability of exports, further
advancement in improving institutions,
attracting export-oriented FDI and developing
new export markets is needed as well as
making a better case for improving market
access in existing markers.
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Abstract

Vehicular Ad hoc Networks (VANET s) provide vehicle-to-vehicle and vehicle-to-infrastructure
communication using Dedicated Short-Range Communications (DSRC). The core objective
of VANET s is to provide safety message communication among vehicles. In dense
urban  traffic,  safety  message  com­  munication  encounters  severe  packet  collisions
due to excessive number of nodes contending to access the control channel. In
such a complex dense and mobile scenario, an ideal single vehicle per time slot
has yet not been achieved. This paper introduces the use of lane level location
information  to  achieve  a  single  vehicle  per  time  slot  configuration.  The  transmission
range of a message originator is divided into a grid using distance and lanes as
the two variables. Each block within the grid houses a single vehicle at most that
is assigned a unique time slot. The contention among nodes for the same time
slot is virtually removed. Theory and ns-3 simulation justify the feasibility, and prove
that the technique reduces packet collisions by 2%, and improves message dissemination
speed by as much as 30% each hop.

Keywords:- VANETs, Road-width, Lanes, Sectoring
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INTRODUCTION
With  the exponential  increase of  vehicles on
the road, driving has become increasingly
difficult and risky. In order to ensure  passenger
safety in challenging road scenarios, car
manufacturers together with government
agencies are in pursuit of a solution called
Vehicular Ad hoc Networks (VANETs).
VANETs would allow drivers to anticipate haz-
ardous traffic events and approaching bad traffic
conditions through inter-vehicle  communication.
One of the critical de- sign issues in VANETs is
the dissemination of safety messages beyond the
immediate  transmission  range of a vehicle. The
propagation requires multi-hop forwarding of the
message by selected  vehicles  among  a large
number of contenders. The problem  becomes
severe in dense urban traffic where higher
number of contending vehicles results in
excessive packet collisions.  Since these collisions
greatly impact reliability of reception and overall
message dissemination  speed, it remains the core

concern while developing  ideas for message
routing in VANETs (Yan et al., 2010).
Considerable work has been carried to address
the safety message propagation problem in
VANETs. One common approach  used to
provide multi-hop forwarding is to divide the
transmission  range of message originating
vehicle into multiple geographical   sectors  based
on distance (Korkmaz et al., 2004, Fasolo et al.,
2006, Khan et al., 2011) Vehicles  in each sector
pick a random backoff value from a contention
window assigned to that sector. Contention
windows are assigned in such a way that
vehicles in the furthest sector can transmit first.
Forwarding  task is assigned to vehicle with
minimum backoff. Since contention within a
sector is random, it  is highly probable in
dense traffic environments that two vehicles
within the same sector pick the same backoff
value, thus causing collision. Further narrowing
the sector length may minimize  the effect to a
certain  degree. However, even with minimum
possible sector length—equal to the length of a
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car and necessary safety following distance many
potential time slot colliders  are still present in
adjacent lanes. Considering the effect of lanes
in VANETs forms the core of this work.
This paper aims to uncover the role of lanes
in VANET communication. With road widths
fastly nearing 100 meters (more than ten
lanes each direction) (Turnbull 2003),  it
has  become indispensable to consider the
effect of road width or more specifically
lanes while designing  message propagation
al- gorithms for VANETs. This work primarily
considers  dense urban traffic environment where
traffic in each lane behaves like train trails with
constant speeds. The proposed technique is
suggested to be incorporated with methods
for regular traffic using the currently probed
vehicle density learning mechanism. To the
best of our knowledge, this is the first work that
considers the worst case rush hour traffic,
whereas the previous works deal normal urban
traffic as the extreme  case. The use of the
prevailing Differential Geographic Positioning
System (DGPS) is assumed to determine
accurate vehicle location. The aforementioned
transmission range of a message originator is
finely dissected both length and width-wise
using distance and lanes respectively, forming
a grid like structure with each block containing
a single vehicle at most. Unique backoff values
are assigned to each block ensuring only one
vehicle in  the furthest range forwards the
message. Long contention window as a result
of fine dissection may suggest high transmission
delay, however, in dense traffic there is
always a forwarding vehicle present in  the
furthest range that transmits with minimal
backoff (i.e. transmission in the beginning of
the window), making the length of the window
ineffectual on delay. Additionally, since the
overhead delay of message retransmission due
to forwarding collisions is reduced, the over
all end to end message propagation time is
remarkably minimized.
The proposed idea is studied using thorough
simulations performed in network simulator-3
(ns-3) Considerable reduction in rebroadcast
collisions is achieved by using the grid based
technique and the total collision occurrence
is contained to below 3% in the worst case,
while the message forwarding delay for each
hop is improved by 9 ms over the existing
sectoring technique. The important contributions

of this work are: reducing  packet collisions
due to visible (non-hidden)   nodes to near
zero by using the grid based unique backoff
value assignment, improved propagation delay
through instant and collision-free forwarding
of the furthest node, greater coverage by
ensuring the furthest  node  as the next
forwarder, and bringing to light the hitherto
disregarded factor of road width to the
attention of VANET research community. The
remaining of  this paper is organized   as
follows. Section II gives  a brief idea of the
significance of road width in VANETs in related
literature. Section III details the proposed
technique with theoretical  analysis. Section IV
presents the ns-3 simulation environment,
results and their discussion. Conclusion with
a discussion   on future work is given in
Section V.

Road Width in Vehicular
Communication
Road topology is one of the critical foundation
elements considered while designing
communication  mechanisms for VANETs. Some
of the important topology factors considered in
hitherto VANET literature include vehicle
density, vehicle speed, headway distance, road
side clutter (for path loss cal- culation), while
the road geometry is assumed either entirely
linear or with the inclusion of intersections
(Feso lo  e t  a l . ,  2006 ,  L i  e t  a l . ,  2009 ,
B laszczyszyn  e t  a l . ,  2009 ,  Korkmaz  e t
a l . ,  2004 ,  Xu  e t  a l . ,  2004) consider road
width, however, their consideration is limited to
its effect on vehicle density i.e. geographical
separation of lanes is not considered and instead
parallel vehicles in different lanes are assumed
to be at the same location. Road width is also
neglected in VANET mobility pattern generator
tools (Krajzewicz and Rossel, 2011, Haerri et
al., 2006, Traffic & Network simulation, 2011),
where multiple lanes only account for density
while their geographical separation is still
ignored. The exponential increase of vehicles on
the road has resulted in the ever increasing road
widths to maintain smooth flow of traffic.
Consequently, the average width of busy roads
in a metropolis   has become  above six lanes  each
direction (Bauer et al., 2004). I-10 East downtown
Houston is a compelling  example of the
significance of road width where the road is as
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wide as 13 lanes each direction  (Turnbull, 2003).
In such scenarios vehicles in parallel lanes will
exacerbate channel contention, and in addition,
may effect physical path for radio propagation
on the road. This work, however, thoroughly
takes into account road width and attempts to
exploit vehicles’ lane level location information
to avoid channel contention problem in multi-
hop routing. The goal is to achieve zero collision
(due to visible nodes) in rush hour traffic in
dense urban scenario.

Broadcasting Using Lane Based
Sectoring
In the following we present an extension to
our Instant Broadcast algorithm proposed in
(Khan et al., 2011) by introducing  lane based
sectoring. Here we assume rush hour dense
traffic scenario, however, later in our simulations
we show that the idea is also applicable in normal
highway traffic where linear car spacing is 17
meters. Since our technique characteristically
makes use of road lanes, we restrict our scenario
to the usual urban road width of four or above
lanes (Bauer e t  a l . ,  2004).

Broadcasting Algorithm  using Lane based
Sectoring
The sender node (message originator)   gains
access to the medium by  following  the
802.11 CSMA/CA  policy  and broadcasts the
entire safety message (with average VANET
safety message size of 300 bytes (Khan et al.,
2011)). The safety message is piggy backed
with DGPS position of the sender, direction of
broadcast and sectoring information for
receiving  nodes. Sectoring information, in turn,
includes sectoring mode (i.e. linear or grid
sectoring mode), and road width (at the sending
instant). Sectoring mode is decided by considering
current road density, which is learned through

periodic beacon  messages from surrounding
vehicles or through keeping track of packet
collision history where more collisions
determine higher den- sity and vice versa.
Withal sender’s road width is considered to cater
scenarios where different road widths exist within
the multi-hop broadcast range e.g. road
widening or narrowing within the multi-hop
distance. The piggy backed information adds
a minimal overhead of about 11 bytes. Similar
size overheads are used in most broadcasting
methods including UMB and SB protocols in
(Korkmaz et al., 2004, Fasolo et al., 2006),
The location information  comprises 4 bytes each
for longitude and latitude of the sender
(acquired from the on- board DGPS device),
direction of broadcast is 2 bits, while sectoring
information  comprises 2 bits for sectoring
mode, 1 byte for road width (in number of lanes),
and 1 byte for sector length (in meters).
Receiving nodes will enter a contention  phase to
rebroadcast the safety message and node with
the smallest backoff value among the
contenders will rebroadcast the safety message
to the next hop. Since the receiving node furthest
from the sender can provide longest relay,
nodes in the furthest sector will have the least
backoff values. In grid sectoring, in addition to
lengthwise sectoring of the road based on the
distance from the sending node, each sector is
further subdivided width-wise into cells. Each
sector is assigned a contention window with
equal number of time slots:

Wn = {t1 , t2 , t3 , ..., tl } + (N − n),  n = 1, 2, 3,
..., N (1)

where Wn denotes contention window for
sector n. The number of time slots l is equal
for all sectors and its value is equal to the
number of road lanes. Each window is offset
by N − n, where N is the total number of
sectors, thus ensuring that a node in further sector
always rebroadcasts before a node in the nearer
sectors.

