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Strengthened of RC Beams By FRP Strips

Mohamed. A.A. El Shaer

Associate Professor, Civil and Construction Engineering Department, higher
Technological Institute, 10™ of Ramadan City.
Email: ECG_GROUP @ yahoo.com, ECG_GROUP @ hotmail.com

ABSTRACT

A non-linear finite element analysis of reinforced concrete beam
strengthened with bonded FRP strips is presented. The model is based on the
principal of virtual work. The nonlinear implicit governing equations are derived
and solved through an iterative linearized procedure. Verification of the nonlinear
model is achieved through comparison of load—deflection response with
experimental results achieved by other researchers. The results of the proposed
analysis include effects such as load-deflection response and ductility versus
number of strips. The study reveals that the finite element method can predict the
strength and ductility of the concrete beam and can also capture the strains along
the beam. It reveals that the failure modes of the beams strengthened by FRP are
more ductile than un-strengthened ones. In addition remarkable increase in strength
is achieved. The strengthening strategy applied has remarkably increased the
ultimate load and ductility of the beams by about 29%, and the beams with two
loads recorded higher results than beams with one load.

KEYWORDS: Beams, Concrete, FRP strips, Finite elements.
1. INTRODUCTION

A potential way of increasing strength and ductility of beams or retrofitting
existing cracked beams is the use of FRP strips. This strengthening method has
many advantages over the traditional techniques, especially because of the high

strength and modulus. of elasticity, improved durability and low weight of the
composite material.
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However, application of the method is associated with difficulties mainly to
guarantee complete bond between concrete and FRP. Lamanna, Bank and Scott [1]
studied the differences between bond attachment and using fasteners to attach FRP
strips to the concrete beam.

Along with the experimental investigations, various analytical and numerical
approaches were used in recent years for this study. An, Sadatmanesh and Ehsani
[2], Triantafillan and Plevris [3], Picard, Massicotte and Boucher [4], introduced
material nonlinearity into their models through the idealized constitutive relations
for the various materials namely: concrete, steel and FRP.

Rabinovitch and Frostig [5] applied a nonlinear high—order analysis to study
reinforced concrete beams strengthened with FRP strips. They were able to
determine the stress concentration at the ends of the FRP strips. Supaviriyakit,
Pornpongsaroj, and Pimanmas, [6] introduced a finite element method modeling
both concrete and reinforcing bars together as 8-node isoperimetric 2D reinforced
concrete element. The FRP plate was modeled as 8-node isoperimetric 2D elastic
material. They were able to study crack propagation for beams strengthened with
ERP plates. Several strips along the width of the beam is a case of study beyond the
mentioned method.

Al-Noury and Chen, [7] are adopted the relationships between unconfined
concrete and for steel, were chosen for the present analysis. Full details of the
derivation of the problem are given by Zaki and El-Shaer [8].

Shrestha, R., Smith, St., Samali, B.[9] are introduced the reinforced concrete
connections, designed prior to the implementation of earthquake design standards.
Addition of externally bonded fiber-reinforced polymer (FRP) composites can
enhance not just the shear capacity but the deformation and energy absorption
capacity of the connection. The majority of research studies to date have opted for
complete coverage of the joint region with FRP and have subjected the test
specimens to cyclic (push-pull) loading.

Amir Mofidi, and Omar Chaallal, [10], are presents the results of an
experimental and analytical investigation of shear strengthening of reinforced
concrete (RC) beams with externally bonded (EB) fibre-reinforced polymer (FRP)
strips and sheets, with emphasis on the effect of the strip-width to strip-spacing ratio
on the contribution of FRP (Vf). In all, 14 tests were performed on 4520 mm long
T-beams. RC beams strengthened in shear using carbon FRP (CFRP) strips with
different width to spacing ratios were considered, and their performance was
investigated.

G. M. Chen, J. G. Teng, J. F. Chen O. A. Rosenboom, [11], are study the RC
beams shear strengthened with either fiber-reinforced polymer (FRP) U-jackets/U- -
strips or side strips commonly fail due to debonding of the bonded FRP shear
reinforcement. As such debonding occurs in a brittle manner at relatively small
shear crack widths, some of the internal steel stirrups may not have reached
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yielding. A computational model for shear interaction between FRP strips and steel
stirrups is first presented, in which a general parabolic crack shape function is
employed to represent the widening process of a single major shear crack in an RC
beam. And appropriate bond-slip relationships are adopted to accurately depict the
bond behavior of FRP strips and steel stirrups.

This study investigates the use of several parallel strips along the width of
the beam using a reliable finite element method. Ductility, strength and strain
distribution along the beam are studied.

2. FORMULATION OF THE PROBLEM

The formulation of the problem starts with the principle of virtual work. The
beam is divided into segments and each cross-section is divided into elemental
areas. However, terms expressing non-symmetry of the cross-section and bending
about the y-axis are omitted. Longitudinal and transversal division of the beam
appears in Fig.1. Use of the variation principle of virtual work, stress resultant and
independent displacements yields the following equilibrium equation.
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a. Discretization of the beam b. Discretization of the Section

Fig. 1 Loading and Discretization of the Beam
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The system of equations of equilibrium will be in the from:
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(k]{u}={f} )

Where, [k] is the stiffness matrix of the beam segment, {u} is the nodal
displacement vector, and {f} is the nodal force vector.

The segment stiffness matrices are assembled through an updated
transformation matrix. It is noted that in the case of nonlinear constitutive relations
for materials used the modulus of elasticity is not constant but is a function of the
strain deduced at every point.

CHARACTERISTICS OF RC. BEAM SECTION

Stress strain relationship for concrete

For concrete, the stress-strain curve for concrete is shown in Fig 2. The
concrete section is divided into elements and the elemental concrete modulus of
elasticity is given by Al-noury and Chen [7], and the incremental stress-strain
relationship is

&, =G.s, 3

where Ge is the incremental concrete modulus of elasticity and is expressed

as:
- k r k ’ ’
Gis '?{f‘—y, + 2—'%(3 -2y)e, +3 k‘J{‘ (r —2).9‘?2 when O<¢, <&l 4)
c € Et‘
' A
G, =2— 2A To—2— S —&, when &) <g, <é¢ly, (5)
(1-2y,+7,") & (-2y,+7,")
G.=E, when =g,<g 50 (6)
G. =-E, when —-l5¢,<¢ S-&, @)
G.=0 when g<=15¢g, (8)

Where y1 is the slope of the stress-strain relationship at the origin, y2 is the
ratio between gcu and ec/
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Stress strain relationship for steel

For simplicity, the stress-strain relationship for the steel bars is shown in Fig.
3 and the incremental stress-strain relationship is

MR ©)

Where Gs is the incremental steel modulus of elasticity and is expressed as:

8, =_fL= B <g <
&y when ~ & =& =%, (10)
G,=0 whesi % b s,0re, ® -5,

(1)

Stress strain relationship for FRP

The stress-strain relationship for FRP is considered linear in tension as
shown in Fig.4.

The incremental stress-strain relationship is given by

Fere = Grpp O pp (12)

where GFRP is the elemental FRP modulus of elasticity and is expressed as:

GFRP =EFRP when _EHISEFRPSEM (13)
G =—% when £ SEmppS—E,, (14)
Je
71 TP
E.

Fig. 2 Stress-strain curve for concrete
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Fig. 4 Stress-strain curve for FRP strips

Discretization of the composite beam

The phenomenon of nonlinear stress-strain relationships is introduced
thorough equivalent elemental elastic moduli for concrete, steel and FRP that are
derived from differentiating the constitutive relations of the mentioned materials.

The general relationship of differentiation is
& =G ¢ (15)

where for any element, 8f and 8¢ are the variations'in stress and strain
respectively.

Thus, the properties of the cross-section forming the linear stiffness matrix
are given below,

Cé6
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where pk is the ratio of an elemental steel area to an elemental concrete area
and pst is the ratio of an elemental fiber strip to an elemental concrete area. nch,
ncb are the number of rows and columns of elemental concrete areas respectively,
nb is the number of steel bars and nst is the number of elements. Ge, Gs and Gst are
obtained from Eqns. (4-8), Eqns. (9-10) and Eqns. (11-12) respectively. yi, is the
distance from the ceanter of the concrete element to the z axes and yk is the distance
from the center of the steel element to the z axes respectively and yt is the distance
from the center of the strip element to the z axes. Those symbols are shown in
Fig.5.

i Sl
i ¥ j——l =: 7z
M iO z E Zn
e e e e @« e i
| Z : = N.A
a. Moment vector b. Neutral Axis
y
ofr I
1 yk
h il 2
%
A el
b

c. Discretization of the Section

Fig. 5 Cross-section of beam under study

The procedure of solution consists of the following stages:
1. The applied forces geometry and properties of the column are read by the
program. The discretization of the cross-section is formed.

2. For the first iteration of the analysis assume that there are no cracks in the cross-
section.

3. From the given applied load, form the global force vector {f}.

C7
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4. Start the incremental load procedure using the mixed procedure. This procedure
is detailed by Zaki and El-Shaer [8].

5. For each segment in the column form the stiffness matrix. Update the matrix to
its new position after displacements. Assemble to form the global stiffness
matrix [K,].

6. Solve the equation [K,J{u}={f} to get the incremental displacements {u}. Add
{u} to the previously obtained displacements to get the total displacements.

7. For each segment get the internal forces corresponding obtained in the previous
step.

8. From the incremental displacements, compute the incremental strains and add it
to the previously computed strains.

9. For the different cross-sections of the beam. Compute the elemental modules of
elasticity then determine the properties of each section.

10.Start a new iteration of the mixed procedure and repeat steps (4 to 9) until
convergence is achieved.

11.For each section of the beam check for the ultimate concrete strain, (1 DBl

12.1f the ultimate strain is reached, terminate the program. If the ultimate strain is
not reached, start a new increment and repeat steps (4 to 12).

3. VERIFICATION

The three beams used by Supaviriyakit and Pornpongsaroj [6] are adopted
herein for verification. B1 is the control reinforced concrete beam, B2 and B3 are
the beams with carbon FRP smeared to its bottom side. The first two beams are
loaded by one point load in its mid-span. The third beam is loaded using two point
loads. Fig. 6 shows the dimensions and loading of the three models. Concrete
strength is 450 kg/cm?, &, is the concrete strain corresponding to concrete strength
and is of value 0.002 while the ultimate concrete strain in compression is 1.5 g, €,
is the concrete strain in tension corresponding to the maximum concrete tension
stress f.. It is noted that the effect of concrete tension stiffening is taken into
account. Steel yield is 5330 kg/cm® and carbon fiber ultimate strength is 22000
kg/em’ with modulus of elasticity of 1.5%10° kg/cm®.

The comparison between the present analysis and the previously mentioned
work is given in Figs. 7-9. The Figures are plots of the applied load versus mid-span
deflection. A deviation of nearly 14% in mid-span deflection at maximum load is
observed in the control beam B1 at failure. However, close results are achieved for
beams strengthened with carbon polymers.

c8
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Fig. 6 Beam used for verification
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Fig. 8 Load versus mid-span deflection for B2
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Fig. 9 Load versus mid-span deflection for B3

4. NUMERICAL EXAMPLES
The studied cases are given is Fig. 10. Dimensions and details of

reinforcement are shown the figure. A 10 mm thickness and 70 mm width strip was
used for external reinforcement at the tension side of the beam. Materials used:

c10
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Fig. 10 Loading and stripping of beam

Concrete, steel and FRP strips are of the same properties as those used in
verification. '

Each beam is identified with an acronym, where the first symbol B stands for
beam; the symbols STR denote that the beam is stripped. The number following (1
or 2 or 3 or 4 or 5) denotes number of strips used where 5 strips cover the whole
width of the beam. The third symbol L stands for loading where P1 and P2 indicate
whether the beam is loaded by one or two concentrated loads respectively.

cu
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Considering B-STR2-P2 as an example of beam notation means that the beam is
reinforced using two strips and loaded by two concentrated loads.

Figure 11 shows the load versus mid-span defection for the case of one
concentrated loads and different numbers of strips; the beams studied are B-P1, B-
STRI-P1, B-STR2-P1, B-STR3-P1, B-STR4-P1 and B-STRS5-P1. The figure shows
that one strip gives negligible increase in load, but increasing number of strips give
an increase in load to 26% (5 strips).

Figurel2 show the load versus mid-span defection for the case of two
concentrated loads respectively and different numbers of strips; the beams studied
are B-P2, B-STR1-P2, B-STR2-P2, B-STR3-P2, B-STR4-P2 and B-STR5-P2. The
figure shows that one strip gives negligible increase in load while two and five
strips give an increase in load of 9% and 28% respectively.

Figure 13 study the behavior of the beams under different loadings. The
control beam is B-P1 and the beams studied are B-STR5-P1 and B-STRS5-P2.

It can be seen that for FRP stripped beams, significant increase in load
capacity and ductility is achieved by using two loads rather than one load. This can
be predicted as using two loads result in less moment and so less deformation
compared to that developed by using one load.

The increase is more remarkable in load capacity than in ductility.
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Fig. 11 Load versus mid-span deflection for beams with one load
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Fig. 12 Load versus mid-span deflection for beams with two loads
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5. CONCLUSION

A finite element approach for the nonlinear analysis of beams with tension
side strengthened with externally bonded FRP strips has been presented. The
strengthening strategy applied has remarkably increased the ultimate load and
ductility of the beams by about 29%. Beams with two loads recorded higher results
than beams with one load.
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Abstract

Water is precious for 'ife not only for human being and live stock but also for the biota.

~ Water scarcity in addition to water quality concerns are the main hot issue which creates
challenges to the decision makers. Water quality monitoring is necessary not only for
surveillance and operational but also for investigative in case of accidental pollution. Lake
Nasser surveillance water quality monitoring is carried out two times a year inside Egypt
territory while it is carried out one time a year inside the Sudanese territory. On line real —
time water quality monitoring in remote areas like Lake Nasser is desirable where grab
samples are time consuming and unaffordable.

The on line water quality monitoring system is applied at the pump station of Toshka project
in Lake Nasser. Assessment of the system for the logged data, in the years 2009 and 2010 by

time series analysis using moving average approach, is done for water quality parameters
TDS, DO, and pH.

The measured data indicates that the water qualities of the lake is good and even bellow the
standard of the local guidelines of law 48 except very slight variation of pH due to high
carbonate and bicarbonate content of water. The MSE values of the 2 — hour moving
average for TDS, DO, and pH has the smallest value. The paper concluded that data can be
logged each two hours instead of one hour in the on-line real time water quality monitoring
system. Also, the system can be used for alarming and early warning of accidental pollution.

Key words: On line, Real time, Water Quality Assessment, Time series, Lake Nasser.
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Introduction

Egypt has limited water resources as it is one of the arid and semi-arid regions, the rainfall
is very small and River Nile is predominant source of fresh water for all the users. It’s flow
rate relies on the available water stored in Lake Nasser to meet needs within Egypt’s annual
share of water which is fixed at 55.5 becm annually by the agreement signed with Sudan in
1959.

The rapid increase in population has urged Egypt to meet the food and fiber requirements
through the expansion of its agricultural land base. Toshka project is the largest mega project
in the country for expanding the agricultural area not only for local food production but also
for exports and national income increase. The project will draw 4 bem of water from Lake
Nasser at pumping station and another 4 bcm from deep groundwater aquifers (MWRI,
2003). Water quality of Lake Nasser is very crucial to the country not only for Toshka
project but also for the sustainability of the whole country development projects.

Egypt started a comprehensive national program to monitor the water quality of Lake Nasser
in 1993 by the Nile Research Institute, National Water Research Center, Ministry of Water
Resources and Irrigation (EL Moattasem et al., 1993). The National Water Quality
Monitoring Program is carried regularly twice a year for Lake Nasser, River Nile and its
branches, and the canals in Middle and Upper Egypt. The water quality monitoring is carried
for canals and drains in the Nile Delta once per month by the Drainage Research Institute.

Water quality parameters like dissolved oxygen (DO), hydrogen ion concentration (pH),
total dissolved salts (TDS), and temperature (T) are measured in the field with portable
water quality meter. The other water quality parameters like biological oxygen demand
(BOD), chemical oxygen demand (COD), total suspended solids (TSS), total nitrogen (TN),
total phosphate (TP) , ammonium nitrogen (NH4-N), nitrate nitrogen (NO; —N) and heavy
metals (HM) are measured in the laboratory. All the water quality measurements are based
on grab samples. Advances in technology encourage the use of on line - real time water
quality monitoring stations especially in remote locations like Lake Nasser. The on line
system is simple for on-site installation, easy for repair, automatic cleaning, electrical
separation between input and output signals without interference, supporting GSM and
GPRS alarms. easy to operate, user friendly and very robust, quick response time, very
reliable and low running cost and maintenance. The system is very effective for water
quality monitoring (Karmouz .M. et al, 2009).The research aims to assess the on line — real
time water quality monitoring stations at L.ake Nasser using time series analysis.
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Materials and Methods

Pumping Station at Lake Nasser

The lake is a vast reservoir in southern Egypt and northern Sudan and considered as one of
the largest man-made lakes in the world. It was created as a result of the construction of the
Aswan High Dam across the waters of the Nile between 1958 and 1970. It covers a total
surface area of 6,000 km® and has a storage capacity of some 162 km® of water (MWRI,
2007). In 1997, the Egyptian government approved the Toshka project to entail building a
series of canals and pumping station to carry water from Lake Nasser to irrigate portions of
the Western Desert of Egypt. At the center of the project there is a pump station which is
able to pump 1.2 million cubic meters of water per hour. The station has pumped over 14
million m*/day of water out of Lake Nasser, enabling over 500,000 acres of land to be
irrigated

On Line — Real Time Water Quality Monitoring System

Current means of monitoring water quality parameters, such as periodic grab sampling may
be of limited scope and usefulness. Therefore, the on line water quality sensors are
responsive to many contaminants in the water system. Utilizing online water quality
monitoring as an indicator of water contamination should be an integral part of the water
system architecture. Online monitoring should enable water utilities to detect potential
contamination quickly and launch an appropriate response. (EPA, 2005). The on line
measurement in wastewater of dissolved sulfide, pH, EC and DO is approved as a significant
work to improve early sampling techniques. It has significantly rewritten the protocol of real
time sulfide sampling as an industry best practice. The water quality monitoring program is
carried out for nine cross sections in the Egyptian side of the lake from km 41 up to km 347
from High Dam and measured twice a year, once in winter and another in summer. A yearly
water quality monitoring program for 13 cross sections is carried in the Sudanese territories.

The on line water quality monitoring system for surface water is quiet new in Egypi. It was
first introduced by the Ministry of Water Resources and Irrigation (MWRI) in 2008 to
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monitor the water quality of fresh water in the River Nile especially in remote areas where
grab samples are time consuming and costly unaffordable. At the beginning, two water
quality monitoring stations are installed as an experiment, one upstream Aswan reservoir
while the second one on the River Nile at Menya city. The main objective of the experiment
is to explain the system operation, maintenance and durability. In 2009, extra 15 online
water quality monitoring stations were installed on the River Nile & its branches (Fig.!) and
three stations on the main canals in the Nile Delta.

Fig 1: On Line — Real Time Water Quality Monitoring Stations in River
Nile and its Branches

The system has an enough storage capacity to handle the measured water quality parameters
continuously along the time and has the capability to send a message to the mobiles of the
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managers and decision makers in case of violation of water quality standards. Moreover, the
system has the advantage to attach water level sensors and other devices like cameras. The
data retrieval from the remote water quality monitoring stations is done through the mobile
system. 5

The online water quality monitoring system consists of controller, probe module unit,
sensors, and modem (Fig.2). The controller is the basic component; it controls and monitors
all sensors, diagnoses the system continuously and records the data in fixed intervals. Probe
module is the operation and connection unit for the sensors.

The Global Systems for Mobile Communications (GSM) modem is used to transfer the data
between the station and the PC. The GSM system provides solutions to a subscriber
authentication and confidentiality of voice and data over the radio path (Chengyuan.P,
2000). GPRS is an upgrade over the basic features of GSM; it allows mobile handsets to
obtain much higher data speeds than what standard GSM can offer. It allows subscribers to
send videos, pictures, or sound clips just like text messages. GPRS also gave mobile phones
the ability to surf the internet at dial-up speeds through WAP enabled sites.

The sensors are the main tool for water quality monitoring which open up a whole new
realm of technology. A reliable and continuous measurement of dissolved oxygen (DO) in
surface water provides an indication of the organic load in water, as well as the potential
eutrophication. The optical DO sensor combines state of the art technology with application.
The interaction of these technologies makes the DO as a non-calibration sensor. The
hydrogen ion concentration (pH) is one of the most important parameters measured
throughout the water. The calibration of the digital pH sensor is done in the field or from the
office with the support of technicians in the field. The sensor is connected to temperature
sensor to measure water temperature. The total dissolved solids (TDS) are very important
not only for the different uses but also for its impact on the soil. The digital conductivity
sensor is connected with integrated temperature sensor for temperature compensation.
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Fig 2: On Line Water Quality Monitoring Stations

Methodology

The on line monitoring provides a very useful option through data processing that could not
otherwise be implemented by conventional monitoring programs of any frequency
(Mariolakos., et al, 2007). '

The spontaneous measurements of water quality parameters can be read and downloaded in
the site or in the office by the GSM or GPRS. The data logger stores the measured data in
fixed intervals ranges from 15 minutes to many hours and after a few days, the storage
capacity of the system is exceeded with over flow of data and the system is automatically
override the old data with the new ones. The download of the data takes time especially with
many on line water quality monitoring stations and weak strength of GSM/GPRS signals.
Difficulty in data access and logging is crucial so, increasing the logging interval for the
stations will save the storage capacity and also eliminate the loss of data, Time series
analysis is a useful tool for extracting interesting pattern from ordered sequence of
observations (Yee Lee, J.et al, 2009). By using the time series analysis with the moving
average approach, an answer for data logging interval can be found.
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A Moving Average (MA) is a mathematical sum carried out over the time series. In general
the MA is a weighted MA in the sense that each term of the sum bears a weight that is used
in the sum itself. Thus it becomes a weighted sum. The MA can be expressed by:

2= s Ws
Where:
Z, : The moving average value
Y. : Time series vaiugs
W; : Weighting coefficient for lag s
The sum must be taken from S = 0 to m-1 where m is the total MA period

This is the most general equation for MA whichever the subtype is. It is thus valid for
Exponential Moving Averages, Triangular MA, Parabolic MA, etc... The only thing that
varies is how the weights are calculated. If the weighting coefficients are uniform that is:

W= 1/m forevery0<s<m
The classical and overused Simple Moving Average.

The two — hour, three — hour, and four — hour moving average forecasts values are
generated using the spreadsheet.

The measure of accuracy of fitted time series values is calculated using the mean square
error (MSE). The MSE value describes the overall fit of the forecasting technique to the
historical data (Cliff T. R., 2008). By comparing the MSE values for the relative accuracy
of the moving averages forecasting functions, the right time interval would be concluded for
data logging of water quality parameters. The less MSE values the more accurate forecasting
values for data logging for future.

The MSE value is calculated as follows:

MSE = SUMXMY?2 (Y,; Y*,) / Count (Y,)
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Where

SUMXMY?2 ( ): function calculates the sum of squared differences between
corresponding values in two different ranges.

Count ( ): function returns the number of values in a range.

Results and Discussions

The results of the important parameters such as TDS, DO and pH will be discussed as
follows.

Total Dissolved Salts (TDS)

The measured TDS values show a wide variation along the measured period from November
2008 till December 2010.The values range from 120 to 173mg/l with an average value of
155 mg/l with standard deviation of 10 mg/l (Table 1). The values did not violate the local
standard of law 48 of 500 mg/l which proves the suitability of water for the different uses
(Zaghloul.S. S, et al, 2009)

Table 1: Water Quality Parameters Analysis

Parameter | Minimum | Average | Maximum Star}da..rd MSE
Deviation
TDS (mg/l) 4.8
120 155 173 10
DO (mg/1) 4.1 7.6 10.9 1.0 0.05
pH (Unit) 1.7 8.8 9.8 0.3 0.02
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The MSE is calculated for 2. 3, 4. 5. and 6 - hour moving averages. The values range from
4.8 to 8.2. The minimum value was that for 2-hour moving average. Figure 3 Shows that the
measured TDS values and 2 — hour moving average versus the time. The two values were
very close so that we can depend on the 2-houe moving average for future measurements of
TDS values in remote areas with on-line real time monitoring.
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Fig3: Total Dissolved Solids of On-line real Time Water Quality Monitoring Station
(All Time Period)
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Fig 4: Total Dissolved Solids of On-line real Time Water Quality Monitoring Station
(Small Time Period)
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Dissolved Oxygen (DO)

The DO values range from 4.1 mg/l to 10.9 mg/l with an average of 7.6 mg/l and standard
deviation 1.0 mg/l. The variation of DO occurs seasonally, or even over 24 hour periods in
relation to temperature and biological activity (Fig 5). The DO concentration varies with
temperature, the photosynthetic activities of algae, plants and atmospheric pressure.

