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ABSTRACT

A case study had been made to investigate the reasons of the repetitive failure during concrete tiles
testing. Cubes, cylinders, and prisms in addition to full-scale concrete tiles had been prepared. Half of
these samples were made using the same popular concrete mix. Test results indicated that, these
samples were below standard requirements. The second half of the test samples was prepared using a
newly designed concrete mix. Based upon the recommended breaking load, the required flexural
strength of the tiles was calculated. This mix was designed to comply a flexural strength that was
recommended by specifications. Care had been also concentrated on aggregate grading and concrete
curing. Tests showed positive results.

In spite of this success it is still believed that there is a possibility of some failures may be due to mass
production or due to bad quality control. A new proposed model had been prepared and tested. Finally
these newly proposed tiles had shown that it was more resistant to breaking loads by +21% in
comparison with the previous samples. This result might insure the production of safe concrete tiles.

Building & Construction Engineering Department, University of Technology.
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The Campus and the Sense of Belonging to Place and Structure
ABSTRACT
The research investigates the role of the Campus Landscape Design in
achieving a complete semio-communicational structure that creates a continuous
dialogue between the perceiver and the physical entity of the urban environment
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(through the unconscious recall of meanings and semiotic indexes implicit therein)
and achieves individuals' sense of belonging to place , thereby emphasizing the
human ,social and cultural role of the university and its vital contribution in building
up the Whole Man .The absence of a comprehensive theoretical framework for the
role of the Landscape Design in achieving a semio-communicational structure for the
campus urban environment ,constitutes the main research problem.This problem
arises from the lack of knowledge in the previous architectural literature in providing
clear theoretical frame-work concerning the above mentioned role (as a result of
literature concentration on fragmented and separate attributes) , as well as the absence
of a dialectic and reasonable interrelation between architectural theories and scientific
theories in the fields of Structuralism and Semiotics . In view of the problem under
investigation , the aim of the present research is defined as arriving at the
establishment of a comprehensive theoretical model , by which are determined the
principles and mechanisms of the role of the Landscape Design in achieving a semio-
communicational structure for the campus urban environment . Arriving at this aim
requires the building of the theoretical framework in the light of the main research
hypothesis, and eventually the extraction of the research conclusions and
recommendations . The result of the research , led to clear mechanism for the role of
landscape design in achieving a semio- communicational structure for the campus
urban environment . This mechanism is formed by the reaction and simultaneity of the
components of the three basic characteristics of place structure (cognitive , spatial and
behavioral). By applying this mechanism , the designer will be able to create
meaningful environments that achieve people’s sense of belonging to place .
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Tensegrity in Tensile Forces Structures

ABSTRACT

The world witnesses in this period of time the appearance of various structural
concepts. Technology and other factors helped in the development of many architectural
forms that carried technological character manifested through efficiency, lightness, most of
these forms are tensile structures.

In spite of the fact that the use of tensile structures is still in doubt and suspicion, they
started to appear in Arab countries and neighbouring regions, after they had been affected by
the technological achievements of the technologically developed countries, and started to use
such structures in their local buildings, especially if the factors needed to adapt such kind of
structures are present on their lands, also the minds that can deal with such structures with
special forces. The scientific fields had discovered a lot of in this field, but there is a gap in
dealing with principles and concepts of this force and its products. This had formed our
research problem.

So, the study depends on describtive-analytical method in dealing with one of the
basic concepts and thier biological bases which aim to give an imagination about tensile
forces related to this subject -this is tensigrity concept- and its role in achieving architecture
modern.

The research concluded many points that throw some light on the subject of tensigrity
of tensile forces stryucture.
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Selecting the Best Locations of New Primary Schools in New Baghdad by Using Remote Sensing and
Geographic Information Systems

ABSTRACT
This paper deals with the using of Geographic Information Systems to build
up analytical model to choose the best locations of new schools within the study area.
This has been done by using satellite image of Baghdad city. Then multi themes
digital maps were prepared to the study area. These can be used to update their data
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ANTISEIZURE CHARACTERISTICS OF LEADED ALUMINUM
ALLOYS UNDER DRY SLIDING CONDITIONS

Dr. Akeel D. Subhi
Department of Production Engineering and Metallurgy
University of Technology
Baghdad-Iraq

ABSTRACT

Aluminum-Silicon alloys, with soft lubricant metal, are considered to be one of the important
tribological alloys which resist seizure. The effect of different lead percentages (1-20%Pb) that
added to the modified eutectic Al-12%Si alloy on the wear rate and resistance was studied by
sliding these alloys under dry sliding conditions on a carbon steel disc at different sliding distances
(2.24-40.37 km). The results showed that the wear rate was decreased and wear resistance increased
with increasing lead percentage of Al-12%Si alloy. Furthermore, wear rate was increased linearly
with increasing sliding distance.

Ladal)
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INTRODUCTION

Aluminum based alloys; especially eutectic aluminum-silicon alloys are regarded to be one of
the most important tribological alloys due mainly to the presence of silicon (Lee 1998 and Yasmin
2004). Silicon is the second most abundant impurity of aluminum. It imparts fluidity in casting,
weldability and high mechanical properties (Mondolfo 1976). These properties incited many
researchers in order to approach the convenient application. Therefore, replacement of cast iron by
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aluminum based alloys in manufacturing automobile pistons is the start point in the early ninetieth
century (Sarkar 1980). Lead is technically and economically the best qualified metal for use as a
soft phase alloying addition to aluminum based alloys. Leaded aluminum alloys are characterized
by low wear rate, antifriction and antiseizure characteristics suitable for a variety of bearing
applications (Tiwari 1987). (Rudrakshi et al. 2004) found that the wear properties of spray formed
Al-Si-Pb alloy were improved to be greater than that of Al-Si alloy as a result of microstructural
features of spray formed alloy and the nature of the worn out surfaces. (While Hao et al. 2005)
showed that the main reason of decreasing wear in the hot extruded Al-4Si-20Pb alloy attributed to
the constituents of lubricating film that created between the mating surfaces. They indicated that
this film is composed of mixture of Fe,O3, PbsSiOg and a small amount of Fe,O; at room
temperature, and PbsAl12(Si03)7, S0, Al,O5 and a small amount of Fe,O3 at high temperature. The
same result is concluded by (An et al. 2006) when irradiated Al-Si-Pb alloys with high current
pulsed electron beam in which the different constituents of lubricating film is the main reason of
decreasing wear.

In this work, some light will be thrown to study the effect of lead addition on wear rate and
resistance of modified eutectic Al-12%Si alloy.

MATERIALS AND METHODS

Leaded aluminum alloys were prepared using commercial high purity aluminum, lead and Al-
18%Si master alloy as starting materials. The master alloy of Al-18%Si was previously prepared by
adding high purity silicon as chunks to the molten of commercial high purity aluminum using gas
fired furnace under the pressure effect via graphite block in a graphite crucible to prevent any
floatation of silicon on the molten surface of aluminum. The molten of Al-18%Si alloy was casted
in a metallic mould to produce ingot of Al-18%Si master alloy. A specified amount of commercial
high purity aluminum was added to the molten of Al-18%Si master alloy to obtain Al-12%Si alloy.
Lead was added separately in different amounts, that corresponding to 1-20%Pb, to the diluted Al-
18%Si master alloy with aluminum to produce different types of leaded Al-12%Si alloys. The
addition of lead was carried out using vortex method as a result of no solubility and miscibility
between lead and eutectic Al-12%Si alloy. In this method, lead was added as chips to the molten of
diluted Al-18%Si master alloy with aluminum in a graphite crucible using graphite fan to prevent
any reaction. The inclination angle of vortex mixing and speed of mixer rotation were 30" and 1256
rpm respectively. All leaded alloys were mixed at 650 'C for 10 min individually to obtain
homogenous distribution of lead inside the molten of Al-12%Si alloy. The pouring temperature for
each alloy was fixed at the same temperature of vortex mixing in which each alloy was poured into
a cooled carbon steel mould to obtain chilled ingots of Al-Si-Pb alloys. All casted ingots have the
dimensions of 100 mm length and 15 mm diameter. Chemical composition of pure aluminum,
master alloy and prepared Al-Si-Pb alloys is tabulated in table I. The ingots of Al-Si-Pb alloys were
cut and turned to produce specimens suitable for microstructural and wear study. For
microstructural study, each alloy specimen was cold mounted and then ground using different SiC
emery papers. Primary polishing was carried out using slurry of alumina while final polishing was
achieved using diamond paste. All microstructural study specimens were etched using 1%Vol. HF
etching solution.

Pin on disc type wear testing apparatus with 450 Hv carbon steel disc was used in this work in
order to determine antiseizure characteristics of Al-Si-Pb alloys. Wear test specimens that
previously prepared have the dimensions of 10 mm length and 5 mm diameter. The sliding circle
diameter and bearing pressure were fixed at 14 cm and 63.6 kPa respectively. A wide range of
running periods was used ranging from 10 min to 3 hr in order to produce different sliding distances
(2.24-40.37 km).
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RESULTS AND DISCUSSION

Fig. 1 shows the microstructure of modified eutectic Al-Si alloys. It is clear from this figure
that two phases are presented in the matrix of Al-Si-Pb alloys. These phases are eutectic and lead,
while one phase presented in the matrix of Al-12%Si alloy which is eutectic. Fig. 1 also shows the
potent effect of chilling on producing modification of eutectic silicon in the matrix of leaded alloys,
in which fibrous eutectic silicon associated with aluminum dendrites can be recognized in the
matrix for each alloy. This modification in eutectic silicon morphology from angular and flake as in
ordinary conditions to the fibrous as in this work has a crucial role on increasing the mechanical
and tribological properties of eutectic Al-Si alloys as mentioned elsewhere (Subramanian 1991,
Fatahalla 1999 and Liao 2002). It is explicit to know that lead decreasing the hardness of Al-Si
alloys in a magnitude dependent on its percentage in the matrix. This decreasing in hardness value
does not mean decreasing in wear properties of Al-Si alloys. This can be demonstrated by showing
the relationship between sliding distance and wear rate as shown in Fig. 2. It is clear from this
figure that the wear rate was increased linearly with increasing sliding distance for each alloy. In the
other side, the wear rate was decreased with increasing lead percentage at any sliding distance.
Plastic deformation always associated with wear in the subsurface region of the base matrix of Al-
Si alloys. The deformation of aluminum phase results in fragmentation of silicon phase into fine
particles distributed in the subsurface region (Pramila Bai 1984). In this work, no fragmentation
was occurred as a result of potent effect of modification that occurred in eutectic silicon
morphology as explained above. The aluminum and silicon phases in the eutectic of Al-Si alloys
behave independently on each other during dry sliding in which the silicon phase resists the applied
bearing pressure while the aluminum phase accommodates the plastic deformation in the matrix.
The presence of lead in the matrix of modified Al-12%Si alloy results in decreasing the wear rate as
explained above. This is because the lead acts as a lubricant and reduces wear between mating
surfaces as a result of its extrusion during dry sliding of leaded aluminum alloys on carbon steel
disc and forming a trib-layer of low shear strength spreads over modified eutectic Al-12%Si alloy
substrate. The smearing of lead prevents adhesion between the mating surfaces in areas dependent
on lead location in the matrix of modified eutectic Al-12%Si alloy. Therefore, wear rate will be
decreased and in the same time seizure resistance will be increased. This result can be demonstrated
precisely from the relationship between lead percentage and wear resistance, as shown in Fig. 3, in
which the wear resistance increases with increasing lead percentage. From curve fitting programme,
the wear resistance (Wg) changes with lead percentage (L) according to the following formula:

Wg=-0.0211,2+1.267L,+35.83 1)

This illuminates the importance of lead addition; especially the adhesive compatibility of slided
metals (Norton 1998) indicated clearly the low metallurgical compatibility between lead and iron
where iron can be considered as a counterface material. This makes Al-Si-Pb alloys a suitable
choice for bearing applications. The relationship between wear rate (W,) and hardness (Hv) is
shown in Fig. 4 in which the wear rate decreases with decreasing hardness, i.e. increasing lead
percentage, according to the following formula obtained from curve fitting programme

W,=0.002Hv?-0.2Hv+6.250 (2)

CONCLUSIONS

Rapid cooling of leaded eutectic Al-12%Si alloys in a metallic mould could produce
modification of eutectic silicon morphology in the matrix of these alloys. The presence of
accompanied lead that added using vortex method with modified eutectic silicon led clearly to
remarkable changes in the antiseizure characteristics of leaded alloys. These changes can be
summarized by decreasing wear rate and increasing wear resistance with increasing lead
percentage, i.e. decreasing hardness.
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Elements Si Fe Cu Pb Mn Ti Al
Al 0.11 0.11 0.008 | 0.001 | 0.007 | 0.005 | Rem.
Al-18%Si 18.2 0.31 0.09 0.001 0.02 | 0.009 | Rem.
Al-12%Si 12.4 0.24 0.03 0.001 0.01 | 0.007 | Rem.
Al-12%Si-1%Pb 11.9 0.24 0.03 1 0.01 0.007 | Rem.
Al-12%Si-6%Phb 12.7 0.24 0.03 6 0.01 0.007 | Rem.
Al-12%Si-12%Pb | 12.1 0.24 0.03 12 0.01 0.07 | Rem.
Al-12%Si-20%Pb | 12.4 0.24 0.03 20 0.01 | 0.07 | Rem.

Tablel Chemical composition of pure aluminum, master alloy and prepared Al-Si-Pb alloys.

4,24 um
i

s Ll B

Al-12%Si-6%Pb Al-12%Si-12%Pb

i S 8 L

Fig. 1 Microstructure of as-cast leaded modified eutectic aluminum-silicon alloys.
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Fig. 2 The relationship between sliding distance and wear rate of Al-Si-Pb alloys.
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Fig. 4 The relationship between hardness and wear rate of Al-Si-Pb alloys. Sliding distance,
40.37 km.
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TWO-DIMENSIONAL CONSOLIDATION ANALYSIS OF
PARTIALLY SATURATED EARTH EMBANKMENT UNDER ITS
SELF WEIGHT BY USING THE FINITE ELEMENT METHOD

Omar Al-Farouk S. Al-Damluji Yousif J. Al-Shakarchi, and Abdul Kareem E. Zainel

Engineering College - Baghdad University

ABSTRACT

This paper studies the two-dimensional analysis of the consolidation process for partially
saturated soils applied to an earth embankment mainly from the theoretical point of view. The
method of finite elements is used to find a numerical solution to describe the behavior of soils
during consolidation. Moreover, this study was carried for both, isothermal and non-isothermal
cases.

The case of two—dimensional, plane strain consolidation is considered, as it is widely
needed in the studies of soil mechanics. The parameters studied are displacement in the y—direction,
pore water pressure, pore air pressure, and temperature.

The embankment was constructed in Basrah - Irag, where the temperature is usually high at
most days of the year. It is believed that it is more realistic to model the embankment as a partially
saturated soil rather than a fully saturated soil as was done before.

The study reveals that: —

- The consolidation process is affected by the degree of saturation. As the paths in the soil that
are used by the pore—water and/or the pore—air may transfer from one state (open path) to
another state (closed path) and vice versa.

- The pore-water and the pore—air pressures are affected by temperature. The pressure increases
when the temperature increases (for a constant volume). This is usually the case inside the
partially saturated soil. Temperature can affect indirectly the soil skeleton as a result of the
change in pore—air and pore—water pressures.

- The vertical displacement for partially saturated soil consolidation under self weight loading is
noticed to have almost regular settlement. Then, there is an accelerated settlement due to the
dissipation of the air and water pressures. After a while (after excess pressures dissipation),
there will be a classical consolidation form.

KEYWORDS
partially saturated soils, unsaturated soils, soil mechanics, geotechnique, consolidation, non-
isothermal consolidation

INTRODUCTION

Soils that are unsaturated form the largest category of materials, which do not adhere in
behavior to classical, saturated soil mechanics.
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The differentiation between saturated and unsaturated soils becomes necessary due to basic
differences in their nature and engineering behavior. An unsaturated soil has more than two phases
and the pore—water pressure is negative relative to the pore—air pressure.

Any soil near the ground surface, present in a relatively dry environment, will be subjected to
negative pore—water pressures and possible desaturation.

It is the presence of more than two phases that results in a material that is difficult to deal with in
engineering practice.

An unsaturated soil is commonly defined as having three phases, namely;

. solids,
. water, and
. air.

It may be more correct to recognize the existence of a fourth phase, namely, that of the air—water
interface or contractile skin. The presence of even the smallest amount of air makes the soil
unsaturated. A small amount of air, may occur as occluded air bubbles, which makes the pore fluid
compressible. Generally, it is a larger amount of air, which makes the air phase continuous
throughout the soil. At the same time, the pore—air and pore-water pressures begin to differ
significantly, with the result that the principles and concepts involved differ from those of classical,
saturated soil mechanics.

TYPES OF PROBLEMS :—

The types of problems of interest in unsaturated soil mechanics are similar to those of
interest in saturated soil mechanics. Common to all unsaturated soil situations are the negative
pressures in the pore-water. The type of problem involving negative pore—water pressures that has
received the most attention is that of swelling or expansive clays.

Several typical problems are described to illustrate relevant questions, which might be asked by the
geotechnical engineer.

Construction and Operation of a Dam

Natural Slopes Subjected to Environmental Changes

Mounding Below Waste Retention Ponds

Stability of Vertical or Near Vertical Excavations

Lateral Earth Pressures

Bearing Capacity for Shallow Foundations

Ground Movements Involving Expansive Soils

Collapsing Soils

® & & & O o 0o

CONSTITUTIVE RELATIONS : -

Constitutive relations for an unsaturated soil can be formulated by linking selected

deformation state variables to appropriate stress state variables. The deformation state variables
must satisfy the continuity requirement. The link of the deformation and stress state variables
results in the incorporation of volumetric deformation coefficients. The established constitutive
relations can be used to predict volume changes due to changes in the stress state.
Two approaches can be used in establishing the stress versus deformation relationships. These are:
the “mathematical” approach and the “semi—empirical” approach. In the mathematical approach,
each component of the deformation state variable tensor is expressed as a linear combination of the
stress state variables or vice versa. In other words, the relationship between the stress and
deformation state variables is expressed by a series of linear equations. The problem with this
approach is that it involves the assessment of a large number of soil properties.
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The semi—empirical approach involves several assumptions, which are based on experimental
evidence from observing the behavior of many materials. These assumptions are that:

. normal stress does not produce shear strain;
. shear stress does not cause normal strain; and
. shear stress component, z, causes only one shear strain component, (y).

In addition, the principle of superposition is assumed to be applicable to cases involving small
deformations.

The constitutive relations for an unsaturated soil can be formulated as an extension of the equations
used for saturated soil, using the appropriate stress state variables. Assume that the soil behaves as
an isotropic, linear elastic material. The following constitutive relations are expressed in terms of
the stress state variables, (¢ — uy) and (u, — uy). The formulation is similar in form to that proposed
by Biot in 1941. The soil structure constitutive relations associated with the normal strains in the
X—, y—, and z—directions are as follows: —

u,—u,)

—_
R)
>
|
c
Qo
~

u (u,
£, =T—E(ay+az—2ua)+ (1)
8y:(GyT_ua)_§(Jx+o-z_2ua)+w (2)
g, = —(GZ Eua)—é(ax +to, —2ua)+—(ua IjIUW) (3)
where

H = modulus of elasticity for the soil structure with respect to a change in matric suction, (U, — Uy).
The constitutive equations associated with the shear deformations are: —

VY =—2 (4)
(5)

TZX
Y = (6)

where

Txy = shear stress on the x—plane in the y—direction (i.e., tyy
Tyx)1

Ty, = shear stress on the y—plane in the z—direction (i.e., 1y, =
sz),
T,x = shear stress on the z—plane in the x—direction (i.e., tx =
Txz), and

G = shear modulus.
The modulus of elasticity, E, in the above equations is defined
with respect to a change in the net normal stress, (o — Uy).

The above constitutive equations can also be applied to
situations where the stress versus strain curves are nonlinear. S0

Increase (+)

|
Strain, €
—f

Decrease (-)

Figure 1 shows a typical stress versus strain curve. An

incremental procedure using the small increments of stress and _ Fig. 1 _
Nonlinear stress versus strain

curve

Available online @ iasj.net 2234



O. Al-Farouk Two-Dimensional Consolidation Analysis of

Y. J. Al-Shakarchi Partially Saturated Earth Embankment

A.K. E. Zainel Under Its self Weight by Using the Finite
Element Method

strain can be used to apply a linear elastic formulation to a nonlinear stress versus strain curve.

The nonlinear stress versus strain curve is assumed to be linear within each stress and strain
increment. The elastic moduli, E and H, have negative signs, as indicated in figure 1, and may vary
in magnitude from one increment to another.

The soil structure constitutive relations associated with normal strains can be written in an
incremental form: —

dgx =M_ﬁd(ay+o-z_2ua)+d(ua_uw) (7)
E H
dlo, - —
dgy:(o-yTua)—éd(O'x'FO'Z—ZUa)+d(ua uw) (8)
de, =d®ZT_ua)—ﬁd(ax+ay—2ua)+—d(uaH_uW) 9)

Equations 7, 8, and 9 represent the general elasticity constitutive relations for the soil structure. The
left—hand side of the equations refers to a change in the deformation state variable, while its right—
hand side contains changes in the stress state variables. A change in the volumetric strain of the
soil for each increment, de,, can be obtained by summing the changes in normal strains in the x—, y—
, and z—directions:

dey = dex + dey + de, (10)

where
de, = volumetric strain change for each increment.
Substituting equations 7, 8, and 9 into equation 10 gives: —

_ +o, +
dgv=3(1 zﬂjd ¥ T 3, —u,) (12)
E 3 H

Equation 11 can be simplified to the following form:—

ds, =4 2 A0 -0 ) S 00,0, (12)

where

Omean = average total normal stress (i.e., (ox +oy + o7) / 3).

The volumetric strain change, de,, is equal to the volume change of the soil element divided by the
initial volume of the element:

dv, (13)

de, =
\Y

0

The Initial volume, V,, refers to the volume of the soil element at the start of the volume change
process. Therefore, V, remains constant for all increments. At the end of each increment, the
volumetric strain change, ds,, can be computed from equation 12 and the volume change of the soil

Available online @ iasj.net 2235



Numberl Volume 14 march 2008 Journal of Engineering

element, dV,, is obtained from equation 13. The summation of the volumetric strain changes for
each increment gives the final volumetric strain of the soil: —

ey = X dey (14)

Change in the Volume of Water

The soil structure constitutive relationship is not sufficient to completely describe the
volume changes in an unsaturated soil. Either an air or water phase constitutive relation must be
formulated. It is suggested that the water phase is most suitable for formulating the second
constitutive relationship. The water phase constitutive relation describes the change in the volume
of water present in the referential soil structure element under various stress conditions. The water
itself is assumed to be incompressible, and the equation accounts for the net inflow or outflow from
the element. The water phase constitutive relation can be formulated in a semi—empirical manner on
the basis of a linear combination of the stress state variables. In an incremental form, the
constitutive equation can be written as: —

—u)+ w (15)
(o] w w

where

Ew = water volumetric modulus associated with a change in (¢ — u,), and

Hy, = water volumetric modulus associated with a change in (o — Uy).

The summation of water volume changes at each increment gives the final change in the volume of

water: —

w

\ \Y

o o

AV, TdV,

(16)

Change in the Volume of Air

The change in the volume of air in an element can be computed as the difference between
the soil structure and water volume changes. The continuity requirements (i.e., AV\/V, = AV/V, +
AV,/V,) can also be written in an incremental form

using the volumetric strain change, de,: — o=
dv,, av T
dgV = _W+ 2 (17) (O mean - Ug) \l/\:/\ N
VO VO )
oVv/ Vo)
3(Omesn - Ua)
The constitutive relationships for an unsaturated WE 1 ;;\' Wiatric suction
soil can be presented graphically in the form of _ “O‘@a\f:‘: L
constitutive surfaces (figure 2). The deformation Sttt

state variable is plotted with respect to the (omean —
Uy) and (us—u,) stress state variables. The
coefficients used in the constitutive equations are
the slopes of the constitutive surface at a point.

The slopes are with respect to both axes. For

. . . d(cmean' SO K A
example, the slopes of the soil structure constitutive iy o s i
surface at a point are equal to (3 (1-2u)/E) and Amuan - ) g
(3/H) with reSpeCt to the (Gmean — Ua) / Mat(ric suct)ion
. . .. a\sﬂe O
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and (ua — uy) axes, respectively. The coefficients on the constitutive surface are referred to as
“volumetric deformation coefficients”. These coefficients vary from one stress state to another for a
curved constitutive surface. Similarly, the slopes on the water phase constitutive surface at a point
are (3/Ey) and (1/H,y) with respect to the (Gmean — Ua) and (U, — Uy) axes, respectively.
The above constitutive relations can be formulated
for a general, three—dimensional loading in the x-,
y—, and z—directions. Fig. 2
Three—dimensional constitutive surfaces for
an unsaturated soil.

a) soil structure constitutive surface;

b) water phase constitutive surface.

(After Fredlund and Rahardjo, 1993)

Plane Strain Loading

Many geotechnical problems can be
simplified into a two—dimensional form using the
concept of plane strain or plane stress loading. If
an earth structure is significantly long in one
direction (e.g., the z—direction) in comparison to
the other two directions (e.g., the x— and y-
directions) and the loadings are applied only on the x— and y-planes, the structure can be modeled
as a plane strain problem. The slope stability, retaining wall, and strip footing are problems
commonly analyzed by assuming plane strain loading conditions. For plane strain conditions, the
soil deformation in the z—direction is assumed to be negligible (de,=0). Imposing a condition of
zero strain in the z—direction in equation 9 gives: —

d(o, ~u,)=pdlo, +o, —2u,)-(E/H)(u, —u,) (18)

Volumetric strain during plane strain loading is obtained by substituting equation (18) into equation
(11) : -

dgv = 2(1+ IU)E(:L_ 2’U)d(aave - ua)+ Z(HT’ujd (ua - uw) (19)

where

cave = average total normal stress for two—dimensional loading (i.e., (ox +oy)/2).

Equation 19 can be used as the soil structure constitutive relation for plane strain loading.

The water phase constitutive equation is obtained from equation 15 by replacing the d(c; — u,) term
with equation 18: —

e 2o, ) {2 - E M, -u,) @)

V, w H E,
FIELD EQUATIONS AND EQUILIBRIUM ANALYSIS OF AN UNSATURATED SOIL
ELEMENT :—

The state of stress at a point in an unsaturated soil can be analyzed using a cubical element
of infinitesimal dimensions. Figure 3 illustrates the total normal and shear stresses that act on the
boundaries of the soil element. The gravitational force, p g, (i.e., soil density, p, times gravitational
acceleration, g) is a body force. The gravitational force acts through the centroid of the element, but
is not shown in figure 3 in order to maintain simplicity.

Available online @ iasj.net 2237



Numberl Volume 14 march 2008

Journal of Engineering

The equilibrium analysis of a soil element is based upon the conservation of linear momentum. The
conservation of linear momentum can be applied to the soil element in figure 3 by summing forces

first in the y—direction.

[&xy éb-y é’rly J
+ + + g |dxdydz =0

X N a

where

Tuy = shear stress on the x—plane in the y—
direction,

oy = total normal stress on the y—plane,

Tzy = shear stress on the z—plane in the y-
direction,

Yo, = total density of the soil,

g = gravitational acceleration, and

dx, dy, dz = dimensions of the element in the x—, y—,
and z-directions respectively.

Since the soil element does not undergo acceleration,
the right hand side of equation (21) becomes zero.
Equation (21) is commonly referred to as the
equilibrium equation for the y—direction. Similarly,
equilibrium equations can be derived for the x—
direction: —

or
O +— 2+ P o dxdydz =0
X &  a

Moreover, for the z—direction: —

or
az +—L 4 . dxdydz =0
x & a

Total or Overall Equilibrium

Total equilibrium refers to the force
equilibrium of a complete soil element with its four
phases (i.e., air, water, contractile skin, and soil
particles). The total stress fields of an unsaturated soil
element in the x—, y— and z—directions are presented in
figure 4 with the exception that no body forces are
shown (i.e., gravitational force, pg). Only the
equilibrium in the y—direction will be analyzed and
presented. However, the same principles apply to
equilibrium in the x— and z—directions. Figure 4 depicts
the total stress fields in the y-direction. The force
equilibrium equation associated with figure 4 is given
in equation (21).
The water phase equilibrium in the y-direction is
obtained by summing forces in the y—direction which
gives the equilibrium equation for the water phase.
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Fig. 3
Normal and shear stresses on a cubical soil
element of infinitesimal dimensions.