Fig. 1 shows the sectoring mechanism and
back off value assignment in lane based
broadcast method. Transmission range of
the safety message sender is divided into
equal size sectors with increasing distance

Figure 1. Backoff value assignment using Lane based Sectoring
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from the sender along the road in the message
forwarding direction. Each sector is assigned
a  fixed  length  contention  window  W n as
described in equation (1) . Within each
sector, the road section is further subdivided
width-wise into cells with cell width equal
to that of one lane. Each cell is then assigned
a  fixed  time  slot  from  the  corresponding
contention window. Length of a cell (along
the horizontal axis in Figure 1) is significant
in the proposed mechanism. One cell in our
scenario strictly spaces one vehicle in order
to completely avoid collision. Therefore, we
cautiously assume sector length (or cell
length) as 13 meters, although (Bauer et al
., 2004) reports that the average vehicle
spacing in a city freeway is about 16.8 meters
(equal to four car lengths; average car length
being 4 meters). Node within each cell backs
off for its assigned amount of time.
Consequently, in our scenario the node in N
th sector (furthest) sector with time slot t 1
will rebroadcast first. All the remaining nodes
with higher back off values would overhear
the rebroadcast and would subsequently quit
their rebroadcast step. The rebroadcast from
the relay node is also overheard by the
original  sender,  this will  confirm successful
reception of the safety message. In case the
rebroadcast message is not heard by the
original  sender  within  the  specified  time
(timeout), the broadcast is repeated by the
original sender. Note that the movement of
vehicle (50 miles per hour on average)
relative to message propagation speed (25
meters per millisecond on average according
to simulations in section IV) is negligible to
influence  the  message  overhearing
mechanism. The same mechanism is
repeated in the remaining hops until the
message propagates across the intended
distance.

Delay Analysis
Since this work focuses on the rebroadcasting
stage in VANET multi-hop safety message
propagation,  we  confine  our  delay  analysis
to the rebroadcasting step in the message
prop- agation scenario. The rebroadcast
delay in a normal sectoring mechanism
is formulated first, followed by the rebroadcast
delay in lane based sectoring. We assume

the traffic distribution is uniform and that there
are fixed number of contending nodes (CN
) for each sender. We follow Bianchi’s Markov
chain model (Bianchi, 2000) to formulate
one hop delay for our broadcasting
mechanism. Let t r be the transmission time
of the packet given by

where hP H Y and hM AC are the PHY and
MAC headers (MAC header also includes our
protocol overhead). Rb is the data rate and δ
is the propagation time. We assume the same
data rate for payload, PHY and MAC header
transmission. Let τc be the transmission
probability  of a contending node. The
probability of unsuccessful transmission
becomes
P r = 1 − (1 − τc )C N (3)
From (Bianchi, 2000), the probability  that a
node starts its transmission in a given  time
slot is given by

where N and l are number of sectors and
number of slots from (1). τc can be
analytically computed  from (Bianchi, 2000)
and equation (4).
The probability  that a transmission occurs
among contender nodes in a given  time slot
is

Probability that a packet is successfully
transmitted given
Ptr is

From (Blaszczyszyn et al., 2009) and the above
equations, we can write the average delay for
message rebroadcast E[D] as

E[D] = E[x]E[t] (7)

Where
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E[x] is the average number of time slots for a
successful transmission and E[t] is the average
length of a time slot; σ is the duration of empty
slot, Ts and Tc is the average time the medium
is sensed busy  because of a successful
transmission or a collision respectively.

Ts = DIF S + tr + δ + ACK (10)

Tc = DIF S + tr + timeout + δ (11)

In case of lane based sectoring method,
the rebroadcast delay E [ D ] is strictly
dependent on the density of nodes. Rush
hour traffic has the lowest rebroadcast delay
as the smaller back off value cells, like all
other cells, are likely to be occupied, thus
causing  rebroadcast  in  the  first  few  time
slots of the contention window. Therefore,
in rush hour traffic for  lane based sectoring
method, as Ptr becomes equal to � c ,
and CN approaches zero, the probability
of successful transmission Ps approaches
nearly 1.

Figure 2. Rebroadcast delay in 4 and 8 lanes,
average collision percentage; (message size 300
bytes).

Simulation Analysis
Simulation  setup
To analyze the comparison of normal
sectoring  broadcast and lane based
sectoring broadcast,  the general  broadcast
procedure followed by UMB, SB and IB in
(Korkmaz et al., 2004, Fasolo et al., 2006,
Khan et al., 2011) was fully implemented
using both normal sectoring as well as lane
based sectoring  in ns-3 simulator, version
3.9. The traffic mobility is generated using the
tool VanetMobiSim (Haeri et al., 2006).

Simulation  parameters are summarized in
Table 1. We have used 1 km road length
scenario with unidirectional road having four
and eight lanes.  Fifteen different vehicle
densities  are tested with density ranging from
2 to 30 nodes per lane per 300 meters length
of the road (i.e. one hop distance), and having
Gaussian  randomly assigned  speeds  with
mean 50 miles/h and standard  deviation 3
miles/h. The minimum headway between
vehicles  is kept as  10 meters to account for
worst case scenarios. Jakes model has been
used to estimate Rayleigh fading for the
channel (Blaszczyszyn et al., 2009). To best
study the performance of the proposed
technique, the scenario is tested for different
message generation rates of 0.01 to 1
message per vehicle  per second.

Table I SIMULATION PARAMETERS

RESULTS AND DISCUSSION
Fig. 2(a) and 2(b) show average rebroadcast delay
in 4 and 8 lane road configuration with variable
vehicle densities. NB in the figure denotes
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Normal sectoring Broadcast while LB denotes
Lane sectoring  based Broadcast. We use the
average message size of 300 bytes to
measure the performance here. In fig. 2(a)
the behavior of both the methods remains
unaffected in low density scenarios until the
vehicle density of 16 nodes per lane per 300
meters. Among the two methods, LB
however, slightly falls short in performance in
low density range due to the usage of longer
back off window than required. Note that the
window size for LB has been kept as 120 slots
as discussed in the algorithm, albeit it was
also mentioned that a density learning
technique  can alleviate such additional time
slot overhead. For the case of NB however,
the window size has been varied depending
on the density of vehicles. Therefore, NB
maintains its advantage in low density
scenarios. In fig. 2(a) as the vehicle density
increases above 16 nodes per lane per 300
meters, the additional window  size of LB pays
off and there is a delay  gain of about of 2 ms
per rebroadcast  as the density  reaches 30.
This effect clearly demonstrates the LB basic
principle that as the vehicle density  reaches
rush hour traffic (i.e. as nearly  every cell of
the grid is being occupied with vehicles), there
is high likelihood  that least back off value
slots are assigned to vehicles and
rebroadcast takes place early in the back off
window.
In Fig. 2(b) the delay gain of LB over NB
becomes clearly compelling. Using 8 lanes
road scenario  the NB  method sectors  the
transmission  range with narrower  sector
length, however, the presence of nodes in
the parallel  lanes is disre- garded.
Therefore, although the high density of
nodes in each sector is considered, the
likelihood  of back off value collision among
nodes  grows astonishingly  higher, thus
resulting in resending attempts from the
original sender and causing high delay. LB,
on the other hand, is effected minimally with
higher density and a  near one time slot per
node configuration is achieved  and the
delay gain reaches  as  high as  5 ms per
rebroadcast over the normal broadcast
method.
Fig. 2(c) depicts average collision percentage
with variable vehicle densities in 4 and 8 lane
cases. The figure explicitly depicts the

collision improvement  perspective  of  LB
over NB method. Here collision percentage is
the measure of the number of retransmission
attempts by the sender. It can be discerned
from the figure that the performance  of
normal sectoring method NB is severely
degraded in high density road traffic. In rush
hour traffic where vehicle density increases
above 16, the collision  rate steeply rises to
as high as 2.4% in 8 lane scenario.
Higher collision directly incurs high
retransmission rate, thus effecting overall end
to end delay  as well as message dissemination
reliability. LB, in contrast, even in the worst case
of 8 lane with 30 nodes per lane maintains
collision percentage below 1, thus promising
high reliability as required for safety
communication in VANETs.

Fig. 3 shows performance  measure with
message size of 1000 bytes. The general
behavior of the two methods follow the same
trend as in fig. 2 where the message size is 300
bytes. There are, however, two noticeable
distinctions with higher message size. First,
contention is slightly more sensitive to node
density with higher message size; Second, the
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overall collision rate is higher for the two
methods in both 4 and 8 lane scenarios. The
reason being the higher message size means
longer medium occupancy by each sender,
causing accumulated contenders, thus more
collisions  and its resultant longer overall delay.
Importantly, the gain of LB over NB method
remains significant even with higher message size
both in terms of delay (by 9 ms in worst case)
and collision rate (by 2% in worst case).