The MSE was calculated for 2, 3, 4, 5, and 6 - hour moving averages. The values ranged
from 0.05 to 0.1 with minimum value for the 2-hour moving average. Figure 5 Showed that
the measured TDS values and 2 —hour moving average versus the time along the whole
reordered period while figure 6 was only for a small time period at the beginning. The two
values were very close so that we can depend on the 2-houe moving average for future
measurements of DO values in remote areas with on-line real time monitoring.
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Fig 5: Dissolved Oxygen of On-line real Time Water Quality Monitoring Station

(All Time Period)
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Fig 6: Dissolved Oxygen of On-line real Time Water Quality Monitoring Station

(Small Time Period)

Hydrogen Ion concentration (pH)

The pH values ranged from 7.7 to 9.6 with an average of 8.8 and standard deviation of 0.3
units (Fig.7). At a given temperature the pH values indicated that the intensity characteristics
of the water and are controlled by the dissolved chemical compounds and biochemical
processes in it. The reordered high values of pH may be attributed to the occurrence of
carbonate and bicarbonate in addition to existing of photosynthesis (Zaghloul.S.S et al,
2009)
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Fig 7: Hydrogen Ion concentration of On-line real Time Water Quality Monitoring

Station (All Time Period)
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The values of MSE varied between 0.02 and 0.03 for 2, 3, 4, 5, and 6 - hour moving
averages. Figure 8 shows the 2-hour moving average and the measured value at the
beginning period versus time. The two lines in that figure were very close and the MSE of
the 2-hour moving average is 0.02. The results imply that the future recording of pH values
in on-line real time water quality monitoring station can be done each 2 hours moving
average.
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Fig 8: Hydrogen Ion concentration of On-line real Time Water Quality Monitoring
Station (Small Time Period)

Conclusions and Recommendations

Lake Nasser is the life blood and the strategic bank of Egypt so assuring good and
acceptable water quality is crucial for all users. A comprehensive national water quality
monitoring program is carried regularly twice a year for Lake Nasser, River Nile and its
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branches. and the canals in Middte and Upper Egypi. The water quality monitoring is carried
out for canals and drains in the Nile Delta once monthly. Advances in technology encourage
the use of on line - real time water quality monitoring stations especially in remote locations
like Lake Nasser where grab samples are time consuming and unatfordable. The on line -
real time system was first introduced by MWRI in 2008 to monitor the water quality of fresh
water in the River Nile especially in remote areas. The system supports the use of GSM and
GPRS for data logging and transfer. Assessment of on line — real time water quality
monitoring stations in of Lake Nasser is carried out for the years 2009 and 2010. The
evaluation is carried out for the logged TDS, DO, and pH. By using the time series analysis
with the moving average approach, an answer for data logging interval is found.

The values of TDS range from 120 to 173 mg/l with an average value of 155 mg/l while
. these values vary from 4.1 to 10.9 mg/l for DO. The pH values vary from 7.7 to 9.8 with an
average value of 8.8. The measured data indicate the water quality of the lake is good and
bellow the standard of the local guidelines of law 48 except very slight variation of pH due
to high content of carbonate and bicarbonate of incoming water. The MSE values of the
moving average vary from 4.8 to 8.2, 0.05 to 0.1, and 0.02 to 0.03 for TDS, DO, and pH
respectively with minimum value for the 2-hour moving average.

Extending the assessment of the on line - real time water quality monitoring stations along
the river Nile and canals is strongly recommended in order to have a complete picture of the
system not only for water quality monitoring but also for alarming and early warning of
accidental pollution. Assessment of the system at the wastewater effluent is also strongly
recommended for compliance. The on line real — time should be tested with the other
parameters of the water quality such as NH, , NO; , PO4, COD and heavy metals.
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ABSTRACT

Rigid pavement rested on clayey soil may be adversely affected by the behaviour of
sub-grade soil. The clayey soil may swell or shrink which causes unexpected cracks in
pavement and therefore require greater thickness to sustain the expected stresses. The
objective of this study is to achieve the optimum design of rigid pavement on different
types of treated base layer. Specimens of reinforced concrete slabs were tested on a
bed of Egyptian soil and were loaded until failure.

A reinforced concrete slab especially designed to sustain the expected airport loads,
supported on the natural clayey soil was tested as a control specimen in the first phase.
In the second phase, the natural soil was stabilized using two mixes, cement dust and
lime by ratio (3:1), while the second mix was ground granulated blast furnace slag
(GGBS) and lime by ratio (3:1). In the third phase, a control specimen was tested on

soil replacement by sand layer.
The results of this study proved that the best alternative to obtain the best stress / strain

ratio was using GGBS and lime (3:1 ratio) to stabilize the natural soil and the
percentage of total binder was 6% by dry weight of soil.

Keywords: stabilization, cement dust, Lime, and ground granulated blast furnace slag
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1. INTRODUCTION AND BACKGROUND

Economic development of any country is controlled to a great extent by the highway
and airport networks. This is becoming particularly apparent in the developing
countries, where tremendous lengths of roads and airports need to be constructed in
order to facilitate the development of import, export, commerce and industry. The cost
of any project includes initial costs and subsequent maintenance costs. The initial costs
include many items such as land, bridges and subways, drainage, pavement
construction etc. Therefore, the development and use of methods to decrease the cost
of pavement construction is very beneficial. It is essential to consider the conditions of
the subgrade soil before designing the type and the thickness of the pavement (Ouf
2001). "

Airfields rigid pavement rested on clay soil may be negatively affected by the
behaviour of sub-grade soil. Expansive clays are those which suffer volume and
behaviour changes with changes of water content which results in the break-up of road
pavements and damage to light structures. Replacement of such clays by other
materials is generally expensive due to the high costs of excavation and disposal of
unsuitable materials and the import and placing suitable fill. This is a particular
problem in developing countries where construction costs are critical. The most
appropriate method will usually be determined by economic considerations, for
example it may be cheaper to stabilise a soil using relatively expensive additives rather
than excavate and dispose of unsuitable materials and import and place suitable fill
(Ouf 2001).

The volume change of some clayey soils due to change in their water content represent
one of the most serious problems in the field of foundation engineering as it may cause
random mcvement of structures that are built on such soils. Volume change and
swelling pressures in clayey soils depend on clay type, pore volume, pore solution
(including salt concentration) and particle-to-particle forces (Xidakis 1979). Volume
change and swelling pressure are closely related and estimation of volume change of
soil gives an indication of its swelling pressure and vice versa. In chemical soil
stabilisation processes, it has been established that new cementitious materials are
formed and alter the particle-to-particle forces through the cementitious effects that
these reaction products impart. Due to the formation of these cementitious materials,
the pore fluid and pore pressure will then be decreased, thus reducing the swelling
pressure and the swelling potential and leading to volume stability (Kinuthia 1997).

Soil heave due to soil swelling is common in the field and causes tensile stresses in the
upper parts of the structure. Alternatively, shrinkage may cause dishing, resulting in



Mostafa, Ouf, and lbrahim  /  Engineering Research Journal 130 (June 2011) C31-Ca4

tensile stresses in the foundations, which can better resist such stresses (Ouf 2001,
Kariuki et al. 2004, and Xidakis 1979). Heave is mainly due to an increase in moisture
content under the covered area not depending on the environmental conditions. Local
heaving which results from breakage of water and/or sewer pipes, watering of gardens,
causes severe damage in some cases because it is unpredictable (Eren 2009).

Treatment of expansive soils is not always easy as the main goal is to minimise the
water content change in the expansive clays after construction. One of the most
common methods is to construct suitable drainage systems and control the vegetation
coverage. There are many methods to control heave potential including contro! of
compaction such as compaction at lower density and higher moisture content and
chemical stabilization with lime and cement (Ouf 2001).

Lime and cement are the two common additives which have been employed in the
stabilisation of Egyptian clayey subgrade to produce a base or sub base layer instead of
importing granular base coarse materials. Although lime is widely used, cement is still
very useful as a soil stabiliser when the clay content is low and/or the temperature is
not high enough. However, due to the gradual depletion of conventional construction
materials and shortages in cement production, the need to develop an alternate binder
to cement for use in soil stabilisation has become necessary (Ouf 2001). Researchers
have considered the use of some by-product materials as alternative materials to
cement and also to lime. The use of by-products has environmental and economic
benefits. Ground granulated blast furnace slag (GGBS), which is produced as a by-
product in the manufacturing of pig iron, has been suggested as a binder. It is mainly
used, after being ground to fine GGBS, to produce blended cement. However, it has
not been used as a soil stabilizer agent in Egypt although it has been used in the UK
and South Africa. GGBS on its own has only mild cementitious properties and it is
generally used in combination with Portland cement or hydrated lime (calcium
hydroxide) which provides the necessary alkali activation (Higgins 1998a , Oner and
O’Rourke et al. 2009).

Soil stabilization is used to improve the mechanical properties of inferior soils in the
construction of civil engineering projects such as road pavements, sub-grades, sub-
bases, runways and shallow foundations. Therefore, the type of stabilization chosen in
any project depends on both the properties of the soil involved and the nature of the
project (Abdi 1992, and Cuisinier etal. 2011).

Portland cement concrete is considered to be a relatively brittle material. When

subjected to tensile stresses, non-reinforced concrete may crack and fail. More recently
micro fibers, such as those used in traditional composite materials have been
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introduced into the concrete mixture to increase its toughness, or ability to resist crack
growth. FRC is Portland cement concrete reinforced with more or less randomly
distributed fibers. In FRC, thousands of small fibers are dispersed and distributed
randomly in the concrete during mixing, and thus improve concrete properties in all
directions. Fibers can improve the post peak ductility performance, pre-crack tensile
strength, fatigue strength, and eliminate temperature and shrinkage cracks (Halasa et
al. 2005).

The polymer chains are arranged randomly in no preferred direction during
crystallization of the polymer. The real advantage of adding fibers is when fibers
bridge these cracks and undergo pullout processes, such that the deformation can
continue only with the further input of energy from the loading source. Reinforcing
fibers stretch more than concrete under loading. Therefore, the composite system of
fiber reinforced concrete is assumed to work as if it were non-reinforced until it
reaches its "first crack strength”. The main properties influencing toughness and
maximum loading of fiber reinforced concrete are based on the type of fibers used,
volume percent of the fiber, the aspect ratio, and the orientation of the fibers in the
matrix. It has been understood that the change in the properties of the polypropylene
fibers over a period of time when subjected to similar environments also affects the
bonding characteristics of the fibers with the matrix, which subsequently alters the
performance of the FRC loaded conditions, (Halasa et al. 2005).

Characteristics of rigid pavement under airoplane loads can be improved using three
possible alternatives. Firstly, improve the in-situ materials by normal compaction
methods and design for the modified properties to sustain the expected traffic loads
without any additives. Secondly, improve the sub-grade soil under the rigid pavement
using ground granulated blast furnace slag (GGBS), cement dust (CD), and lime (L).
Thirdly, replace the expansive clay soil by using a sand layer.

2. RESEARCH OBJECTIVES AND SCOPE

The main objectives of this research are to evaluate all alternatives mentioned above
and compare the outcomes in order to obtain the technically and economically
optimum rigid pavement design. To achieve the research objectives twenty four slabs
were prepared and tested. These specimens were grouped according to the different
parameters that were considered in this study. These parameters are the concrete slab
thickness, Silica Fume (SF), Fly Ash (FA) and polypropylene fiber with ordinary
concrete (OC) to improve the mechanical properties of concrete. They also include the
addition of GGBS, L and CD to expansive clay soil to obtain a stabilised base.

C34



Mostafa, Ouf, and lbrahim /  Engineering Research Journal 130 (June 2011) C31-C44

3. EXPERIMENTAL PROGRAM

The materials used in this research for reinforced concrete production were chosen
carefully and tested according to the Egyptian standards and universal specifications.
A total of twenty four slabs were used in this investigation. These slabs were divided
_ into two main groups, the first group (G1) contained twelve slabs of dimensions 100 x
100 x 6 cm slab while the second group (G2) contained twelve slabs of dimensions
100 x 100 x 8 cm to compare the effect of changing slab thickness to with the effect of
enhancing the properties of the base layer. All slabs were reinforced with 8 @ 6 mm/m'’
in both:directions. Table (1) shows details of all slabs. A frame of (300 x 300 x 100)
cm was built from steel plates, bricks and mortar to be used to simulate the actual field
by preparing the soil and test the slabs.

3.1. Tests on the Soil

The mixing process was carried out after obtaining the optimum moisture content
(OMC) for each mix. Also, the compaction test involved a detailed investigation of the
compaction characteristics of the test soil containing different GGBS, CD and L
contents, in order to obtain the (OMC) and maximum dry densities (MDD). The
modified proctor test is described in ASTM D1557 and AASHTO T180. Free
swelling test was carried out on all specimens that were subject to unconfined
compressive strength test (UCS) and then calculated from the equation below (Head,
1992).

Frpe Swelling e l_Om x100 1)

Where:-

V is the final sample volume
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Table 1: Details of the tested slabs

(June 2011)
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Group Case Study Symbol Thickness Description
E 2 CS1 6 cm Ordinary Concrete Slab rested on
g 8 Natural Clayey Soil without
ot CS2 8 cm Additives. .
Ordinary Concrete Slab rested on
) aga Natural Clayey Soil with Adding
D1 8 éimi 3% (CD+L) by dry clay weight.
= Ordinary Concrete Slab rested on
£ e 888 ‘Natural Clayey Soil with Adding
0186 —:E:' D2 ¥ i 6% (CD+L) by dry clay weight.
£
g Ordinary Concrete Slab rested on
2 885 6 cm Natural Clayey Soil with Adding
7 3% (GGBS+L) by dry clay
Gl 8 cm __weioht
Ordinary Concrete Slab rested on
S87 6¢m _ Natural Clayey Soil with Adding
6% (GGBS+L) by dry cl
62 8 cm ; (G ‘np;r}hf y ry . ay
" Ordinary Concrete Slab rested on
Soil SR1 6em Sand Soil instead of Natural
Replacement SR2 S Clayey Soil for 25 cm depth.

3.2. California Bearing Ratio Test

The test is performed by measuring the pressure required to penetrate a soil sample
with a plunger of standard area. The measured pressure is then divided by the pressure
required to achieve an equal penetration on a standard crushed rock material. The CBR
test is described in ASTM D1883-05 and AASHTO T193. The CBR rating was
developed for measuring the load-bearing capacity of soils used for building roads.
The CBR can also be used for measuring the load-bearing capacity of unimproved
airstrips or for soils under paved airstrips. The speciméns were left for 28 days curing
followed by 4 days soaking and then the test was carried out.
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3.3. Unconfined Compressive Strength Test

Unconfined Compressive Strength test (UCS) is a simple laboratory testing method to
assess the mechanical properties of fine-grained soils. It provides a measure for the un-
consolidated un-drained shear strength of the clay under unconfined conditions. The
UCS test is described in ASTM D2166 and AASHTO T208. At the end of the curing

period, the specimens were taken out from the storage bags and any water trace on the
specimens was removed.

The samples having dimensions of 5 cm diameter and 10 cm height are placed in the
loading machine between the lower and upper plates. To carry out these tests the
specimens were taken out from the storage bags at the end of the curing periods,
weighed to the nearest 0.01g and the dimensions were measured. All specimens were
tested in a universal test machine with a loading rate of 1.2 mm/min, so that the
specimen fails in about 5 minutes, until failure. A minimum of three specimens of each
mixture were tested. The results presented below are the average values.

3.4. Rigid Pavement Testing

The main purpose for these tests was to simulate the rigid pavement airfields in the
laboratory. The used model was manufactured from steel and bricks as shown in
Figure 1. The model of dimensions 3.00 x 3.00 x 1.50 meter, as 1/4 scale, was filled
with the natural soil on layers of thickness not more than 25 ¢m. The compaction was
carried out using a hammer of weight 25kg. The sand cone test was carried out to

measure the degree of compaction. Twenty four slabs specimens were prepared with
two thicknesses according to Table 1.

Steel reinforcement, 806/m, was maintained constant for all slabs. All slabs were
manufactured and cured for 28 days in 25° C and a relative humidity of 50%. Every
individual slab was lifted, and then sat on the surface of the compacted soil and the
load was applied in a constant interval of 1.0 ton until failure as shown in Figure 1.
Loads, strain and deformation values were recorded during loading at each load
interval. Different shapes of failure were also recorded.
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Figure 1: Test Setup

4. RESULTS AND DISCUSSION
4.1. Free Swelling of Mixes

The initial free swelling percentage (FSP) of the test soil is 110%. The effects of
adding stabilisers of different mixes on the (FSP) of the test soil are presented in
Figure (2). It can be seen that generally the FSP of the test soil decreased with an
increase in the total stabiliser and with an increase in the curing period for the same
combination. Increasing the total stabiliser caused a further decrease in the FSP for the
same combination. For example, the FSP of the test soil decreased from 110% to 77%
after 1 day for the mix DI, while the FSP further decreased to 50% for D2
combination. The least FSP obtained was 20% for the mix G2 after 28 days.
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Figure 2: Effect of admixtures and curing on Free Swelling

4.2. CBR of Mixes

CBR Test was carried out according to the procedures mentioned previously. Figure
(3) shows the effect of additives on the CBR after curing periods of 1, 3, 7 and 28
days. It can be seen that generally the CBR of the test soil increased with an increase
in the total stabiliser and with an increase in the curing period for the same
combination. For example, the CBR of the test soil increased from 36% for the control
sample after 1 day to 61% after 28 days for mix D1 and the maximum CBR obtained
was 83% for mix G2 after 28 days.

100
I I I

CBR (%)

I

W ] | l
|
|

10 15 20 25 30
Curing (Days)

Figure 3: Effect of admixtures on CBR at curing periods 1, 3, 7 and 28 days
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4.3. Unconfined Compressive Strength of Mixes

The effects of adding stabilisers of different mixes on the UCS of the test soil are
presented in Figure (4). It can be seen that generally the UCS of the test soil increased
with an increase in the total stabiliser and with an increase in the curing period for the
same combination. For example, the UCS increased up to 700 kN/m? and 1500 kN/m?
for mixes D1 and G2 respectively.

UcS (KNim?)

Curing (Days)

Figure 4: Effect of admixtures on UCS at curing periods 1, 3, 7 and 28 days

The swelling process of clay can be explained as enlargement of capillary films
coating clay particles leading to a relaxation of effective compressive strength
especially minerals with expanding characteristics such as montmorillonite (Stucki,
2006). Abdi (1992) demonstrated that the average thickness of the water layer around
each clay platelet increases linearly with an increase in moisture content, which means
that expansion has a linear relationship with moisture content. The reactions of the
binder with clay must, therefore, modify the clay particle surfaces in such a way that
the water absorption and swelling capacity is reduced or produce reaction products
from the clay which are ngt moisture content sensitive. The observation of the results
showed that the swelling was significantly reduced to 18 from 26 % which mean that
any of the above mentioned mixtures would be useful to be used as stabilized mixture.
The CD and L showed a better performance using 6% instead of 3% and adding the
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(GGBS+L) using 3% “showed reduced swelling from 31 to 18 % for the same
percentages respectively.

Measuring the stabilizers effect using the UCS showed that using CD and L enhanced
the UCS from 160% to 180% while GGBS activated by lime showed better
performance (more than 300%). The increase in the UCS with an increase in the
additives content probably results from the reaction of the GGBS activated by lime
with the clay portion of the test soil and the formation of new cementitious materials.
Many investigators have observed that high curing temperatures accelerate the reaction
and result in higher early strength gain. The rate of formation of cementitious materials
is the main reason for the strength increase at high temperatures, but the strength of the
test soil also increases with an increase in the curing period due to development in the
crystallinity and percentage of the cementitious materials. Wild et al., (1998) observed
an increase in strength with an increase in lime/GGBS ratio up to a peak value and
then a gradual decrease with an increase in lime/GGBS ratio. This peak probably
depends upon soil type, clay content, and curing conditions and curing periods.
Previous research (Kinuthia, 1997) on soil stabilization and pozzolanic reactions
showed that the type, form, amount and characteristics of the reaction products control

the physical, chemical and mechanical properties of the bulk material after
stabilization.

Table 2 shows the relationship between the percentage of ultimate load and the
percentage of deflection at failure, while Figure 5 shows the relationship between the
ultimate load and the maximum deflection for the different slabs. It can be observed
that generally the failure load increases while the percentage of deflection decreases
with an increase in binder content and with an increase in slab thickness for the same
additives percentages. Also, it was observed that the best alternative is using 6%
(GGBS +L) in soil stabilisation of the subgrade soil. Using this combination obtains
the maximum load causing failure and reduces the deflection.

Table 2: Effect of different soil stabilizer on ultimate load and deflection

8 cm slabs 6 cm slabs
. % of ultimate % of deflection % of ultimate
load at failure at failure load at failure % of deflection at failure

Control 100.0 100.0 100.0 100.0
3% CD+L 147.0 68.1 138.2 72.8
6% CD+L 162.1 62.2 150.0 66.7
3% GGBS +L 181.8 55.0 160.0 62.5
6% GGBS + L 204.5 48.9 186.4 53.6
Sand 115.2 86.8 111.8 89.4
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Load (Ton)

Deformation (Cm)

Figure 5: Effect of all admixtures on behaviour of rigid pavement of airfields for 8 cm

slab thickness

5. CONCLUSIONS AND RECOMMENDATIONS

From the results of this study the following can be concluded.

1y

2.

The FSP dramatically decreases with an increase in the binder content. The best
alternative was achieved when using 6% (GGBS +L).

The CBR increased with an increase in the binder content and also the best
alternative was achieved with 6% (GGBS +L).

. The UCS increases with an increase in the binder content with best alternative

by using 6% (GGBS +L) as well.

It can be observed that the failure load increases while the percentage of
deflection decreases with the increase in binder content and with the increase in
slab thickness for the same additives percentages. Also, it can be concluded that
the best alternative was obtained when using 6% (GGBS +L) in soil
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stabilisation of the top 25 cm of the subgrade soil. Using this combination gives
the highest load causing failure and reduces the deflection of the tested samples.
The 8cm thickness slab showed less deflection and higher load resistance when
compared with the same base and subbase conditions.

It can be concluded that enhancing the soil properties (base layer) using 6%
(GGBS+L) would be better compared to increasing the slab thickness due to
using waste materials and at the same time reducing deflection.

6. FUTURE RESEARCH

There are some additional parameters are to be taken into consideration in future
research such as:

i
2.
2

The effect of dynamic load.
The effect of abrasion of the rigid pavement.
The effect of reinforcing rigid pavement slabs with FRP bars.
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ABSTRACT

Different laboratory tests have been available to predict and compare the mechanical
and engineering properties of asphalt mixtures under different loading and
environmental conditions. Predicting and/or evaluating life cycle of asphalt mixes
Marshall stability, indirect tensile, direct compression and cyclic compressive
laboratory tests have been utilized for many years. However, the correlation among
these different test methods in different conditions still needs to be assessed. More
importantly resilient modulus test is not available everywhere and therefore predicting
the modulus using other test methods would be an objective. This investigation
addresses the problem throughout a two-stage testing procedure. The first stage
discusses the relationship between different tests methods using seven surface layers
mixes. The second stage carried out two concepts which are verifying the results using
Egyptian mixes and both results were used to model the relationship. The outcomes of
the research showed that the relationship between Marshall Stability, compression test
and resilient modules is highly correlated. On the other hand, indirect tensile test
results showed less correlation with those obtained from other test methods.

f ; ' .
Keywords: Asphalt mixtures, testing, rutting, long-term performance
1]
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INTRODUCTION

Asphalt pavements constitute more than 85% of the world’s road networks. Most of
the asphalt pavements are designed and built to provide service life in the range of 15
to 20 years. However, this:design objective is rarely met due to the uncertainty of many
design and construction variables. Over the past fifty years, deterioration of asphalt

pavements has been identified as the result of one or more
L

of the following major distress modes: (Parker et al. 1986) surface cracking, (Goodman
et al. 2000) surface rutting, and (Hassan et al. 2000) stripping. One of' the most
important problems associated with the issue of asphalt mix design is the failure to
predict the long-term performance resulting in an increase of the costs of road
rehabilitation. One of the main tasks facing many pavement researchers and engineers
is the establishment of a best practice that can predict, with some confidence, the life
cycle of newly laid asphalt mixes.

Traditionally, in its search for effective solutions to pavement distress, the pavement
industry invested a great deal of money and time to improve existing asphalt mixes,
develop new and engineered asphalt binders, utilize new materials and applications,
and establish new research efforts. While most of these solutions attempt to improve
the properties of the asphalt materials based on their laboratory behavior, field
performance of asphalt roads utilizing many of the developed solutions was noted to be
less than acceptable. On the phenomenon of moisture damage, for example, recent
observations have recorded that in spite of the work expended to predict the pavement
long-term  performance; the incidence of moisture-induced damage has not been
alleviated but has rather increased (Parker et al 1986).