(22)
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Components for total equilibrium in the
y—direction for an unsaturated soil
element
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(nw 6%\, +Ny 00 +Fg +Fy ]dxdydz =0 (24)

where

Uw = pore—water pressure,
Yy = interaction force (i.e., body force) between the water phase and the soil particles in the y-
direction, and

interaction force (i.e., body force) between the water phase and the contractile skin in the
y—direction.

The air phase equilibrium in the y—direction is obtained by summing the forces in the y—direction

which gives the equilibrium equation for the air phase.

W
Fcy

(na % +N,0,0+Fg + Fcadexdydz =0 (25)
where

Ua = pore—air pressure,

F%, = interaction force (i.e., body force) between the air phase and the soil particles in the y—

direction, and
F%y = interaction force (i.e., body force) between the air phase and the contractile skin in the y—

direction.
Contractile Skin Equilibrium

The contractile skin is only a few molecular layers in thickness. However, its presence

affects the equilibrium conditions in an unsaturated soil. This is due to its ability to exert a surface
tension, Ts.
The equilibrium equation for the contractile skin is as follows:

* —
{— n, 81E—(ua —u,)-n,f *8(ua—uw) +N.p.g—Fy - Fce;}dxdydz =0 (26)
oy oy
f = final interaction between the contractile skin and the soil structure equilibrium

Final Form of Equilibrium Equation
To obtain the final form of the differential equations, some simplifications and assumptions,
need to be made, which are: —
1. For two—dimensional analysis, consider the equilibrium of forces that acts in the x—, and
y—directions only, and neglect the equilibrium of forces that acts in the z—direction.
2. The value of contractile skin porosity (nc) is considered very small and approaches to zero
in comparison with other values of porosities (i.e., ng, Ny, and ny). So n¢ = 0.
The equilibrium equation will be written as: —
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_ — ot
ooy ua)+ n, olu, uW)+ i, M _ Fo —F2 =0 (27)
OX OX oy OX
or olo, —u —
Y+ oy a)+nW olu, u"V)JrnS au"j‘Jrns,osg—FSVyV—FS§=O (28)
OX oy oy oy

Mass Transfer
The volume of water entering and leaving the element in y—direction is: —

N = [VW + Ny dyjdxdz -V, 0xdz (29)
ot oy

where

Nw = change in the volume of water in the soil element over a specific time dt,

oVwlot  =net flux of water through the soil element,

Viy = water flow rate across a unit area of the soil element in the y—direction, and

dx, dy, dz = infinitesimal dimensions in the x—, y—, and z—directions, respectively.
The water volume change with respect to time could be written as: —

oV, V,) ki %, w, 0 [auvj o ( aTj
== > “am ab, —— A DTqu ~
ot Pl oy RT oyl dy ) oy oy
1 8kwy au,, _kay (30)
Pud Oy Oy Oy

where

kwy = coefficient of permeability with respect to water as a function of matrix suction which
varies with location in the y—direction [i.e., Kuy(Us—Uw)],

o = molecular mass of the diffusing constituent,

R = universal (molar) gas constant,

T = absolute temperature,

Dam = is the molecular diffusivity of water vapor in air, cm? sec ?, Datm could be

obtained by applying the equation D, = 5.893x 10°%T123 /u, (31)

o = the tortuosity factor allowing for extra path length (~ 0.66),

Vv = is the mass flow factor introduced to allow for the mass flow of vapor arising from the
difference in boundary conditions governing the air and vapor components of the diffusion
system.

vota (32)

(ua - uv)
0a = volumetric air content which describes the area available for the vapor to flow, and is

equal to (1-S) n.
The water phase constitutive relation for plane strain conditions describes the time derivative of the
water volume change as: —
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9, -u,) (33)

d(VWNo){l*“ji(ax ‘o, _zua)+{i_(LH)}

dt E, /dt H E dt

w w w

Equating with equation (30) gives: —

k 2 a
(H—ﬂ]i(o—x+ay—2ua)+{Hi—(%H)}%(ua—uW):—ﬂa “w_p_vad &g(auv]

E, ) dt w Eu pud oy " CRT oyl oy
ok ok

—Q(Dﬂiq a—Tj— =D S (34)

™y ) o oy oy oy

For the case of nearly saturated soils, the second term on the right hand side does not exist, because
air will be entrapped as bubbles in the water. Therefore, there is no continuous path for the air phase
to move from one place to another. Consequently, there is no vapor movement, as a result, there is
no contribution of water vapor to the water mass transfer, so, this term can be omitted for nearly
saturated soils. For homogeneous soil, the terms containing ok, /0y are equal to zero, so the fourth
and fifth terms on the right hand side vanish. In addition to the assumptions mentioned, it is
assumed that the water density remains constant (incompressible) and the thermal liquid diffusivity
also remains constant. The equation of two—dimensions can be written as:—

wd 0X+O-y Wd
m —_ua +m2 a(ua_uw):

Ll 2
1 o°u o°u o°T o°T
w

Air Flow Differential Equation

The air phase is compressible and flows in response to an air pressure gradient and a
concentration gradient. Therefore, the flow of air through a referential element of unsaturated soil
is computed in terms of mass rate of air flow, J,. The net mass rate of air flow across the element is
obtained as the difference between the mass rate of air entering and leaving the element within a
period of time: —

M J
aata = (Ja + a@; dy}dxdz —J,dxdz (36)
where
oM, /ot = net mass rate of air flowing through the soil element, and
Ja = mass rate of air flowing across a unit area of the soil.

The net mass rate of air flow can be expressed for a unit volume of the soil elements as: —
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oM, dJ,
= dydxdz 37
X oy y (37)

or
a(Ma/Vo):a‘]a (38)
ot oy

where

0 (Ma/V,)/ 0t = net mass rate of air flow per unit volume of the element, and
Vo = initial total volume of the element (dxdydz).

According to Fick’s law (Hillel, 1971): —

where
Ja = mass rate of air flowing across a unit area of the soil,
D. = transmission constant for air flow through a soil,
C = concentration for the air expressed in terms of the mass of air per unit volume
of soil, and
oCl/oy = concentration gradient in the y direction.
The negative sign indicates that air flows in the direction of decreasing concentration gradient.
The change of air volume could be described as: —

OVaNo) __ 1 jogo, 1 (aua oD; | au, OD;]_(l—S)n ou,  (L-S)har (40)

& P % pmlx Xy ) T, o T

From the constitutive relation, the change of air volume could be described as: —

dv
\Y

a _ d(o-x _ua)+d(o-y _Ua)+d(0'z _ua)+d(ua _uw) (41)
Ea Ea Ea Ha

0

Simplifying yields: —

d(va/vo)_ s Wi O'X+O'y_ S _ Wi _
dt _(ml my )dt( 2 Ua +(m2 mZ)dt(ua uw) (42)

Now, equating and simplifying yields: —

d(ox+to d 1 .«
(mf—mi”)a( X2 y—uaJ+(m§—m;”)a(ua—uW):— - D.VZu,

1 (ou, 6D, , au, 0D, _(@=8)n aua+(1—s)ng 43)
Pao\ OX OX 0y 0Oy

u ot T ot

ao
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The above derivation is valid when the degree of saturation is below about 90%, where continuous
paths for the air phase exist to transfer from one place to another.

For the special case of unsaturated soils where the degree of saturation is about >90%, the air phase
exists in the form of occluded bubbles and cannot transfer easily, the air transfer takes place by
diffusion.

When the air diffuses in the water (as dissolved air in the water phase due to its pressure), the water
phase plays a big role in the transport mechanism for the air phase. When the dissolved air reaches a
suitable environment (where the air pressure is less), air is freed from the water phase to its original
form. The derivation of the continuity equation for this condition is slightly different.

Air Diffusion Through Water

Fick’s law can be used to describe the diffusion process. The concentration gradient, which
provides the driving potential for the diffusion process is expressed with respect to the soil voids
(i.e., air and water phases). In other words, the mass rate of diffusion and the concentration gradient
are expressed with respect to a unit area and a unit volume of the soil voids, respectively.
The formulation of Fick’s law for diffusion in the y—direction is as follows: —

M _ pC (44)
ot oy
where
oM/ot = mass rate of the air diffusing across a unit area of the soil voids,
D = coefficient of diffusion,
C = concentration of the diffusing air expressed in terms of mass per unit volume of the soil
voids, and

oC/ot = concentration gradient in the y—direction (or similarly in the x— or z—directions).

The diffusion equation can appear in several forms, similar to the forms presented for the flow of
air through a porous medium. The concentration gradient for gases or water vapor (i.e., 9C/dy) can
be expressed in terms of their partial pressures. Consider a constituent diffusing through the pore—
water in a soil. Equation (44) can be rewritten with respect to the partial pressure of the diffusing
constituent: —

™M = —DQ% (45)
ot ou; oy
where
U, = partial pressure of the diffusing constituent,
oC/au, = change in concentration with respect to a change in partial pressure, and
ou, /oy = partial pressure gradient in the y—direction (or similarly in the x— or z—
directions).
Simplifying for two—dimensions will yield: —
2— 2— 2 2

a(va/vo):_E)_h a Ua+a ua +D_h 8_T+8_T (46)

ot U\ ox* oy® ) Tolox®  oy°

Equating this expression to the expression in equation 42 yields: —
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Heat transfer
The Fourier diffusion equation can be used to describe heat transfer in soils. For one—
dimensional flow, the heat flux can be described as: —

H= /Ig (48)
oy
where
H = heat flux,
A = thermal conductivity, and
T = temperature.

The heat transfer can be due to conduction, convection, and radiation. In soil, convection and
radiation are considered to be negligible (Philip and de Vries, 1957; Lewis and Schrefler, 1987;
Edgar et al., 1989; Al-Khaddar, 2000). So the conduction term is considered, in addition to the heat
lost due to evaporation of water. This could be described as: —

ga_Tzi(la_T]_Lvi(Dv auv} (49)
ot oy oy oy

where

C = volumetric specific heat of the soil as a function of water content (J/m*/°C), and

L, = latent heat of vaporization of water (i.e., 2418000 J/kg).

5. Finite Element Equations :—

Using the method of weighted residuals on equations (27), (28), (35), (47), and (49), a
discretized finite element form is reached (Zainal, 2002). The final equations are obtained after
simplifying as:—

[K]%“ ; [L]a;a . [m]%w _[f] ..(50)
[Wl]%ﬂwz]agta +[W3]a;—t""+[KW]uW +[UTIT =[FW] .(50)
[A1']‘Z—‘£l +[A2'] a;’ta + [A3']a‘j7w +[KAUa Ju, = FA' ..(52)
[Tl]% +[KH]T =[FH] ...(53)

or in matrix form, the equations are represented as:—

K M L 0 ul [0 0 0 0 [ u f
WL W3 W2 00 u,| [0 KW 0 UTu,|_|FW (54)
Al' A3 A2" 0 |ét|u 0 0 KAUa 0 [|u,| |FA

a
0 0 0 T1 T 0 O 0 KH|| T FH
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After discretization in time domain, the equations are represented as:—

K] [M] [L] 0 u
Wi] [W3]+aAtKwW] W2] oA{{UT] U,
[AL] [A3] [A2]+0AKAUa]  aA{KAT] u, -
| 0 0 0 [T1]+ [KHJeAt ka LT e +At
K] M] L] 0 u
Wi] [W3]-(@1-a)At{KW] W2 ] —(1-a)A{UT] Uy
[AL] [A3] [A2']-(1-o)At[KAUa] —(1-a)A{KAT] u,
0 0 0 [T1]-@-aAdkH]|, [ T,
[f]
+ [FW,] At, ...(59)
[FA]
[FH]

Appendix (A) gives the definitions for the matrices encountered in equations 50 to 55. A
finite element program is set to deal with solving equation 55 (Zainal, 2002), the results of which
are presented in the next section.

Problem Description
The Mdaina trial embankment was constructed in the southern part of Iraq at Al-Basrah

province in 1979. The height of the embankment is 5 meters, the width at the top is 12 meters, and
the width at the bottom is 37 meters with side slopes of 2.5:1.

Figure 5 shows the cross section that has been adopted for this analysis. For more details, refer to
Penman and Burford (1983).

Figure 6 shows the finite element discretization using quadratic quadrilateral of the serendipity type
element. This figure shows the right half of the embankment where the height is 5 meters, the top
width is 6 meters, and the bottom width is 18.5 meters.

Due to symmetry, the analysis of the left half is assumed to be identical to the analysis of the right
half. A one way drainage condition is assumed because of the clayey soil underneath the
embankment and the open surface from above.

Material properties shown in table 1 are after Al-Hamrany (1980) and Appendix (B). The thermal
degrees are taken depending on the thermal map of Iraq for dry and wet seasons. Temperature is
taken for the dry season as 35.8 °C for the upper part of the embankment, and 32 °C for the lower
part of the embankment (Zainal, 2002).
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Soil temperature under 1.0 m depth is considered to be the same as for the 1.0 m depth without a
significant loss of accuracy (Al-Khaddar, 2000).
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The degree of saturation was assumed 0.95 under the assumption that for clayey soils (like the kind
of soils used for this embankment) water may reach a large height due to capillarity. Hence, the soil

becomes nearly saturated.

Table 1

Material Properties for the Mdaina Consolidation Problem
Property Value Units
Modulus of elasticity E 2870 kN/m?
Poisson’s ratio 0.4 -
Solubility of air in water 0.01708 —
Porosity 50 % —
Thermal conductivity, A 72.3168 kJ/°C m day
Degree of saturation, S 90 % —
Molecular mass of air, o, 28.966 kg/kmol
Hydraulic conductivity, ky, 5.76x10°® cm/sec
Universal gas constant, R 8.31432 J/mol °K
Coefficient of Diffusion, D 1.728x10°* m?/day
Volumetric specific heat capacity of the soil | 2.235x10° Jim3/°C
solids, (s
Volumetric specific heat capacity of the soil | 4.154x10° Jim®/°C
solids, Cy
Temperature coefficient of surface tension of | —2.09x10° -
water, y

This section is intended to demonstrate the application of the coupled differential equations

that were derived previously for two—dimensional consolidation of a saturated soil.
An isoparametric quadrilateral element of the serendipity type is used in solving this problem by the
finite element method. An eight—nodded element is used for all degrees of freedom, which are: —

1. displacement in the y—direction,

2. pore water pressure Uy,

3. pore air pressure u,, and

4, temperature.
A special computer program was designed and implemented to solve this problem. A
FORTRAN 90 compiler was used (Power Station) due to its ease when dealing with large
matrices and equation solving facilities.

Results

Results of the non-isothermal consolidation of the trial embankment under its self weight
are shown in figures 7 to 11.
Figure 7 shows the temperature variation for various nodes at the centerline of the embankment.
Figures 8a, b, and ¢ show the temperature distribution inside the embankment after 1, 10, and 100
days, respectively.
Figures 9a, b, and c show the variation of the pore—water pressure at different time factors (for the
water phase) T\w= 0.1, T\,w=0.5,and T,,w= 0.9.
Figures 10a, b, and ¢ show the variation of the pore—air pressure at different time factors (for the air
phase) Tya=0.1, Tya= 0.5, and T,,=0.9.
Figure 11 shows the vertical displacement of various nodes at the centerline of the embankment.
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The figures mentioned can be used to describe an elementary analysis of the consolidation behavior
for the partially saturated embankment under its own self-weight.

Discussion

Figure 7 shows the temperature variation for various nodes at the centerline of the
embankment. The difference between the surface of the embankment and its base is already small
(less than 4 °C). After about 500 days, the difference is less than 1 °C.
This means that the increase in the water and air pressures inside the embankment due to the
increase in temperature can be assumed negligible after 500 days (for this case study). After that,
water and air pressure dissipations are continued normally.
Figures 8a, b, and c show the gradual increase of the temperature inside the embankment. The
contour lines in figure 8a shows little roughness due to variations in the assumed initial degrees of
temperature at some nodes.
Figures 9a, b, and ¢ show the water—pressure inside the embankment in terms of Uw/Uymax (Water
pressure / maximum water pressure at 0.1 T,). The dissipation seems to be going smoothly with
time (at different time factors for the water phase) as expected for the fully saturated soil.
Figures 10a, b, and c show the air—pressure inside the embankment in terms of Ua/Uamax (air pressure
/ maximum air pressure at 0.1 Ty,).
The dissipation of the air pressure also seems to be going smoothly with time (at different time
factors for the air phase).
At the early stages of consolidation, there is no obvious pattern of sudden increase in the pore—air
pressure at specific places (as previously seen in the one—dimensional and two-dimensional
problems that were analyzed earlier) (Al-Damluji et al., 2003).
This could be due to the lack of sufficient load that is considered to be the main cause of the
increase in the pore—air pressure near the places of applied load. The only load used for this analysis
is the self-weight.
Figure 11 shows the vertical displacement for some specified nodes at the centerline of the
embankment. The displacement is represented as y/ymax (the displacement of the node / maximum
displacement of the surface node).
It is noticed from this figure that the difference in the displacement is not constant even when the
vertical distances between the nodes under consideration (nodes 1, 21, 41, 61, and 81 in figure 6)
are constant (1 m).
This is due to the difference in the vertical load (self-weight) over a specified node (e.g., load over
node 21 due to self—weight is much less than the load over node 81 due to self—-weight). Obviously,
this will make (for example) the difference in settlement between nodes 1 and 21 much less than the
difference in settlement between nodes 61 and 81 (as seen in figure 11).
There is still a little initial compression in the air phase as seen by the values of the settlement at the

36.00 —

35.00 —

34.00 —

33.00 —

32.00

Fig 7
Temperature variation with time for different nodes at the center line
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early stages of consolidation. This stage is followed by a descent in the rate of settlement due to air
propagation through the soil, then after about 5 to 7 days, there is an increase in the rate of
settlement and the consolidation process continues as usual.

The settlement may take longer time than expected due to the lack of enough loads that could
accelerate the consolidation process.

Finally, this analysis should not be compared with any other analysis made before where the
Mdaina embankment was assumed fully saturated there. This is due to that some of the parameters
used in this analysis are assumed for demonstrative purposes.
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Fig 8

Temperature distribution in the embankment
a) after 1 day ; b) after 10 days; c) after 100 days
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CONCLUSIONS

As the subject of modeling of partially saturated soils behavior is considered relatively new,
many concluding ideas can be formed in different aspects regarding this regime.
From the analysis and discussion of the consolidation problem for the embankment under its self
weight, it is concluded that: —

1. The water—phase pressure dissipation behavior is the same as that for the classical
consolidation process for ordinary loading.

2. The pore—air pressure dissipation takes the normal shape of the classical consolidation process.
This was observed for a degree of saturation about 95%.

3. The vertical displacement for the partially saturated consolidation is nearly similar to the
vertical displacement for the fully saturated condition. Except that after the first region (about 1
or 2 days) the vertical displacement begins to accelerate due to pore—air pressure dissipation.

4. Prediction of degree of consolidation is not due to pore—water pressure dissipation only, but
pore—air pressure dissipation should be considered also. The degree of consolidation should be
calculated separately for the water—phase and the air—phase.

Generally, the increase of temperature causes an increase in the pore—air and pore—water pressures
and vice versa. This increase in pressure may cause an expansion in the soil skeleton, and may
cause both pressures to take a longer time to dissipate.

The effect of soil skeleton expansion is neglected due to its small effect for many types of
soils. If it is taken into consideration, it may affect the soil skeleton and cause more expansion in it.
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APPENDIX A

Definitions of matrices
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APPENDIX B

Input Data Required for Partially Saturated Soils
In addition to the input data required for the usual case problems, there are some additional
parameters that are needed in dealing with partially saturated soil characteristics, which are:—

e Volumetric Coefficient of Solubility, h:
which is defined as: —

h = (ow/pa)H (B-1)

where
H is the coefficient of solubility, and
h for air varies with temperature as shown in figure B-1.

An extrapolation is made to the available data using an exponential function best fit curve obtained
by using the computer program Wingraph 1.09 . The equation obtained has the following form: —

y = exp (- 0.0206841 * x) * 0.0285497 (B-2)

This equation is included in the computer program to obtain the volumetric coefficient of solubility
at each temperature.

0.0300 —

e Coefficient of Diffusion D:

Its value is taken as 2.0 x 10 ° m%s (Fredlund and
Rahardjo, 1993).

e Coefficients of Volume Change:

The values of ms®, m,®, m;", and m," are taken as
0.006x10*kPa™, 0.032x10*kPa™, 0.131x10*kPa™, and
0.657x10* kPa™, respectively (Fredlund and Rahardjo,
1986). These values are taken as results from
experimental tests. True data must be obtained from ]
laboratory experiments.

0.0100 —

Volumetric coefficient of solubility h

0.0000 I I

0.00 20.00 40.00
Temperature °C

60.00)

Fig.B-1
Variation of coefficient of solubility with
temperature showing Data extrapolation (after
Fredlund, and Rahardjo, 1993)

™ The computer program Wingraph Ver. 1.09 is a software produced by Golden Software, Inc. 1993 and
works under WINDOWS 95/98/2000/Me.
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EXPOSURE TO ROAD GENERATED POLLUTANT EMISSIONS
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ABSTRACT

This paper presents a study to assess the degree of personal exposure to traffic generated
pollutant emission along urban arterials in Mosul. The traffic flow characteristics (volume, speed,
density, and vehicle type) were determined in the field at selected locations on the arterials.The
vehicular traffic which includes (drivers, number of passengers in vehicles on the road, and
pedestrian) exposed to road generated emissions were obtained through field survey.The vehicle
emissions of CO, VOC, and NOx were calculated using air pollution estimation computer model
(Mobile 4.1). It was concluded that the emission of CO, VOC, and NOx exceeds the standard
level requirements. The risk arising from personal exposure to traffic generated emissions of such
pollutants was analyzed and the degree of personal exposure of road users (drivers, passengers,
and pedestrians) to pollutants emission along urban arterials in Mosul was determined.
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INTRODUCTION
Road generated emissions and public reaction to it have become a major problem in recent
years, especially in densely populated areas. The highway planner may be concern with
how pollutants emissions from traffic flow are perceived by persons living or working
nearby.

THE PROBLEM AND THE CITY

Mosul is the second largest city in Iraqg, it is located at the north with a total area of
32698 km? and an urban area of 220 km? . The projected population for the year
2004 is 2.7 million as per 1997 census. The city is surrounded by hills to the south
and mountains to the north ,such topographical situation may act as a barrier trapping
pollutants close to the city. Plastics , chemicals , drugs ,wood and portland cement
factories are surrounding the major urban area within 15km from the city center. The
city continues to grow and is expanding into surrounding agricultural areas. The
central part of the city is a mixed commercial and residential area. Tablel shows that
the vehicles fleets tend to be old and poorly maintained, more than 93% of the
passenger car and more than 94% of commercial vehicles are over 15 years old, and
of these, most have engines in need of major repairs. It was felt that this will increase
the significance of motor vehicle as a pollutant source and the quality of life of urban
residents will continue to deteriorate.

Table —1 Classification of vehicles in Mosul by Category of model year
as in December- 2004

Vehicle * Passenger | % | Commerical vehicles %
Model year Car (pick up,bus,truck)
1954-1959 894 0.74 X 0
1960-1971 2972 2.4 8889 10.3
1972-1976 4476 3.7 6728 7.8
1977-1979 3873 3.2 6987 8.1
1980-1984 36472 30.3 35370 41.2
1985-1989 65451 54.5 24728 28.8
1990-1993 4866 4.0 2503 2.9
1994-1996 808 0.67 370 0.4
1997-2004 208 0.17 243 0.3
Total 120020 85818
* From Traffic Police department - Mosul
FIELD WORK

The current investigation was confined to eleven selected portions of the major
arterials lined by 2-3 story buildings on both sides of the road where the traffic
pollutants emissions level were expected to be high. Such locations are located at
crowded , commercial , residential and open area for comparison. Plate 1 shows the
observation points and the arterial studied.
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Determination of traffic flow characteristics

The measurement of traffic volume and composition was conducted using the manual
count system by field observer, the number of vehicles of each category was
determined during 10 minutes, through each observation point at rush hour.

The time mean speed was recorded for each vehicle category by timing it over a 100m
distance. A total of 12 vehicle samples of each category were tested for speed at each
observation point. The elevated observation technique was followed so that the
observers select typical vehicles at random and record pertinent data regarding their
progress through a section of a roadway. Such technique is designed for short-run
observations. The speed and volume measurements techniques were as per Pignataro
(1973) and Sarsam(1999).Vehicles were assigned to one of two general categories,
passenger car (gasoline fuelled) and commercial vehicles (includes pick up, buses and
trucks which are mostly diesel fuelled). Table 2 illustrates the traffic flow
characteristics observed. The vehicular traffic which includes (drivers , number of
passengers in the vehicle on the road and pedestrian) exposed to road generated
emissions were obtained through field survey. An average vehicular occupancy factor
of 3 was obtained from direct observation in the field.

Table — 2 Traffic flow characteristics observed along major arterials in Mosul.

Section volume % % Average
(vehicle/rus | passenger commerical speed
h hour) cars (pick up, bus,trucks) | (km/hr.)
1 — 1104 82 18 50.7
« 1206 87.5 12.5 50.3
2 — 1596 80.0 20 57.3
“ 1932 83.5 17 55.3
33— 1692 79.4 20.6 56.5
| 2184 81.3 18.7 49.4
4 __, 1128 68.6 314 51.5
<« 930 74.1 25.9 48.5
5 _, 1632 73.8 26.2 32.6
<« 1662 74.4 25.3 41.3
6 —» 942 67.5 325 48.1
-« 1092 72.5 27.2 47.8
7 —> 276 71.7 28.3 65.5
«— 456 72.3 27.7 56
8§ —» 498 77.1 22.9 54
- 522 86.2 13.8 63
°O_ 1932 90.9 9.1 45
-— 1116 90.3 9.7 51
10—» 1674 90.6 94 63
1110 95.1 4.9 46.4
11— 1368 91.2 8.8 42.8
«— 1668 93.5 6.5 39.3

Available online @ iasj.net 2113



S. I. Sarsam Assessing the Risk and Potential of Personal
Exposure to Road Generated Pollutant
Emissions Through Urban Transportation
System

Calculation of pollutants emissions , dose and risk.

The vehicles emissions of CO, VOC and NOx were calculated using air pollution
estimation computer model (mobile 4.1). Essam etal (1997). Table 3 illustrates the
pollutants emissions through rush hour on the arterials. The degree of exposure of road
users as a unit life time occupational dose was calculated using the procedure
suggested by Beyers etal (1984), and Ortolano (1997), while the risk was calculated
using Peirce etal (1998) procedure.