CONCLUSION
In this paper, we have presented a new technique
for sector- ing the broadcast range for safety
message routing in VANETs. Rush hour traffic
scenario is considered where most of the hitherto
mechanisms are severely effected with collisions
and consequent high message propagation
delays. The hitherto neglected factor of road
width is introduced to be used  as a second
dimension for sectoring the transmission range
of the message sender. Collision gain of the
proposed technique is evaluated using Marchov
chains. Extensive simulation evaluation is
performed  using ns-3 simulator,  and the results
suggest that Lane based sectoring significantly
improves the message propagation delay by as
much  as 9 ms for rebroadcast in each hop while
at the same time improves reliability of message
propagation by reducing  rebroadcast collisions
by 2% over the existing sectoring technique even
in worst traffic scenario. Uncovering the
importance of road width for VANETs in this
paper will assist future researchers in
understanding a more detailed road topology
that influences VANET com- munication. The
idea of segmenting  transmission  range into
manageable units can also be replicated in
service  channel allocation strategy in  VANETs
where there is an equally critical concern about
effective channel utilization. Theoretical delay
analysis for rebroadcast stage developed in this
paper can be extended for delay calculation of
other broadcast methods in VANETs. Future work
can be directed towards investigation of sectoring
in road intersection  scenarios, and further study
of the vehicle density and topology learning
mechanism on the road.
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Abstract

In  this  paper  simulation  of  the  two  phase  stratified  flow  is  carried  out  by  a  Commercial
Simulation  Package  Comsol  Multiphysics  version  3.4  using  level  set  approach  for  tracking
the movements  of  the  interface. The  problem  involves  the  Simulation  ( based  on  Transient
analysis)  of  two  phase  stratified  flow  between  two planes  in  (2D)  two  Dimension. Some
boundary  problems  arose  in  defining  specific geometry,  that  is  why  a  little  different
geometry  approach  is  presented  to  overcome this  problem. Further,  gravity  that  usually
stabilizes  the  flow  by  providing  specific flow  pattern  (specially  separation  of  the  fluids  in
gravity  field  having  different densities )  when  flow  is  occurring  in  gravity  field  was  observed
that  gravity  constant destabilize  the  flow  (carrying  simulation  in  Comsol  Multiphysics )  and
convergence problem  arises. That  is  why  the  flow  has  checked  by  keeping  the  value  of
gravity zero  at  first  then,  giving  a  much  less  value  than  the  gravity  really  has,  and
increased  gradually  to  a  value  beyond  which  again  the  flow  did  not  converge. The effects
of  Surface  tension  Coefficient  on  the  flow,  are  also  observed  and  presented.

Key words:  Stratified  flow,  Level  Set  Approach,  Interface, Gravity, Surface tension
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INTRODUCTION
Two  phase  (gas,  liquid)  stratified  flow
occurs  in  many  engineering   design
problem,  such  as  long  distance
transportation  of  oil  and  gas,  oil platforms,
process  industry,  may  be  in  horizontal
section  of  horizontal  Oil/Gas  wells,
reactors etc.  To  simulate   or  to  calculate
the flow  pattern,  shear  forces(Wongwises
and kalinithenko, 2002) involved  and
different  aspect  of  flow  are  of  the  utmost
importance  in  designing  of  such  wide
range  of  engineering  problems (Yap et al.,
2005; Ghorai and Nigam, 2000).
Multiphase/ two  phase  flow  phenomenon
has  been  a  challenging  task  through  all
times  and  to  understand  this  sort  of  flow,
a  wide  range  of  research  have  been
carried  out  for  past  several  years.

In  petroleum  industry  specially  in  surface
gathering  systems,  in  horizontal  section
of  horizontal  wells  and  in  oil/gas
transportation  industry,  in  many  cases  gas
and  oil  flows  simultaneously  either  it  is
wanted  to  transport  both  at  the  same  time
or  if  condensation  occurs  in  pipes. To
avoid  problems  in  such  cases,  the
behaviours  like  forces,  flow  pattern  and
instabilities  etc  involved  in  the  flow  has
been  studied  widely. Different  approaches
have  been  investigated  to  understand  the
stratified  flow  phenomenon.
A  variety  of   CFD  based  Commercial
simulation  packages  are  available  in
industry  to  simulate  the  problem  and  to
apply  further  in  modelling  of  such  designs
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(Wongwises and kalinithenko, 2002).

The  Simulation  package  Comsol
Multiphysics  with  its  built-in  levelset
approach  is  used  here  to  simulate  the
two  phase  (air-water)  flow  between  two
plane  transiently. The  results  may  be
applied  to  different  two  fluid  flow  problems,
especially  Oil-Gas (Moguedet et al., 2005).

2d Models Prepared in Comsol
Multyphysics

The  simulation  is  carried  out  in  a
commercial  CFD  (Computational  Fluid
Dynamics)  based  simulation  package
Comsol  Multiphysics  version  3.4.
Since,  two  phase  (air-water)  stratified  flow
is  understudy,  there  for  the  level  set
approach  is  used  in  particular,  tracking
the  moving  interface.

An Overview of the Level Set Approach

A large number of fluid flow problems involve
moving interfaces, like air-water, breaking
surface waves, combustion and reacting
flows etc. The interplay between the interface
dynamics and the surrounding fluid motions
is of great consideration in such many
applications. Factors such as density ratios
and temperature jumps across the interface,
surface tension effects, topological
connectivity and boundary conditions play
significant roles in the dynamics (Berthelsen
and Ytrehus, 2005).

To tackle some of the most complex
problems in fluid interface, a class of
numerical techniques have been built over
the past several years. Relying on an implicit
representation of the interface whose
equation of motion is numerically
approximated using schemes built from those
for hyperbolic conservation laws, Osher and
Sethian Level Set methods which are the
computational techniques for tracking moving
interfaces. The resulting techniques are able
to handle problems in which the speed of the
evolving interface may sensitively depend on
local properties such as curvature and normal
direction, as well as complex physics of the
front and internal jump and boundary

conditions determined by the interface
location. In particular, Level Set methods are
designed for problems in multiple space
dimension in which the topology of the
evolving interface changes during the course
of events and problems in which sharp
corners ad cusps are present (Rune, 2007).

 Governing Equations

To simulate numerically the model a level set
approach is coupled to the classical Navier-
Stokes equations. Actually this method is
very well studied to describe the motion of
interface.

5.1

                                                             5.2

                                                    5.3

Where in equation 5.1,
            ρ is the density
            η is the dynamic viscosity
            g is the gravity constant
            σ is the surface tension coefficient
                       κ = ­  .n  the curvature of  the  fluid
interface
            δ is the delta function concentrated
at the interface between the fluids
            u is the velocity field
            p is the pressure

The  term σκδn defines  the surface  tension
forces.
In equation 5.2, Ф  represents  the  level  set
function and in this approach Ф at a point is
the distance from the interface, such that an
interface corresponds to a surface where Ф
=  0.  γ  and  ε  are  the  level  set  parameters
where γ is the reinitialization parameter and
ε  is  the  parameter  controlling  the  interface
thickness.

Moving Air and Water Concurrently
between Two Interface
Air and water both are flowing co currently
between two planes from left to the right. The
interface and exit positions of the two fluids
are not the same. The configuration consists
of two sections (subdomains) water and air.
The air (upper) section is a bit ahead of the
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water (lower) section. The pressure at the
two points at outlets is defined zero (see
Comsol Model Reports). this is done to
establish an interface between two fluids.
While at the exit, the water exits first. This is
done to avoid the problem that arises in
defining the boundary condition.
The total length of the model is 4.5 with a
common interface of 3.5. The length of each
section is 4. The total height of the sections
is 0.8, and each section with the height of 0.4.

Figure.1. Basic geometry for the model of
moving air and water co currently.

Subdomains
The model consists of two subdomains 1 and
2. Subdomain 1 is provided by water while
subdomain 2 by air.

The following table describes the numerical
values of functional parameters used in the
simulation.

The mesh statistics of the subdomains is
given in the following table.

Boundaries, boundary conditions and
settings

At boundary 1, the fraction of fluid 2(
subdomain 2(air) is defined as fluid 2) is zero
here. The velocity in x-direction is expressed
as 6*V_mean*s*(1-s)+t. Multiplying V_mean
by 6 and adding with t (time step) is done to
increase (maintain) the velocity during the
flow. At boundary 4, the fraction of fluid 2 is
1.

RESULTS AND DISCUSSION.
Result without effects of Gravity and Surface
tension

2. Result of simulation of moving air and
water. The arrows are velocity field
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The result showed above is obtained keeping
the surface tension and gravity zero. Density
plays an important role in fluid flow problems,
flowing in gravity field. In our case giving to
gravity a value of zero looks quite unrealistic.
Also the water surface tension that
differentiates between the water and air
surface is kept zero to stabilize the flow at
this stage.
Assigning a value of 9.81 m/s^2 to the
gravity, the flow problem does not converge.
Thus at this stage, it is tried here if no gravity
acts on the flow.

Since the flow is transient, and is solved for
the time of 8 seconds, the analysis of the flow
pattern in different times show that initially
when flowing air interacts with the flowing
water, instability occurs and, a first water
wave rises highly and approaches
approximately the air wall contact which looks
like forming a slug for a short interval of time.
Then the first wave falls a little and a second
water wave rises, but not so high as the first
wave. At this stage the the interface rises
quite high and much water flows out than air.
No other wave rises, the second wave falls
down slowly, and after some time a complete
stratified smooth flow develops.

With each time step the velocity is defined to
rise. With the rise in velocity of air and water
both, the instability was considered to happen
after some time but it is observed that flow
stabilizes with a complete stratified smooth
flow.

The pressure distribution (given in Appendix
A) in two sections is almost uniform in the
range of 1000 Pa approximately, except at
the entrance of the water section, where the
pressure is higher, in the range of 2000 Pa
approximately.