Recent research work has pointed to the importance of adopting shear strength and/or
shear modulus of asphalt mixes as a more reliable indicator of the behavior and long-
term performance of asphalt mixes (Goodman et al 2000, and Hassan et al. 2000).
Clearly, this new approach can cause a number of problems to asphalt designers as
well as the pavement engineers. For example, one may ask: which of the laboratory test
methods would be best used for predicting long-term performance under field
conditions; or, what is the effect of using different mechanical properties to select a
specific mix in field on the long term performance?

To answer these and other important questions (relationship between resilient modules
and other mechanical properties), the results of a laboratory investigation are presented
in this paper. More specifically, the main objective of the paper is to study the
relationship among laboratory testing methods for asphalt concrete pavements as well
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as the relationship between these methods and the pavement’s long-term performance.
The paper provides a description of the laboratory testing methods, followed by an
outline of the testing program. Finally, the results are analyzed and the findings are
summarized.

OBJECTIVE AND SCOPE OF THE STUDY

The aim of this study is to evaluate the correlation between Marshall Stability Test,
(MS), Resilient Modulus Test (Mr) and Direct Compression Test (CT) in evaluating
the mechanical properties of flexible asphalt pavement. More importantly, the research
is trying to predict resilient modules using the results of other test methods. Finally, the
research aims to study the best practice that can predict the life cycle of the newly laid
asphalt. ;

The study consists of two stages; the first was carried out to evaluate the correlation
between different test methods using surface mixes in two steps. The first step is to
evaluate the samples in the dry condition while the second is for the wet condition (8
hours in a 70 degree followed by one hour at 25 degree Celsius) samples. The second
stage includes verifying the outcomes of the first stage using Egyptian surface mixes
and predicting the resilient modulus which would be used to calculate the allowable
number of load repetitions.

LABORATORY TESTING METHODS

Different laboratory testing methods have been developed to assess asphalt concrete
mixes, used by pavement designers and researchers, and adopted in the testing

standards. However, the scope of this paper is limited to four testing methods as
follows:

Indirect Tensile Strength (ITS)

The indirect tensile strength test is a widely popular testing procedure where the load is
applied to a core sample as compression along one diameter, thus producing tensile
stresses along the perpendicular diameter. The sample is loaded till failure and the peak
load is translated into the sample’s indirect tensile strength (ITS) as follows:

2P

ITS = 1
ntD )

Where:

P = the applied load (N), = sample thickness (mm), and D = sample diameter (mm).
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Because the tested sample fails due to tensile stresses, the test is believed to simulate
the main failure mode of asphalt concrete pavements; namely cracking. The test is
therefore believed to be a good indicator of the pavement’s long-term performance and
to be sufficiently accurate for routine quality control use. In addition, the two greatest
advantages of this test are the considerably short time required to perform the test and
its simplicity. Consequently, the test has been widely adopted in a number of standard
testing specifications such as the American Society for Testing and Materials and
American Association of State Highways and Transportation Officials; ASTM D 4867
and AASHTO T 283, respectively. However, a main disadvantage of the test is the
inaccuracy of the stress distribution, which is valid only under ideal elastic konditions
(El Khachab 1972).

Resilient Modulus (M%)

The main input to describe a pavement laycr in most design models is the layer’s
elastic modulus. Subsequently, in spite of the simplicity of the ITS test, the elastic
modulus of the asphalt concrete pavement should be a more accurate indicator of the
pavement’s performance. However, because of the generally inelastic behavior of
asphalt concrete pavements, the traditional initial modulus of elasticity based on a
simple stress-strain curve has deemed inaccurate. Gradually, the asphalt concrete
pavement community has accepted a new replacement for the initial modulus of
elasticity; namely the resilient modulus (Mg). In addition, because the test is non-
destructive, the test has the main advantage of its ability to monitor the performance of

the same samples during the progress of another testing procedure (Al-Swailmi et al.
1992).

The testing procedure for Mp, has been standardized as ASTM D 4123 and AASHTO T
274. In either procedure, core specimens are loaded with a cyclic indirect tensile stress
corresponding to 10 to 50% of the ITS. The main premise of this test is that if a
pavement specimen is loaded with a relatively small load for a large number of cycles,
plastic deformations will accumulate during the early cycles and only elastic
deformations will be recorded later on (Huang 19936). This is evident in the flattening
of the total horizontal displacement. To determine Mg, core samples are loaded using a
diametrical compressive load. Both the horizontal and vertical displacements are
recorded during the loading cycles, and My (MPa) can then be calculated as follows
(Huang 1993 and Blab et al. 20056):

_— 3.59 AH, ~027 (2)
AV
P(vp+0.27)
i al Ut ie]) 3
R t AH, 3)
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Where:

P = maximum applied load (N), vz = Poisson’s ratio, ¢ = sample thickness (mm),
AH7= total recoverable horizontal deformation (mm), and

AV7 = total recoverable vertical deformation (mm).

It should be noted, however, that a main disadvantage of the resilient modulus s its
low repeatability (7Brown et al 1991). The determined value of M was also found to

be stress sensitive such that it is dependent on the applied load (7Brown et al 199] and
Blab et al. 2005).

Static Compression Test

The Direct Compression (DC) test is a widely popular testing procedure used to
exaraine the compression strength of the reinforced concrete,

In the DC test, the load is applied to a core sample as compression along one axis and
the sample is loaded until failure; the peak load and the corresponding displacement at
failure are recorded. The ultimate load at failure is used to calculate the compression
stress at failure as follows (Said et al. 2010):

where:
P = the applied load at failure (N), and D = sample diameter (mm).

Because the tested sample fails due to compressive stresses, the test is believed to
simulate the main failure mode of asphalt concrete pavements, which appears as a rut.
Therefore, the test might be a good indicator of the pavement’s long-term field
performance. In addition, the test is believed to be as an indicator to the mix hardness
and elastic modulus can be calculated if the strain of the sample was recorded (Said et
al. 2010 and Blab et al. 2005).

EXPERIMENTAL INVESTIGATION

To achieve the aforementioned objectives, the first stage of the experimental
investigation was designed and carried out at Carleton University, Canada. The goal of
the experimental investigation was to compare the results of the testing methods on a
number of asphalt concrete mixes. The second stage of the investigation was carried
out in Egypt using the outcomes of the first stage. The experimental program involved

four steps: mix selection, sample preparation. laboratory testing, and analysis of
results.
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Mix selection: Only surface mixes widely used in the Ottawa-Carleton region and
Egypt were considered. Subsequently, a criterion imposed by practical reasons had
been the reason to choose such mixes. Seven mixes from Canada and three mixes from
Egypt were selected: (Mix 1 to Mix 7 are the Canadian Mixes while Mix 1A, 1B, and
1C are the Egyptian mixes).

Sample preparation: For all mixes, the loose mixes were provided by Ottawa City
for the first seven mixes while the Arab Contractors Company provided the three
mixes in Egypt. All mixes were then compacted in standard Marshall moulds (101-mm
diameter x 60-mm height) using 75 blows per side corresponding to the heavy traffic
category.

Laboratory testing: To allow a minimum of three specimens per mix type per test
method, a minimum of eighteen cores were required for each mix type (nine for the dry
condition and nine for the wet condition). The specimens were then weighed and
divided into two sets of approximately equal mean density, and were tested as follows:

»  The first set was tested for ITS. The load was applied in this study at a 50 mm/m
rate representing to slow traffic movement.

¢ The second set was tested first for My where the applied load was cyclic at 0.33-
Hz frequency, and the maximum load used was set near the lower limit of the
standards to ensure that the samples can be used in the shear testing (this part was
carried out for the Canadian mixes only). This set was tested using Marshall
apparatus as the resilient modulus test is non-destructive.

* - The third set was tested using the static compression test methods using a loading
rate of 50mm/m

*  For each test the prepared samples per mix were six, three samples were tested in
dry condition while the other three were soaked in warm water bath for 8 hours
followed by soaking in room temperature for 30 minutes.

¢ It should be noted that for the Egyptian mixes only compression strength,
Marshall stability and indirect tensile strength were tested at both dry and wet
conditions.

RESULTS AND ANALYSIS

The results for the first stage are presented in Figure 1. The regression analysis was
used to develop the linear relationships which perfectly suit the results. The
relationship between resilient modulus and Marshal stability for both dry and wet
conditions with least square errors, 0.77 and 0.97 for dry and wet conditions
respectively as presented in Figure 1. The results of the relationship between resilient
modulus and compression strength showed least square errors of 0.79 and 0.94 for dry
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and wet conditions, respectively. On the other hand, compression strength and
Marshall stability showed least square errors of 0.94 and 0.97. However, the least
square error for indirect tensile strength and resilient modules were .04 and .01 for
both conditions, respectively.

Tables 1 and 2 show the values of Pearson correlation coefficient, r, and the level of
significance,a’, required for significant correlation. In accordance to the observations
stated earlier, the results of » show that high correlation exists between Marshall
Stability (MS) and both Resilient Modulus (MR), MS and Compression Strength (CS),
and CS and MR. All correlations were significant at o. = 1% where the correlation of
ITS test and other methods was insignificant for both dry and wet.

The results for the second stage are presented in Figure 2 where the linear relationship
was found to be fittingly representing the results with minimum least square error. The
relationship between Indirect Tensile Strength and Marshal stability for both dry and
wet conditions with least square errors of 0.59 and 0.86 for dry and wet conditions
respectively, is presented in Figure 2. The results of the relationship between indirect
tensile strength and compression strength showed least square errors of 0.39 and 0.59 -
for dry and wet conditions, respectively. However, compression strength and Marshall
stability showed least square errors of 0.91 and 0.96. Indirect tensile strength and
resilient modules relationship showed least square errors of 0.04 and 0.01 for both dry
and wet conditions respectively.

Table 1: Correlation between different test methods for Canadian mixes (Dry

condition)
ITS MR MS CS

ITS Pearson Correlation 1.000 .191 .295 .244
Sig. (2-tailed) : .681 529 .599
N 7 7 7 T

MR Pearson Correlation .191 1.000 .881*1 .88g*
Sig. (2-tailed) .681 ; .009 .008
N 7 7 7 7

MS Pearson Correlation .295 .881*1 1.000 971"
Sig. (2-tailed) 521 .009 g .000
N 7 7 7 7

cS Pearson Correlation 244 888" B2 1l fks 1.000
Sig. (2-tailed) 599 .008 .000 5
N 7 7 7 7

"". Correlation is significant at the 0.01 level (2-tailed).
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Table 2: Correlation between different test methods for Canadian mixes (Wet
condition)

ITS MR MS CS
ITS Pearson Correlation 1.000 .183 213 .256
Sig. (2-tailed) : 895 .B47 .579
N 7 7 T 7
MR Pearson Correlation .183 1.000 9721 .939*1
Sig. (2-taiked) .695 : .000 .002
N 7 74 7 7
MS Pearson Correlation 213 .972*4 1.000 .986"1
Sig. (2-tailed) 647 .000 ! .000
N 7 7 7 7
Cs Pearson Correlation .256 .939*1 .986*1 1.000
Sig. (2-tailed) .579 .002 .000 .
N 7 i 7 7

*. Correlation is significant at the 0.01 level (2-tailed).

Based on the outcomes from stages 1 and 2 it can be concluded that both Marshall
stability and compression strength tests are well correlated and can represent the
mechanical properties of asphalt mixes more than the ITS. Therefore, the results of the
second stage from both tests were used to predict the resilient modulus for the
Egyptian mixes using the produced curves from the first stage. Moreover, the obtained
modulus was used to evaluate the life cycle of the Egyptian mixes using a software
named Kenlayer (Huang 1993 and Zhen 20056).

Table 3 shows the average values of results for both dry and wet conditions for all tests
performed on the Egyptian mixes. The equations shown in Figure 1 were used to
obtain the resilient modulus for each mix. As shown in Table 3, the modulus for each

mix was determined from both Marshall stability test (M.S.) and Compression Strength
Test (C.S.).

It is important to mention that Ems is the calculated MR based on MS and Ec.s. is the
calculated MR based on the CS. Observing the results showed that the MR obtained
using M.S. are at least double the values obtained using the C.S. test. This implies that
the examined mixes can resist tension strength more than their resistance to those of
compression.
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Figure 1: Results of the First Stage.
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Table 3: Test results and predicted modulus values

MS | Ems | ITS [ CS. [ Ecs. | MS. | Ems | ITS | CS. | Fes
Kg Kg/em2 Kg Kg/cm2

Dry “Wet

Mix4A [1650.0 | 7.3 | 11.8 | 739 | 2.1 [ 16395 8.1 | 6.0 | 450 | 44
Mix4B | 1609.7 | 7.1 | 125 | 68.7 | 1.6 | 1604.0| 7.9 | 57 | 395 | 4.0
Mix4C | 1689.5| 7.5 | 144 | 80.1 | 30 | 16863 83 | 69 | 419 | a1

{
MS: Marshall Stability ~ ITS: Indirect Tensile Strength CS: Compression Strength E: Modulus

LIFE CYCLE ANALYSIS

A number of computer software programs are available for pavement structure system
analysis and KENLAYER [10] is one of them. The KENLAYER computer program

_was adopted to calculate the pavement performance according to the change in the
resilient modulus.

As mentioned earlier, the main objective of this paper is to predict the life cycle
presented as the number of load repetition using the resilient modulus. To achieve this
objective, a four-layer pavement structure is considered in this investigation. As shown
in Fig. 3, the pavement structure consists of an asphalt concrete surface layer (SC:
Variable Modulus), binder course (BC), a granular base (GB), and the subgrade (SG).
An 80-psi uniform pressure is in contact with the asphalt surface at a circular area with
6.0 inch radius.

Based on the values in the literature, the Poisson's rglio, v, is assumed to be 0.40 for the
subgrade and 0.35 for the asphalt and granular layers. The modulus of elasticity was
assumed to be variable for the surface asphalt course; 300,000 psi for the binder

course, 30,000 psi for the granular base and 10,000 for the subgrade (Huang 1993 and
Zhen 20056).
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SC Poisson’s ratio = 0.35. Thickness = 4". E = Variable psi

BC Poisson’s ratio = 0.35. Thickness = 4", E = 300.000 psi

Base  Poisson’s ratio = 0.35. Thickness = 10 E = 30.000 psi ! psi = 6.89 kPa;

inch =254 cm
RN s o 'i
Subgrade

Poisson’s ratio = 0.40. E = 10.000 psi

Figure 3: The four-layer pavement structure

In total, six runs were carried out. Each run was utilized assuming a certain modulus of
elasticity for the dry condition while the wet condition was not included as the author
thinks that the conditioned samples do not represent the normal case of asphalt layers.
A summary of the output results of the computer software is presented in Table 4. On
the other hand, Fig. 4 illustraies the relationship between the Modulus and the number

NF_—' 00796 (&)3.291 (E)G.Sid (2)
Ny =1.365*10" (g, )**" (3)
Where

Nr = number of load repetitions to prevent fatigue.cracking.

Ny = number of load repetitions to limit permanent deformation,
& = the tensile strain at the bottom of the asphalt layer.

€ = the compressive strain at the top of the subgrade.

E = modulus of elasticity of the asphalt layer in psi.

Based on the output results of KENLAYER illustrated in Table 4 and F ig. 4, the effect
of using different test methods is significantly affecting the service life prediction. It is
obvious that if Marshall test is used to predict the number of load repetition before
failure it would give more than 55% extra allowable load repetitions compared to those
of the compression test.
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Table 4: Number of Load Repetitions based of the predicted Resilient Modulus

Mix Test Modulus St L.O ?d Average % MS/CS
Repetitions

4A 7100 277580

4B Marshall 7300 280630 280613

4C 7500 283630 i

4A : 1600 164080

4B Eompranion 2100 177770 180677

4C 3300 200180

CONCLUSIONS AND RECOMMENDATIONS

This paper presented an experimental investigation aimed at assessing the relationship
among different laboratory testing methods in predicting flexible pavement
performance. Also, the objective includes the assessment of the relationship between .
these methods and the life cycle (number of load repletion before failure). During the
first stage; seven Canadian standard mixes were tested in four different laboratory
testing procedures resulting in four parameters per mix type (CS, MS, MR, and ITS).
The results showed that the MS, CS and resilient modulus are in perfect agreement in
predicting the expected performance of asphalt mixes as high correlation exists
between the two parameters. However, no correlation existed between the ITS and
other test methods. On the other hand, for the second stage three Egyptian mixes were
tested with MS, CS, and ITS. Results showed a high correlation between the CS and

MS while no correlation existed with ITS, confirming the compatibility with the
outcomes of the first stage.

The correlations between test methods obtained from the first stage were used to
determine the resilient modulus for the second stage mixes (Egyptian mixes). The
determined resilient modulus values were used as an input to produce the number of
load repetitions for the different test methods (CS and MS) using Kenlayer software
(Huang 1993 and Zhen 20056). The outcomes showed that the MS has a 55% more
than CS in terms of number of load repetitions. This means that for the tested mixes
the surface life in resisting cracks would be better than resisting rutting. In other
words; the tested mixes would fail in rutting faster than creaking as MS is known by its

abiiity to predict cracking behavior while compression strength is a better indicator for
rutting behavior.
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The paper also confirmed that CS, MS, RM can replace each other as they are in
perfect agreement while the ITS is different in terms of evaluating and/or comparing
the behavior of different mixes.

This paper has addressed an important topic to both pavement researchers and
practitioners. Scores of testing procedures have been suggested and are being used by
researchers to evaluate the performance of flexible asphalt pavement mixes.
Unfortunately, the degree of simplicity/complexity of these procedures varies widely,
as do both their cost and testing time. More importantly, a single parameter that may be
a good indicator of one pavement performance might serve poorly considering another
performance, as was evident from the different test methods.

It is therefore recommended to expand this work to include more mixes, more
variables within each mix (for example, aggregate type, gradation and asphalt cement
content), more testing conditions (for example, testing temperature, loading rate, stress
level in resilient modulus), and more tests (for example, fatigue, creep, shear test, bond
test, etc). In addition, direct correlation between these testing parameters and long-term
performance is warranted. The second objective to investigate the ability of predicting
lifecycle using different test methods showed that different tests gave different life
cycles. This means that each test presents different performance and that can be used to
achieve the optimum design depending on the required performance.
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Abstract

Slake durability, porosity, and point load tests of rock are important characteristic
factors. Three assorted rocks from:different places in El-Faiyum were collected to
study there properties. This study to assess the use of these different Egyptian rocks
for engineering applications in variant environment. The slake durability tests were
carried out in pure water and in simulated seawater. Also, cycle of freeze-thaw tests
were conducted on the variant rock types to indict their mechanical behavior. An
overall trend was observed that the increases in the iron and manganese oxides
minerals increases rock slake durability. An overall trend, the increases in rock
porosity leads to a decrease in slake durability. Also, the rock slake durability is
more sensitive to the concentration of salt in water.

Introduction

Dick and Shakoor (1995) say that natural and man made rock slope stability is
controlled by durability which is an important characteristic for rocks. Dhakel et al
(2002) stipulated that the rock failure was affected directly by the slake durability.
Neauupane et al (1999) concluded that rocks subjected to cycles of (wet-dry) and
(freeze —thaw) in different seasons lead to geoenvironmental problems such as
deterioration and failure of slopes, subsidence of ground. Hudec (1989) finds that
the rock durability is highly sensitive to rock porosity, the environmental loading
and unloading conditions can be simulated by cycles of freezing and thawing tests.
Durability characteristics of rocks and the effects of temperature changes on
different areas of Egyptian rocks are not covered in details. In Egypt, many rock
areas are subjected to temperature cycles and their behavior not known. Our study
tries to fulfill this, lack by running different tests: a comprehensive test, slake
durability after different cycles from freeze-thaw tests, and cycles from hot and
very hot temperatures. In other words, this study is to assess the use of these
Egyptian rocks for engineering applications in variant environment such as riprap
material and dam construction.
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Location, Description and Mineralogy of Rock Materials
Mineralogy of Rocks Materials
Composition and ranges of minerals of the different rocks included in our study are
described in details in this section. Petrographical studies on the samples of rocks
were carried in the Central laboratories sector, the Egyptian Mineral Resources
Authority, Ministry of Petroleum by using X-ray diffraction. A Philips X-ray
diffraction equipment model PW/ 1710 with Monochrochromator, Cu- radiation
(A=1.542A) at 40 K.V., 35 m.A. and scanning speed 0.02 /sec. were used. The
diffraction charts and relative intensities were obtained as shown below. X-ray
Diffraction analyses revealed the four samples were composed of many minerals
which were detailed and collected in table (1).
The samples used in this study were carefully collected by a mechanical drill from
three different Egyptian places in El-Faiyum area.

Table (1) material composition details

g | Rock sample | Rock sample | Rock sample
i @ @
Dioxide Silicon (%) 0.73 0.44 0.55

Dioxide Titanium (%) _0.02 0.02 0.02

Aluminum Oxide (%) 0.08 0.11 0.09
Ferric Oxide (%) 0.78 0,24 0.52

Manganese Oxide(%) | 0.03 0.01 0.01

| Magnesium Oxide E%ljr,ﬁ_. 0.42 0.68 0.47
Calcium Oxide (%) |  54.25 54.78 54.63
Sodium Oxide (%) | 0.07 0.06 0.04

Potassium Oxide (%) | 0.05 0.06 0.03

Phosphorus Oxide (%) | 0.31 016 | 0.17

Chlorine (%) 0.07 0.08 . 0.07

| Trioxide Sulfate (%) | 0.23 | 0.18 l 0.1
Lost of ignition (%) | 42.55 43.03 42.73

| Vanadium (ppm) | 8.7 e e B

Chromium (ppm) ~ 89.0 613 | 644
Cobalt (ppm) il 2 b, S b e |

| Nickel (ppm) 115 | 4 1 U

| Copper(ppm) | 3.1 3.2 3.0

3 Zinc (ppm) et ol A e . oA

caraiiG(ppny) | 30 . 1 o 38 1 13

| Strontium (ppm) AR 632.3 3193 |

_ Yttrium (ppm) = WO e - de | G

__Niobium (ppm) . S N - T

Molybdenum (ppm) 1.5 i3 1.4

__Barium (ppm) 41.7 38.5 37.

_ Ymerbium (ppm) 1.4 1.1 i
Hafnium (ppm) 3.1 4.1 5
Tantalum (ppm) < <l A
_ Lead (ppm) 5.7 82 6.1
Zirconium (ppm) 243 47.2 23.2

Col
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The first rock sample of this site, sample number one, is fine to medium-grained,
composed of calcite as major constituent associated with rare amounts of iron
oxides, glauconitic and a lot of fossil shells and fossil fragments. Calcite is
presented in two forms, micrite size replaced fossil shell and fragments (coarse
shells composed of aragonite) and sprite form as cements as shown in Figurel. The
rock is intersected by microveinlets replaced by coarse-grains of calcite and the
whole rock is stained by iron oxide.

Sample number (2) is microscopically described as a fine-grained composed mainly
of calcite as a major constituent and a minor amount of dolomite associated with
rare amount of iron oxides, glauconitic and large amount of fossil shells and fossil
fragments. Calcite is presented as fine-grained, anhedral interlocked crystals
replacing fossil shells and fossil fragments. Dolomite occurs as fine-grained
anhedral interlocked crystals intercalated with fine-grained anhedral crystals of
calcite; this is clearly shown in Figure 2.

Sample number (3) is of fine- grained micritic size, composed mainly of carbonates.
Calcite is the main constituents associated with minor amounts of dolomite and rare
amounts of iron oxides, glauconitic, fossil shells and fossil fragments. Calcite is
presented as fine-grained, anhedral interlocked crystals replacing fossil fragments
where dolo ' occurs as fine-grained intercalated with calcite as shown in Figure.

FIGURE (2) shows the rock sample No. 2

Rocks Measurement Parameters

In general, the full understanding of mechanical properties of any material leads to
safe and economic design. So the general objective of this research is to study the
properties of the different kind of rocks. Slake durability properties, porosity, and
the point load tests results will be presented in the following sections.

o2



FIGURE (3) shows the rock sample No. 3

The Slake Durability Tests :

The slake durability index (Id) corresponding to different cycles was mpeasured as
the percentage ratio of final to initial dry weights of rock in the drum after the
severe condition (drying and wetting cycles). The standard testing method
developed by Franklin and Chandra (1972) was adapted in our study. This
procedure was recommended by the international society for rock mechanics and
standardized by the American Society for Testing Materials (ISRM 1981, ASTM
1990). All slaking tests were carried in pure water, some tests were carried in
sodium sulfate solution which resembles the sea water, and also some samples were
put in severe conditions like Freeze-Thaw conditions where all of the samples were
placed in the humidity chamber and subjected to freeze- thaw condition within the

temperature range of -20C° to +20C° for one cycle then it subjected to slake
durability test as described before.
Porosity

Porosity of all samples was measured as in the ASTM standard designation c97-47.
The apparent and the true specific gravity were measured, then the porosity is
calculated using the following relationship

App.Spp.Gr

trueSpGr
The true specific gravity was measured by 10 gram from the sieved, sieve size
0.074, crushing of rock sample. Where, the specific gravity was determined from
pieces of the same rock (bulk). o
Point Load
Traditionally, rock strength is either estimated in the field by use of a hammer or in
the laboratory with sophisticated apparatus. The former method is at best
qualitative, whereas the other latter requires careful specimen preparation. There is
an obvious need for a device to test quickly and reliably one unprepared core in the
field by point load test. Considerable work has been conducted on this method of
strength determination but only recently is this being related to the field study of
specimens.