Table — 3 Pollutant emissions through rush hour using ((Mobile 4.1))

Section CcO VOC NOx CoO VvVOC NOx Traffic
gm/km | gm/km | gm/km | mg/m® | mg/m® | mg/m® | density
Veh/km

1 —* 75 0.95 1.387 2.70 0.343 | 0.501 21.7
+— 781 0.968 1.40 3.12 0.387 | 0.560 24

2 — | 6.25 0.875 1.375 2.89 0.405 | 0.637 27.8
<+«— | 6.56 0.887 1.375 3.82 0.517 | 0.802 35

3 —” 6.25 0.875 1.375 3.120 | 0.437 | 0.687 30
+— 7.18 0.975 1.376 5280 | 0.718 | 1.021 44.2

4 —» 7.5 0.937 1.381 2.750 | 0.343 | 0.506 22
D — 8.1 0.98 1.39 2592 | 0.313 | 0.444 19.2

5 13.1 1.42 1.54 10.91 1.183 1.283 50
<« 10 1.17 1.43 6.7 0.783 | 0.958 40.2

6 —» 8.12 1.0 1.39 2.652 | 0.326 | 0.454 19.6
+— 843 1.0 14 3.203 | 0.380 | 0.532 22.8

7T —» 5.0 0.78 1.37 0.350 | 0.054 | 0.095 4.2
«— | 6.25 0.87 1.36 0.843 | 0.117 | 0.183 8.1

8 | 6.87 0.92 1.37 1.051 | 0.140 | 0.209 9.18
<« 5.0 0.81 1.36 0.685 | 0.111 | 0.187 8.28

9 | 925 1.07 141 6.582 | 0.761 | 1.003 42.7
<« 7.5 0.95 0.95 2.725 | 0.345 | 0.345 21.8
10, 5.0 0.81 1.36 2.200 | 0.356 | 0.598 26.4
«— | 8.75 1.05 1.40 3.500 | 0.420 | 0.560 24

RISK ASSESSMENT

Risk assessment involves the measurements of the severity of harm inherent in

exposure to pollutant emissions, two types of population exposed to risk were

identified :

a-The permanent population living and working near the arterial (on both sides and

along).

b-pedestrians walking along the road , drivers and passengers of vehicles on the road.
Table 3 shows that the pollutant emissions are likely to represent maximum
exposure through rush hour which people probably experienced at the kerb side of
the arterial , the dwellers may be exposed to the same as demonstrated by Clench —
Ass etal(1989). In measuring the potential health impact of population, it is
important to determine the likely population exposure to pollutants. Table4 shows
the unit life time occupational dose of pollutant taken by the road user and dweller
and the unit life time occupational risk of cancer per 1000 population for each of
road users and dweller . The number of population at risk was also shown in the
table, which was calculated using the traffic density and the vehicle occupational
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factor. The dwellers are expected to experience a cancer risk five folds larger than
road users. The cancer fatalities in Mosul were 1478 at 2004, 893 at 2000 , 830 at
1999, 750 at1998 and 600 at 1996 as obtained from Ministry of health annual
report.Equation 1, which was obtained from Ortolano (1997) was adopted for
calculation of unit life time occupational Dose, and the test conditions and variables
were as suggested by Beyers & Dudas (1984).

(ULTO Dose) =Breathing x 365 x 70 x Dose response

1)
(mé/day) (days/year) (year) information (gm /ms3)

The risk analysis was conducted as per the procedure suggested by Peirce (1998) the
calculation of unit life time occupational risk of Cancer was adopted using Equation
2 suggested by WHO (1992).

EPA definition of Unit life time occupational risk implies exposure for 2000 hours
per year for 47 years ( a working lifetime) . peirce (1998).

Unit life time
occupational
risk of canser/1000 = [Latent canser x (103 x 10%)] / [47 years x (2000/ 8760)]

)
fatality
Table — 4 Degree of exposure to pollutant emissions and risk.
*U.L.O Dose ((gm)) *U.L.O Risk of
cancer/1000
Secti Road users Dweller Road users Dwellr
on
CO |[VOc |NOx | CO |VOc |NOx |Risk |Pop.
**
1 115.8 | 14.7 21.5 347 44 64.5 23.5 56 3.6

113.9 | 16.6 24 342 50 72 20.4 72 3.1
124 17.3 27.3 372 52 82 21.2 83 3.2
164 22.2 34.4 492 67 103 16.2 105 2.4

133.9 | 18.7 294 402 56 88 19.6 90 3.0

226.6 | 30.8 | 4338 680 93 132 11.8 133 1.8

118.0 | 14.7 21.7 354 44 65 23.1 66 3.5

111.2 | 134 19.0 334 40 57 24.8 58 3.8

468.5 | 50.7 55.0 | 1406 | 152 165 6.2 150 0.95

287.6 | 336 | 411 863 101 123 9.8 121 1.5

113.8 | 14.0 19.4 341 42 58 24.2 59 3.7

1374 | 16.3 22.8 412 49 68 20.2 68 3.1
150 | 231 4.0 45 7 12 167.0 13 25.5
36.1 | 5.02 7.8 108 15 23 73 24 111
45.1 6.0 8.9 135 18 27 59.5 28 9.1
29.4 4.7 8.0 88 14 24 84.7 25 12.9

2825 | 326 | 430 848 98 129 9.9 128 1.5
1169 | 14.8 14.8 351 44 44 24.4 65 3.7
944 | 152 25.6 283 46 77 26.4 79 4.0
150.2 | 18.0 24.0 451 54 72 18.6 72 2.8

2215 | 258 32.6 665 77 98 12.7 96 1.9

330.6 | 37.3 | 43.9 992 112 132 8.6 127 1.3
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*Unit lifetime occupational *low values indicates
**In vehicle population high  risk /1000
population

CONCLUSIONS AND RECOMMENDATIONS:

1- Concentrations of CO, VOC and NOx and the life time occupational dose of such
pollutants exceeds the WHO levels at some observation points. It is expected that air
quality will deteriorate in the city.

2- The dwellers are expected to experience a cancer risk five folds larger than road
users.

3- The emission per vehicle — km on the arterial in Mosul could be reduced by limiting
the speed to a range of 60-65 km/hour.

Its recommended that a stringent control measures for traffic related pollutants should
start in the city with direct field measurements of pollutants, collection and processing
of vehicle emission data should be repeated peroidically.
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ABSTRACT

The pavement is one of the basic components of road infrastructure and, therefore, directly influences
general levels of transport safety, as well as the quality of transportation services in human and cargo
traffic.

Accordingly, the objective of the present study is to develop the prediction model for pavement
condition index (PCI) for flexible pavement.

To achieve this objective, (80) selected pavement sections in four sites in the study area and (1100)
sample of pavement sections were selected from these sections for the purpose of (PCI) model
building. These data include ; longitudinal , transverse, alligator , slippage and block cracking , rutting
,depression , bleeding , polishing , patching and pothole .

The effort to develop a (PCI) model is carried out by using a stepwise regression technique. These
statistical processes are carried out with the aid of (STATISTICA — version 5.5) computer package.
The validation process for the developed models shows that, this model is adequate to be used for the
prediction of pavement condition for flexible pavements within the range of data.

dadAl)
) ALaYL 5 Jal Gl e s mdle Adall il sl (e iy 1305 5 dall sl Uil AlY) Gl Sall asf e oyl
sl 5 S Jall lend Ae 58
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INTROUDECTION
Pavement condition index PCI is one of the most widely used performance measures for pavements, it
uses as an indicator of the pavement condition [Susan et. al 2004].

[U.S Army Corps of Engineers 2003] defines the PCI as the default condition index for the PAVER
system. A numerical index, ranging from 0 for a failed pavement to 100 for a pavement in perfect
condition. Calculation of the PCI is based on the results of a visual condition survey in which distress
type, severity, and quantity are identified. It was developed to provide an Index of the pavement
structural integrity and surface operation condition.

[Shahin M.Y. (1982)] mentions that, the distress characterization should include three parameters:
distress type, severity, and quantity. The lack of any of these parameters will produce an unrepeatable
and inconsistent distress characterization.

These points can then be summed and subtracted from some upper limit to give an overall rating of a
pavement's structural condition. The equations that describe how to convert from severity and extent
of a certain distress type to an index number, or score vary from state to state and can be rather

complex [ Deighton (1998) ] .

STUDY AREA DESCRIPTION
The study area is located on the west of Baghdad in Al-Kharkh side, between latitudes (33 ° 22'
7.03°,33° 17' 25.27), and Longitudes (44° 17' 55.36 , 44° 19' 59.25 *) respectively.

This area includes: Al- Huriya, Al-Adel, Al- Kadra'a, and Al-Hamra'a districts. Figure (1) shows
the location of the selected study area. It is important to mention that all the selected roads in the
study area are flexible pavements.

The following items are considered in the selection of the study area:-

1.The selected sites are close to each other to minimize the travel time between sites.

2.The sites are selected are near the residential area in order to minimize the expected effect of

congestion or any other effect on this process.

3.Same lengths of sections are selected. This will lead the raters to ride over these sections at

desired speed and approximately the same travel time has been used.
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33,, 22' 7-0%3017-::fzs 5.27:
44° 17" 55.36 AL

Fig (1) Location of Study Area

DATA COLLECTION PROCESS
The mentioned pavement sections were used to collect the required distresses data for the purpose of
model building for the prediction of PCI. The monitoring distresses; types, severity and amount were
listed and recorded. The following flexible Pavement distresses were observed in the study area ,
these distresses includes : Rutting ,alligator, block ,longitude, transverse , slippage cracks, bleeding
,depression ,patching and polishing .

FIELD MEASURMENTS
The field measurement in the present study consists the following flexible pavement distresses:

Alligator Crack

To measure this type of distress, the distress severity it must be determined. This distress is different
in level of severity, such as; low, moderate and high. This type of distress is measured manually by
use of tape, in area unit (ft?). Figure (2) presents the alligator crack in the study area.

Fig (2) Alligator crack at AL- Huirya City
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Bleeding

This type of distress is measured manually by use of cloth tape, in area unit (ft?), it's observed in most
of the selected pavement sections.

This distress is different in level of severity. When the severity is "low", the pavement surface creates
a shiny; the pavement surface is glass-like and reflecting surface for the" moderate ", and quite sticky
for the "high severity ". This type of distress can be obvious in the study area as shown in Figure (3).

Fig (3) Bleeding at Al-Hamra'a City

Depression
Depressions are localized in the pavement surface that has elevations slightly lower than those of the

surrounding pavement. [ASTM , 2003 ] starts that the severity level (maximum depth of depression)
depends on the range of this depth,” low severity" when the range is " 0.5 to 1 inch ", "moderate "
when the range is " 1 to 2 inch " and "high severity " when more than " 2 inch ". This failure is
measured manually by use of tape and straight edge to determine the severity level and is measured in
(ft?) of surface area. Figure (4) shows this type of failure in the study area.

Fia (4) Hiah Severity Depression at AL- Adel City
Block Cracking
This distress is measured manually by using tape in "ft*". Block cracks are interconnected cracks that
divide the pavement into approximately rectangular pieces. They differ in level of severity, low,
moderate and high. Figure (5) presents this type of distress in the selected study area.

Fig (5) Block Crack at Al- Huriya City
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Longitudinal and Transverse Cracking
These types of distresses are obvious clearly in different severity. Longitudinal cracks are present in
parallel to the pavement centerline, and located within the lane (wheel path). This type of crack
appears in different severity levels, such as, low, moderate and high level. Figure (6a) illustrates this
type of failure as appears in the study area.
While the transverse cracks extend perpendicular to the centerline, as shown in Figure (6b),
transverse crack severity depends on crack width which is caused by shrinkage of asphalt surface due
to low temperature or asphalt hardening or result form reflective cracks caused beneath the asphalt
surface.

Many types of these cracks are observed in the selected sections, but in different levels of severity.
These distresses are measured manually by use of cloth tape in liner "ft”.

a - Longitude b — Transverse
Fig (6) Longitudinal and Transverse Cracks at Al-Hamra'a

Patch/Patch Deterioration

A patch is an area of pavement that has been replaced with new material to repair the existing
pavement. These distresses differ in level of severity, Patch is a good condition and satisfactory, or
ride quality is rated as low severity or better [ASTM 2003].

Patch is moderately deteriorated, or ride quality is rated as medium severity, or both. Patch is badly
deteriorated, or ride quality is rated as high severity, or both; this type needs replacement soon. It is
measured manually by tape in "ft". Figure (7) presents this type of distress as shown in the study
area.

Fia (7) Patchina at AL-Adel City

Polish Aggregate

This type of failure can be seen in most of the roads in the study area. The polish aggregate is
measured manually by use of tape in area unit (ft?). This distress is caused by repeated traffic
applications. This type of distress is indicated when the number on a skid resistance test is low or has
dropped significantly from a previous rating [Mike and John, 2002]. Figure (8) shows this type of
distress as a given in the study area.
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Fig (8) Polishing at Al-Hamra'a City
Potholes

Potholes are small usually less than (30 inch) in diameter-bowl-shaped depressions in the pavement
surface. These distresses differ in level of severity, and the units measured by number. Potholes are
measured by counting different types severity; low, when the depth from 13 to <25 mm and average
diameter100-450mm , medium from 25 to < 50mm, and average diameter200-450mm high is > 50
mm and average diameter450-750mm recording them separately, this type of distress as given by
[Mike and John2002. Figure (9) shows this type of distress as seen in the study area.

Fig (9) Pavement Potholes at AL-Huriya city

Rutting
A rut is a surface depression in the wheel paths. These distresses differ in level of severity (Mean Rut

Depth), low severity is range (¥4 to 2in.), moderate severity is range (>%2to 1 in.) and high severity is
range (>1 in) [AASHTO 1986]. Rutting is measured manually in (inch) depth, and its severity is
determined by the mean depth of the rut. The mean rut depth is calculated by laying a straightedge
across the rut, measuring its depth, then using mean depth in inch. Figure (10) presents this type of
distress as it appears in the study area.

Fig (10) Rutting at AL- AL-Huriya City
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Slippage Cracking

Slippage cracks are crescent or half-moon shaped cracks, usually transverse to the direction of travel.
The severity level of this distress is low when the average crack width is (< rT?/in.), moderate, the
average crack width is (> 3/8and < 1- % in) or the area around the crack is gderately spalled, or
surrounded with secondary cracks, high severity if the width crack is (1- % in) and area around the
crack is broken into easily removed pieces. The area associated with a given slippage crack is
measured manually by use of tape in (ft?), Figure (11) shows this distress as it appears in the study
area.

Fig (11) Slippage Crack at AL-Huriya City

REQUIRED DATA FOR PCI AND PCR DETERMINATION
Data Collection

The Data obtained from this procedures is the primary basis for determining requirements of the
evaluation process. Pavement condition is related to several factors, including structural integrity,
structural capacity, roughness skid resistance, and rate of deterioration.

These factors can be assessed by observing and measuring distresses in the pavement. The PCR is
based on the PCI, which is a numerical indicator based on a scale of 0 to 100. Its scale and associated
ratings are shown in Figure (12). The following is a description of the procedure used to assess the
condition of the pavement;

PAVER system was used in this study as recommended by many U.S agencies [ ASTM 2003 ,
ALswilimi Saleh , 1995 TECHNICAL MANUAL 1995,] The first step in this method procedure
involves the identification of a representative area, before a pavement network is inspected, it must be
divided into branches, sections, and sample units. A sample unit for asphalt area is approximate (2500
ft?) for roads and parking. This area is selected because the networks of roads range from very poor to
very good. The number of sample units to be inspected (n ) is determined in Figure ( 13), as a
function of the total number of units in the section ( N ) and the standard deviation of the PCI («).
For the entire section inspections the inspector walks over each section in each sample unit and
records the distresses as shown in Figure (14) .

The PCI method uses weighted (deduct ) values as a function of distress types ,severities and
densities of visible distress .This selected procedure is presented by the U.S. Army Corps of
engineering " PCI field Manual ". Each of the various types of pavement distresses was identified
and measuring "units are liner feet, , square feet and number ". In addition, for each distress, a level of
severity was determined into [low (L), Medium (M), High (H)]. In this study there are various kinds
of distresses at different density and severity . For the purpose of pavement evaluation, the pavement
condition index (Rating Scale) can be used easily as presented in Figure (12).
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Assumed PCI Range for asphalt Concrete =25

Assumed PCI Range for Portland Cement Concrete = 35

Fig (13) determination of Minimum Number of Sample Units to be Surveyed

Assessment Calculation of PCI

Using the data obtained in the assessment procedure as shown in Figure (14), we performed the
following calculations to determine the pavement condition index "PCI". All required information
about the following calculations are recorded as given in Table (::Al) as per Appendix(A).

For each of the different types of distresses, for example a distress density is calculated in Table (A2)
as per Appendix (A) . The formulas from "1 through 3" are used to calculate the distresses
density[ TECHNICAL MANUAL HEADQUARTERS ,1982]:

Distresses amount in square feet

Density = 100 1)

Sample unit area in square feet

Distresses amount in linear feet
*100 (2)

Density = - -
Sample unit area in square feet

i Number Of pothole
Density = *100 3
Sample unit area in square feet
The next step is severity estimation, (i.e. L, M, or H) a deduct value for each distress type is
determined. The deduct values are determined through the use of the "deduct value curves”. These
curves are present in Figures (15 to 23), and represent a part of the [U.S. Army Corps of Engineers
Technical Manual 1983], then the deduct values for all distresses are summed to produce "deduct
total". To calculate the value of the "correct deduct value", the number of deducts greater than (5) is
taken as point "g" , from shown in Figure (24), it is used to determine a "correction deduct value"
(CDV).These Calculations are recorded in Table (A3)as per Appendix( A) .
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Finally the pavement condition index (PCI) is calculated using the following equ.(4) [TECHNICAL
MANUAL HEADQUARTERS ,1982]:

Where PCI = 100 -CDV )

PCI = Pavement Condition Index ,and;
CDV = Correct Deduct Value.

ASPHALT PAVEMENT INSPECTION SHEET
For use of this form, see TM 5-623; the proponent agency is USACE.

BRANCH __ ; - SECTION
DATE SAMPLE UNIT
SURVEYEDBY - AREA OF SAMPLE
Distress Types SKETCH!
1. Alligator Cracking IO, Long & Trans Cracking 1
2 Bleeding 11 Patching & Util Cut Patching T
3 Block Cracking 12. Polished Aggregate N
¥4, Bumps and Sags.  *13. Potholes
5. Corrugation 14. Railroad Crossing 4
6. Depression 15. Rutting Sy
¥7 Edge Cracking 16. Shoving N
¥ g Jt Reflection Cracking 17. Slippage Cracking - v
¥ 9 Lane/Shidr Drop Off 18. Swell o
19. Weathering and Raveling ]

EXISTING DISTRESS TYPE.QlM__N-TITY & SEVERITY

—
<
o
m

QUAHTITY
& SEVERITY

TOTAL
iz~

PCI CALCULATION

DISTRESS DEDUCT
TYPE DENSITY | SEVERITY | VALUE

PCI =100 -CDV =

RATING =

q=  |TOTAL DEDUCT VALVE
CORRECTED DEDUCT VALUE (CDV)

¥* All Distresses Are Measured In Square Feet Except Distresses 4,7,8,9
and 10 Which Are Measured In Linear Ft; Distress I3 Is Measured In
Number of Potholes.

Fig (14) An Sample of a Recorded and Computed of Procedure
Data, Asphalt Pavement Inspection Sheet
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Fig (23) Deduct Value for Slippage Cracking
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DEVELOPMENT OF MODEL FOR THE PREDECTION OF PAVEMENT CONDITION

INDEX

The statistical techniques used for the models development required for evaluation of the pavement
condition indices of the selected roads in the study area.. For the purpose of model development of of
the pavement condition, these data include: alligator crack, Bleeding ,depression ,block crack, (
longitude and transverse ) cracks , patching , pothole , polish , rutting and slippage crack .

OUTLIERS

If one or more of observations is different significantly from all others, it is called “outlier “.The cause
of a faulty observation may be a mistake .Outliers and influential observations are checked by using
Chauvinist's criterion Kennedy and Neville[1975].The results of this test can be found inTable (5) .

Table (5): Results of Chauvenet' Test for Outliers of PCI Database

Variable

PCI

62.746212

94

Standard
Deviation (s

20.796314

2.6324959

1.5028523

Alligator

20.5383

98.300

26.34316

0.779643324

2.951869932

Bleed

42.8764

104.8

20.63454

1.9520009

2.9960135

Depression

21.857875

53.2

10.73053

1.915830812

2.920836156

Block Crac.

238.9614

1240.00

364.0559

0.65638656

2.749683771

Lon &Tran

31.6042

105.3

26.99353

1.1708081

2.7496838

Patch

55.662276

158.2

45.15347

1.2327354

2.27301267

Polish

454.3457

1098.5

210.1489

1.9169536

3.065228

Pothole

1.8295455

6.00

1.649207

1.109325734

2.5287633

Rut

0.038346

0.158

0.039888

0.7106398

2.9997493

Slippage 38.294712 132.00 35.48959 1.0790408
Sample Size :264 : X'm = value of outlier . x= sample mean . s = standard deviation .

2.6403602

(‘ XxXm-—X ‘/s ) tabulated = 3.08 > all calculated values . Thus the outliers are not rejected

MULTICOLLINEARITY
It is a condition that exists when the independent variables are correlated with another one. By using
STATISTICA software the correlation coefficients between all of the variables were calculated and
the correlation matrix was setup .This matrix can be seen in Table (6) ,the variables having the
highest correlation coefficient with the designated dependent variable are selected and calculated, the
regression equation is formulated.
Table (6): Correlation Matrix for PCI

STEPWISE REGRESSION PROCEDURE
The procedure begins by computing the simple regression model for each independent variable.
STATISTICA software uses the F- statistics and it is usually set at F= 4.0 which is chosen because

Correlations (PCI model .sta- 0131.sta)

LON_

BLOCK TRA

PATCH polish

ALIG 0.201 0.133 0.015 0.007

BLEED 0.122 -0.026 -0.003 -0.03

DEPR 0.128 -0.004 -0.055 0.03

BLOCK 1 0.1588 -0.016 0.061

LO_TRA 0.159 1

0.0193 0.108

PATCH -0.016 0.0193 1 0.023

POLISH 0.061 0.1084 0.0227 1

POTHOL 0.337 0.0425 0.0733 0.065

RUT 0.095 -0.0160 0.0779 0.046

SLIPPAG 0.391 0.1177 0.0153 -0.002

PCI -0.38
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the significant level is about 5%. The standard is called the F- to — enter for independent variable .
DEVELOPED MODEL

The analysis through the stepwise regression technique is used for the purpose of PCI model
development, the following PCI model form results in equ.(5);

PCI=85.3360 -0.4415*Slip -2.3254 *Poth -37.2875 *RD 5)
where: "
- PCI = Pavement Condition Index,
Pot = Pothole in (number),
RD = Rutting in( cm or mm), and;
Slip = Slippage Crack in( m?).

The regressions summary and stepwise regression, and several possible developed models can be seen
in Tables (7)and (8).

Table (7): Regression Summary and Summary of Stepwise Regression for PCI Model.

Regression Summary for Dependent Variable: PCI

R=0.88713146 R2=0.78700222 Adjusted R2=0 .7845445

F(3,260)=320.22 p<0.0000 Std .Error of estimate: 9.6531

of St. Err.

BETA BETA B of B t(260) p-level
Intercept 85.33596 1.038846 | 82.14498 0

SLIPPAGE -0.75337 || 0.034637 || -0.44146 || 0.020297 | -21.7501 0

POTHOLE -0.18441 | 0.034169 | -2.32537 | 0.430868 | -9-39693 | 1.53E-07

RUT -0.07152 | 0.029433 | -37.2875 | 15.34546 | -2.42987 | 0.015782

Summary of Stepwise Regression; DV: PCI

Step Multiple Multiple R-square F-to Variable

+in/-out (R) R-square change entr /rem p-level included
SLIPPAGE 0.87020 0.75726 0.757262 817.3521 0
POTHOLE 0.88440 0.78216 0.024904 29.83831 1.09E-07

RUT 0.88713 0.78700 0.004837 5.904277 0.015782

PCI=85.3360 - 0.4415 *Slip -2.3254 *Po - 37.2875 *RD
PCI1=84.31451- 0.44984*Slipp -2.37313 Po
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RESULTS OF THE ANALYSIS

The results of the technique that is used to development process of the pavement condition index
model, shows that the slippage crack, pothole and rutting have largely affect the pavement condition
index.

y =0.9903x + 3.0149

n 20 40 60 80 100
Estimated PCI (Developed)

Fig (24) Observed PCI versus New Developed PCI- Model

Pavement condition index can however, be reduced by increasing the distresses in the road pavement.
The results show that many variables have little correlation with the PCI and, therefore, little affect
PCI, were dropped from the analysis.

It was found that the linear forms of the variables result the best correlation between the independent
variables and PCI. The model found shown at previously as a PCI model (equa. 5).

DISCUSSION OF RESULTS

As a result of several different sets of regression models, three variables were found to be common to
the general picture of each set to form the PCI model; these are pothole, rutting and slippage crack.
As stated previously the coefficient of determination for PCI model was found to be 0.80, and again
that means; 80 percent of the PCI prediction can be explained by this model.

MODEL LIMITATION

As with all regression models, the model is only valid within the ranges of the variables they were
developed from .Some additional limitations may be related to the study area. Specific specifications
can be listed as follows;

1.A uniform pavement sections of a (1200 ft) each is used for the purpose of PCI model development.
2.Constant pavement areas of a (2500 ft?) each are used for the purpose of PCI model development.

VALIDATION OF THE DEVELOPED MODEL

The final step in the model building process is validation of the developed models. The objective is to
assess the ability of pavement condition index prediction model to accurately predict amount of PCI
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in the field. A review of the statistical researches suggested the following methods for validation of a
regression model [Ahmed, Namir G 2002].

e check on model predictions and coefficients

e collection new data

e comparison with previously developed Models

e data splitting

e prediction sum of squares

SELECTION OF VALIDATION METHODS

The literature suggests that all available methods of validation could be used. However, in this case, it
is not possible to use all the methods of validation .Therefore, the applicability of each method in
terms of the validation of the PCI model will be discussed and the most appropriate methods of
validation will be selected.

e The fourth method (Data Splitting) recommends that one should not consider data splitting
unless N>2P+25, where N is a sample size and P is number of estimated parameters. For the above
mentioned discussion and because of the nature of the available data; the fourth method (Data
splitting procedure) was selected to assess the predictive ability of the PCI model. It has been

Variable | Mean | St.dwision | t__|

X= observed 67.60567 19.90337 0.073651

Y= predicted 67.73326
PCI Model

recommended that one may not consider data splitting unless N> 2P+25.

VALIDATION RESULTS

The half of the observed data (those not used in the development process), is used in the validation
process of the PCI_ model. The observed PCI values are plotted against those obtained by using of
the developed model. This comparison is presented in Figure (24).

The relation between observed and estimated PCI can be found in the following form in equ.(6);

(PCI) Observed =0.9903* (Developed PCI) +3.0149 (6)
These findings seem to be in good agreement with the relation y= x. The results of checking the
goodness of fit for the relation between observed and estimated PCI model by using Chi-square test
and t- test, these testing can be seen in the following paragraphs .

Goodness of Fit
To checking the goodness of fit for the predicted models. t — test and Chi- square test were carried
out and the following results are expressed;

t-test : n=264, df =525 confidence level = 95%

There is no reason to reject the null hypothesis. Thus the difference is not significant.

Variable ! x“ —value | X°c — value
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X= observed 197.1773 233.993

n Y= predicted
d PCI Model

263, confidence level = 95%

For a2 <% . Thus is no significant difference between the observed and the predicted values

CONCLUSIONS AND RECOMENDATIONS
The main conclusions that can be drawn from this research are summarized as follows:
1- A stepwise regression technique is used in the development process of the following pavement
condition index (PCI) Model in Baghdad city:
PCI = 85.3360-0.4415*Slip -2.3254*Poth -37.2875*RD

2-The developed (PCI) model is adequate to be used for the prediction of pavement condition index for
local flexible pavements within the range of the data.
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R’ = Coefficient of Determination
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Table (A2) Computed of Density For Distresses in Sample Sections
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EVALUATION OF THE SACRIFICIAL ANODE
CATHODIC PROTECTION OF CARBON STEEL IN
0.5M NACL USING EXPERIMENTAL DESIGN

Aprael Sarkis Yaro
Chemical Engineering Department, College of Engineering, University of Baghdad

ABSTRACT
This study examined the effect of Temperature (T); flow rate(F); and pH ; on the zinc
consumption as sacrificial anode in cathodic protection of steel pipe carrying saline solution (i.e.,
0.5 M NaCl) using a 2° factorial design. Rates of zinc consumption during cathodic protection
were measured by weight loss technique and it ranges from 7.5x10 to 98.9x10°® g/cm?.day. For
the system under investigation, the cell responsible for cathodic protection is Zn/NaCl/Fe

It was found that both temperature and flow rate increases the zinc consumption while pH
decreases it sharply.It was found also that the interaction between the temperature and pH
is the dominant term compared with other interactions.
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KEY WORD
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INTRODUCTION

Without some forms of protection, Steel is very susceptible to degradation in
chloride- containing environments. To prolong the lifetime and functioning capability
of steel, one of the most effective forms of protection is sacrificial anode cathodic
protection. Sacrificial anode protection is called “sacrificial” because the anode is
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thought of as " sacrificing” itself to protect the structure. This type of protection
utilizes a galvanic cell consisting of an anode made from a more active metal than the
structure , so this method is also called galvanic anode protection. Sacrificial anodes
require no external power. The protection current comes from the electrochemical cell
created by the connection of the anode material to the more noble or electrically
positive metal of the structure [Ulig, 2000]. In a galvanic couple between dissimilar
metals, the galvanic current cathodically protects the more noble metal and
preferentially dissolves the more active metal. Electrons flow from the active
sacrificial anode to the noble cathode structure. The anodic reaction at the cathode
structure, for example:

Fe —» Fe™ +2e
, 1s reduced by surplus of electron provided by the sacrificial anode . At the same
time, the reduction of dissolved oxygen by reaction:

0, +2H,0+4e —» 40H"
Or the evolution of hydrogen:
2H,0+2e —>H, T+20H"

is accelerated . The cathode structure is cathodically protected, and the same
electrochemical reactions are present at the cathode as when polarization is provided
by impressed current.[Davies,2003].
The aim of the present work is to study the effect of different operating parameters
such as temperature, flow rate and pH on the rate of zinc consumption during cathodic
protection of a steel pipe carrying 0.5M NaCl solution adopting 2° factorial design.
Cathodic protection was carried out by extending a zinc strip along the steel tube to
ensure uniform current and potential distribution along the wall tube.