The velocity distribution (given in Appendix
A) shows that at the solid walls the velocity
is zero. In air section, just below the wall the
velocity of the air is quite high due to much
lower pressure. Below this, the air velocity
attains uniform value. But, just above the
interface, it looks like water vapors rise in the
air section and a pressure reduction in result.
Due to this pressure reduction again velocity

increases. At the Air-Water interface, the
velocity decreases due to the shear forces
acting at the interface. Below the interface
the shear forces reduces and also the
pressure due to the mixing air in water, and
the velocity rises again. The velocity below
this region is again decreased (less than the
velocity in the air section). The velocity then
gains a higher value just above the water-wall
contact.

When surface tension was introduced, no
difference was observed in flow patterns. The
pressure and velocity distribution are also in
the same pattern.

Result with a Small Gravity Value and
Surface Tension Coeefficient

Figure 3. Air moving with an inlet mean
velocity of 0.1 m/s^2 and water is flowing with
an inlet mean velocity of 0.01 m/s^2. The
arrows show the velocity field.

As the flow problem does not converge when
introducing gravity, it is checked by
introducing a little value of gravity that is 2
m/s^2 to observe the effect of gravity. This
value obtained by starting from 1m/s^2 and
the final convergence obtained at 2 m/s^2.
The value of gravity more than this
destabilizes the flow and the flow does not
converge. But still we can check the effect of
gravity if it has a small value though.

By introducing a little gravity keeping the
value of surface tension coefficient as it is, it
is observed that when the first water wave
rises, at the same time water level falls down
at the exit of the water section. When second
water wave rises consecutive to the first one,
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the water level at the exit of water rises again.
As time passes the water level at the
entrance falls down and water level at the exit
rises up slowly. After some time again a
stratified smooth flow develops but with an
interface a little higher at the exit. This means
that at the end of the interface the area of the
flowing air reduces slightly. By introducing
Gravity, the pressure distribution changes
slightly (See appendix A). Pressure in the
lower(water) section is a little higher than in
the upper (air) section. The over all velocity
of the model reduces by introducing gravity
(See appendix A). At the solid walls, the
velocities are zero. Just below the solid wall
in air section, since a low pressure exists, the
velocity gets a high value. Again at the
interface, due to shear forces acting here, the
velocity reduces. Checking the flow just with
the gravity (2m/s2 here) and vanishing the
effect of surface tension coefficient, it follows
the pattern as just the surface tension was
introduced.

Flowing Air over Water Which Is Initially
at Rest but Provided an Outlet
The configuration consists of two sections;
air (upper) and water (lower). In this
configuration the air flows (left to right) over
water which is at rest (no inlet for the water)
but provided an outlet. The basic idea in
modelling such configuration is to observe
the drag applied by air to move the water.
The geometry is designed such that, initially
the air flows as single phase to establish a
stabilized flow, and then flows over water.
The length of the air section is 10 while the
length of the water section is 8. The heights
of the water and air sections are 0.4 each.

Figure 4. Basic geometry of the flow problem
of flowing air over water which is initially at
rest but provided an outlet. Mean inlet air
velocity is 0.1m/s^2.

SUBDOMAINS
The configuration consists of two sub
domains. Water is provided in subdomain 1
while air in 2. The following table describes
the numerical values of functional parameters
used in the simulation.

The mesh statistics of the subdomains is
given in the following table.

Boundaries, Boundary Conditions and
Settings
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The figure showing different boundaries is
given in Appendix A.

Results without Surface Tension and
Gravity

The figure below is the result of  flow of air
over water at rest but provided an outlet.
Basically in this flow problem the water is
shear driven, shear forces act at the interface
of flowing air and still water.

With no gravity and surface tension
coefficient, it is observed that when air flows
over water, the water level falls at start of the
water section. The fall in water section goes
approximately to the water wall contact,
forming slug, but  the water level at the exit
of the water section remains constant. It was
expected since the cause of this pattern is
the absence of gravity, as in the absence of
gravity no external force acts on the flow and
the water level does not falls at the exit. At
the entrance when air just contacts the water
surface, the fall of water is due to drag, as
there is no inflow of water and, water flows
to the exit by interfacial shear force.

The pressure distribution is quite different
here (Appendix A). The pressure decreases
with the flow from left to the right in three
stages, in the beginning, in the middle and in
the end of flow. All pressure reductions takes
place suddenly. It means, no hydrostatic
pressure acts here.

Initially in the water section, water is at rest
with no inflow. When the flowing air with
velocity interacts with water, the direction of
the velocity changes to the down side due to
the water displacement and creation of wave.
Air moves the water with a little velocity. The
air gets maximum velocity at the top of the
wave due to pressure reduction by wave
generation.

When, only Surface tension coefficient was
introduced as in the first model, no effects
were observed. It just behaves as it does
without Surface tension coefficient.

Figure 5. Result of the flow when Gravity and
Surface tension are not considered.

Results with a Little Gravity and Surface
Tension

Here again it was tried to check the effect of
gravity(which must be taken into account) by
introducing a little value of Gravity 2m/s2 and
also by introducing Surface tension
coefficient. Here the result is a bit satisfactory
as the water level at the exit falls down mainly
due to gravity and somewhat due to shear.
As the water is shear driven, and is under
effect of gravity, the water level falls abruptly
at the exit and slowly at the start. If this goes
on, the water will be drained out of the section.
By introducing the gravity, the pressure
distribution is quite natural here, higher at the
bottom due to hydrostatic pressure of water
and lower at the top wall (air-wall contact).
(See appendix A) As the water falls down due
to gravity, a decrease in pressure takes place
above in the air zone and back flow of the air
occurs. The result just by introducing a value
of small gravity but keeping the surface
tension zero, the flow pattern is as when both
quantities were introduced.

Figure 6. The result when Gravity and Surface
tension are introduced.
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CONCLUSION
Finally, the work shows the  possibilities of
Comsol Multiphysics to deal with two phase
flow topics provided appropriate geometries,
boundary conditions and parameters, since
during the simulation, it is observed that
Comsol Multiphysics is very sensitive to the
above mentioned values and conditions.
Minor changes to the boundary conditions,
geometry and defined parameters cause the
problem not to converge and thus no solution.
The main conclusions we established on this
work are, Without considering Gravity
constant, the flow behaves in a different way,
which does not show the natural way of fluid
flow pattern. Thus Gravity plays vital role in
establishing a natural and accepted flow
pattern. Surface tension Coefficient, which is
thought to have a role while stratified two
phase (air-water) occurs, since its existence
affects the surface of water in different way,
but it is observed that it does not affect the
flow. The level set method is a good
approach when dealing with the moving
interface, since the movement of fluid
interface is a dynamic process and must be
clearly observed to understand  the flow.

The two fluids (air-water) used here may be
displaced by Oil-Gas and different fluids
having specific properties. The different flow
problems which arise in the two phase flow
industry/ Oil-Gas industry may be dealt in a
good way.

Indeed, further works are needed to solve the
two phase flow problem between two planes
by Comsol. It looks quite possible to solve
such problems by making further more and
more good efforts. Further if the sensitivity
issue of the Comsol Multiphysics is
overcome, more possibilities will be attained
to deal with such problems in a good time
and wide range of parameters.
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Abstract
Proposed a method and discussed the procedure for forming the structure of lightweight retaining wall. The method is
based on the some new energy principles. Considered some examples for design of retaining walls. The construction of
resulting structure is based on new technology.
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INTRODUCTION
Analysis and design of the structures with positive
properties is one of the priorities of modern engineering
science. The above determines development of methods
and tools of design of efficient systems, which
minimize the cost of the construction, weight, adverse
impact on the environment, and etc. In this regard, the
traditional (indirect) approach of the design can not
provide integrated solutions positivity. Information
technology is an alternative, which based on general
systems theory, including topics such as mathematical
modeling, synergetics, and informatics. Finite element
method (FEM) became the basic of the modeling of
deformable structures. Finite-element modeling
provides not only effective solution of indirect
problems of mechanics of deformable solid bodies, but
also is an excellent application apparatus for
formulating and solving optimization problems, i.e
direct problems. A special class is problems of
regulation of parameters of structures and their state,
and in particular, in conjunction with the finding of
their extreme values. Gorodtsly et al 2003 reported that

the mangement (control) of the behavior of structures is
the tool that can be used not only to significantly
improve its technical and economic parameters, but
also, most importantly, improve reliability of service.
The principal feature of the formation of controlled
structures is dual process involving algorithms for
obtaining the necessary characteristics and appropriate
technological sequences of their production. In this
paper, using described approach, was found complex
solution (including the application in practice) of the
direct design of retaining walls. In this case, design and
technological procedures are founded on new
energetical principles (Ishlinskii 2008, Vasilkov 2008).
As a result, the algorithms for search of rational method
of design of structure were constructed, the geometry of
which provides:
the given transformation of the diagram of horizontal
active pressure on the wall;
quasi-energetical equi-strength of system.
In addition, proposed and implemented an effictive
method of construction of the discussed structure.