Experimental Results and Discussion
Slake index
Generally the durability of any rock depends on two main reasons. First it's material
composition and the second is the conditions that are faced.
The slake durability tests were performed on different conditions as follows:

Porosity = 1-
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1. Case No.(1): Relation between slake ratio and time slaked in pure

water

For this case samples were over dri
it is clear that as the time of slakin

ed at 115 C° to dry the samples. As shown in Figure 4
g increases the slake ratio increases, it means that the

relation between the slake ratio and the time of slaking is directly proportional only up to
600 minutes. Also the rate of slaking of samples 2 and 3 are almost the same and are
more than the rate of slaking of samplel. From the above we conclude that samplel is

more durable than samples 3 and 4.

Relation between siake ratio in pure water and
time
25
= sample 1
20 | ~sample 7 . /
£ |z—sample 3| /
815 o
B A
g0 o
% p i
3 'f/ Sk .
0 v - -
0 200 400 600 800
time (minutes)

FIGURE (4) shows the rela

tion between slake ratio and slaking time

2. Case No.(2): Relation between slake ratio of the rock samples in case of
different drying conditions and slaked three hours in pure water
For this case samples were over dried at 250C°as severe condition for 24 and 48

hours and after cooling up to room

temperature we slaked this samples for 3 hours.

As shown in Figure 5, the rate of slake in case of samples number 2 and 3 are more
than the rate of slake in case of sample number 1 at different conditions of drying

from drying 24 hours and 48 hours.

Slake ratio of rock samples (After 2 & 4 days
in Oven at 250 c°) slaked 3 hours in pure water

slake ratio (%)

i “.rl sarmlue—1|i
{0 sample 2||
- . |0 sarmple 3]

24

48

time (hours)

FIGURE (5) shows the-slake ratio of theTock sampleé (after I&—ZE\’S in oven at 250
C®) and slaked three hours in pure water

Co4
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Also, it is clear that the rate of slake after 24 hour drying is more than the rate of
slake after 48 hour drying. From the above, we conclude that sample | is more
durable than samples 2 and 3 in all drying conditions. From the Chemistry point of
view, it is obvious that drying the samples up to 250C° for about one day and two
days causes water and (Co,) evaporate from the samples, and this make the samples
stronger or more durable. Also at 250C° some materials will be oxideable, example
MgCo; will become MgO, this means that more MgO will be through 2days drying
more than one day drying. This means more drying will increase the durability of
the samples. Heating up to less than 500C° will cause the material to crystallize.
Also causes this reaction (Ca(OH), +Co, = CaCO;+H,0) lead to increase of CaCO;
which means more Hardening. We can conclude from the above that more drying
time means more durable rock.
[

slake ratio of rock samples in pure water (After 6 dayes in refrigerator
and slaking 3 hours)

5 oy — e e L ARSI e R i

4.5 "7 T

4

35

slake ratio (%)
N
t

0.5 4

o

l‘ W Sample 1 O Sample 2 0O Sample 3

FIGURE (6) shows the slake ratio of rock samples (after 6 days in sub-zero
conditions) and slaked three hours in pure water

3. Case No.(3) :Slake ratio of the rock samples in case of sub-zero
condition slaked three hours in pure water

For this case we used the refrigerator as severe condition for the three rock samples
for about 6 days after which we let them cool up a room temperature then slake
them for 3 hours. As shown in Figures, the rate of slake in samples number 2 and 3
are almost the same and is more than the rate of slake in sample number 1. Samplel
is more durable than samples 3 and 4. Comparing this low temperature condition
with the high temperature conditions, we found that there is no big difference
between the two cases. But, comparing the low temperature case with the 24 hours

C65 %
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drying conditions at 250 C° with the 3 hours slake we found that the rate of slaking

in case of high temperature is more than that for low temperature conditions,

4. Case No. 4: Slake ratio of rock samples ( after 3 hours with (-20 C°)
and 3 hours with (+20 C°) and 24 hours with (+115 ¢°) then slaked
three hours in pure water ;

For this case we used humidity chamber of cyclic temperature condition as severe
conditions and we adjusted the program to raise the temperature up to (+20 C°) ¢°
in 3 hours and decrease the temperature down to (=20 C°) in 3 hours after which we
slaked these samples for 3 hours in pure water. As shown in Figure 7, the rate of
slake in case of samples number 2 and 3 almost the same and are more than the rate
of slake of sample numberl. From the above, we conclude that sample 1 is more
durable than the other samples. Comparing this condition (cyclic temperature
condition) with the above severe conditions we found that it is more severe than the
other cases. From the above we caii guess the following: potting the samples in the
humidity chamber makes the sample fully saturated, decreasing the temperature
down to (-20 C°) makes the water inside the samples freeze and the volume
becomes greater than its initial state. This initiates an internal stress and minor
crake’s will appear. When the temperature increases to (+20 C°) the samples will
contain more crakes and more voids, and this makes the sample less durable.

slake ratio of the rock samples in pure water (After 3 hours With -20 c®
and 3 hours with +20 c® and 24 hours with 115 ¢® and slaking 3 hours)

slakesatio (%)

| =msample 1 O Sample 2 Osemple3 |

FIGURE (7) show the slake ratio of rock samples (after 3 hours with (-20dc) and 3
hours with (+20dc) and 24 hours with (+115dc) then slaked three hours in pure water
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5. Case No. 5: Slake ratio of rock samples slaked three hours in sulfate
solution

For this case we slaked these samples for 3 hours in sulfate solution. As shown in
Figure 8 the rate of slaking in case of samples number 2 and 3 is almost the same
and is greater than the rate of slaking in case of sample number 1. From the above
we conclude that sample 1 is more durable than the other samples. Comparing this
condition with the cyclic temperature condition we found that the cyclic
temperature condition is more severe than the other cases.

slake ratio of rock samples in case of using sodium sulfate

45 solution and slaking 3 hours
v Ll

35

25

slake ratio (%)

|
|
|

| m Sample 1 O Sample 2 O Sample 3
‘l

FIGURE (8) shows the slake ratio of the rock samples slaked three hours in sodium
sulfate solution

6. Case No. 6 :Slake ratio of rock sample number 1 at different
conditions

For this case we slaked sample No.1 for 3 hours but in different severe conditions.

As shown in Figure 9 the rate of slaking in case of cyclic temperature under server

condition is greater than under other conditions. The other conditions almost have

the same slake ratio. The maximum rate of slaking is about 2.0% and the minimum

rate of slaking is about 1.0 %. From the above we conclude that this sample is very

durable under all severe conditions.

7. Case No.(7): Slake ratio of rock sample number (2) at different
conditions

For this case we slaked sample No.2 for 3 hours but in different severe conditions.

As shown in Figure 10 the rate of slaking in case of cyclic temperature under severe

condition is greater than that of the others. The other conditions almost have the

same slake ratio. The maximum rate of slaking is about 8.0% and the minimum rate
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of slaking is about 4.0 %. From the above we conclude that this sample is durable
under all severe conditions but it is weak compared to sample 1.

Slake durability test resualts for sample (1) at different condition
and slaking 3 hours

e e S
2
ﬁ 1.5
L 1
0.5 1
0 B
sample 1
B After 6 dayes in refrigerator and slake 3 hours in pure w ater
W After 24 hours in 250 c* and slake 3 hours in pure w ater
O After 48 hours in 250 c¢® and slake 3 hours in pure water
O After 3 hours w ith -20 ¢* and 3 hours with +20 ¢® and 24 hours with 115 ¢* and siake 3 hours in fresh w ater
= slaking 3 hours w ith sodium sulfate solution

FIGURE (9) shows the slake ratio of the rock sample no 2 slaked three hours in
different conditions

Slake durability test resualtsfor sample (2) at different condition
and slaking 3 hours

slake rate

sample 2

O After 6 dayes in refrigerator and slake 3 hours in pure w ater

® After 24 hours in 250 ¢* and slake 3 hours in pure w ater
0 After 48 hours in 250 c* and siake 3 hours in pure w ater

O Alter 3 hours with -20 c* and 3 hours with +20 c* and 24 hours with 115 ¢* and siake 3 hours n fresh w ater

different conditions
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8. Case No. 9 :slake ratio of rock sample number (3) at different
conditions

For this case we slaked sample No.3 for 3 hours but in different severe conditions.
As shown in Figure 11 the rate of slaking in case of cyclic temperature under severe
condition is greater than in the other conditions. The other conditions almost have
the same slake ratio. The maximum rate of slaking is about 6.0% and the minimum
rate of slaking is about 4.0 %. From the above we conclude that this sample is
durable against all severe conditions but it is weak compared to sample | and
durable than sample 2.

Slake durability test resualts for sample (3) at different condition
and slaking 3 hours

slake rate

|
|
|
|
‘
|
‘
\
\
\
|
\
‘

sample 3

B After 6 dayes in refrigerator and slake 3 hours in pure water \

O After 48 hours in 250 c* and slake 3 hours in pure water
D After 3 hours with -20 ¢* and 3 hours with 420 c* and 24 hours with 115 ¢” and slake 3 hours in fresh water il

|

|

[

|

|

|

|

t

|

| B After 24 hours In 250 ¢” and sfake 3 hours in pure w ater
|

|

! B siaking 3 hours with sodium sulf ate solution
| e

FIGURE (11) shows the slake ratio of rock sample no 3 slaked three hours in
different conditions
Sample Crack Description
After various cycles of slake tests there is no difference in shape of the four
samples. No any crakes appeared in the samples, just rounded in the corners.
Porosity
The porosity of all the four samples are tabulated in table (2)

Table (2) Porosity of the rock samples

Sample No. Porosity (%)
1 0.96
2 _ 0.87
L 3 0.92

It is clear that the four samples have almost the same porosity and there is no big
difference between the values.
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Point Load

The compressive strength of all the three samples are tabulated in table (3). It is
clear that the sample number 1 has the maximum compressive strength of the three
samples and equal to 47.66 kg/cm’, the weak sample is sample number 2. Sample
number 3 has good compressive strength. So, the Egyptian limestone rocks of El-
Faiyum have high to very high strength.

Table (3) rock samples compressive strength kg{c:m1
Rock Rock f Rock
Test No. sample | sample | sample
[€9) 2) 3)

38.28 22.96
34.38 10.20
Maximum 47.66 | 2449 | 37.76
Minimum | 3438 | 582 | 26.53

Average | 41.18 1490 | 33.42

g 46.88 | 2449 | 37.76
2 39.06 5.82 36.73
3 4453 8.16 32.65
4 47.66 | 2449 | 2653
L 37.50 8.16
6
7

Conclusions

The following conclusions can be drawn from the experimental investigation:
1. Fe,0; and MgO ratios of the rock samples have a big effect on the durability.
2. The slake durability index of sample number 1 is very low compared to the
slake durability of the other samples.
3. The point load strength of the sample number 1 is higher than the strength of
the other rock samples.
4. The cyclic temperature change test is the best test to check the durability of
rock samples.
5. Samples number 1 is considered the most durable rock sample of the group.
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Temperature Near Field of a Coaxial Jet Arrangement

Ahmed A. M. Y., Elbaz A. M. and Hussien A. M. M.

Mechanical Power Engineering Department, Faculty of Engineering-Mataria - Helwan
University '

Abstract

The present study presents temperature measurements in the near region of a
compound-jet assembly comprising;a central round jet and an annular coaxial jet
issuing in a stagnant ambient. The investigation covers the influence of
aerodynamic and geometric parameters on the development of the temperature
field in the fiear region. The ratio of the momentum of the central jet to that of
the fannular jet is the main aerodynamic parameter of the investigation and three
values are considered, namely 0.5, 1.0 and 1.5. The geometric parameter
examined is the distance separating the two jets. Three values are investigated,
namely 1.875, 2.513 and 4.031 as normalized by the diameter of the central jet.
For all geometries and aerodynamic configurations the annular jet is heated to a
temperature of 160 °C above the ambient, while maintaining the central jet at
ambient temperature. The temperature field is mapped using a 125 um
Chromel/Alumel fork type thermocouple. The results show that the mixing rate
increases with lower momentum ratios and closer jets spacing. The size of the
recirculation zone is seen to adversely affect mixing between the jets as would
normally be expected. The lower momentum ratio cxamined shows morc
pronounced influence on mixing between the jets for all gcometrics.

Keywords: Coaxial jet, Annular jet, Temperature of near flow field, Turbulent jets.
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Nomenclature

A; area of the central jet orifice Ay dimensionless scparating distance
A,  areaof the outer annular slot T Mecan temperature
D; inner diameter of the outer T Mean temperature at the exit of the outcr
- - annular slot jet.
D,  outer diameter of the outer 5 U mean velocity component in the axial
annular slot I direction
d; diameter of the central jet u Fluctuating velocity component in the
axial direction
r radial distance measured from U, axial component of the velocity at the
the axis of the central round jet exit of the inner jet ;
R, rtadial location where T = 2T, U, axial component of the mean velocity at
the exit of the outer jet
R,;  cxit Reynolds number of the U, velocity ratio of the inner jet to the outer
inner jet jet (UeUea
R., cxit Reynolds number of the 4 axial distance from jet exit
annular jet

R, radial location of maximum
annular jet temperature

Introduction

The study of the aerodynamic behaviour of a turbulent coaxial or annular jet
is of great interest in many engineering applications. Some experimental work
has been done on coaxial jets by investigators in flame reactors and in jets
interaction. Arutynov [1] investigated the flow field in a coaxial jet arrangement
using hot air for both jets. The air was heated differentially and the temperaiure
and velocity fields were mapped using a total head probe and thermocouples.[The
velocity ratio U,/U; varied between 0.44 and 2.0 and the diameter ratio P/D;
between 1.5 and 3.0, while the temperature difference between the two streams
was about 60 °C. Some qualitative conclusions concerning the design of coaxial
jet burners could, however, be drawn from the results, namely the effect of the
initial velocity and concentration distributions at the nozzles which showed
substantial effect on the mean flow field.

Daviller et al [2] also, studied theoretically turbulent coaxial jets in'the point
of view of large eddy simulation. Initial results showed how it is possible to
identify the different flow processes which lead to the transport of fluctuation
encrgy, as well as the physical mechanisims by which that fluctuation energy is
transported away from the source region as propagating sound energy. The final
goal of this approach was made to investigate the temperature effects on a
turbulent subsonic coaxial jet in large eddy simulation. They indicated that the
introduction of non-zero vorticity did not affect so much the total fluctuating
enthalpy but increased the turbulent transport of the energy of the acoustic
fluctuation (ie scattering of sound by turbulence).
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Chigier and Beer [3] also used a Prandtl tube for the measurement of the
mean velocity profiles in coaxial jets of a specialised design in which the inner
and outer nozzles were separated by a solid annular ring. The exit conditions of
the inner jet were those of a fully developed turbulent pipe flow. The thick
boundary layer at the nozzles exit created a separation bubble that made the flow
field quite complex and, made the results valid only for this particular design. A
characteristic common to the above investigations was that they were concerned
only with the mean velocity field as, measured with mechanical probes rather
than the structure of the turbulent flow field.

Champagne and Wygnansky [4] measured instantaneous velocity field in a
coaxial jet arrangement, for two area ratios A,/4; of 1.28 and 2.94, using X-wire
hot wire anemometry The Reynolds number based on exit conditions ranged
between 0 and 10° for velocity ratio U,/U; between 0 and 10. The results showed
that the near region close to the exits of the nozzles comprises two potential cores
separated by an annular shear layer together with the shear layer between the
outer jet and the ambient air. The potential cores terminate when the shear layers
joi JlThe flow becomes fully turbulent and the jets continue to mix until they
ultithately form an axisymmetric free jet.

In contrast to what Frostall and Shapiro [5] have reported, Champagne and
Wygnanski showed that the growth of characteristic width y,,, (where y,.» is the
outermost position where U=%:U,,,, ) is insensitive to the change of the velocity
ratio and area ratio. The investigation also included the effect of the velocity ratio
and the area ratio on the turbulence field where the turbulence intensities were
found to closely follow the mean velocity profile as might be expected.

Ribiero and Whitelaw [6] reported hot-wire measurements in free coaxial
turbulent jets evolving from a fully developed pipe and annulus flows. The study
was limited to a velocity ratio U,/U; of unity and the measurements were
cxtended to approximately sixteen outer diameters downstream of the exit. The
results showed that coaxial jets tend to develop faster than singlc jet due to the
wake of the inner pipe wall and the fully developed nature of the flow at cxit. In
a later publication, [7], they reported mcasurements in the developing region of
coaxial axisymmetric free jets. The study covered three values of the velocity
ratio U/U, namely 0.65, 1.0, ond 1.48. In the upstream region, the flow
comprised two cores, resulting from pipe and annular flows, and a mixing rcgion
between the two strgams, characterized by considerable turbulent production.

Durao and Whitelaw [8], and Habib and Whitelaw [9,10] also studied the
mixing between coaxial flows, both confined and unconfined, through extensive
hot wire and iaser-Doppler anemomeiry (LDA) measurements, employing fully
developed pipe and annular jet flows; cven if these conditions might have an
application interest, they did not allow for a clear analysis of the effect of the
outlet conditions on the mixing between the two streams to be carried out. By
means of (LDA) and a hot wire anemometry measurements Buresti ef al.[11]
gave data on mean axial velocity profiles, axial and radial turbulence intensities
and shear stress for the initial and intermediate zones of a particular coaxial jet
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configuration. They also used hot wire spectra of the two velocity components to
derive the prevailing frequencies of the fluctuating flow field.

Warda e al [12] carried out LDA measurements in a coaxial turbulent jetata
constant velocity ratio U/ U, of 2. The results showed that the reduction in the
absolute values of the velocities of both streams while keeping the same velocity
ratio constant made the coaxial jet decay faster along the centreline. In addition,
similarity of the radial profiles of the axial mean velocity was obtained in the
fully merged region. :

Zhdanov et al [13] presented experimental results on the mixing process,
behind the nozzle, in a confined coaxial jet mixer in two mixing regimes using
LDV measurements over the range 0.1 <x/D < 9.1. In the firlt mixing regime, a
recirculation zone developed just downstream of the exit plane, whilg the second
regime lied at a distance within the co-flow regime. In both regimes, the mixing
process was studied at R,, = 10000. Bogey et al [14] carried out a simulation of a
hot coaxial jet in high stream velocities where high levels of turbulence intensity
were specified at the nozzle exit. A good agreement was observed for turbulence
intensity in terms of directivity and levels for a coaxial jet displaying same
stream velocities and temperatures, and a high Reynolds number. Moreover,
acoustic and noise in coaxial jets have been studied, see for example Koh et al
[15]. They analyzed by a hybrid method the generation of noise in single and
coaxial turbulent jets. They investigated the acoustic fields of one isothermal
single stream jet and two coaxial jets.

None of the studies cited herein exerted enough effort to explain the structure
and mixing of the flow in the zone between the central and annular Jets, the
mechanism of mixing or the effect of geometry on the structure of the flow field.
The effect of the separating distance between the central and annular jets in the
case of coaxial jets, the creation of the recirculation zone and the boundary, of
this zone on the developing of the mixing had not been investigated in detail. Z

The present study was intended to present an assessment of the influence of
the various aerodynamic and geometric parameters on the temperature field in
the near region of annular turbulent jet concentric with a central round jet as
shown in Fig.(1). A methodical set of measurements was carried out to map the
temperature fields under heating of the outer annular jet while keeping the central
Jet at ambient conditions. The investigation covered a number of separating
distances §= (s/d;) and momentum ratios U,= (U,/ U,,) as detailed below.

Experimental Arrangement

The test rig, schematically illustrated in Fig.(2), comprised an air supply
line for the annular heated jet and an air supply line for the central jet. The
annular jet line was fitted with settling chambers to reduce the oscillations in the
flow arising from the 2.2 kW radial air blower. The heated stream of the annular
jet was a mixture of the combustion products of a premixed gaseous flame and
the main air stream. The mixture at the jet exit was analysed in order to establish
its composition. The analysis revealed that the combustion products are heavily
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{

diluted in the main air stream such that properties of air could be assumed
without significant error.

The Experimental Program

The basic configuration of the exit section consisted of a central rounded
nozzle surrounded by an outer annular slot as shown in Fig.(1). The diameter of
the inner nozzle was 8mm selected on basis of the maximum flow rate available
from the blower. This flow rate together with the diameter of the nozzle ensured:
i) a value of Reynolds number, Re; based on the exit conditions, lying within the
turbulent region, ii) small blockage ratio of 0.0064 between the nozzle and the
measuring probes, and iii) reasonable spatial resolution for the measuring probes.

The mean temperature field was mapped using a 12.5um fork-type K
thermocouple. The temperature measurements were carried out under three
different values of the momentum ratio U./U., (referred to henceforth as U,) of
0.5, 1.0 and 1.5. Moreover, three exit geometries, differing in the distance s
separating the jets, c.f. Fig. (1), were investigated under heating conditions and
for the three momentum ratios mentioned above. The dimensionless distance §
(=5/d;) separating the two jets was taken as 2.531, 1.875 and 4.031 and are
referred to here as disk,, disk, and disk; respectively. A summary of the
gi:ometn'cal and aerodynamic parameters is given in Table (1).

Table (1) The Experimental Parameters.

¥ Geometric Parameters Exit Conditions
: df Dj D. 5 S A /A., U, £ U,, U:. R &; Rd.
mm | mm | mm | mm | (s/d) /s ms | U/U,

Disk, | 8 |485]64.5]2025]2531[0035]2135[4230] 05 | 1.0x10°] 4.4x10°
4234|4230 1.0 |20x10"]| 4.4x10'
6345 | 4235| 15 |3.6x10"]| 4.4x10

Disk2| 8 |385]575]| 1500 1.875|0.035| 220 | 424 | 05 1x10" | 9.6x10°
25 425 LD 2x10* | 9.6x10°
640 | 424 1.5 | 3.7x10* | 9.6x10°

Disk3| 8 |585|725]3225([4.031]0.035( 215 |4225| o5 1x10% [ 7x10°
425 14255 10 |21x10*| 7x10
635 | 4248 | 1.5 |3.6x10°| 7x10°

Results apd Discussion

* The mean temperature profiles at Z=1 for diskl and momentum ratio U=1
are shown in Fig.(3) together with the mean velocity and turbulence intensity
profiles as reported in the previous work of Ahmed et al [16] for easy reference.
The temperature profile suggests four distinctive zones with respect to the
temperature variation within each. The first two are the peak and trough
temperatures corresponding to the potential cores of the annular and central jets,
respectively. These feature nearly constant temperature levels and are bounded
by zones of steep temperature gradients, a characteristic of the shear layers
observed in the velocity profile. The other two zones span the reversed flow
region and feature two temperature plateaus of comparable width and
temperature levels. The two plateaus correspond to the two main vortices within
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the recirculation bubble, schematically illustrated in Fig.(1). The nearly constant
temperature levels across these two latter zones indicate enhanced mixing,
conforming with the relatively high turbulence intensity levels. It will be shown
later, however, that the two zones under certain conditions merge into one with
nearly constant temperature across most of it.

Moreover, the high temperature levels prevailing across the reversed flow
region indicate appreciable heat being diffused from the annular jet across the
shear layer into the recirculating mass. Part of this heat is diffused to the central
jet causing the observed increase in its temperature, while the major part is

contained within the recirculation zone. .

The development in the temperature profiles in the downstream direction,
illustrated in Figs.(4), features rapid merging of the temperature peak of the
annular jet with the adjacent temperature plateau indicating high mixing rate in
the early developing region. By Z=4.0, immediately downstream of the merging
point lying at Z;=3.4 [16], the boundary separating the two zones is no longer
discernable and a single-peaked profile shapes progressively replacing the peak
and plateau observed at earlier axial locations.

The merging in this part of the temperature field is associated with steady,
nearly linear, drop in the peak temperature of the annular jet as shown in Fig.(5).
Moreover, the radial location of the peak temperature is seen in Fig.(6) to shift
steadily towards the axis of the central jet. This is similar to the trends discussed
in [16] for the mean velocity field but at a considerably faster rate and extends
farther in the downstream direction. This, it is believed, is due to the mdre
complex modes of heat transfer as compared to those of momentum transfer.
Moreover, the relative spread of the annular jet, represented by R, (the location
where T/Teo=1/2) is seen from Fig.(6) to be nearly linear. The contour  of
normalized temperature T/T,,, illustrated in Fig.(7), show clearly that this shjt of
the peak of the annular jet toward the central jet axis extends to nearly Z; =10.

On the central jet side, the potential core is seen from Fig.(5) to extend to
Z2.0 beyond which a rapid increase in the centre-line temperature takes place
and continues to Z&7.0. By Z76.0 the shear layer of the central jet vanishes, as
Fig(4-c) indicates, and the rate of heat transfer to the central jet drops
substantially as suggested by the very slow subsequent rise in the centre-line
temperature in the downstream direction. By Z=12.0 the mixing between the
central and annular jets is nearly complete and the temperature distribution now
assumes a flattop profile indicating a singlé jet in an early stage of development.