APPARATUS AND PROCEDURE

The apparatus (fig.1) consists of an insulated 6 liters storage reservoir, 210 watt
pump of capacity 11.4-54.6 lit/min and a vertical pipeline. The pipeline was made of
low carbon steel of chemical composition: C%=0.1648; si%=0.254; Mn%=0.51;
$%=0.0062; Cr%=0.0253; Ni%=0.009; Cu%-= 0.1511; V%=0.0034; Fe% the
remainder.
The tube dimensions were: 13.5 cm length; 2.68cm inside diameter and 0.31 cm thick.
A zinc strip of 12.5 cm length and a 1 cm width, 0.6 cm thick was extended along the
axis of the low carbon steel tube. The zinc strip was fixed at the inlet and was
electrically connected by a wire to the low carbon tube outlet.

Available online @ iasj.net 2177



Numberl Volume 14 march 2008 Journal of Engineering

15

W:

9

U I
A

12

HW O

1. Electrolyte (seawater) | 2. Feed forward Pipe | 3. Pump 4. Valve [ 5. Rota meter
6. Tube steel 7. Rubber stopper 8. Zinc strip 9. Copper wire 10. Feedback pipe
11. Heater or chiller 12. Variac 13. Electric source | 14. Insulated vessel | 15. Overflow

Fig ("1): Schematic diagram of apparatus used in sacrificial anode test system

Before each run, a weighed zinc strip was fixed inside a low carbon pipe and 6 liter
of 0.5 M NaCl solution after adjusting its pH was placed in the storage tank. The
solution was circulated between the pipeline and the storage tank by the pump.
Solution flow rate was measured by a rotameter placed after the pump and adjusted by
a valve. Temperature was controlled by thermostat heater or chiller, duration of
experiments was fixed at 4 h’s . After each run, the zinc strip was rinsed in distilled
water, dried and reweighed.

Experimental Design and Analysis:

Factorial design [Balton, 1984 and Armstrong, 1990] is an experimental technique
by which factors involved in a process can be identified and their relative importance
assessed. It is thus a means of separating those factors that are important from those
that are not, and identifying the interactions, if any, between the factors chosen. Thus
the construction of a factorial design involves the selection of parameters and the
choice of responses. A 22 factorial design was used to determine the effect of
temperature , flow rate and pH, on the zinc consumption used as sacrificial anode in
protection of iron pipe carrying seawater ( 0.5M NaCl solution). To observe a
significant weight loss ( zinc consumption) for each experiment, duration time was
fixed at four hours. The factors and the levels are shown in table (1). The matrix of
the factorial design is shown in table (2).

Table (1) Factors and levels used in the 23 factorial design.

Factor Low level High level
T: temperature, °C 15 45
F: Flow rate ,L/h 300 900
pH: pH of solution 2 8
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Table (2) Matrix of the 2 factorial design zinc consumption in sacrificial anode used
in steel protection *

Exp. No. | Factor T Factor F Factor PH Zinc Consumption
(mg/cm?)
1 -1 -1 -1 7.94
2 +1 -1 -1 13.89
3 -1 +1 -1 11.12
4 +1 +1 -1 16.48
5 -1 -1 +1 2.16
6 +1 -1 +1 3.210
7 -1 +1 +1 2.56
8 +1 +1 +1 3.72

*-1, Low level of the factor; +1, high level of the factor.

Result and Discussion:

The results for the zinc consumption as weight loss in (mg/cm?) during cathodic
protection are listed in table (2). Based on the data [Khalid, 2006], the main effects of
the factors under study and their interaction were calculated, table (3).

Table (3) Effects and interactions of the selected factors on the zinc consumption used
as sacrifice in cathodic protection of steel.*

Factor Main Effect or
interaction

T 3.40
F 1.70
pH -9.40
TXF -0.12
TXpH -2.30
FXpH -1.22

* T indicates Temperature (°C); F, Flow rate (L/h); pH, acidity of the solution.

Table (3) shows that an increase in the both the temperature of the solution and its
flow rate results in an increase in zinc consumption. while the pH of the solution
sharply reduces, the zinc consumption within the range studied.

IN other words: The relative importance of main effect coefficients in present
investigation indicates that the effect of temperature, flow rate, and pH with
coefficient 3.4, 1.7 and -9.4 respectively is not the same (i.e., Temperature and flow
rate lead to increase zinc consumption while PH of the solution induces a retarding
influence). With factors combined effects, as measured by (TXF),(TXpH) , and
(FXpH) are appreciably pronounced in reducing zinc consumption, but still (TXpH)
term is the dominant term. According to previous explanation , it can be stated that:
The alkaline conditions promoted by cathodic protection in seawater deposit
calcareous scales on the surface, while reduce corrosion rates and necessary cathodic
protection currents. i.e.,

The reduction reactions:
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O, +2H,0 +4e ->40H" (D)
And
2H,0+2e > H, T +20H" .. (2

Increase pH at the protected surface by generation of OH" during cathodic polarization
. To some degree this is beneficial, because the ferrous alloys are resistant to mildly
alkaline solutions in which a protective oxide film is stable. Also generation of OH" in
seawater. deposits calcareous seals by reaction with dissolved calcium and
magnesium ions:

Ca*™ + HCO,” + OH~ — H,0 + CaCO, .3

Mg*? +20H~ — Mg(OH), .. (8)

Seal deposition causes a continuous decrease in limiting current density for O,
reduction as scale thickness increases. The current necessary for cathodic protection
decreases correspondingly.

To develop a response surface equation to predict the zinc consumption during
cathodic protection, the data were analyzed using a commercially available package
(statistica). A 22 fractional design was used for response surface analysis. The design
was chosen because it allows the estimation of complex response functions up to the
quadratic order [Box, 1978]. The design of selected experiments as well as the zinc
consumption values is shown in table (2). To follow the levels adopted in this design,
the factors studied needed to be decoded. The decoding formula was as follows:

Coded variable:(unCOded value—0.5x(high value+low value) . 05)

0.5x(high value—low value)

The polynomial equation obtained, correlates the temperature(x,), the flow rate (x)
and the pH of the seawater (x3) with the amount of zinc consumption (y) was:
Y=7.64+1.7x; +0.86X2-4.7X3-0.06X1X2-1.15X1X3-0.61X2X3 ... (6)

Where X1, X and X3 are in their coded values.

Equation (6) is statistically acceptable with a correlation coefficient of 0.98.

The effect of solution temperature and pH on zinc consumption for the solution flow
rate at its minimum and maximum level (i.e., 300 and 900 L/h) respectively can be
seen in figure (2 and 3).
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Fig (2) Effect of solution temperature and pH on zinc consumption as sacrificial
anode; F=300 L/h (-1).
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Fig (3) Effect of solution temperature and pH on zinc consumption as
sacrificial anode; F=900 L/h (+1).

It is clear from figure (2) that when the solution pH is at its maximum level, 12 (coded
+1), the zinc consumption is about 3.144 mg/cm? .This amount increases as the
temperature increased and the solution pH shifted toward acidic (i.e. pH=2, coded -1),
until it reaches about 13mg/cm? at pH=2 and the temperature is 45°C . This means
that the zinc consumption increases about 4 times with pH shifting .Same behavior
can be seen in figure (3), but in this case the zinc consumption is more pronounced
with flow rate increase to 900 L/h.
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Conclusions

Temperature and flow rate of the solution were found to some extent affect the
zinc consumption as sacrificial anode in cathodic protection of steel in sea water,but
the pH of the solution was found to be significantly the dominant.the correlation of
temperature,flow rate,pH of the solution and the amount of zinc consumption as
sacrificial anode can be adequately described by equation (6).Finally experimental
design techniques such as factorial design proved to be useful for the identification
and correlation of the significant factors that affect cathodic protection of steel by zinc
consumption.
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ABSTRACT

This thesis deals with design and implementation of PC based control unit for testing systems. The
design of the system involves mainly the hardware circuits, and software.

The tester carries out the following types of test Analog circuit test, Digital I.C. test, In-

circuit test, and functional test.

The system designed and implemented, the implemented system hardware was built around

two parallel ports. The hardware includes four buffers used as INO channels addressed as Analog
input (A\l), Analog output (A\O), Digital input (D\I), and Digital output (D\O). The system also
includes Analog to digital converter, Digital to analog converter, and resistor testing circuit. The
data to processed can be in digital or in an analog form. In the same time the hardware outputs
controlling signals for testing and controlling the equipments. These signals are in digital or analog
form.

The implemented system software has two main user interfaces, one for selecting the mode

of operation (as read or write), and activates the associated buffer. The other which included the
functions of tests.

For the resistor testing, I.C. testing, and circuit testing the system software compares inputs

from the unit under test (UUT) with stored upper and lower limits, if the input is a value between
them the test is considered successful otherwise the test fails.

The software has been written in "Visual Basic™" programming language running under
windows® (ME\XP) operating system environment and tested on the already exist hardware.
The system has been tested and it worked successfully for different resistance value and different
types of Digital I.C.

INTRODUCTION

The manufactures of the Printed Circuit Board (PCB) face the constant challenge of determining the
quality of the product they build. All manufactures have to inspect finished products to insure that
they satisfy the required quality standard [1]. Electrical testing has always been an essential tool
used in these determinations [2].
A general definition of a test is an experiment done either to confirm or deny a hypotheses or to
differentiate between two hypotheses. Testing a device means checking it whether it is operating as
expected or not. In any type of testing, needed to know two things. First, which input stimuli should
be applied to the device? Inputs should apply only those inputs
that activate the fault i.e. the inputs which result in different outputs from the
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The need for more effective methods has long been accepted as common place among electronic
engineers [3].

The idea of having test equipment, which can check the components in circuit, to determine its
performance is an attractive work [4].

Different testing techniques are needed to test the whole board. Automatic testing of electronic
devices has been a major factor not only in the overall improvement of product quality and
reliability, but also in the dramatic lowering of product costs [3].

Types of Testing Approaches [5].
There are some basic approaches for testing populated circuit boards or modules. These are:

Functional Testing: Using this approach, a board is inserted into an actual system and its behavior is
observed while the system performs its regular functions. This approach has several major
shortcomings. First, it is extremely difficult to diagnose a failure. Second, it is difficult to develop
complete test suites, or even measure how good a given test suite is. In general, it is extremely
difficult to develop quantification of faults (or defects) that are covered by a given functional test.
This is because no algebra that defines and links functional activity to physical defects such as
shorts or opens among the nets. Ones tests are developed; there isn't any mathematical method for
determining fault coverage. Only "guesstimates” are available. Finally, functional test set up may be
very costly since it is unique to each different board and may also require ancillary functions (e.g.
disk unit, etc.) to be available functioning in order for Unit Under Test (UUT) board to be tested.

Card-edge Testing: This is different Testing approach when compared to one above. In this case, a
"card-edge"(i.e. edge connector) tester is used to insert UUT board in order to apply signals
sequence/combination of signals (and observe responses at all times) at the card-edge. Thus,
whereas the card-edge tester can be programmed to mimic the exact behavior of the target system
for the UUT board it can also be programmed to control and observe the signal values along the
edge-connector at a fine resolution. This improves the testability of the UUT but, like the
Functional Testing approach, difficulties in test generation and coverage assessment remain very
high. It also suffers from limited-access since complex boards, nets and components on the
"interior" of the PCB are difficult to test due to limited access from just the edge connector.

In-Circuit Testing: ICT was developed in response to difficulties in creating card-edge and
functional tests in the late '70" and early 80's. This technique represents a major departure from the
Functional Testing (and card-edge testing) approach, in that it tests one component on a PCB at a
time. As the PCB's functional complexity grew, it became difficult for engineers to understand the
entire PCB functionality and test generating tools had difficulty in crating tests for the entire PCB.
The 'one IC' at a time became a convenient divide-and-conquer approach to minimize test
development time by breaking down the PCB into small MSI (at that time) circuits such as an AND
gate that tests could easily and automatically developed. To achieve its goal, In-circuit Testing
(ICT) uses a bed-of-nails fixture to contact the board-level nets in order to apply electrical stimulus

and observe the response. The bed-of-nails fixture provides an array of spring-loaded test pins that
come into contact with the UUT board at specifically designed points, called test points, whose
locations must be planned during board layout so that there is sufficient surface area and clearance
for paper contact to be made at each pin position. Each test point may be used to inject a signal
value into the corresponding net or to observe its present value.
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1.2 Related Works

In 1979 Schreiber made the first Automatic Test Generation Technique classification. But it was in
1979 when P.Duhamel and J.C.Rault published a more exhaustive categorization of known analog
circuit testing methods. The types of tests and faults to diagnose were given and classified. The
methods were grouped into estimation techniques, topological methods, taxonomical methods and
methods for linear circuits [10].

In 1985 J.W. Bandler and A.E. Salama reported another excellent classification, including
methods that had just appeared and improvements obtained from them. This is one of the most
referenced reviews for analog electronic circuit testing. They classify the methods into two main
groups: techniques that need a simulation before the test, and the ones that need the simulation after
the test [7].

In 1987 Mohammad Baha Al-Deen used a microcomputer as a based

system for circuit testing. The project used the microcomputer as a part of an automatic test system
used for Analog In-circuit PCB testing. Testing operation were achieved by comparing voltage
taken from UUT with data stored in the microcomputer and the results were displayed by using
monitor or a printer to printed out the results [4].

In 1999 Malathe AL-Qezweeny used also a microcomputer in design and implementation a
telephone tester. The project used a computer (NEC6001) as a dedicated computer based automatic
telephone tester suitable for testing push button and rotary telephone sets [9].

In 2002 Waseem AL-Haidari used a personal computer to build a data acquisition and

monitoring system for (Automated Test Equipments) ATE. The system used Industry Standard
Architecture (ISA) bus to interface with testing circuit [9].

2. BASIC CONCEPTES OF TESTING SYSTEMS.

The problems associated with testing have increased with introduction of each new generation of
equipment. An important contribution towards solving these problems has been made by the
introduction of automatic test methods [3].

2.1 Type of Faults: Test Capabilities and

Selection
The process of testing or diagnosing circuits consists in applying certain types of excitation
to a circuit and then analyzing the responses obtained in order to derive a possible failure. A fault
could be defined as any variation of a component value from the nominal. This could produce an
abnormal behavior of the global circuit [8]. A typical Automatic Test Equipment (ATE)
environment is the one shown in Figure 2
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Fig2. : Basic structure of an ATE system
According to the figure, an ATE system should carry out the following basic actions: [10]

. Signal generation, using an external device such as an acquisition card DSP board, waveform
generator operated via a GPIB bus, etc. It is necessary to have a set of stored input signals that
produce particular circuit responses that are useful for fault detection and isolation. These input
stimuli could be sine waves, square waves, DC-signals, ramps, etc.

Take measures from the circuit and obtain signatures. The output response can be interpreted in
time or frequency domains. Once the measures are taken , some features can be extracted, for
example a tuple [overshoot, rise time] or a particular sequence corresponding to the signal shape.
The set of parameters that characterized a signal is known as a signature.

3. Interpretation of the obtained signatures. These signatures can be compared with the ones
previously stored, or used to derive possible parameter values. These tasks require an appropriate
diagnosis strategy.

There are many researches in the bibliography concerning the testing or diagnosing of

electronic circuits. The objective of these two disciplines is almost the same but, although they have
a lot in common, there is an important difference between them. In general, the purpose of the test ,
as it is known in the industrial domain, is to detect a fault in a circuit, while fault diagnosis is not
only to detect but also locate the fault or fault identify the incorrect parameter values [10]. Both
domains are described in the following paragraphs.

2.2 Functional testing and In-circuit testing

Printed circuit board testing can be divided into two different

approaches, namely In-circuit testing and functional testing. Each has

a specific job and solves a specific problem.[4]

In-circuit testing can be considered as a diagnostic tool, While functional testing tests the
characteristics of parts, electronic performance of the circuit and determines whether a PCB is a
fault-free or not. [11]

2.3 The concept of in-circuit tester operation

The testing theory of an in-circuit tester is based on comparison With known good unit. Good
master unit (such as: component, circuit, IC, etc) are measured in predetermined sequence and the
obtained data are stored in the memory of the computer. The unit to be tested is measured in the
same sequence to see if the measured values lie in the certain range centered around the stored data
samples. The unit under test is judged to be good if the measured values are the same as the data
samples or lie in the certain range centered around them, Therefore the accuracy of the samples is
an important point in deciding the performance of the tester.

2.4 Guarding Technique

As mentioned previously, in-circuit testing involves tests of individual components mounted

on a PCB, hence the major task of an in-circuit tester is to exclude the influence of other
components surrounding the component under test, and this can be achieved using guarding
technique.
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Guarding is a technique to eliminate as much as possible the effect of impedances

surrounding the component under test in order to measure the actual value of the component.
Without guarding, the percentage of components showing a value almost equal with the actual
value is 50 to 60 percent for analogue boards and about 80 percent for digital boards [12]. However,
these rates do vary according to the kind of the circuit.

The guarding technique uses the characteristics of an op-amp for isolating the component

under test from the effect of parallel impedance caused by other components. A typical situation is
shown in a Fig. (3) with Rf is a known feedback resistance and Rx is the resistance to be measured,
when the measuring voltage Vi is applied, Vo is generated as determined by:

Vo =- (Rf /Rx) Vi

Since the non-inverting input of the op-amp in fig. (3.) is grounded; hence, it is at zero potential
because of the virtual short. As a result of both ends of R2 comes to zero and current would flow
through it. The current through R1 flows to ground and return to the input voltage source Vi, hence
the output voltage of op-amp will be proportional to the value of Rx only (since Vi and Rf are
constants).

Generally speaking, when impedance Zx on a circuit is under the influence of parallel

impedance caused by several other components, it is possible to eliminate the influence of other
components and measure Zx, with one end of all other components grounded.

It should be noted that the guarding technique is not applicable to cases where there are two or more
individual components completely in parallel. In such instances, the in-circuit tester views theses
parallel components as a single component with an impedance value equivalent to the impedance
formed from the parallel combination. This is a limitation of all in-circuit testers.

—— v RF

Fig 3. Testing guarded resistor

Digital IC. Testing

The evaluation of the reliability and quality of a digital IC is commonly called "testing", yet it is
comprised of distinct phases which are mostly kept separate both in the research community and in
industrial practice.

Verification [13]

This is the initial phase in which the first prototype chips are "tested" to ensure that they match their
functional specification, that is, to verify the correctness of the design. Verification checks that all
design rules are adhered to, from layout to electrical parameters; more generally, this type of
functional testing checks that the circuit: (a) implements what it is supposed to do and (b) does not
do what it is not supposed to do. Both conditions are necessary. This type of evaluation is done at
the design stage and uses a variety of techniques, including logic verification with the use of
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hardware description languages, full functional simulation, and generation of functional test vectors.
Figure (4) shows the principles of testing digital 1C.[14]

Testing Principle

INPUT PATTERNS OUTPUT RESPONSES

DIGITAL
CIRCcUIT

gg?:ﬁgi%r COMPARATOR
RESPONSE |
TEST RESULT

Fig 4. Testing Digital IC. Scheme.

Test Pattern Generation [13]

Test pattern generation is the process of generating a (minimal) set of input patterns to stimulate the
inputs of a circuit, such that detectable faults can be exercised (if present) . The process can be
divided in two distinct phases: (a) derivation of a test, (b) application of a test. For (a), one must
first select appropriate models for the circuit (gate or transistor level) and for faults; one must
construct the test such that the output signal from a faulty circuit is different from that of a good
circuit. This can be computationally very expensive, but one must remember that the process is
done only once at the end of the design stage. The generation of a test set can be obtained either by
manual methods, or by algorithmic methods (with or without heuristics), or by pseudo random
methods. On the other hand, for (b), a test is subsequently applied many times to each integrated
circuit and thus must be efficient both in space (storage requirements for the patterns) and in time.
Often such a set is not minimal,

3. HARDWARE IMPLEMENTATION

The implemented system is used to test analog passive components (resistors), analog voltages,
Digital IC and resistance potential divider. The system is based on using a computer. The test
results are displayed on the screen of the RGB monitor.

The block diagram of the testing system is shown in the figure (5) the system consists of

several connected units, and consists of the following main units.

Input/output interface unit.

Analog to digital conversion unit.

Resistor testing unit.

Digital IC testing unit.

Digital to analog conversion unit.

Functional testing unit.
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Each of these units will be described in details.
Fig(5). Block diagram of the Testing System.
3.1 Input/output interface unit
Interfacing is a term that is applied across a broad range of electronic implementations. It
relates to systems as well as to individual components. Interfacing usually involves effectively
traversing a boundary one entity to another. In the field of electronics, the entities can be viewed in
a hierarchical fashion from a system, subsystem, components.
The tester is interfaced to the computer system via a parallel port. The tester uses the four
74245 octal buffer line drivers (bi-directional buffer) to interface to the computer system. This
device is used for several good reasons; it buffers the computer port during the communication with
external hardware.
A more important function of these devices is that of computer protection. The devices help
to isolate the computer bus from outside problems.If the external hardware were tied directly to the
computer bus, this protection would be missing.
The 74245 has the DIR pin to select the direction of data transfer, so this pin is put logic 1 or 0
depending on the direction selected from side A to side B, or from side B to side A respectively.
The four buffers can be used as follows depending on the DIR pin. Analog input (A/l),
Analog output (A/O), Digital input (D/I) and Digital output (D/O).
In the proposed system two parallel ports can be used as LPT1 and LPT2,
Figure (6) represents the circuit diagram of the input/output interface unit. The 8-bit data group of
the LPT1 is connected to the A data port of the four 74245. While 4-bit of the data group of LPT2
are connected to the Output Enable OE pin of the four buffers respectively.
The aim of this connection is to switch between the buffers by sending an appropriate set of
word that activate one of the buffers and isolate the others.
There are another 3-bit from the data group of the LPT2 are connected to the status group of
the LPT1 to indicate it to set the 8-bit data group in read or write state to match with the active
buffer.
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Fig 6. Circuit Diagram of NO Interface unit

3.2 Single chip data acquisition system (Analog Multiplexer/ADC)

An analog multiplexer is simply a switching unit having a number of analog input channels

and a single output channel, which is connected in turn to each of the individual input channels. So
the output is one of the inputs and the selection of which one of the inputs will appear at the output
is under digital control like a simple decoder. The input to the decoder represents the address of
analog input channel and the number of the line inputs to the decoder depends on the number of
analog inputs to the multiplexer. In the proposed system three lines from LPT1 are input to the
decoder to select one of the 8-chaanels.

The analog Mux is used to couple the output of the test circuits to the ADC in a preset

sequence, while the ADC is used to convert these output analog signals to their digital equivalent by
comparing it against a reference signal. In the proposed system the ADC0816 is uses a Successive-
approximation technique, which is a feedback system operates on a trial and error technique to
approximate an analog input with the corresponding digital code. figure (7) shows the circuit
diagram of ADC chip interfaced to the A/l buffer
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- Test Circuit for resistors

The test circuits use an op-amp type (LM 358, App.A-3) as the basic building block.

Constant voltage technique is used to test the resistors. The range values of resistor testing circuit
covered are between 100 Q to 15 kQ, these values are divided into two ranges:

Low range resistors (100 Q to 1 kQ).

High range resistors (2.2 KQ to 15 kQ).

Each range has a separate test circuit. Figure (8), shows the resistors test circuit. The difference
between the low range test circuit and the high range test circuit is the feedback resistor (Rf).

Ry =22 K Q High Range Resistors
Rr=1KQ Low Range Resistors

Fig 8. Test circuit for Resistors.

- Digital 1.C. Test

One of the main functions that test system does is digital 1.C. test. This system tests three

types of digital 1.C. 74LS00, 74L.S08, and 74L.S32.The test procedure can be described by three
phases. Generation of an appropriate test bit pattern that produces a desired output, that will be done
by software which writes the test bit pattern to parallel port (LPT1). This test pattern is applied to
the 1.C. under test through the D\O buffer which connected to Latch (74LS373, App.A-4). The
purpose of using latch is to capture the test bit pattern and apply it to the I.C. under test when the
D\O is off and D\I activated. The Enable of the latch and the Output Enable (OE) of the D\l are
connected together. So at the beginning of the test D\O is active, D\l is off, and latch behaves as a
buffer i.e. the output of the latch follow the input. The next step is to change the status of D\I to be
active, in the same time the latch latched the last output. Finally the D\O is set in off mode. The last
phase of the test procedure is reading the output response that’s come from I.C. under test through
D\l and parallel port (LPT1), and compares the output with truth table of the specific I.C. and
display the result. Figure (9) shows the circuit diagram of the 1.C. tester.
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Fig 9. Circuit Diagram of I.C. Tester Circuit

- Testing Circuit Response

This type of test can be called Functional test. It depends on applying certain input on the

circuit under test and compare the result obtained by the expected one. In this system an input signal
generated from PC is applied through A\O buffer and is converted it into analog form by using
digital to analog converter (DAC). The type of DAC used in this project is called R2R DAC, Figure
(3.8) shows the circuit diagram of the DAC. The output of the DAC is connected to a buffering
circuit to prevent any change in the value of the output of DAC because of load balancing. The
output of the DAC is connected to ADC through channel three to check the value of voltages
applied to circuit under test. The output obtained from the circuit (Attenuation circuit used in this
project) is applied back to ADC through channel two. Figure (10) shows the circuit diagram of
attenuation circuit.

IN;

N

DAC

PRPEEEEY

Fig 10. Circuit Diagram of Attenuation circuit

- RESULTS

4.1 User interface

The software of the system consists of two main user interfaces, one is used for choosing the type of
operation as Digital input test, Digital output test, Digital I.C. test, and Analog test. Figure (11)
shows the user interface according to parallel port 2
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Digital Output Start Digital IC Test

Digital Input Analog Responce Test

Analog Output
Stop

Analog Input
Exit

Figll. User interface according to parallel port 2

The second one receives the order and displays the type of operation and contains the testing
program function as receiving the settings and displays the results. Figure (12) shows the user
interface according to parallel port 1.

wromt 1=

: Digital Output Test

Digital Input Test
Analog Test
Digital IC Test

Test Sensing

Fig 12. User interface according to parallel port 1
As mentioned previously when the operator clicks one of the button in Fig (11), the type of the
clicked button immediately appeared in the text box in Fig (12).The message that appears in Figure
(12) presents at the start of the program, which mean that LPT1 senses which mode of test sent to it
from LPT2.
Digital I.C. test results
The first two steps is the same in each operation of any type of test, the choice of type and
clicking the test button as shown in Fig (13).

=101

‘ Digital Output Test I

Digital Input Test |

Analog Test

Digital IC Test

Digital I1C Test

Exit |

Fig 13. Selecting I.C. test

Available online @ iasj.net 2147




Numberl Volume 14 march 2008 Journal of Engineering

The operator will present with a new window that contains the type and number of I.C.s. He selects
one of them for testing as shown in Figure (14).