1 Geometry Generation of Ketaining Wall

1.1. Assumptions
The proposed formulation of the problem is founded on the hypotheses and assumptions of the corresponding Coulomb
theories (Fig.1), namely (Klein 1996) the failure mode of biagregata consisting of retaining wall and held it soil, array is
represented by the movement of the wall away from the soil, and simultaneously slipping of the some prism of the last
along sliding surface - considered two sliding surfaces: the back side of the wall and a plane, which is the boundary of
the stationary part of the soil; the slipping prism is absolutely rigid body, which allows to replace the existing volume
and surface forces by their resultants of G; Q; R (G - self weight; Q - reaction of retaining wall; R - reaction of the fixed
soil);

· The soil is a loose body, devoid of cohesion;
· Considered biagregat in the equilibrium limit state, corresponding to the initial stage of displacement of wall

and sliding of the prism of soil. Therefore, it is assumed that reactive forces acting on the sliding prism by wall
and the fixed part of the soil deviate from the vertical to the respective planes of φo and φ, equal to the angles of
friction of soil on these planes;

· Considered the initial stage of the failure process, in this connection, the equilibrium conditions are written to
its undeformed state;

· The problem is considered as planar.
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Figure1.1. The design scheme of the biaggregate.

The angles of force triangle (Figure 1.1) are:
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where α ­ the angle between the vertical plane and the back face of the wall;
θ ­ the unknown angle between the horizontal plane and slipping plane.
From the above follows that the reaction of retaining wall is equal in magnitude to the required active pressure and
opposite in direction. On the basis of the assumed hypothesis, the expression for the resultant of active pressure (Klein
1996) is:
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where γ ­ specific weight of soil;
h – projection of height of wall on the vertical plane;
λ – the coefficient of active soil pressure is equal to
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where b – the angle of inclination of external surface of soil with respect to the horizontal (pitch angle).
Analysis of (1.3) allows considering the angle of inclination of the wall to the vertical α, as external regulating parameter
(Ishlinskii 2008.) Further, given the logical direction of the problem, as well as to simplify its formulation (without loss
of generality) we give:
The external surface of the soil is limited by horizontal plane, ie b = 0 ;
The back side surface of the wall is considred perfectly smooth, then φо=0.
In this connection, (1.3) simplifies to:
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1.2. Mathematical Model.
Rationalization of the system, to some extent, can be achieved by reducing the soil pressure on retaining wall. The latter
may be realized by making a certain shape for back surface of wall. Taking the concept of the independent formation of
the priori distribution of the horizontal pressure (eg, uniform distributed load), per unit surface of the wall, we can write:

)(z o + z1××= l gs , (1.5)
Where: z=zo+z1 - current depth (Figure 1.2);
σ – intensity of normal pressure on the wall at depth z from the surface of the backfill; zo – the depth, at which the
horizontal pressure is taken as the initial (Figure 1.2).
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The range of the angle a lies in the limit: - j < a £ 0 , (1.6)
The limits set by the physical meaning of the problem.
Next, we introduce the notation:
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calculations need to choose the sign before the radical sign. So much so cos α is an even function we take:
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Figure 1.2. Search of geometry of wall.
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From the geometric meaning of the first derivative, it follows that
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tga
dz
dyy¢ = = , (1.7)

where у=у(z) – the function, which describe the geometry of the back surface of the retaining wall.

In view of (1.7) we have:
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From (1.5):
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=
g

sl , where: z=zo+z1 – current depth (Figure 1.2); finally: l = 
s ( z)
z ×g

Given that the values of γ, zo, and φ are known, and the magnitude of the intensity of normal pressure can be represented
as a known function of the depth σ=σ(z), is permissible to write the following equation:
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zo – depth, within which the pressure increases linearly up to the required value s ( z0 ) , (Figure 1.2);
z – the variable depth (Figure 1.2);
s ( z) - - the pressure at z;

For the particular case s ( z) = s = const , σ( z) = σ = const , the ordinate of the curve does not depend on the

specific weight of soil - g . Considering the pressure s on the vertical wall at the level z = z0 equals to
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zo××= l gs , we note that the coefficients of equation (1.9) g enters only through F(z) . Substituting the above

expressions we have F(z) = l × g × z o × (z × g ) -1 , and finally: F(z) = l × z o × (z) -1 . Q.E.D.
Note also, that it is advisable using numerical methods for solution of (1.9).

1.3. Analytical Solution
For formation an analytical solution of (1.9) (which simplifies the analysis), we introduce the following hypothesis

aa cos 2cos = (1.10)
The inclination angle of the wall depends on the angle of internal friction j . Increasing of j leads to decrease a .
From the physical meaning of the problem, that the angle is in range: - j < a £ 0 . It is known (Sorochan and

Trofimenkov., 1985) that for a variety types of soilsj lies in the range 70 < j £ 430 .

Equality (1.10) with an error not exceeding 20% is valid for { 0 , 360}0Îa , that is 83% of the range of the angle of
internal friction j . In other cases, the error may reach 37%.
We give below a table showing the acceptability of introduced hypotheses:

Table 1
α  cosα  cos2α  %
0 1.000000 1.000000 0.00
1 0.999848 0.999695 0.02
2 0.999391 0.998782 0.06
3 0.998630 0.997261 0.14
4 0.997564 0.995134 0.24
5 0.996195 0.992404 0.38
6 0.994522 0.989074 0.55
7 0.992546 0.985148 0.75
8 0.990268 0.980631 0.98
9 0.987688 0.975528 1.25
10 0.984808 0.969846 1.54
11 0.981627 0.963592 1.87
12 0.978148 0.956773 2.23
13 0.974370 0.949397 2.63
14 0.970296 0.941474 3.06
15 0.965926 0.933013 3.53
16 0.961262 0.924024 4.03
17 0.956305 0.914519 4.57
18 0.951057 0.904508 5.15
19 0.945519 0.894005 5.76
20 0.939693 0.883022 6.42
21 0.933580 0.871572 7.11

22 0.927184 0.859670 7.85
23 0.920505 0.847329 8.64
24 0.913545 0.834565 9.46
25 0.906308 0.821394 10.34
26 0.898794 0.807831 11.26
27 0.891007 0.793893 12.23
28 0.882948 0.779596 13.26
29 0.874620 0.764960 14.34
30 0.866025 0.750000 15.47
31 0.857167 0.734736 16.66
32 0.848048 0.719186 17.92
33 0.838671 0.703368 19.24
34 0.829038 0.687303 20.62
35 0.819152 0.671010 22.08
36 0.809017 0.654508 23.61
37 0.798636 0.637819 25.21
38 0.788011 0.620961 26.90
39 0.777146 0.603956 28.68
40 0.766044 0.586824 30.54
41 0.754710 0.569587 32.50
42 0.743145 0.552264 34.56
43 0.731354 0.534878 36.73

Table 2a: The angle of internal friction jn, deg. of sandy soils.
Sandy soil Annotation of

soil
characteristic

s

Characteristic of soil with void ratio
е

0,45 0,55 0,65 0,75
Gravelly and larger 43 40 38 -
Medium-grained 40 38 35 -
Fine jn 38 36 32 28
Silt jn 36 34 30 26
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Table 2b: Normative values of the angle of internal friction jn, of deg. silty-clay soils.

Soil Type and its
liquid limit

Annotation
of soil

characteristi
cs

Characteristic of soil with void ratio е
0,45 0,55 0,65 0,75 0,85 0,95 1,05

Sand
y
loam

0 £ IL £ 0,25 jn 30 29 27 24 - - -
0,25< IL
£0,75

jn 28 26 24 21 18 - -

Loam 0 < IL £ 0,25 jn 26 25 24 23 22 20 -
0,25 < IL £

0,5
jn 24 23 22 21 19 17 -

0,5 < IL £
0,75

jn - - 19 18 16 14 12

0 < IL £ 0,25 jn - 21 20 19 18 16 14
clay 0,25 < IL £

0,5
jn - - 18 17 16 14 11

0,5 < IL £
0,75

jn - - 15 14 12 10 7

After introduction of (1.10) The resolution equation becomes:

aaajl = 45 2
2

cos
2 ú

û

ù
ê
ë

é
÷ +
ø
ö

ç
è

tgæ +
- tg ;

Substituting
2

45 jy = - , then: l = y a a 2 a
2

cos
2 ú

û

ù
ê
ë

é
÷ +
ø
ö

ç
è

tgæ + tg .

Assuming, as before,
a

a 21
1cos

+ tg
±= : and choosing the sign according to the physical meaning of the

problem we have:
a

a 21
1cos

+ tg
= . Thus:

a
a

ay

ay
l  2 1

2

2

1
2

1 g tg
tg

tg

tgtg

+
ú
ú
ú
ú

û

ù

ê
ê
ê
ê

ë

é

+
÷
ø
ö

ç
è
æ×+

÷
ø
ö

ç
è
æ-

=

Considering: (- j < a £ 0) (1.6)

Setting: tg
a
aa

1 cos
cos

=
 
-

 1-
2 +

, we have:

=
+

ú
ú
ú
ú

û

ù

ê
ê
ê
ê

ë

é

-

+
-

×-

+
-

+
=

a
a

a
ay

a
1 cosay

l  1 cos 1
2

2

1
cos1
cos11

tg
tg

g

tg

tg 2a
tga

2a

2a
y

2a

+ tg 2a
tgy +

2

1
1

1
11+

1
11-

1-

1
11+

1
11-

tg

+ tg
g ×

tg
+

ú
ú
ú
ú
ú
ú
ú
ú
ú
ú
ú

û

ù

ê
ê
ê
ê
ê
ê
ê
ê
ê
ê
ê

ë

é

-

+

+

Assuming, as before, y ¢ = 
dy

= tga
dz

, we get
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2

2

2

2

2

2

1
1

1
11+

1
11-

1-

1
11+

1
11-

y¢
tg

y¢

+ y¢
g

y¢

+ y¢
tgy

+

ú
ú
ú
ú
ú
ú
ú
ú
ú
ú
ú
ú

û

ù

ê
ê
ê
ê
ê
ê
ê
ê
ê
ê
ê
ê

ë

é

-

+

×

+

+

= a

y

l

substituting f = 21
1

+ y¢

we have: f 2 = 
1

2 ;
1+ y¢

2
2 11

= + y¢
f

;