The mixing between the annular and central jets may, therefore, be viewed as
taking place across the recirculation zone separating the two jets in the early
developing stage. Through the intermediate and late developing stages
downstream of the recirculation bubble and extending to Z=12.0, the jets mix:
through direct diffusion from the annular jet to the central jet.
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The axial variation of the peak temperature of the annular jet and the
centre-line temperature of the central jet for diskI for different momentum ratios
are shown in Figs.(8 a&b), respectively. The decay of the annular jet’s peak
temperature is seen to be nearly linear and dependent on the momentum ratio
such that higher momentum ratios result in faster decay. This can only be
explained as due to the influence momentum ratio has on the rate of heat transfer
in the early developing stage. With reference to Figs.(8-b,9&10), it is evident
that the lower momentum ratio is associated with a reduction of the extent of the
potential core of the central jet. It is also evident from these figures that the lower
the momentum ratio the higher the centre-line temperature is in the early
developing reglon where for the lowest momentum ratio Ur of 0.5, Fig.(8-b)
shows that, in addition to the absence of the potential core, the centre-line
temperature is consistently much h1gher than that for Ur=1.0 and 1.5.

The above observations for Ur=0.5 suggest cons:derab[y higher heat transfer
rates to the central jet across the recirculation zone in the very early developing
stage. The -high temperature levels along the centre-line mean smaller
temperature gradients across which heat transfers from the annular to the central
jet./With this in mind, the slower rate of increase of the centre-line temperature
shown in Fig. (8~b) up to Zi= 4.0, and the slower decay rate of the annular jet’s
peak temperature in Fig. (8-a) could be explained.

;:‘ The higher momentum ratios, on the other hand, show in Fig.(8-b) modest
centre-line temperature levels implying relatively high radial temperature
gradients and, consequently, heat transfer rates to the central jet. These high
gradients are further seen to persist farther downstream with the higher
momentum ratio maintaining relatively larger heat transfer rates farther
downstream. This is also believed to result in the observed higher decay rates of
the annular jet’s peak temperature observed in Fig.(8-a) for higher momentum
ratios.

The normalized mean temperature contours for diskl are illustrated in
Figs.(11&12) for momentum ratios Ur=0.5 and 1.5, respectively. The contours
exhibit the inward shift of the location of the peak temperature of the annular jet
discussed apove for Ur=1.0. However, the higher momentum ratio contours
reveal steeper temperature gradients prevailing between the two jets discussed
above. The radial location of annular jet’s peak temperature is shown in Fig.(13-
a) for the three momentum ratios considered revealing similar trends to those
discussed above for Ur=1.0. The relative spread of the annular jet is also shown
in Fig.(13-b) mdlcatmg nearly constant spread rates independent of the
momentum ratio.

The mean temperature profiles for disk2 and disk3 are illustrated,
respectively, in Figs.(14&15) for the various momentum ratios. The profiles
show that the lower momentum ratios are invariably associated with appreciably
higher centre-line temperatures irrespective of the jets’ spacing. This, as argued
above, is due to the massive heat exchange between the jets through the
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recirculation zone in the very early stage of development. Figs. (14&15) also
show that the two temperature plateaus, extending across the region of reversed
flow very early for diskl, are replaced by a single region of mild temperature
gradient in disk2, and a single plateau of nearly constant temperature in disk3.
This may be due to the wider jets’ spacing and the relatively high turbulence
intensity levels within the recirculation bubble [16] which, together, provide the
opportunity for enhanced mixing and, consequently, more uniform temperature
distribution across the reversed flow region. ,

The mean temperature profiles in Figs.(14&15), together with Fig.(4), further
show that for the lowest momentum ratio Ur=0.5, the mixing between the
annular and central jets is nearly complete by Zi=12.0. The degree of mixing is
qualitatively judged by the shape of the temperature profile gnd by the
temperature gradient at the centre-line. In this respect the wider jets’ spacing is
seen to have only limited influence on the delay in mixing between the jets for
this momentum ratio. Furthermore, the increase of the momentum ratio for the
same geometric configuration produces slower mixing between the jets. This is
believed to be dependent on the temperature levels attained by the central jet in
the very early stage of development as further discussed below.

The axial variation of the peak temperature of the annular jet and the centre-
line temperature are shown in Figs.(16a&b) respectively. The momentum ratio
Ur=0.5 is seen to exhibit the highest centre-line temperature levels observed
earlier in the mean temperature profiles. For this particular momentum ratio the
rate of increase of the centre-line temperature in the downstream direction is
somewhat inversely proportional to the jets’ spacing. This is expected, since WIfh
the same temperature levels of the central and annular jets a narrower spacing
implies steeper temperature gradient and, accordingly, higher heat transfer rate.
This is reflected in, and supported by, the lower decay rate of the annular jet’s
peak temperature with wider jets’ spacing shown in Fig. (16-a).

The higher momentum ratios, on the other hand, are seen in Fig.(16-b) to
produce relatively longer potential core and steeper rise in the centre-line
temperature immediately downstream of it. This indicates higher transfer rates,
downstream of the potential core, from the .annular to the central jet. This is
supported by the faster decay rate of the annular jet’s peak temperature shown in
Fig(16-a). The decay of the peak temperature of the annular jet is seen to be
nearly linear for all jets’ spacing and momentum ratios, with the decay rate being
dependent on the rate of heat exchange with the central jet,

The location of the annular jet’s peak temperature illustrated in Fig.(17)
confirms these observations and exhibits trends similar to those depicted earlier
in Fig. (13). However, when the radial location is normalised using Di, the inner
diameter of the annular slot, all nine distributions tend to reduce to a single curve
despite the wide scatter that could be attributed to the involvement of more than
one mode of heat transfer in this region. The relative spread of temperature,
shown in Fig.(18) also exhibits nearly constant spread rates,
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Conclusion

An experimental programme for investigating the temperature ficlds in a
compound-jet arrangement is reported. The geometric configuration featured a
central round jet and an annular jet, with a scparating distance in between,
discharging into a stagnant ambient. The investigation covered the influence of
acrodynamic and geometric parameters on the development of temperature fields
in the near region. The main findings and conclusions drawn from the discussion
of the experimental results may be summarised in the following:

e The mixing rates between the jets increases with lower momentum ratios and
closer jets’ spacing. The influence of momentum is more significant as
complete mixing between the two jets is seen to occur within the extent of the
measurement domain with the lowest momentum ratio for all geometries.

o The recirculation zone does not improve the mixing between the jets. In this
respect a coaxial jet arrangement, where the separating distances does not
z:']ist, is believed to yield better mixing rates.

L]

[The temperaturé profiles converge towards the central axis, while the spread
1 . - 4

'of the mean temperature profiles is lincar and independent of the momentum
! ratio and geometry.
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Fig.(2) Schematic layout of the test rig.
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An Experimental Study on the Start-up Tribological
Behavior of Hydraulic Cylinder Seals

Asmaa A", Prof. Alaa M. El-Butch , . Morcous I. Ghobrial * and Dr Mohamed F. Hussien®

Abstract

Hydraulic cylinder seals are used to allow a shaft and piston to slide through the device
while preventing working leakage of fluid. Nowadays, great deal of attention has been paid
to the importance of environmental protection which has given particular emphasis to
leakage control. An ideal seal should prevent leakage with tolerating minimum frictional
energy dissipation at the given operating conditions. The durability of seals must be
insured under the existing operating conditions.

In the present paper, frictional properties is evaluated for reciprocating sliding seals. Two
seal types and two hydraulic fluids are used to study the effect of frequency of the
reciprocating sliding pressure and the sliding speed of the rubbing surfaces will be studied.
The results have shown some interesting relationships between the tribological behavior of
the seal and the operation conditions. :

Keywords: Hydraulic seal, Seal friction
Introduction

Linear hydraulic cylinders are widely used in many engineering applications. Airplanes use
linear hydraulic actuators in flying control, landing gear retraction and other utility
systems. A reliable operation of such systems and the minimization of leaks from the seals
is vital to the performance of the actuator. The contact conditions of a seal have to be
studied in detail in order to improve its reliability and performance. For different
application fields reciprocating hydraulic seals are friction seals and they show a big
variety by design and used materials as well. Except some particular cases these friction
seals work on lubricated surfaces.

Seal friction characteristics are important in hydraulic actuation systems designed to
combine high precision positioning with favorable dynamic performance. Hydraulic seals
typically have non-linear friction characteristics that can impose negative damping on the
system [1]. Relatively little experimental work has been carried out on the tribological
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behavior of elastomeric seals in reciprocating motion. Extensive practical work was carried
out by Field and Nau [2] carried out further experiments on rectangular seals using
optically smooth elastomers. A study on the behavior of the friction of a rectangular seal
was carried out using a reciprocating rig, [3]. The results showed that friction is
independent of speed for most of the used range but at higher speeds it rises slightly with
the reciprocating speed. The friction is also found to be dependent on the roughness of the
slider as a considerable increase was observed when a rough surface is reciprocated against
the elastomer as compared to using a smooth surface.

In a theoretical work, [1], a conventional reciprocating rod seal is analyzed using shed
elasto-hydrodynamic theory and the mixed lubrication Greenwood-Williamson-average
Reynolds model. Brian and Suisse, [4], presented a unique physics-based analytic model
for dynamic seal friction in hydraulic actuators as a function of cylinder pressure, seal
material, piston rod dimensions, piston rod seal gland dimensions, and other influencing
factors. In another research, [5], it was found that a system of a rubber seal and a properly
selected and installed back-up ring is shown to be ofien significantly more efficient in
terms of fluid leakage than the seal without the back-up ring. Wassink D B et al [6] and
Kawahara Y et al [7] have measured seal friction experimentally. Kaneta and co-workers
[8] have carried out more recent experimental work on seals.

Experimental work

The current study aims at evaluating the frictional behavior of a standard U configuration
type rod seal. A test rig has been constructed and the seal friction forces measured for a
range of operating conditions.

The ultimate goal of the experimental work is to measure the friction force between the
piston rod and the installed oil seal at different operating conditions. Two different
hydraulic oils, two different oil seal materials and a range of operating pressures and
speeds are used. In order to achieve this, a specially designed hydraulic circuit has been
constructed and the friction force between the piston rod and the seal is measured using a
piezoelectric force transducer.

Test Rig

As shown in Fig.1. The test rig consist of a special hydraulic cylinder (1) in which the
piston head is removed to eliminate the effect of the forward and backward pressure on the
piston head and to consider only the friction force between the cylinder rod and the two
seals existing at the cylinder ends. The friction force is measured using piezoelectric force
transducer (12) (DeltaTron® Force Transducers- Types 8230) situated between the piston
rod and the actuator rod. A pneumatic cylinder (6) is used as an actuator to move the
hydraulic cylinder rod to overcome the frictional force at the two seal ends. The speed of
the rod movement is controlled by a throttle air valves (7) and (8) of the pneumatic
cylinder. The stroke of the rod is adjusted using two limit switches (10), (11). The stroke
is limited to 100 mm for all tests.

The speed of the rod is measured by dividing the stroke length (100 mm) by the consumed
time. The stroke time is accurately measured by a stop watch. The stop watch works
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automatically with limit switches through a simple electric circuit shown in Fig. 2 and F ig.
3 shows a photographic view of the test rig and the measuring system.
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Fig.1 Schematic diagram of the test rig used for rod seal friction measurement
(I)Hydraulic cylinder , (2) Pressure gauge. (3) Directional control valve 2/2,
(4) Relief valve, (5) Hydraulic pump, (6) Pneumatic cylinder, (7) throttle air valve, (8)
throttle air valve, (9) Directional control valve 5/3, (10) Limit switch S1, (11) Limit
switch S2, (12) piezoelectric force transducer
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Fig.2 A simple electric circuit used to measure the stroke time.
(KO. K1) Relays. (Y ) solenoid valve, (S1) limit switch, (S2) limit switch
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Fig.3 Experimental test rig and measuringsystem

Oils Specifications

Two commercially available hydraulic fluid types are used.

their specifications
Table 1 Hydraulic oils specifications

The following table shows

Hydraulic fluid type, (commercial Name) | 37 68

Degree of viscosity iso 37CSt 68 C St

Density at room temperature 877 kg/m® 885 kg/ m’

Open flashing 180 195

Kinematic viscosity at 40°C 35/40m" /sec 61.2/74.840m" /sec

Oil Seal Material Specifications

Two commercially available seal materials are used namely:

1- Polyurethane oil seal material: generalized polyurethane reaction

R-N=C=0 + R%-0-H —= R-N-C-0-R?

2 — NBR oil seal material: Nitrile butadiene rubber
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The shape of the used seal is u- ring with size 20*28*4mm

Measurements Procedure

The first oil seal material, (polyurethane), is used and the hydraulic circuit is filled with the
first hydraulic oil type (37). All measurements are taken at different speeds and pressures.
The second oil seal material (Nitrile butadiene rubber (NBR)) is then used instead of the
first one without changing the hydraulic oil, (type (37)), all measurements at different
speeds and pressures are taken. The same Procedure is followed but using the second
hydraulic oil type, (68) instead of 37.

Test Procedure

The cylinder rod is cycled numerous times to allow the seals to seat properly within their
grooves, this also caused the piston rod surface to become lubricated with a very thin film
of hydraulic fluid. The cylinder is pressurized to 25 bar to assure that the seals would hold
pressure and seat properly when pressurized.

The first results set is taken at a cylinder pressure of 25 bar and actuator speed of 14.2
cm/sec. Friction force was measured by piezoelectric force transducer as shown in Figs.1
&3. The actuator speed is then increased to 12.5cm/sec at the same pressure 25 and
friction measurements are carried out. The process is repeated for actuator speeds 11.11,10
and 9cm/sec. It is important to note that the friction force measurements are taken during
the extend stroke. The test procedure is repeated at pressures 20, 15, 10 and 5 bar. All
friction values are recorded at each pressure for different speed.

Results and Discussions

Figs. 4, 5, 6 and 7 show samples of the variation of the friction force between the two end
seals and the piston rod measured by a piezoelectric force transducer with time for

Test 1 (Oil 37, Polyethylene)
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Fig.4 Variation of friction force with time,

P =25 bar, oil type 37, and seal material Polyurethane and rod speed = 10 cm/sec.
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Fig.5 Variation of friction force with time,

P = 15 bar, , oil type 37, and seal material NBR and rod speed = 10 cm/sec.
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Test 3 (0l 68, NBR)
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Fig.6 Variation of friction force with time,
P = 10 bar, , oil type 68, and seal material NBR and rod speed = 10 cm/sec.

Test 4 (oil 68, Polyethylene)
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Fig.7 Variation of friction force with time,
P =20 bar, oil type 68, and seal material Polyurethane and rod speed = 10 cm/sec.

As can clearly seen from the previous figures that the friction force is maximum at the

beginning of rod movement. This value represents the static friction, however, the friction
force then decreases rapidly with time because the friction is now dynamic.

Effect of Operating Parameters:
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Fig. 8 Effect of cylinder pressure on the friction force at different rod speeds
Seal material (Polyurethane) & Hydraulic oil type (37)
Fig.8 shows the variation of friction force with cylinder pressure at rod speeds of V = 9 ,
I1.11 and 14.2cm/sec, the seal material is Polvurethane and the hydraulic oil type is 37. It
is obvious that the friction force increases with increasing the cylinder pressure for all the
used piston speeds. Also it can be seen that the grater the rod sliding speed the greater the
friction force.
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Fig. 9 Effect of cylinder pressure on the friction force at different rod speeds
Seal material (NBR) & Hydraulic oil type (37)
Fig.9 shows the variation of friction force with cylinder pressure at the same operating
conditions and used hydraulic oil but with the use of second seal material, (NBR). 1t is
obvious that the same trend of variation is obtained for cylinder pressures and speeds.

From Fig's 8 and 9 we can conclude that the use of NBR seal material gives lower {riction

values compared to Polyurethane.
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Fig. 10 Effect of cylinder pressure on the friction force at different rod speeds
Seal material (Polyurethane) & Hydraulic oil type (68)
Fig.10 shows the variation of friction force with cylinder pressure at rod speeds of V.= 9,
11.11 and 14.2cm/sec, the seal material is Polyurethane and the hydraulic oil type is 68. It
is obvious that the friction force increases with increasing the cylinder pressure for all the
used piston speeds and. Also it can be seen that the grater the rod sliding speed the greater
the friction force.
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Fig. 11 Effect of cylinder pressure on the friction force at different rod speeds
i Seal material (NBR) & Hydraulic oil type (68)

Fig.11 shows the variation of friction force with cylinder pressure at the same operatmg

conditions and used hydraulic oil but with the use of second seal material, (NBR). It is

obvious that the same trend of variation is obtained for cylinder pressures and speeds.

However, from Fig's 10 and 11 it can be seen that the use of NBR seal material gives

higher friction values compared with Polyurethane.
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From the last four figures, it is important to note that at low hydraulic oil viscosity, NBR
seal material gives lower friction, however with the use of higher hydraulic ol viscosity,
Polyurethan seal material gives relatively lower friction compared to NBR.

Conclusion

From the present experimental work, the following points can be concluded;
I- The friction force and hence, the frictional losses increase with the increase of
cylinder pressure.
2- The friction force increases with the increase of rod sliding speed
3- With low hydraulic oil viscosity, the use of NBR seal leads to lower friction and
power losses compared with Polyurethane seal. i
4- To reduce friction losses at higher hydraulic oil viscosity it is recommended to use
Polyurethane seal instead of NBR.
5- The life time of the Polyurethane seal material is greater than that of NBR under
the same operating conditions.
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Abstract

Architecture professional practice is the conclusive aspiration of the architecture
education; the latter is in charge of maintaining high caliber graduates capable of
performing responsible roles, and competitiveness in a global marketplace. Some
educational institutions worldwide offer specific courses about “professional practice”
in architecture. The motivation in conducting this research is to; validate the need for
offering these courses in architecture education in Egypt. This paper applies an
analytical comparative methodology and is structured into three parts; part one studies
the objectives of architecture education; part two demonstrates some of the educational
programs which provide courses about professional practice, and proposes a course
content; and part three demonstrates the programs which provide the course in Egypt.
It has been noticed that the course is prevailing in worldwide architecture education
institutions, while apparently absent in governmental universities in Egypt, but is
offered appropriately in the private universities. More attention should be provided for
professional practice issues in the governmental education especially that they supply
the society with the majority of practicing architects in Egypt. Professional practice
could be addressed under four main modules; the nature of the profession; its
organization and management; related ethical and legal issues; and finally the
challenges of practicing architecture.

Keywords: Professional Practice, Architecture Education, Ethics, Legal Issues.
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1. Introduction

The preparation of qualified architects as the goal of the architecture education calls for
the persistent developments of curricula to fulfill this goal. Today the marketplace of
architecture involves a high level of competence among ‘architects especially with the
growing cities and need for urbanization, also within a framework of a global
community which rather increases the competence among architects. It has been
noticed that global agencies in charge of architecture education!continue to set
regulations to maintain a credible level of architects capable of perfom}ing their-
responsibilities. Accordingly educational institutions world wide are offering courses
about the professional practice of architecture. This paper will discuss this issue and
will study the status of architecture education in Egypt, it will investigate if similar
courses are offered in Egypt, and how does this affect the level of our graduates.

The paper aims at validating the need for offering courses in the area of professional
practice in architecture to prepare qualified graduates capable of competing on both
local and global levels. This paper applies an analytical comparative methodology in
discussing the professional practice issues in architecture and it is structured into three
parts; part one studies the objectives of architecture education and highlights the
impact of professional practice preparation; part two demonstrates some of the
educational programs which provide courses about professional practice in an attempt
to introduce a proposed course content; and finally part three discusses the case in
Egypt, demonstrates the programs which provide the course, and comments about the
architecture education with regards to professional practice preparation.

2. Reconsidering Architecture Education

The first part of this paper will demonstrate some specifications and recommendations
about the preparation of architecture students to be professional architects, according to
the publications of the Union Internationale Des Architectes (UIA) and the National
Architectural Accrediting Board (NAAB). The UTA Accord for Professional Practice
mentions the typical architecture education as follows;
“Architectural education should ensure that all graduates have knowledge and
ability in architectural design, including technical systems and requirements as
well as consideration of health, safety, and ecological balance; that they
understand the cultural, intellectual, historical, social, economic, and
environmental context for architecture; and that they comprehend thoroughly
the architects’ roles and responsibilities in society, which depend on a
cultivated, analytical and creative mind.” [8] °
The previous quote summarizes the knowledge areas required from the architecture
students and ensures the ample comprehension of the role and responsibility of the
architect in a society. Lately, many educational curricula ensure the importance of
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engaging professional practice issues profoundly in education which guarantees
supporting the smooth transfer from the narrow scope of education to the wider world
of professional practice. The UIA charter for architectural education [10] refers to three
areas of capabilities which the education helps students to acquire (Fig. 1).

Knowledge

ARCHITECTURAL
EDUCATION

Fig.1: Students acquire three capabilities through architectural cducation,
according to the UIA charter [10]

The charter also ensures the continuous interaction between the practice and teaching
of architecture. Therefore opportunities should be available for the interaction among
the institutions of education and the requirements of the marketplace [10]. There are six
areas of study listed under the topic “knowledge”; cultural and artistic; social;
environmental; technical; design; and professional studies as shown in (Fig. 2), and
with more detailed description for the sixth capability concerned with the “professional
studies” and its related required abilities.

The NAAB has mentioned conditions for accreditation of an architecture program, one
of these is about “Architectural Education and the Profession”, it mentions that the
accredited degree program must show its vision of preparing students to practice, and
especially respond to the context of increasing cultural diversity and how it will affect
the roles and responsibilities of architects, also how to deal with changing client and
regulatory demands, as well as the expanding knowledge base 7).

Having a solid link between the academic and practical parts in architecture provides
the students with good preparation for facing the society; however, the architecture
education does not always form this linkage. The medical education starts with an Oath
as a summary of responsibilities, by this the foundation for the student’s approach to
the profession will be established, and he/she will be able to realize the future
professional responsibilities, and how will the education prepare for these
responsibilities [5].
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Cultural & Social Environmental Technical Design
Artistic Studies Studies Studies Studies Studies

A A [} A A
Architectural Education
KNOWLEDGE

: L ]

Professional
Studies

LT—] | Ability to act with knowledge of professional, business, financial and legal contexts |

Ability to understand different forms of procurement of architectural services [

1

Awareness of the workings of the construction and development industries,
- financial dynamics, real estate investment, and facilities management

Awareness of the potential roles of architects in conventional and new areas
’ of activity and in an international context

: i
Understanding of business principles and their application to the development of built
environments, project management and the functioning of a professional consultancy

T
(]

I:a Understanding of professional ethics and codes of conduct as they apply to the practice
- of architecture and of the architects’ legal responsibilities where registration,
: practice and building contracts are concerned

Fig. 2: The areas of knowledge in architectural education, with special concentration
on abilities listed under the professional practice studies

according to UIA [ 9]

According to (Fig 2.) it has been shown that the architecture education is characterized
by a wide spectrum of knowledge. The architect normally knows something about
everything, compared to an engineer who knows everything about one thing, which
implies the specific specialization in engineering versus the wider spectrum of
knowledge in architecture. Architects as professional practitioners coordinate teams of
other professionals, which calls for the ample knowledge about each discipline to
negotiate and organize conflicting factors and to secure the integrity of the whole work
(1]. Finally, the profession of architecture will require lifelong learning, so obtaining a
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degree in architecture is considered a license to begin learning in real life situations
[11], and thus the careful planning for the education of architects especially regarding
the practice will initiate the intension to keep learning.

3. Professional Practice Course

»

'
Several architectural education institutions around the world offer a course or more
about professional practice, so this part of the paper will show. somé architecture
schools who offer the course, and will review the course objectives, and analyze its
contents in an attempt to propose a professional practice course suitable for Egypt.
Table (1) shows the course titles offered in the undergraduate level in a sample of
twelve universities worldwide, eight: universities in the USA, where the education
system has been remarkably responsive to the changing roles of the profession and
- which contains several accredited schools [3]. Two universities in Australia and
Canada. In addition to two universities in the Middle East in Qatar, and Saudi Arabia.
The table also mentions the objectives/description of some of the courses as available
in the universities websites.
Offering a course specifically about the professional practice is beneficial in many
ways; it helps to foster mutual influence between the academy and the profession, it
provides the students with sufficient knowledge about the scope of practicing
architecture in the real life, it introduces the responsibilities and obligation of the
profession and the ethics involved within the decision making processes, and in general
discusses the aspects which affect transferring the architectural design into a real built
project..
The course contents -offered in the reviewed sample of universities- although similar in
general features, however, the courses will be efficient with regards to the local
circumstances of practicing architecture in a certain community, with its political,
economic, cultural and social factors which impact the architects, as well as the level of
competency; local, regional and global. Besides, how was the practicing of architecture
in the past compared to today, and what are the recent contemporary challenges of
practicing architecture, also the differences between practicing architecture in Egypt
and other countries. Finally, the course would rather introduce a discussion about the
characteristics of the Egyptian market and real estate?