=10l x|

Start

rIC ta Check:

€ 7408 (4 AMD Gates)

" 7432 (4 OF Gates]

Start Sending [Vata far Test

Fread [1ata

Figl4. Selecting I.C. under test

When the operator selects I.C. to be tested and then click start button the test starts and the result
will be displayed, Figure (15), and Figure (16) shows the results obtained from testing two I.C.. One
passed test and the other failed.

=10]|

Start

rIC ta Check:

Data Sentis 10107100 ﬂ

& 7400 (4 NAND Gates) Data Receivediz 1101
Test Passed

(" 7408 [4 4ND Gates) DataSentis 00111001

Data Receivedis 1011
7432 (4 OR Gates] Test Passed

Data Sentis 117110111
Data Receivedis 0010
Test Passed

; DataSentiz 010071100
Start Sending Data for Test | | Data Peceivediz 1101

Test Passed

Bead ata Testing Finished

Fig 15. 7400 I.C. passing test result

Available online @ iasj.net 2148




Numberl Volume 14 march 2008 Journal of Engineering

=101x]

Start

rIC ta Check:

DataSentiz 10101100 i’

@ 7400 (4 HAND Gates) Data Recevedis 1111
Test Not Paszed

(" 7408 (4 AND Gates] DataSertis 007171001
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Data Sentiz 1117011
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Test Mat Passed

_ DataSentiz 01001101
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Test Mot Passed
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Figl6. 7400 1.C. Test s failed

After the test finished, a new window appears asking the operator to choose the next I.C. to be
tested as shown in Figure (17).

=101 %]

Start

FIC to Check:

@ 7400 (4 NaND Gates)

Cale 2 =Ara gy Select IC No

= T432 (4 OF G: Q Pleaze Select vour IC Chip Ma

Start: & ending [Mata fan Test

Fread [ata

Fig 17. Selecting new 1.C. to test
Analogue Test results
When the operator selects to test in analog mode. So at analog test message presents in text
box, as shown in fig (18):

=10lx|

Digital Input Test |

‘ — D,g“mompu, Test

Analog Test

Digital IC Test

Analog Tests

Exit |
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Fig18. Selecting Analog test mode
The operator after clicked the analog test button in Fig (18), a new window appears. Figure (19)
then displays set of buttons each one of them indicates the type of test.

al)
Start Analog Voltage Data &
Read
Start Responce Test
Low Resistance
High Resistance
Clear Data
Exit j

Fig 19. Analog test selection interface.

Analogue voltage results

This system displays the values of three different voltages and display the channel

connected to it. Figure (20) displays two reading to the channels. In channel 6 there is different in
the value because changing in the voltage.

] B3
Start Analog Voltage Datai| | Stating Analog Voltage Read -
Read i [Hex Data Analog Data Channel
64 1271 4
125 2.451 5
Start Responce Test 192 3.784 3
Low Resistance | Stating Analog Voltage Read
Hex Data Analog Data Channel
. A 63 1.2414 4
High Resistance 123 2 4299 5
255 5 B
Clear Data |
Exit | LI

Fig 20. Analog voltage data read results

Response test results

The operator when clicks "Start Response Test" button the program presents a message

showing to the operator the value of the voltage from DAC, also it shows the expected response of
the attenuation circuit, and display the upper and lower acceptable limits. The program then
displays the practical value of the response as read by the system and compare it with limits and
finally displays the result as the circuit passed the test or failed. Figure (21).
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Start Analog Yoltage Data | |Sending Data to DAC 5|
Read Reading data From ADC
Hex Data Analog Data Channel
48 0.948 3
Start Responce Test Accurate Upper Limit Lower Limit
0.474 0.4977 0.4503
Low Resistance | Reading Responce data from the Circuit
Hex Data Analog Data Channel
. . 23 0.454 2
High Resistance Test Pass
Clear Data |
Exit | [~

Fig 21. Circuit response result
Resistor test circuit results
The operator must first set the value of resistor to be tested and starts the test. The program
then sets the upper and lower acceptable limits. Read the value of the voltages, calculate the resistor
value, compare it with the limits, and display the result where the test pass or not. Figures (22), and
(23) for low range.

s Foms 1ol
Start Analog Voltage Data | | Start Reading High Resistance =
Read Reading data From ADC

Digital Value is 53
The Resistance value is 6.5626 KOhm

Start Responce Test

Low Resistance Values | T est Fail

Start Reading High Resistance
Reading data From ADC

Digital Yalue is 36

The Resistance value is 9.6616 KOhm

Low Resistance

High Resistance Yalues———————

T Test Pass

| High Resistance I

Clear Data

Exit | LI
Fig22. High range results

=10]]
Start Analog Voltage Data | | Start Reading Low Resistance ]
Read Reading data From ADC
Digital Value is 78
Start Respance Test The Resistance value is 202
Low Resklance Vlues—— | 15t Pass
300
Start Reading Low Resistance
Reading data From ADC
: | | Digital Value is 54
Low Resistance | | The Resistance value is 292
High Resistance Valuss
’— Test Pass
High Resistance
Clear Data
Exit ﬂ

Fig 23. Low range results
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Sources of errors
-. Deviation from the amplifiers ideal characteristics
The op-amps used in test circuits is considered to be ideal, in fact there is no ideal
op-amp due to various types of non-idealness of the circuit performance, such as finite input
impedance which allows a voltage drop to exist between the inverting terminal and the guarding
point. To minimize this voltage drop, an op-amp with very high input impedance (MOS or bipolar-
field effect (BIFET)) should be used to minimize this voltage drop.
-. Errors in the ADC
The system uses an 8-bit ADC. The bit resolution is 0.019V which represents the
basic error introduced by the ADC. This value of bit resolution will affect the accuracy of
conversion especially for low values of DC voltages. The ADC error was taken into account when
determining the upper and lower limits.
-. Conclusions
In previous chapters, the design, implementation, and testing of a flexible a PC-based test
system has been carried out.
In this work, Automatic testing system has been designed and implemented which consists
of two parts: the hardware circuits and software programs. The hardware structure consists of two
parallel ports, Buffering circuits, resistor testing circuit, latching buffers. The First parallel port used
to transfer the bi-directional data, while the second one used for controlling the NO buffers and
signaling the first parallel port to which mode to is set. The four INO buffers used for isolation of the
parallel port and to switch between types of NO so can be called it as A\l, D\I, D\O, and D\I. To
indicate to Analog or Digital input or output. The ADC chosen for the design of analog input
section is Monolithic I.C. (ADC0816), which is appropriate for low speed input signals.
The software design of the system consists of two main parts: Selecting of the type of test,
and the performing of the test. The selector parts is used to activate one of the four NO buffers and
indicates the first parallel port to change it's mode from writing to reading depends on the
indications. The second parts is responsible of performing each type of test as reading the values,
making the calculations; comparing the results with the limits, taking the decision as pass the test or
not, and finally displays the results. The upper and lower limits can be adjusted to meet any
modification introduced, by simply changing the reference values stored in the computer.
The system software is implemented by using Visual Basic.6. The software structure of the
Automatic test system algorithm is a general algorithm, which can be modified to achieve a specific
function. The proposed system can be described as a prototype system which can be easily modified
(by adding some function) to match the system under test.
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PASSWORD SECURITY VIA NEURAL NETWORKS
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ABSTRACT

Password security and protection are one of the important research topics in
modem computer systems. Providing privacy, authenticity, integrity and limited
access to data, encryption methods are proposed for password security schemes.

This paper proposes the use of neural network accessing the system, the system
needs other information extracted from the user's password along with the password
itself, these information is passed to two different neural networks to examine the
authenticity of the user, and then decide whether the user is a legal user or an intruder.

The extracted information can be summarized by the time period between each two
successive characters in the password and the strength of strike of the user when each
character is typed at login time.

As a result is a powerful security scheme for password protection and the user has
no wary about password being theft because the related password information can not
be theft.
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INTRODUCTION
The mechanisms for security and protection of a computer system can be classified
into three concentric circles ([8]):
e The innermost circle represents the memory of a computer—RAM and disk
mechanisms such as base-bound registers, virtual memory mappings, and file
access concern Trojan horses, processes entering supervisor state and gaining
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supervisor privilege, and processes attaining super user privilege.

e The middle circle represents the security perimeter of a system: only
authorized people are allowed to cross the perimeter and establish processes
within; their processes are controlled by the mechanisms of the inner circle.

e The outer circle represents the network—all the other computers and people
who want to interact with a given one. Here the concern becomes the ability to
complete exchange transactions successfully (the central notion of commerce
and collaboration). The biggest problem is authentication. Many of the
vulnerabilities of networked systems arise from inadequate means authenticate
users and machines. Sophisticated cryptographic protocols have been devised
to assist with such aspects as secret communication, digital signatures,
certificates, and money.

This paper reviews password security and protection, in a computer system and
focuses on password protection using neural networks. Especially, a new method of
password protection is invented.

There are many ways of password protection used in the current systems scaled
from the easy methods such as encryption process of password for small and minor
importance system to creating accounts for each user with a system list of password
with some constraints for choosing the password itself using the access control list
and access matrix found in the system that has a high importance.

THE PROPOSED SYSTEM
In order to prevent the password from being attacked by the pentrators, we have to

design a good password features, these features represent the combinations of the
characters in the password itself as well as the information that are taken from the
password typing. The proposed system uses three different information for password
protection:

- The value of the password itself

-The time period between each two successive password's characters (may be

letters, or special characters and so on).

- The key strike of the characters

If we notice that, the password characteristics are difficult to achieve by the
pentrators which are the strength of the key strike and the time period between each
two successive characters, even if the pentratos can guess the password characters in
some how, he can not for sure obtain the other password's characteristics which are
the time period between each two successive characters and the strength of the key
strike, because these information is supplied to the system at the login time by only
the actual user who created the password and information is not saved in a system
password file because we use neural networks for analyzing the correctness of such
information, so, the password protection is achieved.

NEURAL NETWORKS FOR PASSWORD PROTECTION

The aim of a neural network is to recognize the other information extracted from
the password at login time, let us rewrite these information again:
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e The time period between each two successive characters in the password
(PT as a shortcut for time period between password characters)

e The strength of the strike for each character in the password
(ST as a shortcut for strike of characters in password)

As | mentioned, the extracted information is not saved in any system file to prevent
accessing by other intruders, so the neural network will be used to recognize PT and
ST information in order to check the user authenticity a long with the password itself.

We used a neural network called Back Propagation Neural Network that is
developed by Paul Werbos [1], this net used here for the following purposes:

- Very popular model in neural networks
- Easy to training Can estimate the behave of the input patterns
- Supervised training algorithm

The estimation property means that, the user ,for example, have one character
password length, and PT =300 milliseconds, the user want to login the system, he can
not repeat the same operation with PT=300 milliseconds every time he logs in the
system, so the neural network manages this input with acceptable range of error.

The supervised property of this algorithm made it suitable for the proposed system
because | have the input features represented by the PT and ST after formulating it to
a suitable input codes, and these information should indicate exactly one user after
matching with the value of the password itself, in other words, the system have the
input features and the desired output user which is the supervised version of neural
network is suitable for this purpose.

AN OVERVIEW FOR A BACK PROPAGATION NEURAL NETWORK

There are two stages in this network:

- The learning stage of the neural network

There are two phases in its learning cycle, one to propagate the input pattern and
the other to adapt the output. It is the error signals those are backpropagated in the
network operation to the hidden layer (s). It does not have feedback connection, but
errors are backpropagated-during training, least mean squared error is used.

The input patterns represent by the PT and ST information as mentioned before,
and the output represents the authenticity measure of that user.

This neural network composed of three different layers, the input layer which take
the input pattern, and the hidden layer, and the output layer which represents the
neural network response, a further point is that the network shown in Figure (5) is
fully connected, which means that the output of every neuron in one layer is
connected to an input of every neuron in the next layer, starting from the input layer
and ending at the output layer. Not every multi-layered perception is connected in this
way but this is the most common way of doing it.

Errors in the output determine measures of hidden layer output errors, which are
used as a basis for adjustment of connection weights between the input and hidden
layers. Adjusting the two sets of weights between the pairs of layers and recalculating
the outputs is an iterative process that is carried on until the errors fall below a
tolerance level. Learning rate parameters scale the adjustments to weights. A
momentum parameter can also be used in scaling the adjustments from a previous
iteration and adding to the adjustments in the current iteration.
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- The testing stage of the neural network
Once training is completed, the weights are set and the network can be used to find
output for new inputs. The dimension of inputs are limited by the number of neurons
in the input layer, and the dimension of outputs are limited by the number of neurons
in the output layer.

- Applying Neural Network in the System
The proposed system uses two different neural networks:
1) PTNN (Period Time Neural Network) : that is used for PT features
2) STNN (Strike Time Neural Network) : that is used for ST features

Both neural networks have the same general structure with same input, hidden and
output neurons, the difference is with the type of the input information as an input
pattern for each network, after the user start entering the password, the system collect
the PT information and ST information, and when user finishes entering the
password, the system search in system list of password in order to recognize the user
as a first step, when matching is found, the system takes the user number that is
assigned for each user inside the system, like user 1 has number =1, user 2 has
number =2, and so on, this number taken and combined with PT and ST information
to form two input vectors, PTNN input vector, STNN input vector, and use the
corresponding neural network to recognize that vector pattern, if both of neural
network responds for that user, the user will be allowed to enter the system, if one of
them fails or both fails , the access is denied for that user.

PTNN

This neural network is used to recognize the PT feature of the current user, this
network has 111 input nodes, 223 hidden nodes, and one output node, the input
information here represented by the PT features as well as the user number to form
the input vector for that neural network.

CALCULATING INPUT NEURONS

The longest password length in this system is 10 characters, and if we compute the
numbers of pairs in this longest password we find 9 pairs with 9 elapsed times, and
the time elapsed between the finish typing the last character in the password and
pressing the login key, so we have 10 periods each of which represented by 10_bits,
the time measure here in milliseconds by doubling the number; 50 milliseconds wait
means 100 milliseconds; 500 milliseconds wait means 1000 milliseconds (1 second),
so we have a maximum time of 2'°*2=2048 milliseconds=2.048 seconds elapsed time
between each two successive characters the user can range, so we have 10 different
input information each of 10 bits = 100 bits=100 neuron plus 10 bits for user
number=110_bits=110 neurons, plus one for bias the total is 111 nodes.

Assume that the password was "my pasword", 10 characters, so there are 9 pairs of
two successive characters in this password, and the tenth pair is between writing the
last password character and pressing the login key:

Transferring and Pressing to Login Button
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Where I=Information, so, each information takes:

10 _bits = 10_information * 10_bits_for_each=100_bits
We need extra 10_bits for user number, so, the total of:

100_bits + 10_bits_for_user_number = 110 bits = 110 neurons
110 + 1 for bias = 111 neurons at the input layer

CALCULATING HIDDEN NEURONS

The number of hidden neurons are estimated, there is no ideal equation to compute
the number of hidden neurons in back propagation neural network, so this number is
depend on the experimental results and testing, some references emphasis on the
following equation that we use it:

Hidden_neurons = Input_neurons * 2 +1
Table (1) shows the different number of hidden neurons compared to the number of

cycles need to learn the neural network assuming the system consists of 20 users, so
we get the final number of hidden neurons.

Table (1) _ preliminary experiment results

Hidden Iterations Error
number number

CALCULATING OUTPUT NEURONS

The number of output neurons used in this system are just one, after supplying the
input vector features for the neural network, the output will be an authenticity
measures that scaled between 0 and 1, as the output value goes to one, the user is more
authenticate, as the output value goes to O the authenticity reduced, so we need a
threshold to recognize between authentic users and no authentic users, this threshold
decided to be 0.7, some errors are allowed here because it is difficult to the user to

Available online @ iasj.net 2188




PT Input
vector
features
with user
number

| M. M.Hasan Password Security Via neural Networks |

supply the same exact PT and ST in each time which is one of the reasons of using
back propagation neural network, figure (5) shows the layout of PTNN.

Hidden Layer
Neurons

Input Layer
Neurons

Output Layer
Neuron

Fig (5) _ the layout of PTNN

STNN

The design of this neural network is identical to this one that used in PTNN except
that the codes in the input vector represents different kind of information, this
network also has 111 input nodes, 223 hidden nodes, and one output node, the input
information here represents the ST features a long with the user number to form the
input vector for that neural network.

CALCULATING INPUT NEURONS

The longest password length in this system is 10 characters, each character has its
own ST, so the system computes 10 different periods for ST, also each character has
10 _bits representation which allows 2.048 seconds the ST of each character in the
password.

The ST for each character is computed by computing the time elapsed between
holding down the keyboard key and releasing up this key which represents the ST for
that character, these 10 different periods as well as the user number are presented to
the neural network in order to decide the authenticity of that user.

As an illustration example, assume that the password was "my pasword”, 10
characters; the ST information will be computed from:
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So, each information takes 10 _bits = 10_information * 10_bits_for_each=100_bits
We need extra 10_bits for user number, so, the total of:

100_bits + 10_bits_for_user_number = 110 _bits = 110 neurons in input layer
110 + 1 for bias = 111 neurons

Calculating Hidden Neurons
The number of hidden neurons are 221 in the same way computed in section
(5.2.1.2).

CALCULATING OUTPUT NEURONS
There is one neuron used as an output neuron as illustrated in section (5.2.1.3),

figure (6) shows the layout of the STNN.

Hidden Layer
Neurons

Input Layer
Neurons

Output Layer
Neuron

ST Input
vector
features
with user
number

Fig (6) _ the layout of STNN

LEARNING STAGE OF THE PTNN AND STNN

Once the required system is installed on a target computer, the system needs now to
learn the neural network to the available users in this system so the weights are saved.

Any new registered user in the system, his ID and Password will be taken as
tradition, the system store the ID, password, user number that is generated by the
system, and the extracted information from the password at the moment of typing the
password will be used to learn the neural network, as a result, we can use the neural
network at log in for registered users.

The Back-propagation network undergoes supervised training with a finite number
of pattern pairs consisting of an input pattern and a desired or targets output pattern.
An input pattern is presented at the input layer. The neurons here pass the pattern digits
to the next layer neurons, which are in a hidden layer. The outputs of the hidden layer
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neurons are obtained by using perhaps a bias, and also a threshold function with the
activation determined by the weights and the inputs. These hidden layer outputs
become inputs to the output neurons, which using possibly a bias and a threshold
function with their activation to determine the final output from the network.

Learning Algorithm:
e Let x0(0), xO(I), x0(2), up to x0(111) be the input vector features to the input
layer.
e Letyl(0), y1(1), y1(2) up to y1(223) be the input of the hidden layer, which is
the output of the input layer.
Let y2 be the final output value.
wl(i,j ) is the weights connection between input node i and hidden node j
w2( i) is the weights connection between hidden node i and output node
x1(1), x1(2), up to x1(111) and X2 is a temporary storage

As a first step, the system has to initialize all weights with a random number scaled
between 0 and 1 an d must be not equal to zero.
The system has to compute the hidden neurons which is:

111

X1()) = ZV\ﬂ-(i, J)*X0(1) ... Equation 1

We need a derivative function to ensure that the output will fall in the range 0 to 1; the
one that is most often used successfully in multilayered perceptrons is the sigmoid
function, shown in Figure (7).

So, using the sigmoid function, the hidden layer inputs can be computed from the
following equation:

i 1 :
1(i) = _ ... Equation 2
yl(i) (L1 e )
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Fig (7) _sigmoid function

For positive values of x, as x increases y approaches 1. Similarly, for negative
values of x, as the magnitude of x increases y approaches 0. In addition, when x =0, y
= 0.5, So the output is continuous between 0 and 1 and is therefore differentiable.

The temporary output of the hidden layer is computed from the following equation:

223

X2 = ZWZ(i) *yA(i) ... Equation 3
i1

Using the sigmoid function, the final output can be computed from the following
equation:

2=
L+e™)

... Equation 4

If the actual Neural Network output which is ( y2) is far a way from the desired
output, we have to go to the next step, which is Weight Adaptation..

Use a recursive algorithm starting at the output nodes and working back to the first
hidden layer Adjust weight by:

W2i(t+1)=W2i(t)+7]*5 *yli ... Equation 5

Where
m :isa gain term
d :is an error term for output node which can be computed from the following
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equation:

O =y2*(1—y2 )*(d —y2) ...Equation6

And similarly, dis the desired output of the output node which is 1.

The weight adaptation between input and hidden layer, Equation 5 is used by updating
w1l using y2, the equation of & will be:

51. — y]_*(]__ y]_ )*25k *ij ... Equation 7
k

Where k is the overall nodes in the layer above node j, internal node threshold are
adapted in a similar manner by assuming they are connection weights on links from
auxiliary constant valued inputs.

Convergence is sometimes faster if a momentum term is added and weight changes
are smoothed by:

WL (t+2) =W, () + 7% 8, *X0, +a* WL, () ~W, (t-1) --- Equation s
Where O<a <1

Note that the weights are updated after each pattern is presented and not after the
whole training set is presented. The reason why this is done is because the training set
is probably very large, so that the time taken to train becomes intolerable. This has not
been shown to be equivalent to minimizing the mean squared error, but is widely
adopted.

The above algorithm is repeated until the neural network is learned. Figure (8)
shows the flowchart of the learning algorithm.

Available online @ iasj.net 2193



Numberl Volume 14 march 2008 Journal of Engineering

Initialize the
Weights

Input vector for next user

1l

Compute hidden
layer values (y1)

U

Compute actual
output (y2)

U

Error = difference
between actual and
desired output

No —

Iy
N N

Yes
Acceptable P Acceptable
for all users - Error ?
/ No ﬁ

Adjust
hidden_output
Yes weights (w2 )

1

Adjust input_hidden
weights (w1l )

A 4

Save the final Weights w

Fig (8) _ the learning process
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Testing Algorithm:
e Let x0(0), x0(I), x0(2), up to x0(111) be the input vector features to the input

layer.

e Letyl(0), y1(1), y1(2) up to y1(223) be the input of the hidden layer, which is
the output of the input layer.

e Lety2 be the final output value.

e WI1(i,j) is the weights connection between input node i and hidden node j

e W2( 1) isthe weights connection between hidden node i and output node

The system has to compute the hidden neurons which is:

111

X1()) = ZW]-(L ))*x0q@) ... Equation 1

Using the sigmoid function, the hidden layer inputs can be computed from the
following equation:

i 1 .
1(1) = _ ... Equation 2
yl(i) AP

The temporary output of the hidden layer is computed from the following equation:

223

X2 = ZWZ(i, 1)* Y1(i) ... Equation 3
i1

Using the sigmoid function, the final output can be computed from the following
equation:

2=
L+e™)

... Equation 4

If the output (y2) larger than the threshold value, then the user is allowed to access
to the system, otherwise the user is denied access to the system. Figure (9) shows the
flowchart of the testing algorithm.
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Flowchart (9) _ testing process

EXPERIMENTAL RESULTS

I applied two examples on the suggested system, the first example is acceptable one,
and the second example is rejected by the system, let us consider the user number 12 in
the system, when the system create an account for that user and the user enters the user
name and password for the first time, the system extracts these information from the
password, these information after multiplying the PT and ST information by 2 as

mentioned before is:

Password Value

collection

PT information

ST information

790, 680, 704, 786, 696, 652, 804, 704, 644, 978

304, 378, 254, 518, 420, 382, 388, 512, 418, 420
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So that, the system will store the weights of the neural network after learning using
the above information which will be used at login time.

ACCEPTABLE EXAMPLE
Assume that a user has the following information registered in the system:

User Name : beginner

Password : collection

The user number in the system was 12, so, at the login interface the user will type
his user name and when switches to the password entering area and starts typing the
first letter of the password which is letter 'c', the system starts to record two type of
information which is PT and ST information, as mentioned before, according to the
speed of that user that he decided using my proposed system, we get the following
time periods in milliseconds and already multiplied by 2.

PT information ST information

706,748, 766, 680, 758, 698, 736,682,664, 980 442,464, 398, 424, 396, 462, 448, 388, 368, 378

User Number

12

The user number will be used for both PT and ST information.

The PTNN input vector features will be extracted from the above information as
well as the STNN input vector features, Figure (10) and figure (11) shows the final PT
and ST vectors that will be used as an input to both PTNN and STNN respectively.

PTNN input

11011000010 1011101100 1011111110 1010101000 1011110110 1010111010 1011100000 1010101010 1010011000 1111010100 0000001100 I

il i i i il

Bias Info2 Info4 Info6 Info8 Infol0

Infol Info3 Info5 Info7 Info9 User No.
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Fig (10) _ the input vector information for PTNN

STNN input

10110111010 0111010000 0110001110 0110101000 0110001100 0111001110 0111000000 0110000100 0101110000 0101111010 0000001100 I

: il J L L 4Ll L
Bias Info2 Info4 Info6 Info8 Infol0

Infol Info3 Info5 Info7 Info9 User No.

Fig (11) _ the input vector information for STNN

By applying each input vector to the corresponding neural network, i.e. by giving
the PT vector features to the PTNN and ST vector feature to the STNN, we will
obtain two different outputs each one from a network, these two outputs are:

PTNN output : 0.897 whichis > 0.7

STNN output : 0.799 which is > 0.7

As noted above, the user is authenticated user, so this user is allowed to enter to the
system.

REJECTED EXAMPLE
| applied the system on the same previous user:

User Name : beginner

Password : collection

The user number in the system was 12, so, the information that extracted from the
user password at typing time is:

PT information ST information

918,988, 834, 922, 812, 942, 898,864,890,968 788, 846, 738, 372, 358, 298, 324, 896, 842, 880
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User Number

12

As you noticed, the PT and ST information is quiet different from the original user
information, that is mean, the user is not authenticated that steals the password and
tries to log into the system, let him do what he came for.

The PTNN input vector features will be extracted from the above information as
well as the STNN input vector features. Figure (12) and figure (13) shows the final PT
and ST vectors that will be used as an input to both PTNN and STNN respectively

PTNN input

11110010110 1111011100 1101000010 1110011010 1100101100 1110101110 1110000010 1101100000 1101111010 1111001000 0000001100 I

1L 1l 1L 1L 1L

Bias

Info2 Info4 Info6 Info8 Infol0

Infol Info3 Info5 Info7 Info9 User No.

Fig (12) _ the input vector information for PTNN

STNN input

11100010100 1101001110 1011100010 0101110100 0101100110 0100101010 0101000100 1110000000 1101001010 1101110000 0000001100 I

Bias

ji %% L 41l L
Info2 Info4 Info6 Info8 Info10

Infol Info3 Info5 Info7 Info9 I User No.

Fig (13) _ the input vector information for STNN

By applying each input vector to the corresponding neural network, i.e. by giving
the PT vector features to the PTNN and ST vector feature to the STNN, we will
obtain two different outputs each one from a network, these two outputs are:

PTNN output : 0.531 whichis <=0.7

STNN output : 0.242 which is <= 0.7

Available online @ iasj.net 2199



Numberl Volume 14 march 2008 Journal of Engineering

As noted above, the user is not authenticated user, so this user can not login into
the system, which is the aim of this paper.

CONCLUSIONS

In this system, I built a strong enough security method for password because all the
newer systems use the password as the live key for their users and the system is aware
more than the user for the password security and provision new techniques for
protection, this is a powerful method for protection, that uses the password value as
well as the information extracted from the password itself which called PT and ST, if
the pentrators can guess the password in some how, he can not guess the PT and ST
information and | can say that it is impossible to guess these information, so, when
the password is protected, the system is protected.