2

f 2
2 1

f
y¢ = 

- 
; y¢ = tga = ± 2

- f 21
f

;

Then: l 2

2

1
11

1
1

ftg

f
fg

f
ftg

ú
ú
ú
ú

û

ù

ê
ê
ê
ê

ë

é

-

+
-

×-

+
-y +

=  a
y

; From (1.5):
)(z o + z1

=
g

sl ;

Finally:

s ( z)
g

y

y

×
=

ú
ú
ú
ú

û

ù

ê
ê
ê
ê

ë

é

-
-

+ f
-

×-

+
1- f

+

z
f

f
f

1 fg

f
tg

2

2

2

21

1
1

1
; substituting:

( z)
g

s
×

=
z

zF( ) Þ F 2 (z) = 
s ( z)
z ×g

;

)(1

1
11

1
1 f

22

2

2

2

F zf
f

f

f
fg

f
tg

=

ú
ú
ú
ú

û

ù

ê
ê
ê
ê

ë

é

-
-

+
-

×-

+
-

+

y

y
; substituting:

f
2 =

 1- fk
1+

;

We express f = f (k) :

(1 ) 21- f = + f k ; 1- f = k 2 + f ×k 2 ; f ×k 2 + f =1- k 2 ; f ( 2 1) 1 k 2k + = - ; f = 2

2

1
1- k

+ k
;

( )
( )

 -
 - + 

-
 

=
++

=
-

+
=-

÷÷
ø

ö
çç
è

æ -
+

=-=
- 1

1 2
211

1
11

1 k
1

1111 f
42

42

22

22

2

2

222

2

kk
kk

k
k

kff

( 2 )2

4 2

42

4242

121
2121+

k
k

kk
kkkk +

-
=

+-
-+-

=  ;

So:

( ) 222

2

2

2

1
2

1
41

k
k

k
k

f
f

-
=

-
=

-
;

Finally, we obtain:
 tg 2

2
 1

2
2 ( )

111

222

F z
k
k

k
k

kg
k

÷ =÷
ø

ö
çç
è

æ -
+ú

û

ù
ê
ë

é
-

-
×-

y +
y

;

Taking the square root of the left and right part of equation we have:

( ) ; ê
(tg

1
1

1
2

1 g 2

2

2 k
F zk

k
k

k
ktg

÷ =÷
ø

ö
çúç
è

ùæ -
+û

ê
ë

é
-

-
×-

y +
y

)( ) ( )
(1 g )( ) 1

( )1
1

121
2

2

2
k 2

F z
k
k

kk
kgkk

÷ =÷
ø

ö
çúç
è

ùæ -
+ûë

é
-×-

×---+
y

yy
;

(1 )( ) 1
( )1

1
22

2

2

2

23k 2tg F z
k
k

kkg
tgkkkktg

÷ =÷
ø

ö
çúç
è

ùæ -
+û

ê
ë

é y
-×-

+--+-
y

yy
; ê

ë (1 g )( ) 1
( )1

1 2

2

2

2k 3

F z
k
k

kk
ktgktg

÷ =÷
ø

ö
çúç
è

ùæ -
+û

é y
-×-

-+-
y

y
;
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( ) ( )
(1 g )( ) 1

( )1
1

11
2

2

2

2k 2

F z
k
k

kk
kktg

÷ =÷
ø

ö
çúç
è

ùæ -
+û

ê
ë

é y
-×-

+-+
y

;
 ( )( )
(1 - g )( )

( )
( ) ( )
1
1

1
1+

2

2

2
k 2 tg F z

k
k

kk
k

=
+
-

-×
y -

y
;
 ( )
(1 g k ) F(z)ktg

=
×-

y -
y

;

( g k)zFktgy - = ( ) × 1- y × ; tgy - k = F(z ) - F(z) × tgy ×k ; F(z) × tgy ×k - k = F(z ) - tgy ;
k × ( z tgy ) F z tgyF( ) × - 1 = ( ) - ;

1)(
)(

-×
F z -

=
y
tgy

tgzF
k ;

22

2

1
21

k
k

f
- fy¢ =

-
±=± ;

k dz
k

y = ±ò 
2

1- 2 ;

Where:
2

k 2

1)(
)(

ú
û

ù
ê
ë

é
-×

F z -
=

y
tgy

tgzF
;

[ - ]
 =[ × ]

[ × - ]2 - [ ) - tgy ]2

[ × - ] =
-

-=- 2 2

2
2

1)(
F(z1)(

1)(
)(11

y
y

y
y

F z tg
tgzF

tgzF
tgzFk

( × - )
 =

-×+-+×-×
= 2

222F 2 (z) tg
1)(

)(z2F)(z1)(2
y

ytgyyy
F z tg

tgFtgzF

( 2 ) ( 2 )
( )2

( 2 )( 2 -1)
( )2

2 ×
1)(

1)(
1)(

1)(1)(
-×

-
=

-×
---

= 
tg

y
tg y

y
y F

F z tg
zF

tgzF
zFz

;

2( ( ) )( ( ) 1)2

( ( ) 1)( ( ) 1)( 1)1
2

222 ---×
-×F z - tgy F

=
- F z tgy F z y

tgy
tg

z
k
k

;

Finally:
2( ( ) )( ( ) × tgy -1)

( ( ) 1)( 1)1
2

222 --
F z - tgy F

=
- F z tg y

z
k
k

;

Given that:
( )
g

s z
×

=
z

zF 2 ( ) (1.11)

and differentiating the left and right side of equation (1.11), we define dz:

( ) ( )
( z) ( z)÷

22
11)()(2F

z
dz

dzdz

z
dzzzzdzdFz = × 

s ×
 

-
 
s ×

 = ø
ö

ç
è
æ × 

s
-

×
s

gg
;

( ) ( )÷
ø
ö

ç
è
æ × -

×F z z ×
=

z
dz

zdz

z)g dF(dz
ss

)(2 2

;

2( F( )( )
( ( ) 1)( ) ( ) ( )

 ( ))(2
1

1)(z) 2

22 z d z
dF z

z
dz

z

zzF
tgF

tgzF- tgy =
÷
ø
ö

ç
è
æ × -

×
--

-×
±ò

ss
g

y
yy

(1.12)

Consider the special case s ( z) = const =s , Then F
g

s
×

=
z

(z) :

)(
)(

2)(
)(
)(2)()(2)()(2F

34

2z2

dF z
F z

zdF
zF
zFzdFzzFzdFzdz =

g
s

g
s

sg
sg

s
g

sg
sg

s
g ×

×
×

-=
×
××

-=
×
×

×
××

-=
×
×

×
×

-

2( )( )
( ( ) 1)( ) ( )

( )2
1

1)()F(
32F 2 z tg F z

dF ztgzFtgz -y
g

s
y

yy
×

×
--

-×
= mò . We give: tg y = m2 , we obtain:
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( - )( × )
( - )( - )

( - )( × - )
( - )( - ) × =

×
=

×
-×

= 
4
 ò 2

(z) m F(z) m 1 ( ) 4
 ò 

F(z) m F(z) m 1 (z)
( )11)()(11)(z m2 F 3 F 2 z m2 F 3 dF
z

zdF
zF

Fy
g
s

g
s

mm

( ( ) 1)( 1)
( )

( ( ) 1)( 1) ( )
( )1)()(4)(

)(
)()()(4 ×

 ò F 3m2F 2

22

F 3m2F 2

2F 2 z × zmdF
zz

mzFmzFzmdF
zz

zFmzFm - ×
 ò 

×
 - - × 

+
 

+×-
=

×--
+-×

= m
g
s

g
s

m

( - ) ê ( )
( )

( )ë

é
+

- ×
+

-
×-

××
= 

4
2

 m
 ò 

1 ( ) m2 1
 ò 

1 dF(z) ...
( )1)()(1)(1 F 2 z F m F 2 z F 2 z

zdF
zm

y
g

s
m

( - ) ú
û

ù
×

+ ò 
1 ( )

( )1)(
... 2 3 dF z

F zzF
; (1.13)

The integrals in (1.13), taken closed. We obtain:

( - )
( )

ú
ú
û

ù

ê
ê
ë

é
÷÷
ø

ö
çç
è

æ
- ÷÷

ø

ö
çç
è

æ +
-

+
+

+÷÷
ø

ö
çç
è

æ
-

-
×

×4 ×
=

( )1
)F(z11 ln

2)(
1m2 1

)(1
)(ln

)(2
1

1 2

F 2

22 F zzFmzF
z

zFm
s my

g
m  (1.14)

We introduce the notation:

( )
ú
ú
û

ù

ê
ê
ë

é
÷÷
ø

ö
çç
è

æ
- ÷÷

ø

ö
çç
è

æ +
-

+
+

+÷÷
ø

ö
çç
è

æ
-

-
×

=W(
( )1

)(11 ln
2)(

12 1
)(1

)2 (ln
)(2

1))F(z 2

 F
2 F z

zF
zFm

m
zF

z
zF

; (1.15)

And finally:

( 1) ( ( ))4
m2 F zmy = m 
×
 
s × W

-g
(1.16)

Figure 1.3. The effective retaining wall
To visual demonstration of solutions we consider some examples.
Пример 1
Data:
Angle of internal friction j = 40 0 Total depth zmax=18m
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Iinitial depth z0=3m ratio zmax =
z0

6

The integral error is 16.0%.