The proposéd course topics will be delivered under the course titled “Ethics and
Professional Practice”. The title involves two terms, the first term “Ethics” refers to
its profound effect on architecture, and as it is a relatively missing merit in our
curricula. The second term” Professional Practice” appears to be most recurrence in the
list of courses reviewed.
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UNIVERSITY/ n =
INSTITUTION COURSE TITLE & DESCRIPTION (if applicable)
i Professiaﬁal Practice: How Architecture firms are formed and
Cahforma_ organized, how architects perform services on behalf of their clients
1 | Polytechnic, during phases of project design, delivery and construction, and how they
USA pursue commissions for services, and their ethical and legal obligations to
their consultants and clients.
. Issues of Practice: It consists of three modules: Persdnal Promotion,
2 Sal:ne%;j\\dellon Emerging Professional's Companion, and Excursions. ’
niv.
Ethics & Decision Making in Architecture i
g (SOMERUBY. | o p il Praciies

USA

Professionalism & Management in Architectural Practice: An
introductory survey of the characteristics of the delivery of architectural

4 | Rice Univ. USA services by professional design organizations. The social, technical, legal,
ethical, and financial milieu of modem architecture practice.
5 Syracuse Univ. | Professional Practice: Legal and administrative aspects of architectural
USA practice. The architect’s role in society.
Ethics & Professional Practice: Issues and relationships within the
6 Texas A &M business, legal and political environment; introduction to the concepts of
Univ. USA architectural specifications and the AIA standard conditions of the construction
contract; forms of construction, bidding and contract documents.
UC Berkeley . . e
. hit,
7 Univ. USA Introduction to the Practice of Architecture .
o Professional Practice: Introduction to scope and diversity of the building
Virginia enterprise, addressing private and public macroeconomic, industrial,
8 | Polytechnic, technical, professional, and regulatory institutions. Analysis of historic
Univ. USA evaluation of professional roles and practices; emergence of new modes of
practice, including innovative facilities procurement methods.
9 King Saud, Professional Practice in Architecture Scope of professional practice
Saudi Arabia in architecture and its organization and ethics.
Professional practice The professional status of the architect rests on a
foundation of highly specific responsibilities towards the client, users and
10 | McGill, Canada | society as a whole. Ethical practice calls for a profound understanding of
both the nature of these responsibilities and their implications on the
| concept of professional conduct. -
11 | Qatar Univ. 'Ethics & Professional Pradtice
12 | Univ. of Sydney | Professional Practice

Table (1): “Professional Practice Courses” as offered in a sample of twelvé
international universities. [refer to appendix I for websites]
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The proposed course (Fig. 3) will cover four main topics in units follows:

3.1. The Nature of the Architectural Profession
Unit one is introductory, it directs towards the profession, its history, nature, and scope
of responsibilities.

a.

The history of the architecture profession, how it emerged and changed along the
history with special concentration on the history of Egyptian architects, this part
explains how the profession responded to the changes in the society.

The contemporary features of the professional practice especially in Egypt.

The role of architects, the scope of services involved, and the wide spectrum of
responsibilities towards the society, the profession and the environment. The
personnel in relation to architects, clients, owners, users, contractors, subcontractors
consultants, workers, officials.

The idea and vision of the society about the architect, how much is the awareness of
the responsibilities of architects.

3.2. Organization and Management of the Architectural Profession
Unit two aims at introducing the business sectors in the architectural profession. How
the architect is a leader which has business, administrative and managerial roles. ’

a.

The types of architectural firms, or organizations, private and governmental, the
employment opportunities and career options. Work Sources and obtaining
commissions. Working abroad or with foreign architects. In addition, it discusses a
review about the architectural competitions.

The architect as a business man, the principles of management and administration,
working under stress and competence, project procedure and management. Quality
control, monitoring performance and evaluation. Writing reports and specifications.
The financial issues in the profession, such as financial management and budgeting,
building costs, remuneration, bidding and contractual agreements and negotiations
in design and construction phases. Characteristics of real estate and marketing,
develops the sense of the architect as a business man who helps the client in making
investment decisions.

Interpersonal skills and communication, which introduces the qualities of the
architect as a person such as, successfully understanding the client, making
presentations, selling ideas, convincing and defending ideas, building the
motivation, resume and portfolio preparation.

3.3. Ethics and Legal Issues

How can architects be guided in making ethical decisions and performing their jobs in
an ethical manner, how respecting morals, ethics, and societal values builds up the trust
relations among involved parties. In addition the awareness of the legal obligations
under which architects perform their jobs.

a.

The ethical and moral facets of decision-making and the commitment to
professional and public services, the liabilities towards colleagues, clients,
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employers, the society, the environment, the history of mankind. How to transform
ethics from a belief about right and wrong into broader value judgments in the
business of architecture.

The code of ethics and professional conduct according to the Egyptian Syndicate of
Engineers, the intellectual property law, the copyright law, and the competition
regulations.

The legal context of architecture such as laws, regulations, liabilities in terms of
rights and commitments beyond contracts, in general the different legislation and
regulations governing architecture and related professions.

3.4. The Challenges of the Profession
Unit four is flexible and is affected by practicing architecture in a specific society. It
demonstrates some challenges and difficulties which might face an architect.

a.
b.

General issues such as risk management and facing legal disputes.

Career challenges such as, managing the conflicts among involved parties, the need
for developing strategies for lifelong promotion and learning, and dealing with
failure in obtaining commissions or in competitions.

Societal problems such as working in a poor or developing country, and the
challenge of working to compete with non-architects who have opportunities to
work as architects for example contractors and civil engineers.

d. Case studies for Egyptian recognized architects.
ETHICS &
PROFESSIONAL PRACTICE
) |
| il 1 i |
1. Nature of 2. Organization 3. Ethics & 4. Challenges
Profession & Management Legal Issues

Fig. 3: The proposed topics of the course “Fthics and Professional Practice”

4. “Professional Practice” in Architecture Education in Egypt

By investigating the courses introduced in a selected sample of architecture education
institutions in Egypt, it has been noticed that the “professional practice” course is not
offered by the all the universities in the sample. The sample consists of ten
governmental universities, and ten private institutions as shown in Table (2).
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GOVERNMENTAL
# INSTITUTIONS NA|AV | # PRIVA"{"E INSTITUTIONS NA | AV
Ain Shams Univ. American Univ. in Cairo
1 Professional Practice m |1l Professional Practice, Design L
& Legislation Management and Codes
Al ot {Arab Academy for Science,
2 SRR m | 12 | Tech. & Maritime Transport =
Professional Practice Professional Practice
3 | Assiut Univ. | 13 | British Univ. in Egypt H
. | Future Univ.
4 | Banha Univ. B 1'3" Professional Practice & Building &
Regulations
5 | Cairo Univ. E 15 | Higher Technological Institute -
Misr International Univ.
6 | Fayoum Univ. L 16 ["Laws Regulations & Professional “
Practice
Helwan Univ. Misr Univ. for Science &
7 f L | 17 |
(Engineering) Technology
October Univ. of Modern
8 Helwan Univ. = 13 | Sciences & Arts m
(Fine Arts) Professional Practice & Building
Regulations
9 | Mansoura Univ. ] 19 Pharos_ Upiv. - =
Prafess:or_tal Practice
Sinai Univ.
iv. H | |
e = Professional Practices & Legislation
* NA Course Not Available * AV Course Available

Table 2: The Availability of “Professional Practice Course” in a sample of ten
governmental and ten private education institutions in Egypt [refer to appendix II]

Graduates of architecture are allowed to practice architecture immediately after having
their bachelor'degree in architecture, which recalls for the profound preparation by
education. However, one of the deficiencies that affect the quality of architecture
education is the priority given to theoretical aspects over the professional preparation
of the graduates. Perhaps the academicians prefer to form a solid theoretical foundation
for the students, although the knowledge required for a practicing architect could also
be rather wide and general. The marketplace nowadays is characterized by competence;
local architects may compete with international architects, either locally, regionally, or
internationally. Factually, the current absence of courses specifically named
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“Professional Practice” in our curricula does not indicate that issues related to practice
are not addressed and developed in education. However, the issues of this course are
dealt with indirectly throughout the years of architectural education.

The courses of history of architecture usually concentrate on the development of
buildings as products of architecture, and not the development of the profession as a
process of continual development, how the profession emerged and what caused its
changing, and how is it currently with respect to the international and local milieus.
Design studios are to some extent theoretical rather than practicdl, for example; the
project brief is previously written and prepared by tutors; the studios do,not provide
practice for dealing with real clients, while students of medicine learn inside hospitals
with patients. This problem affects the student’s capability of writing project brief,
performing oral presentations in front of laymen, and the abilities to introduce and
defend their designs. The NAAB mentions a students’ performance criterion in
architecture education as follows:

“Understanding of the responsibility of the architect to elicit, understand,
and resolve the needs of the client, owner, and user.” [7]

As for the communication and interpersonal skills, students of architecture mostly
learn how to use architectural, philosophical, and even complicated language to
convey the depth of their ideas and visions, this may work when architects are
communicating together, but students are not trained how to convey their ideas and
vision to non-specialists or clients. In addition, oral presentations require skills such
as how to sell the idea and persuade and affect. Professionals who know well about
their subject area will be able to communicate their knowledge to others in
everyday and simple language [1]. One of the studies conducted by the RIBA in
1995 revealed that architects were generally not seen as good listeners from their
clients’ point of view [3].

Interpersonal skills of students of architecture, lead to another area of interest which is
the business and organization domain, the education with its conflicting deadlines
require good organization, when these abilities are developed during education it helps
to build the leading personality of the architect who will be in charge of many
coordinating tasks. A

Concerning the subject of ethics, there is a growing concern about the applied ethics
which is the branch of ethical related to business in general, so it affects practicing
architecture as a profession which involves numerous choices and alternatives, the
education is responsible for cultivating these ethics, morals, and values attributed to the
professional practice. Ethics become involved starting from beginning the design, and
extending to cover many facets and preferences, until the termination of the project.

In addition the legal framework of architecture does not only consist of building
regulations but extends to include all the laws and legislations, affecting practicing
architecture, some courses deal with the building regulations and specifications in
current curricula. However, recent legislations such as the intellectual property law and
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the copyright legislation that has its impact on the professional architectural design.

As a final point, introducing the challenges and difficulties which might face architects
in real life practice will be beneficial in preparing the graduates to complex problems,
especially when these challenges address the problems prevailing in Egypt. Being a
successful architect requires effort and patience, as most architects become famous
near the age of fifty, learning to integrate many factors concerns into a cohesive project
requires experience [1].

5. Conclusion

Architecture education in Egypt is in need for further consideration to involving
professional practice issues profoundly in its curricula. International agencies such as
the NAAB and UIA provide useful guidelines and recommendations concerning the
professional practice areas.

Despite that most of the design studios and the theoretical courses in the curricula deal
with some issues of professional practice, however it is more beneficial to concentrate
these issues under the scope of specific course/courses with its identified objectives to
prepare graduates practically rather than theoretically.

The proposed course deals with the ethics and the professional practice in architecture
in four modules; the nature of the architectural profession; its organization and
management; the ethics and legal issues; and the challenges of the profession.

Learning how to make ethical decisions in practicing architecture should be cultivated
from the years of education, so that the graduates become familiar with the
professional practice ethics, and have an apparent comprehension to their rights and
obligations.

More studies are recommended to investigate the link between the recent requirements
in the marketplace of architecture and the corresponding educational curricula which
aim at qualifying graduates to fulfill these requirements, in an attempt to continuously
sense the changes and develop our education programs.
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Appendices
Appendix I
INSTITUITION COURSE SOURCE WEBSITE

California Polytechnic | http://www.arch.calpoly.edw/programs/documents/desc_443.pdf
State Univ.
Carnegie Mellon Univ. | hitp://www.cmu.edu/architecture/academics/courses/index.html
Comell Univ. http://aap.cornell.edu/arch/programs/ugcurriculum.cfm
Rice Univ. http://arch.rice.edw/Academics/Courses/Practice/
Syracuse Univ. http://soa.syr.edu/index.php
Texas A &M Univ. http://catalog.tamu.edu/0S-10_UG_Catalog/course_descriptions/arch.htm
UC Berkeley Univ. http://arch.ced.berkeley.edu/courses/offered

Virginia Polytechnic http://archdesign.vt.edu/courses/arch-4044
Institute & State Univ.
King Saud University | http:/colleges.ksu.edu.sa/ArchitectureandPlanning/Arch/Documents/Forms/
Saudi Arabia
McGill Univ.- Canada | http://www.arch.megill.ca/proficovo/arch674/winter2010/index.html

Qatar Univ. http://www.qu.edu.qa/engineering/architecture/programs/arch/curriculum.php
The Univ. of Sydney http://sydney.edu.aw/architecture/documents/FS/201 1 _archBrochure_final pdf

Table (1) Professional Practice courses websites in some International Universities
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Appendix II

INSTITUTION COURSE SOURCE WEBSITE

Ain Shams Univ. | hup:/feng.asu.edu.eg/site/ ARCH.html
Alexandria Univ. hup://www.alexeng.edu.eg/Departments/StudyPlanArch4.pdl

American Univ. hup://catalog.aucegypt.edu/preview_program.php?catoid=15& poid=1674 &returnto=475
Arab Academy for

Science, Tech. & http:/fwww.aast.eduw/en/colleges/coe/architectural/pdf/Architectural_Design. pdf
Maritime Transport

Future Uni. hutp://www.futureuniversity.edu.eg/article.aspx?ArticleID=1534
m::l“‘ema"""al http://www.miuegypt.edu.eg/U/Academics/ViewFaculty.aspx?Pld=19&Secld=8

October Univ. of
Modem Sciences http://www.msa.eun.eg/eng_list_main.asp

& Arts
Pharos Univ. http:/fwww.pua.edu.eg/Page.aspx?Page=Facultics-%3EEngincering-%3EE_AE344
Sinai Univ. hutp://www.engineering su.edu.eg/course/course_details.php?course_id=61

Table (2) List of Professional Practice courses websites in some Egyptian Universities
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Indoor Radon Control Systems
Abstract

Radon is a natural radioactive gas that normally exists in the environment, its
presence within normal rates does not constitute any danger. However, the problem
emerges when its concentration increases, usually these increased rates of
concentration occur in indoor environments and when there is relatively low level of
fresh air, therefore, Radon is considered an indoor air pollutant. It has been
discovered that being exposed to high levels of Radon for long time causes hazardous
health problems, and accordingly, there has been an increasing awareness and
concern worldwide about Radon. Environment, health, and energy experts have
conducted several studies, the subjects of these studies varied; some investigated the
levels of Radon inside buildings; others examined the impact of Radon on health;
while other studies were concerned about eliminating the levels of Radon in the
indoor environment. Since the danger of Radon increases inside buildings, therefore
the specifications of designing and executing buildings will play a role in eliminating
and controlling Radon. This paper aims at increasing the awareness about the
dangerous effects of Radon on health, and investigating the causes of increasing its
rate, as well as demonstrating methods of eliminating and controlling its rate. This
paper applies an anhlytical methodology which structures the paper into four parts.
Part one is a general review, part two discusses the research problem which is the
increasing rate of indoor Radon concentration and figuring out its causes, the third
part analyzes and categorizes the indoor Radon control systems, while part four
represents the conclusion and the recommendations of the research.

AA 57



(1
(2]

B3]

(4]
(3]
(6]
(7
(8]
[9]
110]

(1

(12]
[13]

[14]
[15]
[16]

Engineering Research Journal 130 (June 2011) AA40 — AAS57

&l

A citizen's guide to Radon: the guide to protecting yourself and your Jamily from
radon, (2009), Environmental Protection Agency (EPA), USA.

Abd El-Zaher, M. & Fahmi, N. (2008), ‘Studying the variation of radon Level in
Some Houses in Alexandria City’, in Proceedings of Radiation Physics &
Protection Conference, Egypt, Cairo, pp. 339-347.

Abdel-Ghany, H. (2005), ‘Variability of radon concentrations in different
compartments of dwellings in Egypt’, Medical journal of Islamic world academy of
sciences, vol. 15, no. 4, pp. 153-156.

Abu-Jarad, F. & Al-Jarallah M. (1986) ‘Radon in Saudi Houses’, Radiation
Protection Dosimeters, Oxford Journals, vol.14 no.3 pp.243-249.

Agency for Toxic Substances and Disease Registry, (2008),, Public health
statement: Radon, Agency for Toxic Substances and Disease Registry, Atlanta.
Al-Azmi, D., Abu-Shady, A, Sayed, A. & Al-Zayed, Y. (2008) ‘Indoor Radon in
Kuwait’, Health Physics, vol.94, no.1, pp. 49-56.

Blaine, T. (2008), ‘Radon’, The invisible environment fact sheet series, The Ohio
State University, Ohio.

Building radon out: A step by step guide on how to build radon resistant homes,
(2001), Environmental Protection Agency (EPA), USA.

Dyess, T. (1993), Designs for new residential HVAC systems to achieve Radon and
other soil gas reduction, U.S. Environmental Protection Agency, North Carolina.
ElMehdi, H., & Rashed B. (2009) ‘Indoor Radon Concentration in the City of
Sharjah, United Arab Emirates’, in proceedings of World Congress on Medical
Physics and Biomedical Engineering, Germany ,Munich, pp. 609-611.
Environmental Health & Engineering Inc., (2008), Assessing exposure to Radon
and radiation from Granite countertops, Environmental Health & Engineering
Inc., Massachusetts.

Hanson, B. (2005), Radon resistant new construction (RRNC) efficiency testing,
Kansas State University, Kansas.

Hassib, G., Hussein M., Amer H. & Piesch E. (1993) ‘Assessment of radon
concentration in Egyptian dwellings by using a passive technique’, Nuclear
Tracks and Radiation Measurements, vol. 22, no. 1, pp. 341-344.
http://www.fixradon.com/maps/pages/D_01_world_radon_by country.htm,
[Accessed: May 2010] i

Hussein, A. (2008), ‘Radon in the environment: friend or foe?, in Proceedings of
the 3™ Environmental Physics Conference, Egypt, Aswan, pp. 43-52.

Indoor Air Quality Guide: Best Practices for Design, Construction and
Commissioning (2009) American Society of Heating, Refrigerating and Air-
Conditioning Engineers, Inc., USA.

Jalbert, P. (2004), ‘National Radon Results: 1985 to 2003’. Environmental
Protection Agency (EPA), USA.

Radon control methods, (2005), Department of Health at State of Connecticut,
Hartford.

Radon: A guide for Canadian homeowners, (2007), CMHC and Health Canada.
Manitoba.

Radon: What the public and policymakers need to know, (2009), University of
Kentucky, Lexington.

AA 56




Engineering Research Journal 130 (June 2011) AA40 - AAS7

Log b il (e galidy Y Amidie il 38 55y s jay (58 L Bile gaall el ggdl J Ggal a1 -
el aalt Jas (g0l A yall ol 38 1 g die ay

Slald yangy 435 A Leaiiadll 4 gadl sl y el Jiad g2 sall L0 e 90l M jaa -
psall e aadl I 90l By qbaee Jua¥l Ol Sgall gl jsaall e de giadll Ll
SR Y e My ¢ty sball Sl e Jay ol ey LY A 853 5m sall G5al1
Qa‘xﬂ&_’holmg‘.‘l}m‘wbﬂhﬁs UJQ‘MYMLUM‘MPMYJ:\M‘JV}Q
.61‘,‘.“..\3.1_33"53«;_)1‘&_)15?

O3l 02555 A Ll i g0 Ly Lo Sl 4 1 g el Jas (500 Sl st ) paadl -
i 59 o) S5 S Gl Ga pe M ey st M suadl pe D JEd odala g s 980 in
sie Aaall goula gy dgia opal I Slasil 435 Y 1l V1 (5530 Ol G5 g a3 L)
L09 H Lgia Eanaiy 3l ga ladiind

i) L dga gl Llly Blayy Ly Jalge B2e o ud) Jaby g0l 3S 5 Jame aaiay -
plasiul S sl day A Lgaanyy 6LV g maaalll s (e (sl liaal gay (3led Yguans g
SISy ey ge O3l 38 5 Y gl 335 O Al gl ag sl S Ll 8 Gl ()
(padiia g s Ll sxaall bl

0555 sl el il 58 Gl g Y end Sl B ge L) B g0l ) AlShe BT
apall g Asdll y aladia¥l S gl g U g gl e Sl Ly oy i 51 s
. el Jals ¢y 3l (s giuna 53y e Jand I £LEIY) 533

Ll il (g0 SN @ gae plaiiud Vgl 6ol ghuaa iy g M (e CalSl e gl JEY) (5500 e -
i._;S,ﬁl:m):Sl}'ls_)PYi L‘JU, cmld‘;:u:_xc..ﬁi‘sxl ‘-L‘.:'n.':ul

e gite Jluy cgll J81y i 20 plasiu) Jea el Jala ol ) 8 pSadll 5 S5 pasls .
ot ina S ) s ly aadl Jals g9l 3855 Gall) o Jans DY gl
il Jala gl = s 550 N (e aad) Caagiuwd G Ll il Jals Nz Sl e 90l )

09 385 Y an Gl Db Ay 55 413 N 2 J3d gl 45 ) oY i i g A
Oa ol (V1 OB sa Ol (e elsgll A5 Ll (a5 ARl p s g Gudl Jaly
Adall g5 5 g (0l iy gn palidll Gy sk (e (58 A0 ey 4 301 45 ) g G 00500 )

LS Gl (0 3le et S ane LB e dany sall (8 Ba g pall lailly 35800 o -
olsall N & jatl s e Jany

elsedl A A e galnlh el ypadl Gt S5 e gl g dalia Sl oLl 5 S Al -
praliall g a gl e ddle 38 5 o (o siad Ll (68 Aa g ey el (553 (g sadl
Bgle 5 AL 4 A e Dleny JLill g A S 23] Candiall Jall i Zaidl)

o Jaisd sy diy A 50 bl laaal o st 0l 8 aSal ol el Gudall
35 A Sl Alee ) LS dalid) clilSay s AUSEA anald las ellyy iy o3 S 5f any
el Jala 4 gl N aSatll lae Lol (ga 84S ) Jala 900 )

]

Sla gl -2-4

O e 5 dale dday i Jabs ol gell gl ) sl dga ol g gisdll o Ao 5imal p e -
islal e aladll Ak g Adnpesy Alsas oS (Slusall Jaba o] gl anas Lpaal e 28l e ducalss Ay
c‘ﬁ‘,.\gl&iusaguﬁ:.}ﬂnuaosm'leujal)]lj‘ls)it;ﬂ._a_,:\md_,:.:l.mrtb‘.ul_).\c‘):.! &
ATYane Qg 4 aSartll Aiall (il

LieliS (saa auiiy ¢Sluall A dpaaadl gLl il gay (3laty Ladd el il 351 3 il sdle) -
fehall g cilalaadl 3llial fasn 43565 b g3

G 21 500y aladiud Lgiadle sae aasl Zds ol JUEAY (00 0 5 yuaal elidl s pladl -
el Clial ga g il o Aalall cilaslly A




Engineering Research Journal 130 (June 2011) AA40 — AAS7

Lali g iuall Jals 330 50 Jgaa g (i A0S Ailisay (in Y (0 a3 iaall a1 50 M1 o pass
O palaill o caall Jiad $1,80 8 L ol gl 5 Jeny LS e ol s i ol gl e JBI 4l
sl Jind 0 38 35 pae 5 (330

113 Jss

K pua g lmall o
Basc| P pasa g ogy
Wiass g (o ladlsa
e Adal

Lslal) 4, 3 Pla -7-3

&unmdhld,,kupu&duuﬂmwm)mmwﬁwmlyuﬂ,ndsm
055y AalSa 553 Aaa gl 038 G V) 0900 3 (0 5508 L (a palisl Ml g jaaall (g yalasl)
4._..,.n.ﬂ,..hwu}!1¢fuu_huﬂ=¢uu,‘&.uW1Mwquulsﬁsi
Jaaall LS 138 o i Jlasiads ) 58 383 5) il Cillens DLl i Lgha 5500 ,]) L 303 Jasay

[25] A (e dadandl AGdall Al 5f o diany 435 S e

G O A pLy 3) pa aladia -8-3

LAL«.!.1|,.AI1o.\hdl_ﬁl.n‘u&nailundlcu‘émanﬂ‘,‘n}uJ.J‘J“JLr-)Mnu_,sdaqé_,
U (pa gray 4l ¢ aall (e L e 3o 305 L35S0 I 525 La 13) 5 ¢ [25,26] Lo i Ldhasiual 5

vaall Adad AN 3f Jiay ¥ 138 (S () 5 eBiaall Analisall (53 DUl (e dizma g il (B3 3k 0 Wl e
ety 23 Ll aall el (f 2 g 900 p 1 3 oSl ol (B 3 o adlly il ety
Sy Al paal el y Cudul ada S 5 pany e Jaidd ey 5 A g0 b laaal e
e Bl Gy g oy gl ol A cmisnall o 38 1 3 Blaliall Cads L iy o o (sl
u‘,‘ww_i_..n_m_,_mu‘..m,;um U_u.\nws,ui@h,.)h....t&muulusd,_ﬁy