By using the Neural Network for password security, it has the main significant
property which is the acceptable of input within a specific range of error, because the
extracted information from the user's password at login time is not the same in each
time the user logs in to the system and can not be so, there is a different in PT and ST
because the time measured in milliseconds, so the neural network fits our demand in
this case and it accepts the extracted user information at login time with a suitable
error.
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BIOSORPTION OF DISSOLVED Pb(I1) IN DILUTE AQUEOUS
SOLUTIONS BY USING AGRO-WASTE PRODUCTS
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ABSTRACT

The potential to remove Pb(ll) from agueous solutions through biosorption using four raw dead plant biomasses
(karab, bardie, rice hulls and corn-cobs) was investigated in batch tests and compared with that for the PAC.
From tests, it was found that the four types of dead-plant biomasses had shown high removal efficiency with the
descending order (karab, bardie, rice hulls and corn cobs). Their percent removal (% R) of Pb(Il) were (98.76,
96.10, 95.16 and 94.70) respectively at pH 4 with 0.2 g of sorbent/100 ml of 10 ppm lead solution , while it was
(99.8 %) for PAC. Generally through batch system at a laboratory scale, karab has proved to be an efficient
biosorbent for the removal of Pb(ll) from aqueous solutions with low initial ion concentration (1-10 mg
Pb(IT)/0) at pH (4 - 4.5). The EPA discharge limit (0.1 ppm) for lead was achieved. The biosorption rate is quite
rapid and within 5 min of mixing more than 90 % of Pb(ll) ions were removed by the karab biomass. Varying
agitation speed has no influence on the rate of uptake and the Pb(Il) uptake was not affected by karab particle
size. The Freundlich and Langmuir isotherms described the data well. According to the evaluation using
Langmuir equation, the maximum capacity g max obtined from equilibrium biosorption isotherm test was 13.2
mg/1 for pb (1) . The ultimate sorption capacity Kg in the Frendlich model was 3.1 .
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INTRODUCTION:

The world suffers from chemical contamination of water supplies, largely due to uncontrolled
industrial activity and so a water treatment technique which is able to deal with such pollutants in an
effective way is very valuable.

The presence of heavy metal ions in surface and ground water supplies have been prioritized as
major inorganic contaminants in the environment. It has been established that dissolved metals
(particularly heavy metals) escaping into the environment pose a serious health hazard. They
accumulate in living tissues throughout the food chain, which has humans at its top, multiplying the
danger (Volesky, 1999). Besides, metal resources are non-renewable and natural reserves are becoming
depleted. It is therefore imperative that those metals considered environmentally hazardous, or which
are of technological importance, strategic significance or economic value, be removed/recovered at
their source using appropriate treatment (Atkinson et al., 1998).

The biosorption appears to be a promising technology that could contribute to improving the
environment. Biosorption technology, utilizing any natural form of biomass to passively sorb and
immobilize solubilized heavy metals (Atkinson et al., 1998). Therefore, biosorption can be defined as
the ability of certain types of inactive, dead biomass to binde and concentrate heavy metals from
aqueous solutions (even very dilute ones) (Cordero et al., 2004; Ahalya et al., 2004). The use of non-
living biomaterials as metal-binding compounds has been gaining advantage because high levels of
contamination do not affect them. Moreover, they require minimum care and can be obtained more
cheaply (Horsfall et al., 2003). Hence, the advantages of biosorption are the low cost, high efficiency of
heavy metal removal from diluted aqueous solutions and environmentally friendly.

The economics of environmental remediation dictate that the biomass must come from nature, or
even be a waste material (Vieiral and Voleskey, 2000). Therefore, suitable biomass comes as a waste
material or by-product from large-scale industrial operations (eg. Use of olive mill residues as heavy
metal sorbent material) or certain waste from agricultural operations or biological materials that are
available in large quantities (Nomanbhay and Palanisamy, 2005).

Several studies have shown that non-living plant biomass materials are effective for the removal
of trace metals from contaminated waters (Horsfall et al., 2003). The unique ability of these plants
(lignocellulosic biosorbents) to bind metals has been attributed to the presence of various chemical
functional groups such as carboxyl, hydroxyl, amino, or phenolics, which can attract and sequester
metal ions from their solutions (ABIA et al., 2002; Shin et al., 2003).

Research on biosorption is revealing that it is sometimes a complex phenomenon where the
metallic species could be deposited in the solid biosorbent through various sorption processes, such as
ion exchange, complexation, chelation, microprecipitation, etc. Due to the complexity of the
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biomaterials used, it is possible that at least some of these mechanisms are acting simultaneously to
varying degrees, depending on the biosorbent and the solution environment (Jeffers et al. 1991). The
most probable mechanism may be ion exchange (Han et al., 2000).

Biosorption not only offers an innovative alternative to other remediation approaches, it also
allows metals recovery. The metal ions can be readily desorbed from the biomass by use of a suitable
eluting agent. It has been shown in certain cases, at least, that the biomass can be subjected to a number
of loading and elution cycles without the biomass losing its sorption capacity (Schneider et al., 2001).
Biosortpion can be carried out as a batch process and/or a continuous process.

The goal for this research is to develop inexpensive, highly available, effective metal ion sorbent
from agricultural by-products or agro-wastes as alternative to existing commercial adsorbents.

The work on this project include carrying out different equilibrium sorption tests for finding the
optimum environmental and operating conditions and sorption isotherm experiments also performed
using a synthetic single-solute aqueous solutions polluted with Pb(lI).

MATERIALS AND METHODS:
Sorbate:

In the experimental works, the dissolved Pb(ll) in aqueous solutions has been selected as the
sorbate. The selection to this sorbate is based on the following reasons:
Lead is one of the oldest metals known to human and the most widely use of the toxic heavy metals
(CWA, 1972). The hazard from lead is aggravated by its widespread distribution as the metal,
inorganic and organometallic compounds (Manahan, 1999). In addition lead is non-biodegradable,
persists in the environment and has a tendency for bioaccumulation (Reimann and De Caritat, 1998).

Lead is widely distributed in the environment of Iraq as a result of the use of tetraethyl lead in
gasoline to control premature ignition (knocking), battery industrial factories, petrochemical industry,
electroplating, metallurgy, paints, radiation protection equipment, pigments, stabilizer in plastic
industries, ammunition, cable sheathing and in printing processes. Moreover, the absence of the direct
control from environmental protection agencies on above industries has increased the size of this
problem. Thus, it is existed in rain, runoff, soils, dust and industrial and municipal discharges.

The health hazards due to the presence of lead in water are of extreme concern to the public,
government and industry. Lead is known to have a toxic effect on the neuronal system and on the
function of brain cells (Baig et. al., 1999). The health hazards due to the toxicity of lead in waters have
been reported in many journals and emphasize the need to identify effective lead sorption systems.

According to the U.S. EPA standards, the maximum concentration limit for Pb(l1) for discharge
into surface water is 0.1 mg/{ and in drinking water is 0.05 mg/¢ (Nomanbhay and Palanisamy, 2005).
This limit has been recommended for Iragi water standards according to the Law No. 25, (1967)
(Standard Iragi Pollution Control Regulation for the Preservation of Water Resources from
Contamination). While for lead in drinking water the maximum acceptable concentration (MAC)
recommended by (WHO) is 0.01 mg/€ (10 pg/¢) (Reimann and De Caritat, 1998).
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Biosorbents used:

The old bases of leaves for date palm tree (karab),

Phragmites australis (bardie) a large grass native to wetland sites.

Rice hulls (or rice husks) and

Maize cobs (corn cobs)
PREPARATION OF THE BIOMASS:

The palm Karab was collected from Baghdad, Khastawi type, sun dried and washed with tap
water then rinsed with distilled deionized water several times and thereafter dried at a temperature of
105° C in an oven for 24 hours. Following cutting into small pieces then it was ground using a food
processor (Blender) and screened through a sieve No.40 (ASTM E 11- 81). This was done to remove
any large particles and to obtain particles of size less than (0.425 mm). This fine biomass was used in
the batch experiments described below. For preservation, it was kept in plastic bags to minimize its
contact with humidity. Same procedure was followed for preparing bardie, rice husk and corncobs.

PREPARATION OF SYNTHETIC POLLUTED WATER:

Firstly an aqueous stock solution (1000 mg/l) of Pb(ll) ions was prepared using PbNO; salt
according to (Standard Methods for the Examination of Water and Wastewater, 1971). Synthetic
polluted water samples containing definite concentrations of Pb(ll) were prepared by diluting stock
(1000 ppm) solution with distilled water. Fresh dilutions were used for each study. The adjustment of
lead solution pH at a desired value was done by adding drops of 0.1N HCI or NaOH.

ANALYTICAL MEASUREMENTS:

The polluted water sample and the samples resulted from each treatment were analyzed for Pb(Il)
using atomic absorption spectrometer (AAS).

BATCH TESTS:

A batch technique was used to perform biosorption experiments and to find the optimum
environmental and operation parameters for biosorption of Pb(ll) .
All experiments were carried out in 250 ml Erlenmyer flasks. In each experiment a solution of (100 ml)
with known initial lead concentration adjusted to a desired pH value was mixed with a definite amount
of biosorbent. After that the sample was mixed (stirred) for certain time by using a magnetic stirrer
until reaching equilibrium condition. The suspension was then filtered with Whatman filter paper and
the concentration of metal ion in the filtrate was measured by AAS. Then the final metal concentration
can be recorded as a function of the initial metal concentration and the biomass loading.

Effects of various parameters such as pH, contact time, stirring speed, amount of biosorbent, initial
metal concentration and effective biosorbent particle size were studied and details shown in Table 1.
All experiments were carried out at room temperature (25 + 2°C).
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THE BIOREMOVAL EFFICIENCY:

The results were expressed also as the removal efficiency of the biosorbent on Pb(Il), which was
defined as follows (Aslam, M. M., et. al., 2004):

Removal efficiency (%) = [(C;i — Cy)/C; ] x 100

where C; and Cs are the metal ion concentration in the sample solution before and after treatment,
respectively.

CALCULATION OF METAL UPTAKE BY BIOMASS:
The amount of metal ion uptake by the biomass during the series of batch experiments, were
determined using a mass balance equation which expressed as follows (Hussein et al., 2004):

ge= (Ci-Cf)V
S

where ¢ is the metal ion uptake capacity (mg of metal ion sorbed/g dry biomass) at equilibrium, C¢ is
the final metal ion concentration in solution (mg of metal ion/t) at equilibrium, C; is the initial metal
ion concentration in solution (mg of metal ion/f), V is the volume of initial metal ion solution used ()
and S is the mass (dry weight) of biomass used (g).

Table 1: Examined conditions of batch tests.

Speed
Test| Type of S . C, | Time of stirring | Particle siz,| of
Test type No. |biosorbent|(g of biomass/100ml) Initial pH (mg/0) ® dp (mm) | stirring
(rpm)
(21 3! 41 5! 61
T 1 PAC, 7, 8.5) for
= Karab, each
2 Bardie, 0.2 BN 10 1h <0425 | 120
£ Rice hulls,
w 2 | Corncobs 4
sge|1 (0.05 —1.0) 10
2% é Karab 45 1h <0425 | 120
e s
W 2 (0.05 - 1.5) 106.5
(5]
5 E 1 0.2 45 10 (5 min- 4 h)
8% Karab ' <0425 | 120
i 5 2 1 106.5 | (5 min-4h)
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<
S=
S
5.5
(a
S5 5
EG h
€311 Karab 1 45 (1-100) 1 <0.425 120
522
B8 S E
£ 52
w e
8 =
(Yo
223
SES| 1| Karab 1 45 37 1h <0.425 |(0-600)
£5°
se ., (< 0.426,
§ 4] 1 Karab 0.2 4.5 10 (5 min- 60 min) | 0.425-1.4,] 120
=8 2.0 - 2.36)

EQUILIBRIUM MODELING:

Biosorption has been studied as simplified sorption systems, usually containing one heavy metal.
This is an appropriate simplification for effective experimentation. Langmuir and Freundlich are some
of the simple sorption isotherm models that are most frequently applied. There is no critical reason to
use a more-complex model if a two-parameter model (such as the Langmuir and Freundlich isotherm
models) can fit the data reasonably well (\VVolesky, 2003).

The Langmuir equation has been extensively used for the evaluation and comparison of metal
uptake capacities of biosorbents. The Langmuir isotherm is based on these assumptions
(Muraleedharan et al., 1995):

1. Metal ions are chemically adsorbed at a fixed number of well defined sites;
2. Each site can hold only one ion;

3. All sites are energetically equivalent and,;

4. There is no interaction between the ions.

The general form of the Langmuir relationship as follows (Ahalya et al., 2005):

Omax b Cf

Qe = —
1+bCs

where g is milligrams of metal bound per gram of biosorbent at equilibrium, Cs is the metal residual

concentration in solution at equilibrium (mg/l); gmax is the maximum metal uptake corresponding to the

site saturation (mg/g) and b is constant and is the ratio of adsorption and desorption rates .

The linearised Langmuir isotherm allows the calculation of adsorption capacities and the Langmuir
costants and is equated by the following equation.

Cf/qe = 1/Qmax- b+ Cf/(]max

The Freundlich isotherm is represented by the equation (Watts, 1998):
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q - KF Cfl/n

where Cs is the equilibrium concentration (mg/l), q is the amount adsorbed (mg/g) and Kg and n are
constants incorporating all parameters affecting the adsorption capacity and intensity respectively.

The linearised forms of Freundlich adsorption isotherm was used to evaluate the sorption data and is
represented as:

Ing=InKg+1/nInCt

Results and Discussions

Effect of pH:

Four types of dead plant biomass (karab, bardie, rice hulls and corncobs) were chosen to examine
their ability to remove Pb(Il) from aqueous solutions under different pH values. Also the PAC was
used only in this test as a commercial sorbent for comparison. The comparison of the sorption
performance of the different biosorbents was achieved under the same environmental and operating
conditions.

The pH profile studies showed that the biosorption of Pb(ll) is pH dependent. This effect in pH
suggests that the binding mechanism for the metal investigated may be an ion-excahange type process.
The protons of the acid functional groups in the biomass were exchanged with cationic Pb (Il) at
slightly acidic pH. Also, the Pb(Il) uptake for the four types of agro-biomass is very low at a pH of
2.0, then increasing the pH of the solution from 2 to 4, leads to a rapid increase in the Pb(ll) uptake.
The optimum Pb(I1) uptakes occur at pH value 4, with a further increase in pH to about 5 and more, the
Pb(I1) uptake by all of the four agro-biomass decreases due to the hydrolysis and precipitation of lead
ions, as shown in Fig. 1. It is also notised from the figure that the Pb(ll) uptake of PAC is very high at a
pH of 2.0 .The increasing of the pH of the solution leads to a decrease in Pb(Il) uptake . Steel and
McGhee(1980) stated that the forces holding a molecule against the carbon curface may result from
chemical bonding or Van der Waals attraction .

Adsorption is greatest at low pH since at low Ph activated carbon is positively charged due to
adsorption of hydrogen ion , while most colloids and all ionized polar grups on organic molecules are
negativly charged .

The pH represents the negative logarithm of protom (H") concentration in aqueous solution ,
different levels of pH reflecting the hydrogen ion concentration , which affect the uptake of metal ions .
Researchers rported that the decrease in metal uptake capacity for the biosorbents at lower pH values
(< 2) can be attributed to the presence of H™ ions in high concentration and compete with cations for
the binding sites. While others stated that at the lower the pH value the highel the proton concentration
in the solution and the surface of the sorbent would bclosely associated with hydronium ions (HzO%)
which hinder the access of heavymetel ions (i.e.cations) , by repulsive forces , to the surface functional
groups of biomass , consequently decreasing the percentage of metl big removal conversely , the
increase in biosorption as pH increases can be explained on the basis of a decrease in competition
between protons and dissolved metal ions for the surface sites and by the decrease in positive surface
charges which results in a lower coulobic repultion of the cations (Tilaki and Ali , 2003 cossich et al
2002).
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From Figure 2, it can be seen that the high percent removal values were obtained at pH 4 by the
four agro-biomasses used with the order as shown in bar chart. The karab has the higher ability
followed by bardie, rice hulls and corncobs consequently. The removal efficiency with karab was
(98.76 %) which gave the lower remaining concentration for Pb (IlI) in solution sample and it is
comparable to that for the commercial sorbent PAC. Therefore, the karab biomass was selected as our
objective biosorbent to study in more detailes. Besides, no further researches have been done on the use
of Karab as agro-biomass sorbent for heavy metal ions removal.

Test 1

g (mg Pb(ll)/g biomass)
w

pH

—8— PAC —A—Karab —A—Bardie —®—Rice hulls —¢&—Corn cobs

Fig 1 The pH profile for Pb(Il) uptake for C;= 10 ppm, by 2 g/1 at 120 rpm with equilibrium time of 1 h.

Test 2
99.80 98.76 96.10 95.16 94.70
100 — p—
80
S
= 60
3
e 40
iz
20
0 T T T T
PAC Karab Bardie Rice hulls Corncobs
Sorbent type

Fig 2 Effect of sorbent type on percent removal of lead ion.
Effect of biomass quantity on Pb(l1) uptake by karab:
Effect of karab dosage on biosorption process was carefully studied through doing two tests with
varied karab dosages, started with 0.05 to 1.5 g of karab/100 ml lead solution of two varied initial

concentrations 10 and 106.5 ppm and keeping pH, agitation speed and contact time constant. The
results have been plotted on arithmetic papers as shown in Figure 3 and 4 respectively.

It can be seen in Fig. 3 that the increase in the biomass concentration leads to decrease the metal
ion uptake, this attributed to the responsibility of metal ion concentration shortage in solution.
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Test1and 2

.. a0 | | | | |

g 70 -« —&— Ci = 106.5 ppm, pH 4.5, t=1h

< 60 N —8— Ci=10ppm, pH45,t=1h

= 950 \

S 40

o]

o 30 xl\

g 20

O 10 N

O = T T
0 0.25 0.5 0.75 1 125 15 175 2

S (g karab/100 ml)

Fig3 Effect of karab dosage on Pb(Il) uptake at various initial concentrations.

While, Figure 4 demonstrates that the metal bioremoval efficiency increases with increasing
biosorbent dosage up to a certain value. Hence, the optimum sorbent amount required for cost-effective
treatment can be well noticed from Fig. 4, where at 10 ppm the maximum percent removal for Pb(ll)
was about 96.63 % at the karab dosage of 0.2 g/100 ml. While at 106.5 ppm the maximum percent
removal for Pb(11) was about 93.15 % at 1g/100 ml karab dosage.

& Test 1and 2
o
100 5 —— S
?‘7 v v
80 1 = i

L
60 II / —e—Ci = 106.5 ppm,

/ pH4.5 t=1h

40 —&8—Ci = 10 ppm,
pH45,t=1h
20
0
0

025 05 0.75 1 125 15 1.75
S (g karab/100 ml)

Removal (%)

Fig4 Effect of karab dosage on lead percent removal from agqueous solutions of two different initial
concentrations of Pb(ll).

Biosorption kinetics:

The rate of Pb(Il) uptake by karab biomass was investigated, in order to assess the required
contact time between the biosorbent and the polluted water to reach an equilibrium state between the
dissolved and solid-bound sorbate (lead ions).
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From Figure 5 and 6, one can notice how rapidly the biosorption process happens; more than 90%
of the equilibrium sorption has occurred within 5 minutes of exposure and remains relatively constant
thereafter. This is explained by that, the initial rapid sorption of Pb(Il) is due to ion exchange with
surface cations on the biomass, while the later slow sorption of lead(Il) represents a gradual uptake of
cation exchange at the inner surface.

Generally, the equilibrium is attained at less than 30 min. After one hour Pb(ll) concentration was
found to be time invariant in all tests. Thus, one hour contact time was more sufficient to approach
equilibrium. This result is important, as equilibrium time is one of the important parameters for an
economical wastewater treatment system.

® o 9 1P % ]
q‘bg qqn? qu est 1%&‘ q‘”? ¥ n)_(/o 'b{'gb Tes! 2'5??) Q’b'&b
100 ‘\'rOOO-C 0 o 9 100 y——p 2 )
/l!!!nx gAY [AY [AY 7\
80 80
— 60 = 60
> >
£ 40 £ 40
£ -
g —o—Ci =10 ppm, & ™ §' —_1186'5k2$:b'/100 ml
2 s=10g karabaooml| |~ 20 el
0@ 0

60 120 180 24 0 60 120 180 240
t (min) t (min)

o

Fig 5 Rate of percent removal of Pb(ll) Figure 6 Rate of percent removal of Pb(Il)
by karab biomass for [C; = 10 ppm]. by karab biomass for [C; = 106.5 ppm].

Effect of initial concentration of Pb(I1):

The initial concentration of the metal ion is a significant factor to be considered for effective
biosorption.

The Pb(Il) percent removal from solutions within the low concentration range (1-100 ppm) is
shown in Fig. 7, the Pb(ll) uptake percentage for 1 g karab biomass/100 ml is considered high and
approximately in the range of (95 — 99 %).

100 I I I I I I 1
98,79 | —o—s = 1g krab/100 ml, pH 4.5, t=2h
99 /gf()\
97.d1
= N
S =4 97.20
B 4, 977 07.11|
= ~
9d.24
% 96 o 95.64| __ .
(a'ed \‘O\C IIOHF 95.34
95 \%73
94
(0] 10 20 30 40 50 60 70 80 90 100
Ci (mg Pb(l)/l)
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Fig 7 Percent removal of Pb(Il) by karab biomass from solutions
of various initial concentrations.

Also, it can be seen in Fig. 8, the final lead concentrations (Cs) for lower concentrations range (1-
10 ppm) are within the allowable limit of wastewater discharge (0.1 ppm) for Pb(Il). Moreover, some
results are within the limit of drinking water (0.05 ppm) for Pb(Il). Thus, results have encouraged us to
continue the tests with column system.

6 Festt
<,;.1/
5 2 A
)
= d > /
S 4 o
0 r‘;)’ /{
o
© 3
£ Al
rE %
O 2 &) l\:’ // —
¢ /x —&—S =1 g karab/100 ml,
,(\("obq’ (\{0 p Ci =1-100 ppm,
1 DQVQQ 0,‘\,[, /, pH 4.5
R
0 10 20 30 40 50 60 70 80 90 100 110
Ci (mg Pb(ID/)

Fig 8 The final concentrations of Pb(ll) at equilibrium.

- Effect of stirring (mixing) speed:

The effect of stirring (mixing) the biosorbent/sorbate system on Pb(Il) removal efficiency by
karab was studied by varying the speed of mixing from 0 (with no-mixing as a control for comparison)
to 600 rpm, while keeping the dose of biosorbent, the contact time and optimum pH as constants.

It can be seen in Fig. 9, the Pb(ll) bioremoval efficiency has increased with samples mixed at
different speeds over the non-mixed samples of the karab/lead solution system. The Pb(Il) removal
efficiency increased from (21.62 %) for the sample without mixing to (96.5 %) for the sample mixed
with 100 rpm. Then increasing the mixing speed from 100 rpm to 600 rpm there is no effect observed
on Pb(Il) removal efficiency and the biosorption capacity for karab remained constant with speed
increase as shown in Fig. 10. Thus, results indicate that the contact between the karab biomass and lead
solution is effective even at low mixing speed (100-120 rpm).
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Fig 9 Effect of mixing speed on Pb(ll) Fig 10 Effect of mixing speed on Pb(ll)
percent removal by karab. uptake for karab.

Influence of biosorbent particle size on lead biosorption:

From Figure 11(a), one can notice that the effect of karab particle size on Pb(Il) uptake is
negligible and can not be recognized easily. This small effect has been shown better in Fig. 11(b), after
changing the scale of y-axis of Fig. 11(a). From this figure, it can be seen that the karab particle size
has little influence on the capacity and rate of Pb(Il) biosorption.

5.0 4 %[~ 50 79
= 3 4875 4495 4.85 4.895
T 40 J § 49 - FS v
< / D 48 485
o 3.0 1+ = 4.802 4.832
= / —x—dp <0.425 mm 5 47 Jamo afmo
S 20 | o 0425mm <dp<t.amm ||
o / —a-20mm<dp<236mm || E 46
£ 10 7 45
= .

0.0 & 0 10 20 30 40 50 60

0 10 20 30 40 50 60 t(min)
. == dp <0.425mm ®—0.425 mm<dp<1.4 mm
t (min) —A— 2.0 mm<dp<2.36 mm
@ (b)

Fig 11 Pb(I1) uptake related to time for various karab particle sizes.
Sorption equilibria studies:

The experimental results were analyzed in terms of two adsorption isotherm equations, the
Langmuir and Freundlich isotherms. These two models were used to adjust (fit) the experimental data
obtained for biosorption of Pb(ll) from the synthetic lead solution by karab biomass. The parameters of
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the two models, the ultimate sorption capacity (Kg) and the sorption intensity (n) in the Freundlich
model as well as the maximum uptake capacity (qmax) and the equilibrium constant (b) in the Langmuir
model were calculated using the linear regression analysis of the experimental data. Also, the
correlation coefficient (R?) for each model and experiments was calculated. The Langmuir capacity
(gmax ) is the maximum specific uptake corresponding to the site saturation . gmax IS used to compare the
effeciency of the adsorbent (karap biomass) with other materials ,which have been tested as biosorbent
for Pb(I1) .the magnitude of Kg and n is used to compare easy seperation of heavy metal ion from
wastewater and high adsorption capacity of karab biomass with other materials.

Ke is the Freundlich capacity factor for various compounds is extremely wide .Because of the
wide variatoin the Freundlich capacity factor must be detrmined for each compound (Metcalf and eddy
,2003) .

Table 2 Summary of Freundlich and Langmuir equilibrium biosorption isotherms results.

S Linear Freundlich Linear Langmuir
EXp. H (g of t Co isotherm constants isotherm parameters
No. | P |karab/200 ml |(h)| (mg/0) | 4 g | Gmec | B | e
lead solution) F nn (mglg) | (¢/mg)
1] 4 1.0 11-100 | 3.1 |0.759 |1.32|0.9732| 13.2 0.4 ]0.9331

The correlation coefficient (R2) of both models, were mostly greater than 0.9 (close to one). The
values of correlation coefficients (R2) indicated a strong positive relationship between the data and the
linear equations of Langmuir and Freundlich as shown in Fig. 12 and 13 respectively. Also, that both
models adequately describe the experimental data of the biosorption of these metals but Freundlich
model fits experimental data better than Langmuir one as shown in Fig. 14.

According to Ahalya et al., (2005), n values between 1 and 10 represent beneficial adsorption.
Hence, the value of n, which is related to the distribution of bonded ions on the sorbent surface, is
found to be greater than unity for karab, indicating that adsorption of Pb(ll) is favourable for karab
biomass.

Linearized Langmuir equation

= 08
O
S 06
o> 04 —
© g2 AA(A'A/A’ y [=0.0758x +0.1916
= 2-0.9331
[8) 0 R?=0.
0 2 4 6

Cf (mg Pb(Iy/)

Fig 12 Langmuir adsorption isotherm for Pb(11) biosorption by karab,
for [C; = 1-100ppm] and at optimum conditions.
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Linearized Freundlich equation
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Fig 13 Freundlich adsorption isotherm for Pb(l1) biosorption by karab,
for [Ci = 1- 100 ppm] and at optimum conditions.

Experimental and adjusted isotherms
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Figl4 Equilibrium biosorption isotherms for Ci = 1-100 ppm.
Conclusion

Human populations need methods and technologies to clean waters and diminish the environmental
dangers related to technological progress. Biosorption can be one such solution to clean up heavy metal
contamination. The ability of the karab biomass to remove Pb(I1) from synthetic aqueous solution with
a single solute has been found higher than the ability for the other three biomasses “bardie, rice hulls
and corncobs”, and as good as that for PAC. The karab biomass was used as an inactivated natural dead
plant biomass. It is a lignocellulosic material. It is an agro-waste or agricultural by-product has
negligible cost (cheap material) and has also proved to be an efficient biosorbent for the removal of
Pb(Il) ions from a synthetic aqueous solutions with low concentrations (1-100 mg of Pb(Il)/L) in a
laboratory scale. So its utilizing in industrial wastewater treatment plants would be convenient to
provide economic metal decontamination of large amounts of wastewaters of low concentrations waste
streams.
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ABSTRACT:

Activated carbon has been used as an adsorbent in this work to remove mercury from agqueous
solutions. The aim of the work is to test how best activated carbon can be used as an adsorbent for
mercury. Equilibrium isotherms, both, Dubinin-Redushkevich, and Temkin have been test. The batch
experiments were conducted at room temperature (30°C) and at the normal pH (7.0+0.1) of the
solution. HYBRID fraction error function analysis shows that the best-fit for the adsorption
equilibrium data is represented by (D-R) model rather than Temkin model. Its found that the correction
factor (R?) for (D-R) is 0.9928 while for Temkin model is 0.942, also the HYBRID fractional error
was conducted for the both models and (D-R) model give minimum value of (0.0128) while it was
(0.129) for Temkin.
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INTRODUCTION:

Mercury has been chosen in this work for experimentation. Among several methods for the
removal of heavy metal from solutions (precipitation, evaporation, electroplating, ion exchange and
membrane separation). Adsorption onto activated carbon proves to be an efficient and cost effective
method. In the present study, adsorption of mercury on AC has been studied at the normal pH
(7.0+0.1) of the solution and at room temperature (30°C). Number of works on the removal of mercury
using activated carbon had been reported(both Redad and Ruble),In addition to find the adsorption
capacity of activated carbon for mercury,also to test the validity of batch experimental data to various
two parameters adsorption isotherm models such as Dubinin-Redushkevich, and Temkin models.
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Dubinin-Redushkevich (D-R) Model
This adsorption isotherm(Dubinin-Redushkevich) is given as:

q.=q,ep(-Be?) ... (1)

Where gm (mol/g) is the theoretical monolayer saturation capacity of the adsorbent and e (known as
Polanyi potential) is given as:

1
e_RTIn(1+C—) .......... (2)

e

The constant B (mol?/J?) given by the following equation, the mean free energy E (J/mol) of
adsorption per molecule of adsorbate, when it is transferred to the surface of solid from infinity in the
solution, is:

1
E=—— . 3
5B 3)
The linear from of D-R equation is:
INge=Ingqm—Be* ... 4)
Temkin Model:

The Temkin adsorption isotherm is expressed as:

%:%LmKﬁg ....... (5)

The linearized form of the above equation is:
Qe=BiInKy—B;InCe ... (6)

Where B;=RT/b; R is the universal gas constant (8.314J/mol K) and T is the absolute temperature
(K)(Temkin).