Example 2
Data:
Angle of internal friction j = 30 0 Total depth zmax=18m

Initial depth z0=m ratio zmax = 6
z0

The integral error is Δ =25.0 %.

Example 3
Data: Angle of internal friction j = 20 0 Total depth zmax=18m

Initial depth z0=3m ratio zmax = 6
z0
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integral error is Δ =44.8 %.
Example 4
Data: Angle of internal friction j = 40 0 Total depth zmax=18m

Initial depth z0=5m ratio zmax = 3.6
z0

Integral error is Δ =9.5 %.

Example 5
Data: Angle of internal friction j = 30 0 Total depth zmax=18m

Initial depth z0=5m ratio zmax = 3.6
z0
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Integral error is Δ =14.5 %.

Example 6
Data: Angle of internal friction j = 20 0 Total depth zmax=18m

Initial depth z0=5m ratio zmax = 3.6
z0

Integral error is Δ =25.7 %.
Example7
Data: Angle of internal friction j = 40 0 Total depth zmax=18m

Initial depth z0=7m ratio zmax = 2.57
z0
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Integral error is Δ =6.4 %.

Example8
Data: Angle of internal friction j = 30 0 Total depth zmax=18m

Initial depth z0=7m ratio zmax = 2.57
z0

Integral error is Δ =8.7 %.
Example9
Data: Angle of internal friction j = 20 0 Total depth zmax=18m

Initial depth z0=7m ratio zmax = 2.57
z0
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Integral error is Δ =14.9%.
The error of approximation analytical solution was estimated by comparing the areas of pressure diagrams. As
shown in Figure 1.3 for the majority of cases, the error does not exceed 25%.

Figure1.3. Error (%) of the analytical solution depending on the angle of internal friction.
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2. Formation of Energetically Equi-Strength Element of Retaining Wall.

2.1 Basic Assumptions
For simplifying, the following conditions are assumed:
Retaining wall is infinitely long caisson-type structure (Fig. 2.1). In this regard, we consider it as the plane problem;
As The I-shape element is taken as design element (Fig. 2.2), and the width of the flanges is equal to the distance

between the buttresses (ribs), and the height of the cross section is equal to the total thickness of the wall (regulating
parameter), the thickness of the flanges and ribs are assigned based on the technological possibility (quality
requirements of vertical concreting);- During the forming of algorithm for determining the height of the section of
wall element its self weight is neglected. (to reserve);
Ultimate tensile strength of reinforced concrete generated by conditional reduction value

B ,sbt
red n

R
RR

R + = 
+

 
m

 £
×+ m1

(2.1)

where m
B

As

A
= - reinforcement ratio,

As; Ab – cross sectional area of reinforcement and concrete I-beam, respectively.
Rs; Rbt – ultimate tensile strength of reinforcement and concrete;
Rb – ultimate compressive strength of concrete (prism strength);

b

Es

E
n = ;

Es; Eb – modules of deformations of the first kind of reinforcement and concrete, respectively;
considered that the «σ­ε» diagram of concrete in tension, compression and shear are known;
Lateral (active) soil pressureσ=σ(z) is represented by a trapezoid with ordinates q1 (top), q2 (bottom);
In the final form retaining wall is a set of composed of I-shape (box-like) elements of constant cross section with

the internal cavity of variable cross section.
The sign of strain in the appointment of the ultimate strength determined on the basis of sign of parameter Lode-
Nadai -1 £ ce £ +1 .

2.2. Geometrical Characteristics of Element of Wall.

Needed characteristic of cross-section, for further calculations (Fig. 2.2) are:

×j=
12

3BHI x - moment of inertia; = ×j
6

2BHWx - section modulus; (2.2)

×h=
8

2BHS x - static moment, where: j = a + 6(1 -a )(1 - b )2 b , (2.3)

b baah = + 4(1- )(1- ) (2.4)

B
da = ; b

H
D

= , δ, Δ – known quantities, a Î[0,1], b Î[0,0.5] .

Figure 2.1. Design scheme of retaining wall

Rational Design of Retaining Walls



BUITEMS
Quality & Excellence in Education

110

В

Δ

δ

Δ

y

x H

Fig.2.2. the current cross section of wall.

2.3. Internal Forces
Since, considered the plane bending, there are bending moment and shear force at sections of element (Fig.

2.1):

x [ g g x ]M (x ) = 2 3 (1 )
6

q L2
2 -+ , (2.5)

[ g g x ],xQ(x ) = 
q2L

× 2 + (1- )
2

(2.6)

2

q1

q
=g , x

L
x

= ,  γ, x Î[0;1], L – height of wall;

M(ξ); Q(ξ) – bending moment and shear force.

2.4. Terms of Rationalization.
The height of section of wall H(ξ) will be searched from condition [3]:

= ++
+

+
- Rredm 22

2
1

2
1 n tsns , (2.7)

where the parameters ν and m correspond to different criteria, and limit states are defined by the following
table:

Table 2.1
№  criterion  ν  m

1 Galileo-Rankine 0 4
2 Saint-Venant m * 4
3 Coulomb 1 4

4 Mohr D
b

Rbt

R
= Δ  4

5 Mises-Genk 1 3
*) m – Poisson's ratio

Сonsidering  (2.2)  (2.3)  (2.4)  (2.5)  (2.6),  normal  and  shear  stresses  are  represented  by  the  following
dependencies:

)(
)(6

2 xj
M xs =

HB × ×
, (2.8)

)(2
)(3 x

xja
ht
HB

Q
× ××

×
= , and B(x ) = w × H (x ) = const . (2.9)

In addition to five criteria, presented in Table 2.1, criterion introduced in [2] is considered:
eue(x ) = , (2.10)

where е(ξ) –- the yield value of the potential strain energy density per unit length;

[ cu tu ] shueu = 0,5 2 ( e 1)e ( e 1)e (1 2 )eece c + - c - + - c , (2.11)
еи – the ultimate value of the potential strai energy density per unit length,

31

3122
ee

eee -ce -
-

= - Lode-Nadai parameter,
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32e1 ³ e ³ e - principal linear strain

ecu = ò
euc

ds c (e ) e
0

, (2.12)

ò=
eut

detu s t (e ) e
0

, (2.13)

ò=
u

deshu

g

) ggt
0

( , (2.14)

)(ess c = c ; ( )ess t = t ; ( )gtt = - known functions that describe the "stress - strain" diagram for
compression, tension, and shear, respectively, mainly obtained by experiment;

uutuc e ge ; ; - The ultimate compression, tension, and shear strain of concrete, respectively.
Equation (2.10) determines the conditional energetically equi-strength element, as it is performed only in

some points of the cross section.
Substituting (2.8) and (2.9) into (2.7), and after some transformations we obtain:

0)()( 2
2

3H 4 x =-- a H x a , (2.15)
where the coefficients аі(i=2, 3) are given by:

2222

22) 2

2 = 16
)(9(1)()6(1-

+×××
×+

+
×× red B Rred

Qm
RB
Мa

aj
xhn

j
xn

, (2.16)

222

2

a3 =
)(36

j
nM x

+RredB
, (2.17)

Ignoring  the negative values of H(ξ), as  inconsistent with  the physical meaning of  the problem,  in view of
(1.16, 1.17), we obtain

3

2
22

42
)H (x = 

a
+ 

a
+ а (2.18)

In turn, for criterion (3.10), current height of the cross section of the wall is formed on the basis of the
iterative procedure [2]:

P

u

ei
tjiH ij (x e

eH ÷÷
ø

ö
çç
è

æ
= - ( )) ( 1) , (2.19)

where j – number of iteration,
i – number of section,
P Î[ ;1]0 - the parameter which describes rate of convergence of the iterative process.
Refinement of the heights of section will be continued until performance of limitations:

£ d- i( j-1)H ij H , (2.20)

where δ – given accuracy.
Determination of components of the stress-strain state (SSS) is performed by using Program Complex (PC),

"LIRA" (Gorodtsly et al., 2003). Gorodtsly et al
The numerical solution is illustrated by the graphs shown in Figures 2.3-2.8.
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Fig.2.3 Dependence "height of wall section - height of wall," determined by various criteria.

Fig.2.5. Dependence of the "SED per unit length - height of wall," as defined by Mohr: eu- ultimate SED at a point,
e- actual SED at the same point.

Fig.2.6. Dependence of the "SED per unit length - height of wall," as defined by energy criterion: eu- ultimate SED
at a point, e- actual SED at same point.
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Fig.2.7. Dependence of the "SED per unit length - height of the wall," as defined by Coulomb's law: eu- ultimate
SED at a point, e- actual SED at same point.

Fig.2.8. Dependence of the "SED per unit length - height of wall," as defined by (3.10): eu- ultimate SED at a point,
e- actual SED at same point.

Analysis of the achieved results allows the following conclusions:
Criteria (2.7) approximately define the same height of wall section (the difference does not exceed 23.5%). The SED
is distributed along element ununiformly;

· The criterion (2.10) defines an energetically equi-strength element, but due to this, material saving is about
20% in relation to the criteria (2.7);

· Criteria Galileo-Rankine and Saint-Venant determine the height of wall section does not performance
conditions of eu> e, which is unacceptable.

Thus, isoenergetic SSS of structure causes the most acceptable distribution of material and it's effective
service in structure.
3. Features of the direct design anchor retaining wall.