Cilawa 5l 5 gulill) -4

sl -1-4

@ W RV s el GlSe S G aalst ade e (Radon-222) 099 -
i Ao plal oy ailady (3 a8 (Sl 4 5ol ) G2 55k GaSE Y5 0 e 0 s
labda calmy &0 8 it Lilii) die g Lels dadl y il clagus Lgie

Gyimae piE Ol Sy Gl S Ll Lnisie CYane jas b 09l Slishes gl -
csnbie i€ 0/ 5 24 5 e il 3o/ 82 9 S e 0501

sy g pall 13 J g Al al) s L 5505 3505 Cinll 138 o) ja) ol Ban ) By -
Sla¥l i G cliall Lagane Lad Jaa gl 5 pems 3 Plall Jala 0l Sl s
olal g Lo e 5 Llle 5 ya5 A SilagYL & i ol g Ul
Ay el Gadl S 500 I e Y ga S

AA 54




— °~ Engineering Research Journal 130 (Junc 2011) AA40 - AA57

o vy sy SR gl el AL B e Bl &
d.:‘...u_,li.dlu.un.“ dluiuauuun }x]‘u.};qh(uhﬂam J,.\_,m);ll J\.:.“d.:.\.ﬂd.}u
" eil) A" Akl 038 ey Leall 5 Lgie 4S sal Alee

[8].crioaly raal cus g sl el (N ) il 250 com s gal ) 5 48 112 02

Gkl el dygha il Jjle obae e elie o culil ol 5 iUl (e B g sy o -
JL:.“_):a..;‘s.uu.xhna.mmmehwwﬂm’uk‘bhﬂ@)ﬂ‘un&me@ban
Al Ak o AL AT 4

Jhﬁp‘)"élgam_,r\:\‘:&yi_)_»uyjlt_mu‘@J]:Cpla_,ﬁ.ﬂ'l&hdﬂa)_,;;dljﬂlt_u}m‘au =
b 28 o shy Aiie o ghulS BB 0 5 glatilg sell g )| JalSy adiWl o3 ey 2l s

i1 e £l e o UiS g g me ciall Jall dia o Y i Ll el 3 U 3 -
il el )4 gl Aida 3 maaiall Sall a5k 5 cand

faci o sl 28, -6-3
L Jlanall ALY (e dae B YU sl (e Wik palaallysase o el ad ;5 88 & ek
288 aral Aliie g Lgad 3 g (30 pgied Alisa adl 3 agd S 285 ¢(13 JS8) G lanall e el g
aliill A0ad Al o Lparitud (pa pgiay son il Jlaaindl WS 5y isall Lgle pliall (m j¥) Aalise
Sl Ul A0ad Al (9831 255 5 Sl 038 Liada Jad g ¢ isall o dhgall sluall 45 Ay gha i (4a

AA 33



»

Engineering Research Journal 130 (June 2011) AA40 — AAS7T

Al U:J!;!,,ﬂuslllldﬁlua,Ju;,.udshulg}ajl‘__.).aay.\usa\ej)siwen.h,
selaatd g Al Lpia Ll il Jaha s yall a5 )9S5 Larie ANl oa Caaasy (Stack effect)
agu,..nq&uvmm;}.};;,a@Mhﬁidﬂljdﬂl‘}.twgﬁ@mﬂn
S5t B GSany i L 2 g sall ) e 8 S ilpeS Jaid e Jany 2l 13 5 (11 J88) (suall
em.nLc.a.Js;w:md;gauuuijgsum,gm.cﬁuﬁliﬂuim‘hm@JLC,c.)_.:uum
[8] Al e 2 5l

izl (A A G 38ia 0 4-3

s all ) 530 e Gy e Gl e Jamg a6 53 5 sall il 380 s
Stack-) I s sy aall (el gl Sl o8 oy inal) Sinad cladill cls o1 g 4 500 0
i__us.llc_.l_)..i.uM}Mq_‘mleﬁluiel.\:\o‘,&dsi._.j.l!n.::l_jh‘:ud.uh‘!‘;aj:g:di(eﬁ‘ect
EJSLHQJSQ!LAA‘;JJ[,J‘ﬂaMLHPUuJMEJLQJGJGM‘@e})&.ﬁl}iw&)&"_}}ﬂs
Sl sy il oda 8 45k 0 anll el Jans LS clus gl oo il Jae Jomiy LS Lgils 4
L ol M1 e s e e 150 ol

Positive
Pressure

s

Neutral
Pressure

'_ Negative
Pressure

(11 Jgs

A & adl) Aad s 5
(;.usl_._l ;JJJ.&“ GL”.U
Stack Effect

Mu;seﬁielndli-zam'mﬁ“s’}ieﬁ'i-pulomkﬁhhoiﬁcﬂuieaﬂd-\ﬁ:&ﬁ-imcbﬂ;
Lo s Lgle sbaie Y 5% Y Slla) il ) it e Lo g0 saas sl y 5 4080 oa of LS Lalka
[18]. el dals g N 38 pSaill 5o 5 Al S

el G303 ol g s sadl SR ) A AN e D) a5 523

T b bads il sl (o oa D B B D e 1 s 55 e Al 038 5 1S Ak
Aaalispem Gl Bae 4 4dss 5 4l Lile [8,9] (12 JS5) Al 3 (Gudad) dalall 5 jSall

AA 52




Engincering Research Journal 130 (June 2011) AA40 — AAS7

Jolall G a5 J5iall Jals el sel ol Js s A8 ja e 55 ) pal LlS Lggn 535 Lgnd o 5 il Al
b g5 el A GSLYH s (8 caning 38y sl Jala 0y pad g el gl Slniiuy SN SaY
([26] &plall e 5l o palaall g il 6 gl Jasd diolivall & 56l ¢ galll (S Watie 5 Lunsudall & 003

M) 9 M 58 5 aSaill Bl g Lagan L el (S Haall 45963 8 oSadll il g o sl

A g5 Ah 2.3

0o e oy aaly f allad il gd 1 (e 805 AT aa B Y e e e Y el o i
O ol g 53 Con s s 099 )0 (e ol gl A g cel gl B0 g gl il 2l 6 BT Ak iy 0
05% 00 e (e paliilly allas 155 of il Gn aliall b 5 4, Jal) 45 ) g B A 0
oabadial e A3 5 8 ad Al wdaill 5y KU o Sadaall A f ol gg) o ya pladiud 3 )b e
e daiall ol 3l oyt ol alinl o el € g ol e liall 6 Aaritanall A (e 2 5 ()90
[25] Rl &30 581 (35 8 e plasiiuad ity g il s syl 8 (S,

O g s s il 5l (n o) 5l A0 8 gl Aot (3 5k (he i 05l I St il 5 (e alil) Ll
aal el yell cliie 4o 5 fe a5 Particulate Matter (PM) Control Devices — Jilu gl a3 e
AL oy g€ il ALalall ol gl ol o Lgall o) gl (303 e (10 JS5) Sy S0 Ly i
b sbul 32y celpall e Lgbuai s s Jatal ol i Ledd A jgS ilin Jaad (99 M gl 8 (f Cam g
[25].¢ 56l (0 3 sanall pmnall 3 5yl SLaY) 8 Y1 ek Y ddlad () il (ge (S B il

480 5 SN o) pgd) Cliiia (e zilai ;10 JSd

AU g Al 3 G Buall A )i (@al-3-3

gy (aall'G e ol gh Jobian g ¥y Uil sl g (55 (A sy iny £ uinall 138
Jals el gell o (58 Adle iy dn a5 i) (s el bt (358 Al ol B L e
Laaall ) A aiall e JE o el o Can g calind 53 5 sall 4 a1 el sell hatia (e B isall
Gosh pe UCEA ol 3o Sy ([8] (sl (M AW Jnmiall il 4 5y oyl o] ggdl (8 JEY
el Jiadall g asanaill 335k o A s3a e bl Sy el (Al 2y pall 5 Caasall Aadai
[2] L liall & gl 5 oSl Lalisty i

s delill o el s juf wul o Sl dpndail) dialien s dipdios 30055 allas 5 8 55 S 58 LSl o S0 T
_“J&JlJ‘L‘“d&JJAi‘HﬁL‘A‘A;M#LGmﬂﬁMJ :ual._a:uyll

AA 5L



Engineering Research Journal 130 (June 2011) AA40 — AAS7

G850 o cnalig pimn 8 3 (e dre bl il 50 38 5 ] Lk Ll
[2,3] Admally pgill el i 843158 5 (e A gale By el bl g cllalaall Jada ) gl 5l

(bl Jada G gal ) A asadl) Jilu g cadlad -3

Alaall 02n 5 4S8 .g,.a:,m&u,nmL-,ia_:;,&,.;.,.nmu:a_awmy)gﬂl,guﬂn@m
b s@dmumwkuluxmo,s;ugﬂs,mwsguﬁ;m@mnﬂdpﬂg
Lell clslal) yemy s Gl e (A Gl Q) 8 8 5Ll B S Gy s e 5% J Y
w_i,.sm%um._,l;;,.swu\ﬂm‘,i;J.ugﬁsjluu‘uma,mMy&mgcdm,

(9 ds) Lo 2.:3::‘,.1} el Jala g0l it

il Ja1a 515l A aladll call 19 Ji

ooV e g ¢Gofinall ity o gl 108 iy 1 pdaall JA1S a3 GalEH 1Y) oo sledd
Ukl i le s g delivall o Ll 4 4, el Jals el gl Aasi B (3 sha e daunY) A
2258 30 Gn ol e 8 345 3yl (8 i comaa¥) by A ool ol et 099 0 58 5
g dnp o pgaall 138 2y 2 el Jala T, 0n Qs e S Sl 1A G gl
o A ALl g ¢ il e o ey Al B0 2 35 el (M A e gl Y1 ¢ 3l
O 3 &g lall o gy Aatall el g gll I Jrra i o gd Al Ay o el (i 300 el Qs S5
stell e oyl 99 o S0 e gl A A e a0 o e ane Sl o BB 5y ) e paladl
f3l by o gl 12 adia g p aal) JA03 5 A 0pal ) aleas daaad BN G glu§)
A lplal) 58 5 O¥ama sl s Ala 8 50l 1 solian L1 4 1 sl e s AL g
O Al gsal U AR bl IS g8 2 Alss 1 Lal o5 A1 3 I Lgia e canans
_Qj.ﬂ)ﬂ iﬂmd&d;@:&ﬁj :-U._i .ﬁ}q‘a'l.l:.—u...‘

gl Jada o gl 8 oSl Blu g e 5 Ll 3

crial) JaNa RN g sl A Baly - 1-23

>S5 DY ane el @Y Allad dasy sty N o il el gl s e el Bl 5 =B dlee )

G'I}#! Jhl, siij_l.a.” ‘;.l;'r.\.lll ‘I'J‘:r'h ..‘)ﬁadls J,ax__niu.} u! \'—I:IA tzl._lSeS\.AIJ.) 5«.;_).\.1 \,.u.&“ JALM uJJ'I_ﬁ‘
O o D B8a5 5L 3 Lala 100 caaly inall 5 fenall mpanadll o SL2 Y o &l s sl

AA SO




Engineering Research Journal 130 (June 2011) AA40 — AAS7

s Agme Qi g plasiuly elly 4ie Liniall Ul Claguan 3 0 33 5k 02 03211 38 5 gl (S
Ak Aol 03 U pladid e Lgs 6 ains o ((10-0S3) (Allfa track detectors)
el g del 5l lipall AT ollh sy oy Cum Lo 130 53 2301 03¢ il o plalacal sie § dima

[19,25,26].(7 JS&) (590 M (s simsa o i paill o8 ey lgs S5V aaa

H
Alfa track detectors

Ly dglilns o 483 Y1 ALl o8 5 (Electret ion chambers EIC) (s 5 ¢al plaiiud
B e sy 5 Lo m ga i 0 Dy (g gnia 38 3505 (oo Adassa 5y s Lgs S8
Al L Sl il ol il 5 bty (50,0 e s aie g 6350 Gaba iam 3l
s 02 A (s La gy cgm il o gl sgall (8 cppnn Ll i) Carny il ga Lgglinal

[19,25,26].(8 JSi&) Sl i &390 )l LS I 5 il 53

18 Jsd
Electret ion chambers
EIC

dokall B Ggal 0 -6-2

5858 Sl jall pdana o ) el gl Al Tl s Sl s Jis a5 0900 0 0 g 2 M e
Orsianall o ASE g LT J el o o o 3Uall 0 38 55 il gina 3oy g Al o e
) g J55alS ed im0 g A g snally 300 e S 555805 g JgW (s sieeall
o i) Sl )8 Jpkal 5% (Mg o dll ol 8 Aali g ATl o A sk i i ¥l Lelalay iy
G o LY B35 g iyl Aol s S gl julaa o LS 5 o 3l Jalay el ,U
Yi.al.cli...a_:oﬁj‘laLJusl#]iq_inpd)qudshdﬂchdmulsoﬂhikC).’J'l._.LsJ_,L‘ﬁ
A bl Lalll e B e Gl
Aaa)mngli.nal\\sjcaﬁ.g)‘uiﬁjiJ;‘_,J\J}Jld;‘dilﬁJ‘hﬁwdﬁ‘)‘&‘_xﬂj-—lhﬁjj
;J,at)nﬁmufau._.s):g_-_\\ﬂu}éwld}uidsnosu\ﬂjsi,.mn,@h.ﬂmoi
e Ay J 35l G ye (B e Dy sl 5 5ine A 8 5385 Ll Bllidl ada o Lgte Sanata ey
Aanalall 5l (a ASH il B Y B e e ke LDl ALY Ly G o) sl Gun
392 gall (erlall Ladl g olsall iabaa) 3 sk e A8 (50 ) 5 a0 lias e Wil gl ) Ry
;..f_).;ia_ij‘dﬂ)ﬂlahM@Ml;@lﬂ!,#}l,@lﬂlc@&’gﬁsm%Jl._.':‘__';.__;s‘..:.;

AA 4



Enginéering Research Journal 130 (June 2011) AA40 % AAST

Q‘immﬁa‘ajﬁo‘cjﬁﬁ,ﬂ|bﬁvﬂ_}dlOlqﬁnlﬂJLM|Mm|gL.u‘ﬂO.r.Lci
Sl 38 5 L 313 55 Sl L o Ll sl lal) o a8 55 il ey g ol g 2 (9390 M1 3 5
palane (5 siane 35l il g oY) s 8 SIS (] Aalise o dail pall Ol e g0l )1
u.h-.iL'J,.\l).illg.'g_,...]d.:.n..i.b_)idlQLSJI._:Hthﬁl,ﬂim@japulgﬂdnau]t&JuMl
O ey G Lo US (LS (g (59 51 o i il A0 g Ll i Al ja) Ly L)) (50
B33l g AV dal gall 2L S

Opaasisall oo g g J jiall Jala o gl aad Janay (3T 1 aall pladia IS gl (L) a5 a8
15,1 Ol Aali 5 63 58 Lo 5 09910 368 55 B il 1 s g2y . el Sl &y ) iy
O S Y5 AdAadl) Y 4GS ol gl aaad (3 it el 523 ¥y OSLll gy Y (g0l 1 3 5 ¥ amse
O oy iS5 e pamy 5 36l 4 5l Biat o e Lusall i s |53 a5 jlanal) aaal
Siliall oy 6030 0 508 58 3l 3 (6 AW el gall Gl e (nall Jads g 5630 Jana 5 LS il 5 LY
o Al Giagy o LAl ol gl Lol iy a5 Ji Cgm AN (L) o853 Lo g llin (50 2t
D 3 ASlgial) Aalall 58 55 a6 sell i g )

a0 0S5 Larind sl A o Lehe a1 (B 0500 01 3855 8 095 s al e dllin o LS
el 3a laid M (5250 A jaY) g g chaiacall 8 Uy T 58 gy L s L e 291 Jila s ) e
LRI S ol U 3 T i 138 Caaliay g Jalal ) ) jiall cant dad N 4 300

) A gl e Al 5.2

B o shal ading llB] ol 8l ol g A02S S Y AT g Ay sl aune e a8
g2 o5 34aly Cllitae an gy syl 1S5y 45K 0 yall Lo 21 G2 e i) (K2 4k
e gy ey ol 5 3l ) QLm0 355 oy 0099 0 S e (80 ¢ 50l
Lo pSal g il o8 5

A5 O Ly Yl Y iy laall (Bl 151 (8 g0 0 38 55 Ym0 55 Lo Ll
sl ST i oY) 6 58 5l A p 308 35y el Jala 0318 at N saiadl oa N Al
el Al g nall e A glall 1 921 8 I8 95 GuSallyg im Y1 sl o 2 s Aalanall o5 50 )
Al Lkl S dlaay Laa olsgll e 0300 Jle OB g8 Al 530 jaan e lea 8 58 O
S Al o gl ki B SAY Calp oy @gall a8 HAY S 35S 5 il 38y (4] 4
e 0 e iy W e I oy 28 g g T A8y 453V 300 ol 5 Sl

Environmental ) 38 jae¥! L0 Llaa A0S 5 ooy 2y ¢ 900 501 e oS (5 5 bsae ollia
g i b L ¢[25] el 5 U A Hha 15 2ol )Y Ll L3 (Protection Agency, EPA
Aeie le o2 Y1230

Gl Lo Gl goo pladinaly el y sl Jabs L3 51 e (a9l il e (e Aie pan G s e
8 52all 78 o Cus «(Activated charcoal adsorption detectors) (samd dalill ¢y 5 Sl Jle (g gin3
G0y T Ll 08 Rigmn B 8 50 LSl (8 Lgnin gy Ll a8l 2y o 5 in s
[19,25,26].(6 JS&) aliaall (9 I jlaia Gl 5 iladl Jamal) I Ll 5] 25 i

H
Activated charcoal
adsorption detectors

AA 48



Engineering Research Journal 130 (June 2011) AA40 — AAS7

anl ey il padl o () Aias sl 33 035 €991 5108 rcaal) olidh 3 ga ymns e g you 5yl
o Opeadiaaall gl jall g ala M UGS a5y 8l 0 gl gl yualie o 1Y 590,01 oiae
eaa oy pal alg [3]@u}ﬂgﬂjhiﬂiﬁu‘¢ﬁYh@dg*&aﬂ#&3
e (o Laxdiandl! 53 ) fnall 5 Lilaall ) ol g ol M1 e 60 3l gelady) LA S L o
@y;ﬁulmg!ug@uw@bo,mml;,iu)ma}.:l,.Hqsqj.,.l\_,\,u.s
Conals Ll ll (Sl dgia 090 M Sl Aa o Il 05358 p gl ol sl e Uil ginl A
SJ.;‘u!lH\ﬂi_i:_dﬁjﬂLi_,L\ﬂ.lI&ihJ,a;q_ic_i_aihﬁsdl&gallgnlu?ﬂd_,hdlotujj
o aliall o3 alaaiul ol s (UNSCEAR 1993) 1993 4iud (5 A0 gl A L sinall palall
[24] .Y 5 385 5l y ol s

213 05950 il a9 g 4l 5 L1 G La )y ) g a1 (a5 ke Ay g
o Saall 555 085 ey i o) ol o e Ol Ll oladl il 30 (ol Ve MBI 2 00 g2 il
s 3 A5 Y Clasil ol o b g il 03 Jaall e eI 83855 ) iy Ada Al Alia
Yy Al pad 805 i ling f guin gl O and e (i in gl Lo 5 5l o303 55903 i ol
Mgalatial a8l (8 s 5 Of ang L g Zillaall g5 ) gy Al e Jad Julay

oo Lasnll Jally pumn (3 3 LS Dl ,all ol JUS S 13 Lyl 05 5500 3505 6 U210
),Siw;_i_&i\’loy}ilug@nﬂmﬂbml)ﬂhhQ.a_,._ﬂl_).hml.sh)‘._\n‘_,l._:_,_)_,‘dh
sﬁ_,sgﬂmm“iwtqjeg.tylemmn,mgﬁgem.aes_&.nq.a.y.nqjm,
g_qHJ:'.J.a..u;jut_gmlm:t,_\ujlu_aygdjmm@ajd..ls‘_,.uel.;._nlde‘i}mc._ml,
_Lpl@,,d};.um@)lggglﬂl,@ji,lmg,qju!e:yn

Slnth o o Ll W) (505 500 51 6 sana 203 8 Ll SlLala 50 0 2S5 Sy S 13
oo Juaall Jo gl i 4l o500 5l Al iy siama Y1 (A 22a3 d l Lidle 13 ([21] Ygia 5000
i),.to,.ﬂ,ﬁu_\;‘;,m,qa..u,tmndsu\;m,‘WIQ.UAm,_*L,Mn,;aL,L_.n:
Ay dl (5 A1 iy Al an 535 559 5 2

Pl Jaa g3 ) 358 5 5 ol 42

Wodany 5 (el L 2 g gl Ly Glady Lgaamy Jal s B2 o sl Jaa 0990 1 3 5 Jome acing
(5 JS5) iaall phasial S sl oy 3y AY) guiany g LY g ppanall Cun (0 sl il gay Glay

/®

5 s
Gl S 5 3 ) e
Al Jals

Al jealiall 58 5 gaay sall Lgle pLEall 3 i Angeds 6 e Al Lkl LY e
J& Gl dare e 555 Al Laalisa 5305 4l A80S0a0 ol gad) IS (gl 0 g0l 51 5f 0 gl 1S
[8] ey e _’]i._:i‘,.;ot‘ut.'_\ils |;1_}u&4§|4§i§uﬂlal._uﬂi;x:_,iéu;\5 dgia g3l it

AA Y7




Engineering Rescarch Journal 130 (June 2011) AA40 — AAS7

Y Jala e (500 50 S8 S Ly BN o 5l 245 Y 5 (90 0 Lgiay 4 il il e i Lga oSI
[1,5,8].(4 JS3) dascall dladlloda ye 4y 5m 2y alany Jeliy

AU LD GO e e e
Agiaan i yant aluall B8 gt LN jusiiaty

e 3 gl e
A8 Had jeclialy

Ak JUS e
i
el Gaa i
) 14 Jsd
g Oa Gl l 5 3kl
ik o ! coaall Jala 4,
il gadl y ilges 311 o qmﬁ,:: ARsdat ,,II r:]

i olgally inall 43385 S 13 sl y 4,585 A olpal) lSas e el (90 M oy o (S LS
J35 ol L oS5 009350 e Ga s o (59303 0 Ldgall W1 obaa e § 5800 5y gy
i gaalaay s ill 03a aaen o iR 108 ¢ inall (930 8 Jgaad S ol N ilalag)
il Tallan (a3 L gt 5 3w sy 3 3 o @ 5 il (30 )

0533 Halday e Al V) o i juae a5 %l b g3 et N yuaall O (e g2 M e
e Janiy 095l Leia Cuasis a5l ey 3l ga plaiiued Ga sk (0 (a3 0591 0 A1 Hauae dlia
{1,5,31_w;;41 Ja13 ool glsa 53 )

Qs Juaas sl Glald 322

Ly 0 puan 0330 I8 ¢ any el 32 03300 T rima pLil AR G A s o850 ¢
bl @i pladl 3 ga 5 daelivall ol Laglall ol g elid) Clalas o 380 Jae a5 g2 V)
A osiaall Gala j g Jal iy il Jlly il 208 o g I e el it 3 e S5 dgianll
c,._,..‘jluh;._a?;;‘,_,g!‘)ll‘,‘._,;‘_,ﬂi_,‘,ﬂb_”l|d’i.h.&.ll).al:nllu..cﬂ.'nnswls"q_,iﬂ
Laa 5 g il judl y CiianY Jla pealiall S e dnicadll ol gl
L-,Iygf-.\_,..ltds.ug,;bﬂ‘_,_..;ﬂ,.\m..ltw;u_.n.ﬂ,,.aimla_udsq_.-‘u!q_a,
Lo 13 L Jal8 Sl Jaiha 500 500 A 505 5 3 eliall o e 815 of casdl Lpaall sl 5l
padbnall 4 gl Ll )3l 5 pedadaeldll oda e 2 g5 Hla GE Y (Bl Haadly o, 6
i Lgad aa s (Swedish Alum Shale Concrete) padds 485 yaall 3 4y yaall Aaball e g 43 Lgd
[25] 053 san b W p sl Sl e e

AA 16




Engineering Research Journal 130 (June 2011) AA40 — AAS7

Jlaiel ) olls Laa ya 4 i Llidl) b e o 5 Gl Jabs (530 ) 2y sinan O (g 5 5581 A
[13] L2 mlall 5l A4S &gyl il e oo sy yoamn b Uil

o ot i e 030 pal a3y 5 AL 050 1) (5 s G 2005 L By 5 al . Baaiall
Cold 80 84 56/ S 47 G 9155 s N 38 8 ol il sl g o il i i
[3].0 el o3¢ fdladll g ilalaall (3lalia i s i yall skl o Lale