EXPERIMENTAL:
Materials and Methods

The chemical used were mercury (lI) chloride (Merck), and activated carbon (Merck).
Specifications of activated carbon are given in table 1. The surface area of AC used is 1250 m?/g and
the Hg(ll) was determined by using spectrophotometer (HITACHI 2000).

Adsorption Experiments

100mL solutions of 50 mg/L Hg(ll) concentration each were treated with 20, 40, 60, 80, 100,
120, 140, 160, and 180 mg of AC, respectively, and equilibrated for a period of 24h at room
temperature and at a pH of 7.0£0.1 of the solution in an orbital flask shaker.
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The solutions were then filtered and the residual

spectrophotometrically.

Hg(ll) concentrations determined

Table 1: Specifications of activated carbon

Specifications Value
Porosity 70-80%
Cation Exchange Capacity 0.71 meqg/g
Surface Area 1250 m?/g
Average Particle Size 250 um
Particle Density 0.887 glcm®

RESULTS AND DISCUSSION

Experimental data (Table 2) on equilibrium studies for the adsorption of Hg(ll) on AC were
tested to fit the various two-parameter adsorption isotherm models.

Table 2: Batch experimental data for the Adsorption of Hg(l1) on AC, at normal pH and at room

temperature (30°c)

Equilibrium Studies
Activated Carbon
de (Mg/g) Ce (Mg/L)

57.33 32.8
46.10 22.4
39.78 14.2
33.17 10.2
28.33 7.5
24.50 5.9
21.67 45
18.60 35
15.87 2.4
12.20 1.3

Linearized forms of the (D-R) and Temkin adsorption isotherms, the values of parameters

involved and the correction correlations are given in Table 3.

Table 3: Two-parameters adsorption isotherm models and parameter values of the isotherms for
the adsorption of Hg(l1) on activated carbon at normal pH of the solution and at room

temperature (30°C)

Linearized Parameters values
Model Equation for the adsorption
of HG(11)
Dubinin- B=4x10";
Resushkevich | Ing.=Ing,—Be’ 0m=1.59x10"%;
(D-R) E=11180;R?*=0.9928
Temkin 0e=B1InK1+B,InC, E{zégjfl 13.95L;
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A plot of ge versus e? should yield straight line. This plot for the present experimental data is
shown in Fig. 1. the fits are good in the present study (R? = 0.9955 for AC).

e!
0.00E+00 2.00E+08 4.00E+08 6.00E+08 B.0OE+08 100E+09 1.20E+09
8 v . r . -12
8.2 1 ® L122
-84
8.6 - -12.4
o] 881 --1286
gl s --12.8
“lez y=4E-09x-64429 Ac L .13
94 R”=0.9928
96 1 L-13.2
9.8 F-13.4
-10 4 - -13.6

Fig (1): Dubinin-Redushkevich plots
Temkin isotherm takes in to account the adsorbing species-adsorbent interactions. A plot of ge
versus In C, yields a straight line (Fig. 2) from which the isotherm constants B; and K+ (L/mg) can be
determined, Ky is the equilibrium binding constant corresponding to the maximum binding energy and
constant By is related to the heat of adsorption.

70 12
80 1 y=1385Ix * 2.8877 . 1
R? = 0.9488
50 [T
CI 06
ol
04
20 1 y=02081x + 03578
10 " R = 0.0807 02
—_— . ' , ‘o
. \ 2 3 4
1 0 in Ce

Fig (2): Temkin plots

BEST-FITTING ISOTHERM MODEL.:

Both the isotherms studied in this work are in their linearized form. Due to the inherent bias
resulting from linearization, to find of the best-fit isotherm model to the experimental equilibrium data,
the hybrid fractional error function of non-linear regression is employed, as it compensates for low
concentrations by balancing absolute deviation against fractional error and is more reliable than other
error functions. The hybrid error is given as:

100 g..exp —q..calc
HYBRID = [ £ | A )]
N_pz qe'exp

Where N is the number of data points and p is the number of parameters in the isotherm model.
The hybrid error is lowest for (D-R) model for adsorption on AC (0.0128) and for Temkin model was
(0.129) and hence the best-fit is the (D-R) adsorption isotherm.

CONCLUSIONS:

The present study shows that activated carbon, follows the adsorption isotherm models tested,;
Dubinin-Redushkevich, and Temkin. However, the best-fit isotherm is the (D-R) model isotherm, as
determined by hybrid fractional error analysis, also it clear that the values of R? for the (D-R) model
are better for the Temkin model.
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VIBRATION ON HEAT TRANSFER COEFFICIENT
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ABSTRACT

Electrically heated horizontal cylinders of diameters 2.15cm,3cm, and 3.8cm were vibrated
vertically in stagnant air at a frequency (10,15,20Hz) and amplitude range from (0.0005m) to
(.0076m). The effect of different parameters on the heat transfer ratio (h,/ho) was investigated from
its outer surface. It is concluded that, heat transfer ratio increases at high frequency and small
diameter. Vibration Reynolds number has good effects on heat transfer ratio. (Gr.Pr) has bad
indication on heat transfer ratio at high temperature difference (high heat flow). The vibration
intensity also has good influence on heat transfer.
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INTRODUCTION

Heat transfer by free convection from engineering machineries can be increased
by several methods. One of these methods is to create a relative motion between the heat
surface and the surrounding fluid medium. This can be done by mechanical vibration,
sound and fluid fluctuating methods.

One of the earliest investigations of the vibration effect on heat transfer was done
by (Martinelli and Boelter 1938) . They studied the effect of vibrations upon the heat
transfer from a horizontal tube immersed in the water. (Penny and Jefferson 1966).
Studied the heat transfer from an oscillating wire. The influence of vertical mechanical
vibrations on a free convection heat transfer from a large horizontal cylinder has been
studied by (Fand and Keye 1971). ( Armarly and Madson 1973) studied heat transfer
from oscillating horizontal wire. (Dawood and Mathotra 1980) studied heat transfer
from horizontal cylinders vibrated in air and they found that heat transfer is increased up
to two and half times. Heat transfer from finned horizontal cylinders, that vibrated
vertically was studied by (Yacoab and Sabieh 1997). In this study the increase in
vibration heat transfer coefficient to free heat transfer coefficient recorded to be about
(1.16). (Makki Al-Uboydi 2001) in his thesis studied a wide range of vibration effects on
the heat transfer from horizontal cylinders.

In this study the effects of vibration parameters on the heat transfer coefficient are
investigated.

EXPERIMENTAL APPARATUS

The experimental apparatus consists of the following:-

1- Testing cylinder: which is used as a heated vibrated horizontal cylinder made of aluminum
with outside diameters of (0.0215m, 0.03m, and 0.038m), with a heating length of 0.38m.
This cylinder is heated by an electric heater passing through its core. The electric heater
consists of resistance coil with voltage variance and current ammeter. Five thermocouples
nodes are fixed on the cylinder outer surface to measure the temperatures at different places
on the cylinder.

2- Rigid frame: The cylinder is fixed on a heavy rigid frame . this frame is fixed on a table
with plastic fixtures to absorb the vibration from the frame.

3- Vibration instruments: The vibration instruments that used in the vibration generation and
measurements are

a) Piezoelectric accelerometer
b) Vibration exciter
c) Power amplifier
d) Vibration meter with filter
e) Functional generator
f) Oscilloscope

The process of measuring is done as follows:

1- Heating the cylinder and measuring this value of heat flow by Q = IV . This quantity of heat

generation due to electric current passage is equal to the heat transfer from the outer surface
of the cylinder

2- When the study state was reached temperature is measured with no vibration.

3- The vibration exciter is operated with some frequency and amplitude values, to vibrate the
cylinder.

4- When the steady state is reached the measurements are done and recorded from the
instruments .
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5- These previous four steps are repeated with different values of heat transfer, amplitudes,
frequency and with different cylinder of different diameters.

THEORY

The heat generated electrically in the cylinder is transferred to the ambient by radiation and
convection due to the temperature difference between the cylinder surface and the ambient.

Q=Q +Q. 1)

where Q=heat generated in the coil [W]
Qr=heat transfer by radiation [W]
Qc=heat transfer by convection [W]
The heat transfer by radiation can be calculated from the following equation

Qr = Ao (Ts4 _Ta4) (2)

Where A=surface area [m’]
e= the emissivity (taken as 0.9)
o=Stefan Boltizmann constant=5.67 x10°[W /m*K*]
Ts= surface temperature [K]
T,= ambient area temperature [K]
Then;

Qc :Q_Qr (3)

The value of heat transfer by convection can be calculated from €q.(3). The heat transfer by
convection can be represented as:

Qc = Ah(Ts _Ta) (4)
hence
.2
"= A(Ts _Ta) (5)

where h=coefficient of heat transfer by convection [W/m?.K]
The dimensionless number Nu (Nussult Number) if function of coefficient of heat transfer by
convection and is represented by:

hd
Nu=— 6
” (6)

where d is the diameter of the cylinder in meter and k is the thermal conductivity of the fluid(air).
For free convection (with no vibration or any other effects on the heat flow) from the horizontal
cylinder Nu is a function of (Gr.Pr).

Nu = f (Gr.Pr) (7)
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Where Gr= Grashof number and Pr=Prandtl number, and h in free convection can be denoted as h,,
For force convection under the effect of vibration only the heat transfer coefficient is a function of
many parameters as illustrated in following equation.

h, = f(d, f,a uCp, p,1,T,,T,,K) 8)

Where f=frequency, a=amplitude, u= viscosity, p=density, Cp=specific heat, and |= length.
From eq(8) the relation can be rewritten by dimension less form that:

Nu, = f(ReV,Pr,j—Iz) 9)
Where Re, = 2rafdp
7]

and the relation between the vibration heat transfer coefficient and the free heat transfer coefficient
can be written as

h, _ Nu, _ f(Gr.Pr;I _ f((Gr_Pr),Rev,Pr,a—lz) (10)
Nu f(Re,,Pr,—) d
d

RESULT AND DISCUSSION

The different parameters were taken in consideration to study its effect on heat transfer by
convection from a horizontal vibrated cylinder in air.
a- Effect of vibration intensity
The vibration intensity is defined as the product of vibration amplitude by a frequency (a.f) with
a unit of [m/sec].
Fig(1) to Fig(3) show the effect of the vibration intensity on the ratio of heat convection with
vibration to the free convection (convection ratio=(h,/h,))with different values of heat transfer

(Q). The trend of the behavior of the increase in convection ratio is same, but its values affected by
the frequency. The convection ratio increases with the increases of frequency. These figures show
that as the heat transfer value is increased the convection ratio will decreases. This means that as the
temperature difference is raises the free convection is increases and so the convection ratio
decreases.

b- Effect of vibration Reynolds number

The effects of Re, on the convection ratio for different heat transfer values (Q) and for different
diameter and frequency values are illustrated in Figs (4(a,c,e)-6(a,c,e)). It is shown that with
increase of Re, , the convection ratio also increased. The frequency has the positive effect on the
convection ratio. This effect increase with low heat transfer(low temperature difference), because at
this case the effect of temperature difference is decreases so the increase in heat transfer is due to
frequency.

c- Effects of (Gr.Pr)

To study the effect of the free convection terms (Gr.Pr) on the convection ratio, the relation
between (Gr.Pr) and (h./h,) was also drown on Figs(5(b,d,f)-7(b,d,f)). It was shown from these figs
that as heat transfer increase the term (Gr.Pr) is also increased and the convection ratio decreased
and becomes about unity at high heat transfer. As the temperature difference is increased the
buoyancy is increased and so the free convection term (Gr. Pr) effect is also increased.
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The trend of the behavior is same for all values of (Q) with change in frequency and diameter.

d- Effect of the diameter of the shaft

It is shown from Fig(6(a,c,e)) that the effect of the diameter has indication on the convection
ratio at high frequency, because at high frequency the free boundary layer may damaged and the
heat transfer becomes in the region of turbulent force convection. These effects are inversely
influence by the heat transfer by free convection as indicated with the (Gr.Pr) effects on the
convection ratio, Figs(7(b,d,f)). It is shown at low frequency and large diameter, the convection
ratio becomes high, Fig(7,a).

e- Effects of frequency

The effect of frequency on convection ratio is indicated in fig(8). The convection ratio is
increases with increase of (Re,), Fig(8,a,c,e). the convection ratio decreased with increasing of
(Gr.Pr) and frequency, fig(8,b,d,f). The term (Re,) indicates the inertia force effect, and this will
increase the convection ratio. The term (Gr. Pr) indicates the buoyancy force effect, and this will
decrease the convection ratio.

CONCLUSIONS

It is concluded that heat transfer has been affected by the vibration. The heat transfer
increases greatly at high frequency and small diameter. The convection ratio is decreased with the
increasing of the temperature difference(high heat transfer).

The vibration Reynolds number has good effects on the heat transfer from the cylinder. The
free convection term (Gr.Pr) has bad effect on the vibration heat transfer.

This study can be expanded to include other shapes to study the vibration effects on the heat
transfer from it.
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A Area m’ Nu, Vibration Nusslt number
a Amplitude m Pr Prandtl number
Cp  Specific heat kJ/kgK Q Heat transfer W
d Diameter of cylinder m Qc Convection heat transfer W
f Frequency Hz Qr Radiation heat transfer W
Gr  Grashof number Re Reynolds number
h Heat transfer coefficient W/m?.K  Re,  Vibration Reynolds number
ho Free heat transfer coefficient V Voltage V

W/m?.K
hy Vibration heat transfer coefficient & Emmisivity

W/m?.K
I Current am P Density m*/sec
k Thermal conductivity W/m.K o Stefan-Boltzmann constant
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THE AXISYMMETRIC DYNAMICS OF ISOTROPIC
CIRCULAR PLATES WITH VARIABLE THICKNESS
UNDER THE EFFECT OF LARGE AMPLITUDES

Dr. Ahmed A. Al-Rajihy
College of Eng., University of Kerbalaa

ABSTRACT

This paper presents a study of the geometrically non-linear vibrations of
clamped circular plates with variable thickness by taking the effect of large
amplitude motion. The maximum thickness is considered to be at the plate
center and it is taken to be twice the value of thickness at the edge. The
problem is solved by the numerical iteration procedure to obtain the results of
vibration amplitudes up to twice the maximum plate thickness. The results are
presented for the first two modes of vibration. The obtained results indicate
that increasing the ratio of thickness has the effect of increasing the nonlinear
frequency and modify the corresponding mode shape.

dadal)

o @il ¢ Jamall e aliuy) daSas 4y i dagial dalad DU C ) sia W) A e cad Gl da
Ushase 5 dniall Sy die o aadl i) o3 28 33y e Al daad) s 2l elldy i
AW ol loeel dlld g il e Jpanll (ganadl i Sl 43 )k alasia) o3 a8 A8l die cland) Canial
) ol A saly ) of i) cany 8l Jad ol Y1 Cpl) il sy ¢ aall) claull Cieal 4 g
. Guill Al A ) IS5 e iy s At U A0 Al (e 3 (Adlad) i eland) )l il

KEYWORDS: Non-Linear Vibration, Circular Plate, Variable Thickness, Large
Amplitudes

INTRODUCTION

Thin plates are used in various modern engineering problems and they are often
subjected to severe dynamic loading. In some cases this may result in large amplitudes
vibration which leads to a behavior different from that predicted by the classical linear
theory. Thus it is necessary to include the geometrical non-linearity. In the literature,
the Von Ka’rma’n relations is the most widely used. The governing equations are
coupled non-linear partial differential equations of motion. Also no general and
symmetric approach to nonlinear problems is available which allows all or most of the
various non-linear effects to be described in a unified manner (Benamar 1990).

In the study of geometrically non-linear axi-symmetric vibrations of clamped
circular plates, the common approach has been to use an assumed space or time mode.
The different methods of solution used in the literature related to the subject of interest
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have been presented in (Benamar 1991). In the very recent works, the finite element
method has been applied to study the nonlinear vibrations of hinged orthotropic circular
plates with a concentric rigid mass using Von Ka’rma’n equations (Huang 1998) and
geometrically nonlinear free vibrations of polar orthotropic circular plates with various
boundary conditions, using the three-dimensional elasticity theory with all of the non-
linear terms retained in the strain expressions (liu 1996). If the single mode approach is
used, this approach is not completely useful for studying the geometrically non-linear
vibration of thin structures, therefore multimode analyses are used.

In the present paper the nonlinear vibration of a clamped circular plate with linearly
varied thickness is studied taking both the in-plane and the transverse motions into
account. The method of solution depends on the explicit approach. This approach is
based on the linearization of the set of algebraic equations in the neighbourhood of each
resonance.

MATHEMATICAL ANALYSIS

The plate is considered to have a radius R and variable thickness h clamped along
its edge. The variation of the plate thickness is assumed as linear. The origin of the
coordinate system is taken at the center of the plate, as shown in Fig. 1.

The plate is assumed to be elastic with homogeneous isotropic mechanical
properties. For circular plate having large amplitude vibrations, the strains are given by
the following equation (Hung, 1971) :

_ o 1[awj2_ o2

g = —+= z
or 2\ or or?
U zow
g, =—— 290 1
" r ror )

_{'DI
v C

Fig. 1: Plate and Coordinate Notation

In large amplitude vibration, the strain energy is the sum of strain energy due to bending
and the strain energy due to membrane, that is:

V=V, +V, )
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the bending strain energy of the clamped circular plate with axi-symmetric vibrations is
(Haterbouch 2003) :

V, ﬂoj{azw (%‘?’j }rdr (3)

where, D=Eh® 12(1-v?). The membrane strain energy of the circular plate is given by
(Timoshinko 1959) :

127D 2 |( 8U u2 Uau (WY au w U(ow)
Vi, =— j — |ttt | —+ +v—|—| prdr
h® < |Lor r r or or ) or 4l or r{or

(4)

Now the total strain energy is:

Vv :nDj{azw L @V” }rdr+

127D % |( oU U2 U au awYau 1 8W U aw
—2,[ — — | | —*+— +v rdr ............ (5)
h or r r ar or or 4 6r ar

0

The kinetic energy of the circular plate with neglecting the rotary inertia is:

T = ﬂphj{(%j +(%Jj }rdr (6)

The most common approach in seeking an approximate solution of geometrically non-
linear vibration is by separation of space and time functions. The transverse
displacement function is:

W (r,t) = w(r)cos(awt)
(7)

and the in-plane radial displacement is given by (Haterbouch 2004) :
U (r,t) = u(r)cos®(at) (8)

The spatial functions u(r) and w(r) are expanded in the form of finite series of p; and p,
in-plane u;( r) and transverse motion w;( r ) basic functions, respectively as:

w(r) = aw(r),

9
u(r) =bu;(r) ©)
Now the discretized forms for the total strain and Kinetic energies are:
1 1 2 1 1 2 4
V = Eaiajkij cos (cot)+5[aiajaka,b ik + b K ]cos (o) (10)
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1 . .
T= Ea)z[aiajmijlslnz(a)t) +b,b,m? sin® (2et)]
(11)
where, m%; , m%; , k% , k% are the mass and stiffness tensors associated with W and U

respectively, and biju & cix are fourth order and third order non-linearity tensors
respectively. These tensors are:

mt; = 27ph j VW, PP (12a)
0
m? = ZﬁphJ.Uinl’dr ...................................................................................... (12b)
0
L t(d2w d2w; 1 dw, dw;
ku—272'ph£( e 10| TR (12c)
&( du. du. : du,
3y = 220 | @y L Yy B e (12d)
h® oldr dr r rdr rodr
2( dw, dw, - dw,
i = 247§Dj dw; QW; du, +KdW' LU rAr e, (12e)
h® sl dr dr dr r dr dr
2( dw, dw.
bl = 67[?[ dw, AW, dw, dw, AT e @az2f)
h® <l dr dr dr dr

Hamilton’s principle is powerful to govern the dynamics of structures, which is
written in its general symbolic form as:

5T(v ~T)dt =0 (13)

Substituting Eq. (5) and (6) into Eq. (13) and after integrating the time functions and
differentiating with respect to a;’s & b;i’s results the following set of non-linear algebraic
equations:

2ak’i +3a,a;a a bl +§aibkcirk —2w’ami =0,....r =1,....p, (14a)

3
Z(aiajcijs +2bk%s) — 20°bm%s = 0,......... S=L (14b)
In order to generalize the analysis, the following non-dimensional displacements may
be used;

*

r'= %,..W*i(r*) _ Wi (r)

hy

Wi (r)

U5t = o
0

(15)
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where, 1 = h,
R
Now Eq. (14) may be written to take the form:
1* 1% 3 % 2 1%
2a,k™ i +33,2;8,07ijkr +§aibkc ik —20° aMir =0,....r =1....p, (16)
%(aiajc*ijs +2bk*is) — 2@ bm*is = 0,......... S=1.. p,

where o is the non-dimensional non-linear frequency, which is defined by:

4 2
' = —ph{; @ (17)

The dimensional terms in (12) may be written in non-dimensional forms as:

m™ij, m*%j) = ————— (m¥, m%1.4%),
) J) 272'[0th03( ] ] )
(18)
R2
(K5, ki, i, b ) = 22Dh’ (k' ki, Cye, b))
These non-dimensional terms are given by:
1
m"y = J'wi*wj*r*dr*...., .................................................................................... (19a)
0
1
m% = j Uy UL TTOE (19b)
0
1 * * *
d2w’ d2w; 1 dw  dw,
k' = : : ) 19c
J !;( dr® dr*  r? dr’ dr*) (19c)
1 * * * *
du.” du. 1 v du; v ,du
K = 12| (— —+ U+ ———u +—u =) rrdr e 19d
) !(dr*dr* FUU U e ) (Lod)
1 *
dw” dw; du,’ . v dw
Clij =12| (——L—% — U s (19)
-([dr dr* dr* ' rdr d
1 _* dW* * *
b = 3] (AU QW W AWy e e (19f)
o drodr® dr® dr

The transverse functions w'; (") for the clamped axisymmetric circular plate are written
as (Hatrbouch 2003) :
* * * ‘] (ﬂ) *
Wi (r) = A{Jo(ﬂir ) -2 L (BT)
1,(5)

(20)

where, B ‘s are the real positive roots of:
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J(BIN(B)+ I, (B)1,(B) =0 (21)

In this equation J, , I, are the Bessel and the modified Bessel functions of the first kind
of order n. The parameter f3, related to (o 1), by;

Bi=(0 )i (22)

The values of  can be found frgm*Eq. (21).
The in-plane basic functions u, (r) for the immovable axisymmetric circular plate are
(Lee 1971):

ui(r) = By (ar”) (23)
where, g, is the ith real root of ;
J1(a)=0 (24)

The functions w; () and u, (1) should be normalized as:

1
m," = J.W*iw",-r*dr* =5,

i (25)
m,”" = Iu*iu*,-r*dr* =5,

0

The values of k' , k¥ , cix and b"jq given by Eq. (19) were computed by
Simpson’s rule. The set of nonlinear algebraic equations (16), which called the
amplitude equation, can be written in matrix form as:

(K" T+Kn D{AY-0 M7 {A}={0} (26)

where, ([K*], [M*] and [Kq ] are respectively the non-dimensional linear stiffness,
mass and non-linear geometrical stiffness matrices. The terms of the matrix [K ] are;
(K'a)ij =(3/2)akab i . Neglecting the term [K'y] from Eq. (26) gives the classical
eigenvalue problem;

[K'{A}=0 *[M"{A} (27)

In this equation each eigenvalue have a corresponding eigenvector while the nonlinear
Eq. (26) lead to a set of amplitude-dependent eigenvectors with their amplitude-
dependent associated eigenvalues.

The single mode assumption, which neglects all of the coordinates except the
single resonant coordinate, has been used widely in the geometrical non-linearities due
to the great simplifications it introduces (Azrar,1999). Also this approach does not
give any information about the amplitude dependence between the deflection shape and
distribution of stresses (El Kadiri 2002). Therefore the explicit method of solution is
used because it remedies this insufficiency of the single mode approach.

If the effect of A in Eq. (16)is neglected due to its very small values, it can be
rewritten according to this approach as:
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aikl*ir + ga3ib3111r - a)*zaiml*ir =0,..r =1,............ Po (28)

For r=1, we have,

1= *
2 = Ky, §b 1112

29
mlll* 2 mlll* ( )
The (po-1) remaining equations are:
1* *2 1x _3 3
(krr —o“m, Je = 7a {10 JE T r=2,..... P, (30)

where, &, is the contribution coefficient of the non-resonant modes which is given by:

3afb*111r
& =— yernnees Fr=2, e \ 31
' 2( l*rr + a)*zml*rr) pO ( )

substituting Eq. (29) into (31) gives:

3%
£ = 33 bur S S S P, (32)

2(k1*11 + gafb*nn— kl*rrj

Eq.(32) is an explicit formula, allowing direct calculation of higher order contribution
corresponding to the first mode shape. Thus the first non-linear amplitude dependent
clamped circular plate mode shape, w n1(r',a) can be defined in a series form as:

3a13b*111r

Whan(r',a,) = 31Wl(r)+z wr (") (33)

r=2 2(k1* +— ai b 1111— rr)

In this equatlon the predominant term in which proportional to the first linear mode
shape is a;w (1 ) and the others which corresponding to the higher linear mode shapes
W), .o w pc,(r ) are corrections due to the non-linearity.

In order to determine the distribution of membrane stresses, the in-plane
displacement coefficients b, should be determined. As mentioned above, because of the
very small values of A, Eq. (16) gives:

b =a;ad ... =1 P, (34)

* 1 * * H - - -
where, d’ix = > k**wci , is a third order terms expressing the coupling between the

transverse and in-plane motions, the tensor k*'; .
If the first and second order terms in the expression ajad i are neglected, the
in-plane contribution coefficients are simply given by:
bi:alzd*m N i=1, .......... P (35)

Thus the in-plane shape function is given by:
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u(r’) = a, d Ui (r) (36)

If the first order term  ae&d™ui is added, the in-plane basic function contribution
coefficients, EQ. (35), are given by:

po
b =a’dwu+Y agdu , i=l....p (37)

1=2
now the in-plane function is:

Po 2 % *
u*(r*) — aiz[d*ljj +Z 331 b 111rd Iri

1 21 % 1r ]W*'(r*) (38)
r=2 (2k 11+ 3d,"b 1111 — 2K" rr)

This equation improves significantly the membrane stress estimates for amplitudes
higher than those permitted by expression (35).

RESULTS AND DISCUSSIONS

The dependence of the non-linear frequency on the amplitude of vibration is shown
in Fig. (2) for thickness ratios of 1, 1.5 and 2. This figure is plotted for the first two
axisymmetric mode shapes. The ratio of thickness (hi/h,) has the effect of magnifying
the frequency ratio (o /o 1). Also it is seen that a spring hardening effect is present and
this effect increased with increasing the amplitude ratio. The plot also shows that the
first mode shape exhibits less change in frequency with the vibration amplitude than
does the second non-linear mode shape. This is because that the deflection shape
associated with the first mode shape produces less induced tensile forces than does that
associated with the second mode shape for the same maximum displacement
amplitudes. This figure shows that the nonlinear frequency increased with increasing
the ratio of thickness. This is because of the bending effect arise due to the geometry of
the plate. This effect increased with increasing the ratio of thickness.