We will consider the anchor retaining wall (Fig. 3.1). Leaving unchanged its earlier hypothesis and the
composition of the internal parameters (Fig. 2.2), we introduce a new external parameter, ie, the force in pre-
tensioning (prestressed) anchor. In the case of inclined anchor the vertical loading of wall is neglected. Tensile force

in which is equal to tot
 opt cos bopt PP =

where b - angle between anchor and horizontal axis.
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Figure 3.1. Design scheme of anchor retaining wall

Solution of problem tends to construction of energetically equi-strength wall with additional support in form of
horizontal prestressed anchor. Technologically, making the advanced anchoring does not cause major difficulties
Based on the ideology of formation of rational structures, presented in (Shmukler and Klimov, 2008, Vasilkov
2008)) we assume, that the external parameter, approximately, can be determined from the condition:

)(inf U nU = a n = 1,2,..., (3.1)
where n - number of variants of comparison,
a Î M , М – set of permissible values of the pretensioning force of anchor,
U – potential strain energy (PSE).
At the same time, we introduce the assumption of unimodality of the function U.
Given, that we considered strain of plane bending for the PSE, we have:

= ò
 M

EI
dxxU 1 ( )

2

2

(3.2)

Since, rationalized wall is an element of variable cross section, equation (3.2) takes the form:

= å ò 
M

i= i- L

N N
iL

N
iEI
dx2 (x)U

2 1 ( 1) ( )
1

, (3.3)

where N – number of segments (sectors) of wall along it's height,
i – текущий номер участка,

N
L

- length of segment (uniform partition), L – height of wall,

[EI]i – bending stiffness of the i-th segment, М(х) – bending moment.
In this case,

xPxMxM ( ) = g ( ) + opt × , (3.4)

where M g (x) = -ax3 - bx2 ,
L

q1=
 q2 -a

6
;

2
q1b = ;

Popt – rational value of force in anchor.
Substituting (3.4) into (3.3), after integration we obtain:

[ ] [ ]
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L
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EI iN i
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N

(3.5)

we find force Popt from the condition
 ¶U

= O
Popt¶

, and then differentiating (2.5). by Popt to define:
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In the particular case q1=q2=q, а N=1. P qLopt = 0,375 , (3.7)
which coincides with the result, obtained in [5]. Since the system is statically indeterminate to the first degree

psfopt P PP = + , (3.8)
Where Pf – selftensile force, Pps – pre-tensioning force.
Hence, the required value of pre-tensioning force of anchor is equal to ps opt fPPP = - , (3.9)
selftensile force defined by force method

11

D1p

dfP = - , (3.10)
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The primary structure of force method and moment diagrams are shown in Figure 3.1. Finally
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Comparing the expressions (3.6) and (3.11) can be noted that opt fPP = , (3.12)

and as result ps = 0P ;
This result is very interesting and shows that in the case of condition (3.1) pre-tension of anchor is not required.
The general solution is an iterative procedure consisting of two cycles. The external cycle implements a consistent
change in the force of pre-tensioning of anchor until performance of condition:

£ e- m-1
ps

m
ps PP , (3.13)

where m - number of external iteration, ε - given accuracy.
As initial approximation, is taken distribution of heights of wall sections, which found for cantilever system by
(1.19) (1.20). Further, the internal iteration cycle is executed, generated by (1.10) (1.19) (1.20). The analysis of
system was done by using PC "LIRA". The results of formation of geometry of wall by (1.10) are shown in Fig. 3.2

3.2. Dependence "height wall of section - height of
wall," as defined by (3.10) in the wall with anchor: eu -

ultimate SED, e - actual SED.

3.3. Dependence "SED per unit length - height of wall,"
as defined by (3.10) in the wall with anchor: eu -
ultimate SED, e - actual SED.

As seen from the graphs, the anchor reduces the height of section of equally strength wall by 41.5%, and changes,
the qualitative nature of its height.
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4. Numerical Verification and Analysis of SSS of the Proposed Structure.
Investigation of SSS of the proposed structure of retaining wall was realized using finite element (FE) modeling.
Actually the calculations were carried out in LIRA environment, version 9.6R8.
Characteristics of the model are as follows:

· Type of a FE - zero Gaussian curvature shell element;
· size of FE - 25 × 25 cm;

load is uniform distributed, at depth zo=3m, is equal to 11.74 kN/m ² and is applied to the back surface of the wall;
· design scheme of cross-section of wall shown in Figure 4.1.

The results of analysis are illustrated by fields of displacements and internal forces (Fig. 4.2-4.6)

Fig. 4.2. Deformed scheme of buttress, combined with transformed pressure diagram.

Fig. 4.1. Finite-element model of retaining wall
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Fig. 4.2. Distribution of shear stresses in walls-diaphragms.

Fig.4.3. Distribution of Nx
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Fig.4.4. Distribution of moments My

Fig.4.5. Distribution of torque Mxy

Analysis of displacement and distribution of internal forces (Fig.4.2-4.6) allows confirming representativeness of
assumed hypotheses and assumptions, and appropriateness of performance management of characteristics of system,
realizing the given distribution of components of SSS in the considered structure.

5. Technological Features of the Construction of Considered structures.

In this paper we consider a way to reduce weight (material consumption) of retaining walls, by means of creation of
internal voids, which are performed using the removable void formers (RVF) or expendable void formers (EVF).
Void formers can be made of plywood, chipboard, plastic, foam, lightweight concrete, and etc.
The main advantage of RVF is their re-use, and disadvantage - the possibility of the collapse of walls of freshly
molded structure in low strength stage of concrete, or the complexity of removing. For the case of EVF, on the
contrary, the disadvantages are their one-time use, and advantage - the absence of extraction operation.
It should be noted, that with the increment of degree of rationality of structures (within the accepted criteria), the use
of RVF from hard materials (plywood, metal, etc.) is practically, impossible by reason of complexity of
disassembly.
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If there is thermal insulation requirement for retaining wall, while the effectiveness of EVF can be increased, which
made of materials with low thermal conductivity, such as polystyrene.
In addition, for compaction of concrete mix should be used vibroformwork or self compacted concrete with high
workobility.
Testing of technology solutions implementing the ideas of RVF and EVF was carried out during the construction of
retaining walls of recreation hotel complex in Kharkiv.
The management of construction of retaining wall was carried out on flow diagram in which the process of
construction was divided into streams (reinforcing, void formers and formwork instalation, concreting, formwork
dismantling). For the increasing concreting process, wall was subdivided into the segments about 50m3 per shift (8
hours) and, respectively, the minimum wall area=50x0.52=26m2 (0.52- used concrete (m3) in 1m2 of wall). If height
of story was 3.4m, the length of the segment was 26/3.4≈7­8 meters. The individual steps of the construction of an
effective retaining wall of height about 15m are shown in Fig. 5.1. Worth noting that, an office center (eight-story
building) is located at a distance of four meters from this retaining wall. Patterns of retaining wall construction (on
floor, work carried out in one shift) with RVF and non-EVF are shown in Fig. 5.2 and 5.3, respectively.

Fig. 5.1. Stages of construction of effective retaining wall.
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Fig. 5.2. Cyclogram for wall with RVF

Fig. 5.3. Cyclogram for wall with EVF
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Indicators of construction of retaining walls with RVF and EVF are shown in Table. 5.1.
Table 5.1 The laboriousness of the construction of retaining walls in the man-hours per 1m2 of wall

work RVF from inventory formwork Styrofoam EVF
Reinforcement Installation 0,95
Void Former Installation 0,75 0,34
Formwork Installation 0,5
Concreting 2,3
Void Former Removing 0,5 –
Dismantling of formwork 0,32
Total 5,32 4,41

Approximate cost of construction of retaining walls are shown in Table 5.2. To compare the cost characteristics of
technology of RVF and EVF we assumed that the cost of concrete delivery=106UAH/m3,
reinforcement=1000UAH/t, polystyrene =400UAH/m3, 1 man-hour = 12UAH, crane rent=63UAH/hr, formwork
rentals 0.5=UAH/m2day.

Table 5.2 Approximate cost of construction of retaining walls UAH per 1m2 of wall (not including consignment expenses
and value-added tax)

Work RVF from inventory formwork Styrofoam EVF
Concret  0,52х106=55

Reinforcement  0,049х1000=49
Styrofoam  –  0,6х40=24

Construction of wall according to
table 5.1 5,32х12=64  4,41х12=53

Сrane Rental  0,16х63=10
Formwork Rental  4,9х5х0,5=12  2х5х0,5=5

Total 190 196

Analysis of data in Table 5.2 shows that walls with EVF are costly compared with wall with RVF

about
194 -190

´1 00% = 2.1% , however, the laboriousness of construction of second wall exceeds the
190

laboriousness of construction of first. Just heat and sound insulating characteristics of the first several times higher
than second, due to the presence of polystyrene void formers. The economic feasibility of EVF increases with
decrease in volume of internal voids, and consequently, the consumption of polystyrene.
Thus, for optimal (complex geometry) structures of retaining walls, for the vast majority of cases it is advisable to
use EVF made from effective materials such as styrofoam.

CONCLUSION
Consideration of strain of "retaining wall - soil" together, increases the correctness of the models, by providing the
features of resistance this biagregata. Representation of similar structure (retaining wall) in the form of finite
element determines the possibility of direct and indirect problems of design. In turn, the dirct (optimization)
approach allows us to create a structure with rational and high competitive characteristics.
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