§ e e i o (5 aly 4 S Qe B (930l s G e 2008 Al iy 55 LS
LS P/ S 120 5 o/d250 38 O 251 Sl &y y cdnall e Ailida (lalia 8 J e
Cian g 590 il giana ol S Lais Lunall 3hlia g 0930l iy giasa ol o e sl 5l i
cilalaal) & Jlallgslall jilian 3gn g B 35S Lay Al s o Ausd i Ll g ecilalaall (lalia b
[2] L) Ll iy g aslaill 5 i) il dashag

Sl &5l S a5 g gum gl 138 J 5 Al Al ilaad 5l (B A 553 390 5 Jan ) B
dagla anas oy Jonall 13 (o gkl Gl Ly (o Lkl 03 ) Cism ¢ puma B ol
Ulaall a5 cligall A0 gana Lingd T 31 LS clgan Jalall gl S 5 US S pan
el il prase ciiles Bke (5 a3 G ool g Ly e 5, Lidle (5 03 (A1 YL & e ol
A Al iy ¢ [22]d 5% 1360 (Ao 05010 A Rl 53y jal e 3yl (B il 0 S
s B amy g 4] e 400 sl s S Lyl (6 Jjall 21 03310 e o el
o 48 LA e 8 Ayl LY gl Cang g ([6]pill sl Aie 300 Caediiul
[10]d 3% 61 () Sliay e Cusndiul

H&M\d&bwlﬂi&g‘?j e Ui (S il 3 g oal La 3 gan g (Ba Lany
b g Laii yo Gad &y yeaall caal) R i g 38 55 0 Lty 18 5005 Lyl g0 b Ve il e i
il S U oy yasmall aall mny s (g0 0 58 58y A (8 st 1 ) J5ap Y 28
giaall Jah Ay gl LU g oLl A 590 Juie W 8 38 e (laiall (e Sl e il

Aall i1 gy 8 -2

gl Jal (sl Jdlaa -1-2

Joe gl ) el (5990 0 adama o Cagm (9l il aai ) aall a3 Jsall Jiusd 83 g2 gall 5 gl
o3 L el g g sl ga caali g o Y15 s gamy La gl a0 Llal) AR G gy ga )
ol 5l il el ¢l Jada 05905l 5858 Al (s ginaal) a5 (8- gl Gl (S Al
[19,25] Lete (a9l il Ll 5 Lgisalane (g2 L il jualind) Banai 4 5ll 4S50S0
JSis Yy dpaa Yl o Ji1 LSty Sl (o500 50 Jsaad G Haaaall b a0 sbyad) Cilalaal ) LS
Ll (e 090 M Qs Ba Ll Y obsad ¢ pallan (S5 HUY olae p2did Al Blaliall A ) 5 ghad
Lalall Aol olse Al 6 Ll clgaaliatial Bl (900 41 AeS Lgie (3llaliLgil g Ly s )3 2ie
Jsaa sl (1 At 5 900 0 LSl S olpall i g (9383 5 Al 5,38 Of S (2345 A 2ls
csianll) ey yaally iy i b jaian S Aaiiad) o Laslall o) s oLl o g (6 IS ¢ Sll
PH|J},|11JJA¢-§1=L&“Q|JMJ‘PUJ=§JJ;S(‘£UJ J.._r'-,.ndn_ﬁt)_;.“ uﬂzul)_a.u]l ¢ yaall
[19,25].0590 M Oa 08 A5 a8 Sy o3l Ml 5

ftaall N (a9 Jay s -2-2

ey Y il g sl ek g ) A5} Jhe sy 8 cyo g Al BB 35 gl 35080
83 35 il g1y Ay yyatll ¢ g il gw el (ST ka0l g ipall i (5 g g plunally Uin

AA 45




Engineering Research Journal 130 (June 2011) AA40 - AAS7

asxhi,g,abﬂi..,m@g.cmyi_ﬁn Uy il gl (0 Lo gana pain g elidl 6] i (e 220
[12,17].052 0 p fiadl waall elidl 4f (Radon-resistant New Construction ,RRNC) alaias
el g ppanal die Ly 1 pa¥) (e Bl 0990 (e Aaal) il 52} Biias peacal 5
S5 2009 phe Ay cduall Gans 8 Ll 3l ()9S5 385 A a1 Bantll Y g Ly 550 Ol
DV e all ey Claaa 5 e (s s laall BB 900 50 s s palall da il datie
Jima (o 0l 58 Bkl g o sy Laliall gl i g ¢ ilsall Jila gl Sl im jal) e A5 Dl
[26].18 sutif g jlall gl 3 G311 il giae g 2all i)
gl g fanall el g oLl Jpna 350 gl poeda Ol o2 g Lda Al DAl (S (B Lna g
ualaill sy (a2 M1 e ACEAIy ¢ yudnall 22a pal aaf auall (e ol g 5uaa | jutas Jaay
iy Ly ghad (s3e ol 0¥ Lo g Gl Ll ) - 51 038 (e 00 61 301 prain i LS - Lgna
— Lera Jaladll uaa
G99 o & ohl Akl Loty Aaal) puda gl -6-1
Lol sina Al Lnalal Lot i il giasn 5 ¥ aaasy s Y1 i o (1S S 3 90l ) 2l 5
Lind a2 23y ¢ Al Jals 53901 38 55 (6 sann 3 gy Uge gun g0 o Lag o33l olian ga
(United Nations Scientific Committee on the )gbudyl Ul dsieall dpalall sanidl sy
Ly 1 a3 (UNSCEAR  2000) 2000 &iad s s & & Effects of Atomic Radiation
o pal o it jll 5 datiall e glaall e Teliy @lld g allalf Ghlia (s 8 G50l @l 3 55 dass il
[23] (3 JS3) (laall dala (59l I S 55 g ghase il Aikaia S 3

Radon level in By/m3

0-30
B 30.50
O s0-70
B 70-100
[J 100- 1000

[14]. (5l pdt il 5 C) gt (yms B C13 0 36 5 i gl L g el Ay 320 G2

e Lig gl Gk e glal Gnny (o8 alall (5 ina o (99 500 (8 il gie o oyl a
e/ S 100 psll laa gia 13 dad Eum (5 5AY1 g 5o laly any g 1S gl 1S3y 50y 3 g
AL jal (o L Lnds o i s LS B/ S 1000 3 aliall w3 lns L
2 Siall pgalainl ) s bl sda (o (00l ASka pas o iy e gt g ey siall 1S5 30l (320 imnsy
e g i sally e o 40 50 Jg0 SO 8 el a0 a5 il el a8y e
O (g ghana 5 G Caga Glalill A Lol Lmiiiin ¥ anay paaaa i (330l Gl giase s el

[23] .conbie Lai€ o/ 820 24 5 danwsiall o/ S0 9 S L
Ry gl il R o OSlanall iy D13 (159l s e b 021993 R 8 8 2 b
e KSR B ICEEY PRMATS PR SUNTOUNIEE OF AP e AT B E W e pegt

AA Y




Engineering Research Journal 130 (June 2011) AA40 — AAST

eyel (o 059 0 32055 (Sl (2 JS8) ol gl A Aumada 5 ) gucy 2al sl Gl g 5 s gl
i 035 Ly Lpmaall g3 gl g 5 o ity Y i 38 55 a5 00555 e Bike g 50l
Lo JBsy ([19] i ad a5 10 Bg/m” o s5(Outdoor Air) o 450 el sghl i ¢330 1 (5 sines
Jaa 4 ol aa 5 Sus (Indoor Air) il el 8 O3l L ) Sl 38 50 g Lo g aia sy
[1] azl s yle DN G 25 B4 el (55 4n & Gy & fia ind)

45 Bg/m’ » 538 Jaus sias 30-100 Bg/m® 2 ilaall Jahs ¢y 53,0 1,55 641 5 siaad) £ 5f 5
ia Rl A5 CRLAYY (o 40y i () (991511 58 5 Jacayy 200 Bo/m® > s 38 o,
2235 463000 Ba/m® (o s 3 3 o8 VLAl iamy i il s Lgg il L < 545015 palidl
Lead J5 3labia dhin CulS o g epm SV (3lalia (IS s Tl i A e (g0l 1 oy ) 202
¥ el dabs 03950 58 5 5 shann (5 AR (g Bamy Ll img Y 1igih (3590, Y Lo
Ll ey L Lt (5 58l e e e i Laify Tgnaebal) Al 6 (g0 50 i o i i
[17] ol s O sandl oy 5 Sl S 5Ly

) 12 Jsd
Aagdall A g0l ) s

QN el alaia¥) g o o)) .51
o,;t,Jag,_.aHLM,i__un.Jiwiwu_imeJ P Yol 35, AV A Y 4
Aaall clystad) e e gita gual o iy 9300 Jya Ly 35 o alaiall i g Gmall o ) el
@l 33 Al Cana gl 605530 )0 (n Aind o 2y sl Sl m a3 S (a0 Dpagiyl,
(5 $ianeS "o/J3 S0 100 Ll aliial ool A8y edia i Jray g xly (53,0 sl e e gl
Syl £ 5l i 130/ £ 300 58 5 (5 ame ol ket YUy iy (5950 5o
8 A Lale Ly ja0 Lial iy ginsa (V1 in 20 55 Y iy Ll 8 yo JS Aalil) g 12l B & Gl
08 ALK 9 dnla s ) goms Ll (252 sall b B 5 sl o il Y iy (I, STERY

[26] g Sl g 4 m yadll 55 glad al 5 LK (0 lly

058 bl Joaa o Cplalall g S o Ll 5 2l el i Gai g Ja g g gall gy o ) a6,
oo Cbal) sl g 310 elogd (o ady Al Jabaa g O3 2 58 53l iyl il gl
ot Ll 19 ol il 35 ppanai sl (0 U e 130 Al 5 g gl 3 s 16 ol e
oans ot o il il y i) Josa o 5l e g i aall g sl Ja13 030 0 585 5 giane 535
[1]:4508 & o g (Sl Bndm 30n5 i T e Sy aall JR15 (33 1 e gl g Sl

od Laglie lae 20 5 050l 0 aSal Bl A 3y sl 1 3 5 el Sl Cliamad il &as
& O3k (Environmental Protection Agency, EPA) L& ya¥! il Llan ANS 5 s ady

AA 43



Engineering Rescarch Journal 130 (June 2011) AA40 — AAS7

Luall o gsal sl i1
o pllasleanay el oin Lagle Cilisy o i yal amy Ly 3 Gl yocbinll iyl a3
gy s Al )yl Ll Lmisiad g a )yl Lgd i pall e ol il Ll m yay 3 il
AL G L G poy B Lol Ao ol i a0 o il ) iy ([26] syl 2l

(1052 [19.25] 059 M 1 a1 4dm
e —
50-
1 40 1
in
20 4
10 8.8 -
.J'o . — B
3 %313 ig‘i A 53 i e i
HIKNIE {é g ! G () ety
[25] A4S A clady)

crasddy 4SS5 o L3S (40 al sV (8 a5 S0 4313 333 48 0 2 55k a5 Y
4lo cliyja a5 (Radon Progenies) os¥ ) #3155 5l (Radon Daughters) o <ilad g
i.a..:.i_,l.iﬂd._u..;d;_ﬁlul!cﬁa;l,lldhtﬂ;s.’;:_',i,a,ﬂ)llgx@ygwluia;lﬁ?m.
51 Ll Lo iy ol gl (o il g (e AL La (IS5 (Bl il ol 00 (f isn g ¢[20,25] Wl
s Letbilal Judialy Labda Gl Cariay a8 Laa LALA. e 55 9 20550 ) s il i
el Gash oo Gl DA e paeall (1 (900 0 2 38 Laiy ¢[16,20,26] &l 3 Y ;i
O o plaa ! (o 8l iy amy iyl oy ol G5 o 03 5 9kis ny ¥ (Sly gl

3] ol 3ms 800 i D 5l s juas AWl 3 A ol g 90 ) il y Gl

G Ol gles B Slang -3-1

o sSaan gl ada y (Bg) L a5 (Becquerel) du S (oansd 5as 52 (3390 )1 Lela 3] L o s
Opat pan (o 09350558 5 (g gana (o AVl 5 i i 0900 ) (50 aal g 255 Jlad f SIS Jana
ek Baa 5 (Sl 5 90l ) jue&ﬁlghuh m.\ﬂe_,_;;i.\a‘,u]li.\;_,“a:l il plall _,l elsell e
sl Pl 5 o Gl (o pasias o Gas gl 030 5 (B/m®) 3p/d S & 09 (5 siane
(pCi) L 3405 (Pico Curie) 55855l oa oll iaa g (5 a1 Gl 223505 ek il
2Wig 058550 A 09V (s shama (A Bany ST 58 5 QA o gaa Baa S A W ey

[19].1 pCi/l = 37 Bg/m® o W «(pCiNl)

09310 221 5% ol -4-1

palie Gadyginiley Ga Y15 58 b a0 yan O Can Daglall i 186 (K i o0 0 a5
SAN 335k e 15338 (30 039, o 3aiiy ([19,20,25,26] 35yl 3l LS i

AA 42




Engineering Research Journal 130 (June 2011) AA40 - AAS7

e sell LAl e ol Ly 5 (il daia 3ag5 A Ll cligle j5em shaal (e 6 56l &l BYTT)
WIUM|&|JEJJL$&)-&,J|J1J}J:@m%_,‘iﬁ]Jl&ljﬁi)}aqih!ii,hﬁﬂ
i adl Malyy eb 58 Lasale il gLl oia A el sgl) 2005 ¥ ama g JE
.3 032 3] Jgf e Dl s e Ui 55 20 L8l Ll el Sl y da ol e
gl lsla gyl ydadly pal ing (921 1 e o amy 08 5 epalian ) LS yay e ale )il
SH‘Wiﬂléﬂ‘u‘mtujiu&ywﬁjuﬂ|L‘Au_,ﬂéib_,igl\.u"qll_ﬁ:ﬂ.\“
= bl Jals VI LNe aalsm Y Al 1 e
gi%iuluh-maihldh,\bghactﬂjjgﬁljigjfs&ﬂ&pyemi.‘i‘,
%Mldm‘c.ﬂdﬁdd)mmmhbJJﬂJs&Pﬂ‘ 138 Jaa 8550 L]
ol L) a0 238 xg paday Ludagf a3 LS. dia lia 3 438 Sl Zdial) ) ainy (30,1 ni
108 ¢l sl g @l ol guay e 5 o090l gl om0y Cullasf) 030 (B vyl Ay
Sa pn b ol pa le il 4 oSl g g (901l puals Lo gl i Laaliad) o il
L'J_,Jl).“g_,hﬂ&ﬁi)h,hu‘d}.\i_};_,alnlﬂu.h Lha.ﬂ“hq‘,:lu_‘,ﬁt_,.u.’a_,n“‘:h d_,;-‘\.jl:.dl
.q.'.\._uhd:'.i.:g_,al_,ﬂqiéasﬂg‘y!uhlthﬁlu\]ipiuh)ﬁqul*ﬂdib

Sl Citaal
) Jab ol 5le 5 ) shiyde ) ]

el Jab ol e S5l Al pyam 2
el Jals gl e 8 Saill Laastiedl Qi) g g Jiaydud 0 3
_‘;,,.sbn}e@hiwwﬁayﬂt,mﬂ|@,@ﬂtmi 4

L e

Lale 5 pdai Jhay J oW1 e 3l el jal day @!M%'@@!g@l alaay) Gl
Asla aia i g Uyanall 38 Sadl 0 3 6 5ty dipanly Lo il Cirggy dapliny ¢ guin sl Lo
Ll dglgan LS Lo £ 55 B3k o aall Jis gl 1 e 38 5 il giana 3355 o g Cn
Alagy Ga smiam S ol Jihs 01 51 (o Saill g Ciadl pansi I & guin sl Jiash SR 6 5l
oo Jais (Al Ciadl s ga g sl 6 el A T sty aliill o3 8 dasatiadl 5kl LY
O3 o il (e £l 5 praai G Al 55 il

s -1

03N 54 La--1

A e ghe e puaic 5ay dall il aalilly sl mse Juld Jis e (Radon-222) ol
e300l et dadll e 33,0 iy eg ) gl Jpaall 986 58 (553l e01e 5 (2Rn) e
e i T e o900 09S5 o(5U, PPU ) p gyl @t Jladl 2L s g 531 (P5Rg)
Ngall IS e & pa Sy iy o 4y I Jeliy L T ol 4l ing (53 30y )y o il il e
[15,25,26]. 2 all s2asall dalusalt

Leie sy (st )l 0 30000 (o A G W14 5 8 s Aadall 3 S S 8 590 0 aal g
5 ol o 0 (855 pall iyl y gl XA iy o e G 4 Lay m Y g S
e G0 ol o g M (e g oyl (e 530 500 Gt 1 L5 2 sl sl bataal DN e
458 Al ligle SRS s adl W) € [15]05V N il Lpaal (e S¥laa 52 b Sie il
[26] ¥ A e Wb 33

AA 41



Engineering Research Journal 130 (June 2011) AA40 — AAS57

rbsall Ja1a 9310 B asal)
P s ses
S A Zaals - Ll S - &y Jlanall Faanig)) iy 20 Lisa 5

mohammed_ghonim@yahoo.com

Gl adls

AUSLall S Lail 5 ) ghad 5l (pmaha Janay o2l i iy W5 mas Sy Qi i iy e Sl 0900
i Al el Jaka 5350 51 i ghasall 03 (4S5 Lol Al G 93l 58 5 e s
Indoor ) Rsell LI Ll il sla pal aad g 090t 1 piay AT (lypuad 1Al o sl 3303 Y 0s Ji5
fmaa )l Cannsy gl il (390 M (0 A 3o S giaadd a5 23 5 S «(Aiir Pollution
i3 pulas

O G dagie il 3 Sty 03050 e £ g gar Al pLia Vg o gl 3581 4031 3 o5
38 Ol Lgwans g . (a1 o3 claladt g il e i 08 5 28Uy daall g Al o] i
Jlne (o Cani Lein Lo panna Lty Aol e L L85 000 AW Gandl sy s el Jals 500 )0
Ol (el Al 45 ) ghad 235 ¢ gada gall of Ly g Aol Ll 3 & 900 500 ol giane Julfis g (e 28
dansla 3o 5 g gyl 1in (i) 90 3y paatll Ciga (a (oinal) il gl 05, (sl
8 a5 olall Qe Aliall G 3T (3o 2ally 0500 M1 3 pSaill £ g e

all Jala By ana 30y Sl a5 0990 0 s 5 ) pads e gl A8 45 g 0 Cangig
8 Qg I3t e 3t pad Auny f (s e dungrie il ] 385 clgad oSl g Lguimit. iy
3 55y giana 85 by Cnl A By Ciall e 16 Sl y ehatlin g gl e e
dé‘éoy|)]\g§e$;ﬂ|fhidhaddhgm1 a).:di_, c\‘.hu‘_,h_)i;aacﬁtauj.\aﬂ dibw.ﬂ)“
Adpa iy 4adli e Jails A i Lada g ad e Jall | il ¢l

dalidall cilalgl)
0 50 gl el — L 25 ol 9 = I o gl g8 - il 2
it

S5l s A L) o pall s any aialall (A e Nie Apalle L il s 51 el
Lol Ll gaany i pua¥l (Il la i pte 5 Lol o) ) (o358 Ll e llgle J g il
L gl LalY) g A8 4 gaad) o Al Lgiad Ll 5L pualial) Ehgil 2aai g olgy 53 5m gall
B clsle jias Laiys eclisle 1000 Y Lgion g ke JS% Ll jualiall 028 a5 g clly 2y
giae o gl eyt U35l 0dn (55 20y s 30 58 O g piall Lymgalal ) (e Lginss 3

Al e Ay sy

AA 40









Tasinsering Rosoarch Jairnal 125535050 2001 AR AA S

13. Fast-Response Building, [online] accessed Dec. 2008, www.dnd-frb.com

14. Fehrenbacher, Jill (2006) Icosa Village Pods, [online] accessed Oct. 2008,
http://www.inhabitat.com/2006/01/23/icosa-village-pods/

15. FEMA Trailer, [online] accessed Dec. 2008, www.wikipedia.org/wiki/fema trailer

16. Nader Khalili, [online] accessed Nov. 2008, http://en.wikipedia.org/wiki/Nader Khalili ,

17. Perfect Shelters. [online] accessed Oct. 2008, http://perfectshelters.com/index.html.

18. Quick Flate. Air Inflatable Portable Shelter, [online] accessed Nov.2008
www.deconhazmat.com

19. Styrofoam Dome Homes, [online] accessed Dec. 2008,
www._pinktentacle.com/2008/08/styrofoam-dome-homes

20. The Pod, [online] accessed Oct. 2008 ,
http://www.aniadesign.com/pod/html/home.html.

21. The Sandbag Shelters of Nader Khalili, [online] accessed Nov. 2008
http://earthbagbuilding.com/projects/sandbagshelters.htm ,

22. Winandy, Jerrold et. al. (2006) Emergency Housing Systems from Three-
Dimensional Engineered Fiberboard, [online] accessed Nov. 2008,
www._fpl.fs.fed.us/documnts/fplgtr/fpl_gtr166.pdf.

Recent Trends of Design & Production of Temporary Buildings & Light Structures

Applications in Emergency Sheltering After Disasters
Abstract

Normally following natural or man-made disasters, many inhabitants lose their homes
during the aftermath. Providing immediate emergency shelters for those homeless is a
«critical issue. The crisis of those homeless increases if there were no available buildings
capable of sheltering them immediately specially in huge disasters that may destroy
entire cities or villages, Hence the need for providing instant and safe shelters either
temporary or permanent becomes a major priority. The design and production process
of temporary buildings and light structures used as emergency shelters follows some
criteria and considerations, the most significant criteria are; the easiness and rapidity of
construction with the minimum possible cost, yet providing an appropriate level of
protection and privacy for the inhabitants. These three criteria - rapidity, economy and
protection — Iead the development process of these emergency structures to discover
innovative methods satisfactorily fulfilling these previous criteria. This paper aims at
demonstrating, studying and analyzing some of the recent trends of designing and
producing temporary buildings and light structures which could be used as emergency
shelters. This paper applies an analytical methodology that divides it into four parts.
Part one studies and analyzes some design and production criteria for emergency
shelters, and refers to the criteria related to the Arabian communities. Part two contains
an analytical comparative demonstration for some common and traditional types of
light temporary structures which already operate as emergency shelters. Part three as
the major part demonstrates and analyzes some innovations which emerged during the

last decade in the field of temporary buildings and light structures, and finally part four
contains the conclusion and recommendations.
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A Methodology for Dealing with Urban,Spaces

Problems of Existing Campus
(Case Study of Helwan University Campus
& Faculty of Eng. — Mataria — Helwan University)
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Abstract

Urban spaces are considered a fundamental issue in designing campus buildings,
projects such as universities, colleges, institutes... .etc.

The designer cannot ignore such issue from the beginning of the design phases till the
finest details; since the meaning of campus isn’t just a number of buildings grouped in one
place connected with administrative relations to achieve the educational purpose, it means
from a wider perspective; gathering and enclosing students, staff, employees, buildings and
spaces in one system which contributes in creating the academic society supported by
cultural, spiritual and social relations where ideas are exchanged, opinions mature and the
personalities of future scientists , authors and artists are created.

In the beginning, a semi-integrated master plan is designed according to specific
needs. Then; over the years; variables result from different requirements and circumstances
such as introducing new functions, the increase in students’ numbers which requires
constructing new buildings ...etc. such case occurs in the growing countries where such
projects are executed through long term phases.

The paper’s problem concentrates on the negative effects on the final resulted spaces
in case of ignoring the designer’s role in following and controlling urban spaces,
connecting them to the functional requirements and needs, solving the problems and
reforming an open space system suitable to the current situation as well as the future
visions and predictions which integrates with it in one spatial system.
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ABSTRACT

Usually, structural engineers confuse when carrying out loading tests because of
most of defected slabs can pass these tests. Therefore, the current research aims to
study the effect of some defects on the structural behavior of ‘defected reinforced
concrete one way simply supported slabs during loading test. The gxperimental
program consists of testing eight slabs through two stages; the loading test and then
bending test until failure. One slab was used as a control specimen, while the
remaining seven slabs were cast with different defects, which are the key parameters
of the current study. Key parameters such as: reduction in the concrete compressive
strength, reduction in the main reinforcing steel and reduction in the depth, were -
considered and experimentally investigated in the current study. The tested slabs may
contain one or more of these defects. The results indicated that some defects, if found
separately such as concrete strength or steel ratio, did not affect the behavior of the
tested slabs during the loading test. While, if these defects are found together, their
negative impact will be stronger. On the other hand, reduction of the slab depth has a
direct impact on both the loading test and flexural strength. The reduction in the slab
depth by 38% caused a deflection during the loading test equal to five times the
deflection of the control slab and decreased the ultimate load by 44.5%.
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