Figs. (3a) and (3b) show the effect of thickness ratio on the non-linear mode shape.
The non-linear mode shapes are plotted for the first two axisymmetric modes. The
effect of amplitude ratio is presented in (Haterbouch 2003 & Haterbouch 2004),
therefore it is not presented here. The values of thickness ratio has the effect of keeping
away the mode shape in the direction of the plate edge. Also it can be seen that the
mode shapes become more flatening near to the centre of the circular plate with the
increase of vibration amplitude. But here it is shown that the effect of thickness ratio is
more pronounced than the amplitude ratio.

The effect of amplitude of vibration and thickness ratio on the normalized in-plane
displacement shape functions is shown in Figs. (4a) and (4b) respectively for the first
two modes. Increasing the ratio of thickness has the effect of pulling the in-plane mode
shape in the direction of plate centre. This effect because that the inertia force near the
centre of plate is higher than that near the edge.

Fig. (5) shows that the normalized amplitude is affected by the ratio of thickness in
which increasing this ratio cause a shift to higher values at dimensionless radius values
between 0.2 and 0.8. This trend is due to the high inertial values which cause higher
values of deflection.
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Conclusions

From the presented results the following two conclusions can be drawn;
1- It is shown that both of the amplitude of vibration and thickness nonuniformity
have a clear effect on the nonlinear frequency and the corresponding mode shape.
2- Increasing these two parameters cause an increase in the nonlinear frequency and
change the mode shape.
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Fig. 3: Effect of Thickness Ratio on the normalized mode shape of the first two
nonlinear Axisymmetric modes of the clamped circular plate, W'max = 2.
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EFFECT OF THE OUTLET NOZZLE DIAMETER ON THE
PERFORMANCE OF DIVERGENT VORTEX TUBE
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Technical College Ins. Of Technology Unv. Mamoon College
Baghdad Baghdad Baghdad
ABSTRACT

The aim of the present work is to study the effect of different outlet nozzle
diameters, by using one or two nozzles on the performance of divergent vortex tube
and also to determine the effects of various parameters on the vortex tube cooling
performance such as: refrigeration capacity, coefficient of performance, isentropic
efficiency. The experimental investigation was carried out on a divergent vortex
tube rig manufactured for the present study covering all tests. The effect of different
outlet nozzle diameters ( d,= 4 mm, d, = 5 mm, and d,= 6.5 mm) on the performance
of the vortex tube is described by using one nozzle or two nozzles by varying the
pressure of the inlet air and cold air mass ratio (yc) within the ranges (Pi as=2 - 7
bar) and (uc= 0 - 1). The outlet nozzle diameter, (d,= 5 mm), and the outlet cold
diameter (d.= 10 mm), when using two nozzles, give high temperature separation
and may considered to be the optimum for different pressures of the inlet air
regarding all the size tube diameter. The experimental study predicts two empirical
results between the outlet nozzle diameter (d,), number of nozzles (N), inside vortex
tube diameter (D), and length of vortex tube (L) as:

2

Nd;‘ =0.105

D for (N=1) and;
2

NS; =0.211

for (N=2)

Ladal
Slo Oifiey ¢ oaaly Caiie aladiuly Culidl Jalal) Ll A0 Auhy s Jall Gl e gl
Jalaa ¢ 2yl das Jie ganyall ¢l e g ) Jelsall Caltide s SIS ¢ ompiiall algall CasadY) 6l

aana ¢ Asjiial) Aalsal) Gl JalSia lea el A e coplall cjadl, G i3V s Sl ¢ 214

Available online @ iasj.net 2275




A. T. Al-Omran Effect of the Outlet Nozzle Diameter

R. R. Ibrahim on The Performance of Divergent

H. N. Al-Rawi Vortex Tube

(sl Jal Ll s a5 duhs el maen ol i (il 13g) Lasad aiiay
eolsdll GVl elal e ¢ (fitiey ¢ aaly G sladiul Glldde= 4 mm, 5 mm, 6.5mm )
Gaa( pe)  JRI elsell I DL elsedl IS Lasiy JAIA plsell Blaall Lakaall it pe ¢ il
shig(d, =5 mm) i) Axtd aladial vie  Mgll de(p=0-1) o 2-7bar) bl
Lyiie) (Says Byhall days 4 duad o) Jaad Glidie ahadinls(de = 10 mm ) zolall 3l dasd
binall i Jay 5 dpad pidle o Joanll 5 alsall Caga¥) ) ALl dabsall Ja graal (JiaY!
sl arad Jumdl Jaad Camy (L) sVl Jsba (D) cossSU Jalall il ¢ cilid) sae
P UK e Jiad Fila 5 il alsall

2
Nd; =0.105
D N=1
2
Nd; =0.211
D N=2
KEY WORDS

Counter Flow Vortex Tube , Thermal / temperature Separation , Design

Parameters

INTRODUCTION

A vortex tube uses compressed air as a a power source, has no moving parts and produces
hot air from one end and cold air from the other, as shown in Fig.1.

There is one widely accepted explanation of the phenomenon: (Prasad 1963 , vortex tube
theory 2000). Compressed air is supplied to the vortex tube and passes through nozzles that
are tangent to the internal counterbore. These nozzles set the air in a vortex motion. The
spinning stream of air turns and passes down the hot tube in the-form of a spinning shell,
similar to a tornado. A valve at one end of the tube allows some of the warmed air to escape.
What does not escape, heads back down the tube as a second vortex inside the low-pressure
area of the larger vortex. The inner vortex losses heat and exhausts through the other end as

cold air.
Cold Air Control Valve Hot Air

Compressed Air in
Fig.1: Diagrammatic view of the pattern in a counter-flow tube .
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While one air stream moves up the tube and the other down it, both rotate in the same
direction at the same angular velocity. Due to the principle of conservation of angular
momentum the speed of the inner vortex remains the same. Angular momentum has been lost
from the inner vortex. The energy lost shows up as heat in the out vortex. Thus the outer
vortex becomes warm, and the inner vortex is cooled.

A number of researches mention the effects of tapering the vortex tube, with conflicting
results. ( Martynovskii and Alekseev 1957), find a contracting hot tube to be preferable and
get optimum performance for (40 < L/D < 50) which is comparable to (Hilsch’s 1947)
comment that (L/D) should be around (50) for good temperature separation.

(Raiskii and Tunkel 1974) investigated the influence of the vortex tube configuration
(cylinder, diffuser and step), on the vortex-temperature gas-separation process. Results show
that long cylindrical tubes are most effective in a broad range of variations of structural and
modal parameters, noting that the majority of the energy transfer appears to occur within the
first five diameters of the tube.

(Soni and Thomson 1975) employed a systematic method of experimental design to
determine the optimum performance of a vortex tube as a function of the pertinent design
parameters, especially the individual experiments were stipulated according to the simplex
modification of the method of evolutionary operations, (EVOP 1962).

The results indicate the following optimum design parameters for maximum (AT, ) and
maximum isentropic efficiency (nis).

Ay (Nozzle / tube area) = 0.11 + 0.01 (0.08 + 0.001)
Ag (Orifice area / tube area) = 0.08 + 0.01 (0.145 + 0.035)

(Takahama and Yakosawa 1981) investigated the measurements of the swirling flows
inside the divergent chambers. The results show that the shorter divergent chambers (L=900
mm) have a higher angular velocity near the center of the back flow and the swirl intensity
increases in divergent chambers in the direction of flow with relatively large divergent angles.

(Mitushen and Mohammed 1992), part I, designed “ Laser Doppler Velocimeter” that
provides three velocity components of the flow inside the counter flow vortex tube. Results
indicate a reverse flow from the axial velocity profiles in the central region (r < 4 - 5) mm of
the vortex tube and the maximum axial velocity was is to the tube wall.

(AL-Abriy 1997) carried out an experimental study on the effect of tangential nozzles
number on the performance of vortex tube by varying the number of tangential nozzles to
become between (1-8) nozzles under inlet pressure of (3-7) bar at cold air mass fractions of
(Mc = 0-1).

A laboratory device, “Hilton Co. Manufacture” and rig employed by (Al-Jielawe 1994)
were used to carry out the experiments studying.

Results show that there is an optimum value of number of nozzles (N = 8 and d. = 0.8 mm)
to get high performance.

(AL-Barwari 2004) studied the experimental study on the thermodynamic properties of
vortex tubes with a divergent chamber. The experimental investigation was carried on a
divergent vortex tube rig especially designed for the present study covering all tests. The
effect of different cold outlet diameters (d.=10 mm, d.=12 mm, and dc=14 mm ) on the
performance of the vortex tube is described .The results show a pronounced influence of
divergent vortex tube (6°=1.72, L= 460 mm), on the energy separation performance.

REFRIGERATION PERFORMANCE

Performance of simple refrigeration plant is usually characterized by means of the
Coefficient of Performance (C.O.P) defined for the cyclic work-absorbing device Fig.2 as
( vortec corporation catalogue 1992).
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Fig (2) cyclic work absorbing device.
cop=2a 1)
W

act

The process of ideal compression of the inlet air mass from the atmospheric pressure
(Pa) to high pressure (P;) is represented by the line (Ti- T¢ ) in Fig.3 and the actual
compression is represented by the line (T;— Ty) . [13]

The COP of the vortex tube is defined as the ratio of the actual cooling effect to the work
input to the air-compressor.

The compressed air has to be cooled at constant pressure in a cooler to the initial
temperature (T;) before being sent to the vortex tube. The refrigeration capacity (actual
cooling) of the vortex tube is simply equal to Q.

T¢! /
Tt Z Compression
\ in
Q" Compressor
e o3
2 Q;\Q
o .
g Ti |
: i
" | Al
, S
Expansion in
Te vortex tube
Tt
-
€
Entropy
Fig.3: Compression and expansion
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=

process in a vortex tube

Q=mC (T,-T) )
Thus:
mc Cp A-I-c 77comp

71 (3)
m.C T, [P'j r -1
PP

a

COP =

If the process undergoes an isentropic expansion from the inlet pressure (P;) to atmospheric
pressure (Py) at the cold end then the static temperature drop due to expansion is given by:
y-1

ToT - T.=T|1{Pe]"
Ac’_i_c’_i _P_i (4)

The actual temperature drop due to expansion occurred in vortex tube is AT, the ratio of

AT, to ATC, is called ““ Relative Temperature Drop”.

RTD= AT,
AT

¢

()

The adiabatic (isentropic) efficiency of the vortex tube is defined as:
Actual Coolingefiect obtained in the vortex tube

e = Ideal cooling eflect possible with adiabatic expansion
AT,
AT,

Sub. Eq. (4) in (6) one gets:

(6)

nise :uc

yL
Y

(7)

AT P
COP = c _a
TR AT, (P )

By substituting the value of [ j from Eq.(6), in Eq.(7), one gets:

11
Y

COP = Nise T]comp (Fa) (8)

EXPERIMENTAL APPARATUS AND RIG LAYOUT

The test rig is designed and manufactured to fulfill the requirements of the test system for
different divergent vortex tube. The main rig, and the apparatus of the system illustrated in
Figs. 4 and 5 and photograph (1).
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RESULTS AND DISCUSSION

Effect of cold air mass ratio (uc) on the temperature difference (A Ty, A T¢), isentropic
efficiency (nise) coefficient of performance (COP), and refrigeration capacity (Qr), for the inlet
air pressure change and outlet nozzle diameter (d,), are investigated .

Fig.6 at (Pj aps = 7 bar), number of nozzle = 1, and, (uc =0.408), shows, that the best
energy separation, i.e highest temperature separation is for the outlet nozzle diameter (d,=6.5
mm), and (d. = 10 mm), in respect with all selected outlet nozzle diameters, which give the
minimum values of the cold air temperature differences (AT.),as shown in Table (1)

Table (1): Results of One Nozzle

Number of nozzles = 1, D= 20 mm, L/D =23, L =460, (6° = 1.72), Tin=30 "C d:=10 mm

dp=4 mm d,=5mm d,= 6.5 mm

Minimum Maximum Minimum Maximum Minimum Maximum
O Ineo (O e [0 Th(0)

1.2 55.2 -14.5 71.2 -20 72.3

Fig.7, at ( Pias= 7 bar), ( number of nozzles = 2 ), (u.= 0.409). shows clearly, that the
best performance is for the outlet nozzle diameter (d, = 5 mm), and (d.= 10 mm), which gives
the minimum values of the cold air temperature .i.e maximum temperature differences (AT),
and the maximum value of the hot temperature, i.e the highest value of the hot temperature, as
shown in Table (2):

Table (2): Results of Two Nozzle

Number of nozzles =2, D =20 mm, L/D =23, L =460, (6° =1.72), Tin=30°C dc= 10 mm

d,=4 mm d,=5mm d,=6.5mm

Minimum Maximum Minimum Maximum Minimum Maximum
TC( C) Th(OC) TC( C) Th(OC) Tc( C) Th(OC)

-20.2 70.5 -35.5 81.2 -34.1 77.5

In Figs. 8, 9 and 10 samples are selected to illustrate the effect of outlet nozzle diameter on
isentropic efficiency with two nozzles at outlet cold diameter ( dc=10 mm ) as illustrated in
Table (3) for different outlet nozzles diameters.

Table (3): Isentropic Efficiency Results

One nozzle Two nozzles

d.=10 mm d.=10 mm

dp=4mm |d=5mm |dy=6.5mm |d,=4mm di=5mm | d,=6.5mm | Pjaps
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Nise 10.58 18.25 22 22.9 28.2 27.9
%
e 0.601 0.718 0.706 0.714 0.703 0.714
Nise 6.22 13.38 18.1 18.8 20.6 21.8
%
e 0.607 0.617 0.707 0.715 0.702 0.713

In Figs. 11, 12 and 13 samples are selected to show the effect of changing (uc) on (COP)
of vortex tube (0°= 1.72), at (L/D= 23) for different pressure ranges between (2-7) bar, with

two nozzles at outlet cold diameter  (d. =10 mm).
The best values were acquired for the above mentioned outlet nozzle diameters, as
illustrated in Table (4):

Table (4): Effect of Cold Air Ratio Optimum Results of COP

I One nozzle Two nozzles I

d.=10 mm

d:=10 mm

dy=4 mm

dy=5 mm

dy=5 mm

d,=6.5 mm

0.05

0.094

0.180

0.159

0.701

0.616

0.712

0.604

0.035

0.079

0.125

0.108

0.702

0.612

0.711

0.603

Figs. 14, 15 and 16, show the effect of changing (uc) on the refrigeration capacity for
vortex tube (6°= 1.72) at (L/D= 23) for the pressure range between (P; a»s.= 2-7) bar, with two
nozzles at outlet cold diameter  (d. = 10 mm).

The best values acquired for the above mentioned outlet nozzle diameters at highest
pressure (Pi aps=7bar) and minimum at pressure (P; aps= 2 bar), are shown in Table (5):

Table (5): Effect of Cold Air Ratio Optimum Results of Qr

Two nozzles
d.=10 mm

One nozzle
d.=10 mm

d,=4 mm

d,=5 mm

dy=5 mm

d,=6.5 mm

15.7

33.25

150.5

149.51

0.601

0.616

0.714

0.714

308

610

1875.8

1866

0.611

0.617
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CONCLUSIONS

- The outlet nozzle diameter (d,= 6.5 mm), and the outlet cold diameter,(d.= 10), when
using one nozzle give a high temperature separation and may considered to be the
optimum for different pressures of the inlet air regarding the size of tube diameter.
- The outlet nozzle diameter, (d,=5 mm), and the outlet cold diameter (d.= 10 mm), when
using two nozzles, give high temperature separation and may considered to be the
optimum for different pressures of the inlet air regarding all the size tube diameter.
- The isentropic efficiency of the divergent vortex tube (6°=1.72),( L/D =23 ), (L = 460
mm), (d; = 10 mm), (d, = 6.5 mm), when uesing one nozzle and two nozzles, increase
with cold air mass ratio (uc) and reaches the highest value at (. = 0.6-0.72). On the other
hand they decrease with the inlet air pressure increase. Divergent vortex tube (6°= 1.72)
has a highest isentropic efficiency attain: (nise = 27.9 %) at (uc = 0.714), when using two
nozzles.
- The coefficient of performance (COP) of the divergent vortex tube (6°= 1.72), (L/D =
23 ), (L = 460 mm), (d. = 10 mm), (d, = 6.5 mm), when using one nozzle and two
nozzles, increase with cold air mass ratio (uc) and reaches the highest value at (u. = 0.6-
0.72). On the other hand they decrease with the inlet air pressure increase. Divergent
vortex tube (0°=1.72) has a highest coefficient of performance attain: (COP = 0.159 %)
at (uc = 0.604), when using two nozzles.
-The refrigeration capacity of the divergent vortex tube (6°= 1.72) when using one nozzle
and two nozzles is increased with cold air mass ratio (y) till reaching the highest value at
(ue = 0.6 - 0.72). They increase with the inlet air pressure increase and has a higher
refrigeration capacity attain: (Qr = 1866 Watt) at (u. = 0.714), when use two nozzles.
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NOMENCLATURE

Ac, A Cross sectional area of the cold end orifice and hot end m
of the outlet air

A Cross sectional area of inlet pipe m?
COP Coefficient of performance -
Cp Specific heat at constant pressure J/kg. K
D Inner diameter of vortex tube mm
dc Diameter of cold end orifice mm
dn Diameter of hot end outlet mm
dn Diameter of nozzle outlet mm
hi Specific enthalpy of the inlet air Jikg
L Length of vortex tube mm
L/D (Length / inner diameter) of the vortex tube -
m Mass flow rate per nozzle ka/s
m, m, Mass flow of inlet air, cold air and hot air kals
I’hh
Pa Ambient pressure bar
Pi, P.,Pn  Pressure of the inlet air, cold air and hot air bar
Qr Refrigeration capacity Watt
Q Heat exchanged between the system and its surrounding Watt
T, Ambient temperature °Cc
Ti, Tc, Tn  Temperature of the inlet air, cold air and hot air °C
To Temperature at the nozzle outlet °C
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AT, Temperature difference of cold air = T, — T; °C
ATC' Isentropic (maximum) temperature difference °C
ATy Temperature difference of the hot air = Ty, — T; °Cc
MNcomp The isentropic efficiency of the compressor %
MNise Isentropic efficiency of the vortex tube %
0 Angle of divergence degree
mc
He ) . m. :
Cold air mass ratio = "'
P Density of the air kg/m®
c, h,i Subscripts refer to cold, hot and inlet air -

Th

1 i ‘ L
NB
i Comppressed air Il
E d] Ve
Variac Cold air
(mec)
- z
=
;
1 N 1>
&
. ;

Ta Compressed air temp.

Ti Inlet air temp. to nozzel

Tc Cold air temp.

Th Hot air temp.

Tw Temp. along the vortex
tube wall

NB Nozzle block

N Nozzle

Co Cold end

Ve Vortex chamber

Cv Flow rate regulating value

Fig. (4) Schematic diagram of the experimental rig.
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INVESTIGATION OF THE THERMAL PERFORMANCE
OF A CROSS-FLOW WATER COOLING TOWER WITH
DIFFERENT PACKINGS

Dr. A.N. S. Kassim and Basim A. Rasheed
University of Baghdad — College of Engineering
Mechanical Engineering Department
ABSTRACT
The present research involves experimental and theoretical work to study the
performance of three kinds of packing (PVC, corrugated and flat plate asbestos) in a cross-
flow water cooling tower under different atmospheric conditions and then comparing the
performance of them with each other. The experimental work included the design,
constructions and installation of a cross-flow cooling tower test rig suitable for measuring
the individual coefficients (kga) and (k'a). The experimental results were found by varying
the inlet air flow rate and inlet water flow rate which are used as an input data to the
computer program for finding the available performance coefficient (NTU) using the
method of Webb with some modifications. Least square method was then used to correlate
the experimental results of (NTU) in terms of water to air ratio (L/G).
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INTRODUCTION

Probably the most important device utilizing direct contact between water and atmospheric air is

the cooling tower. The objective of cooling tower is not the processing of the air, but cooling of

the spray water. Cooling towers may be used thermally to reclaim circulating water for re-use in

refrigerant condensers, power plant condensers and other heat exchangers.

There are two basic cooling tower heat transfer packing or fill arrangements, namely, counter-

flow and cross-flow. In the counter-flow cooling towers, the air is directed to flow vertically

upwards against the descending flow of water. In the cross-flow arrangement, the air flow is

directed in a perpendicular direction to the flow of water, as shown in Fig (1). For both packing

configuration, drift eliminators are placed beyond the packing to prevent loss of water droplets

into the leaving air stream.

The advantages and disadvantages of the counter-flow cooling towers:

Advantages:

1. It has the most efficient means for heat transfer, since the coolest

water contacts the coolest air.

2. Close control of cold water temperature.

3. Small ground area in which it can be operated.

4. Close approach and long cooling range possible.

Disadvantages:

1. Restricted louver area at the base with high velocity of inlet air increases the fan horsepower.

2. Resistance of upward air travel against the falling water, results in higher static pressure loss

and a greater fan horsepower than with air/ water flow in cross-flow towers.

3. Uneven distribution of air velocities through the packing with very little movement near the

walls and center of the tower.

4. High pumping head necessary because of the tower height and nozzle pressure require the
packing to be placed high up in the tower because the intakes at the base must be unobstructed.

5. The hot water system is inaccessible for ready maintenance, because the water spray system is

sandwiched between the top of the fill and the drift eliminators.

The advantages and disadvantages of the cross-flow cooling towers:
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Advantages:
1. Low pumping head.

2. Low static pressure drop at the air side.

3. Low fan horsepower.

4. Convenient arrangement of the distribution system requiring only (6-8in) depth of water over
the top of the tower.

5. It is possible to clean the distribution system while the tower is in operation.

6. Higher water loadings are possible for a given height.

Disadvantages:

1. A substantial cross-flow correction factor needs to be applied to the driving force,
particularly where long range and close approach performance are required.

2. A cross-flow tower may need more ground area and more packing or fill
material to transfer the same amount of heat, because the performance calculated has a
greater NTU and this has been interpreted to indicate the cross-flow tower will have a
larger required coefficient so must be physically larger to meat this condition.

3. In a cross-flow cooling tower the water temperature decreases vertically while the air

enthalpy increases horizontally, requiring a double integration.

4
22/
Al
tit

Fig (1) : Cross-Flow Cooling Tower

Merkel developed the first practical use of the differential equations in 1925. He

combined the equations for heat and water vapor transfer and used enthalpy as the driving
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force to allow for both sensible and latent heat transfers. Heat is removed from the water by a
transfer of sensible heat due to a difference in temperature levels and by the latent heat
equivalent of the mass transfer resulting from the evaporation of a portion of the circulating
water. Merkel's method has been the basis of most cooling tower analysis. His analysis is
based on the assumptions that the water evaporation loss in the energy balance equation is
negligible and that the Lewis number for air/ water vapor system is unity.

( Molyneux 1967 )theoretical and experimental work to determine the difference between
counter-flow and cross-flow cooling towers. He concluded that for the large industrial units
with relatively small ranges, an approach of less than (15°F) and operating with large flows of
cooled water at (L/G) ratios greater than (1), the double induced draught cross-flow cooling
tower can give economic advantages and the capital cost need to be no higher than that of the
counter-flow tower having the same duty, but there can be significant saving in air and water
pumping cost.

( Sutherland 1983 ) covered a wide range of air conditioning applications of cooling
tower and should be of real value for design purposes. The accurate thermodynamic predictions
apply generally and not to one particular tower and packings. His analysis did not utilize the
assumptions of Merkel.

( Webb and Villacres 1984 ) presented algorithms for the performance simulation of
evaporative cooling equipments. The algorithm performs a rating calculation for a given
cooling tower fluid cooler or evaporative condenser. The most common rating calculation
seeks the heat duty of the evaporative heat-exchanger for a specified operating condition (fluid
flow rates, inlet process conditions and ambient air wet-bulb temperature).

Two types of packings were used in the experimental research work. The first is made of
PVC sheets which are compressed thermally and having corrugations and extensions to
increase the wetted surface area and to increase the spraying of the water. The second type is
manufactured from asbestos cement, either as a flat plate or corrugated sheets.

CROSS-FLOW COOLING TOWER THEORY
The present analysis is based on the theory proposed by ( Baker and Shryock 1961 ), which is

an extension and development of the original theory of cooling tower by ( Merkel 1925 ).
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Both mass transfer (water evaporating from the droplets falling through the tower) and heat
transfer (cooling of the water due to evaporation) are incorporated in the single coefficient
(KaV/L). The driving force for both is represented by the enthalpy potential difference
between the air at the local wet-bulb temperature (h,) and air at the local water temperature
(h).

As shown in Fig (2), water falls through the tower and is cooled by sensible heat loss and
latent heat loss due to evaporation. The air is drawn across the tower by the fan, picking up
sensible heat and water vapor in the process. Starting at the top left corner where the water
temperature and air enthalpy are known, calculating the air enthalpy horizontally and water

temperature vertically, as represented by the equations:

K'aV / |_=tjzc _at (1)
! pw h: _ ha
and
hay
Kav /G= | ,dha )
o=,

Numerically, the tower volume is divided into incremental volumes each of which
accomplishes an identical fraction of the total transfer duty. The typical increment framed in
Fig (2) and Fig (3). The air enters at the left of the increment, its enthalpy increases as water
vapor is added, and it exits to the right. The water is cooled from (t;) to (t;) due to the
evaporation. After all increments have been traversed (M=10 is the number of increments), the
calculation is terminated by averaging the temperature of the water leaving the bottom group of
increments to yield the water outlet temperature.

A computer program was prepared based on Webb's method with some modifications to
calculate the required conditions such as, temperatures and enthalpies for the bulk water, bulk
air and interface for all the increments of the tower.

The algorithm for performance simulations of cross-flow cooling tower in the computer
program consists of two iterations (inner and outer), starting from integrating eq. (2), which
gives:

A (NTU) ©

a

KaVv /G=

’

Available online @ iasj.net 2294




A. N. S. Kassim
B. A. Rasheed

Investigation of the Thermal Performance Of A Cross-Flow

Water Cooling Tower With Different Packings

The above equation is applied to each incremental unit volume. The inlet and outlet water and
air properties in the incremental volume are symbolized as shown in Fig (3). The enthalpy of
air entering to each increment of the first column is (hw= h,) and the temperature of water
entering to each increment of the first row is (ty=t1).At the bottom of grid we found the water
outlet temperature of the last vertical increment (M) and for each of the horizontal increments
(i=1,2,3,..., M)ort, (M,i) from the equation :

tzzﬁét(M,i) (4)

The outer iteration was developed for comparing the water outlet temperature
(t2) with a specified water outlet temperature, and if thy are not in agreement a new value of
(NTU)g is assumed until the difference between them meet a specified value. The enthalpy for
the outlet air is then computed from the following equation:

1S, .
h,, = 2N(i.M) (5)
j=1
Then we can find (NTU), from the following equation:
G
(NTU )L:(NTU)GXI (6)
i t,L
— Hot water in ||‘(| T
AREERERER! | A
[ [
Jl — -
—> |
:I::{‘l::; Airin :: ZEL |I:l\\._ N ‘:’?— A -.h“[.
—_ é TE
— H |
— - 1
— I
—
Average water temperature out ‘ If“ S )'I\
Fig (2): Cross-flow cooling tower Fig (3): Incremental unit volume

Incremental volume

RESULTS AND DISCUSSIONS

Results:

Results of this study are shown in Figs. (4 to 7).
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Discussions:

On comparing the performance of the three packings with each other it appears from
Fig.4 that the performance of the PVC packing is higher than the other two by about (98%)
because its wetted surface area per unit volume is higher than the other two packing. In
addition to that the ascending water spray down as small droplets, because of the packing
corrugation and slots which increase the period of contact between air and water. This figure
also shows that the performance of the corrugated asbestos packing is slightly higher than the
flat plate asbestos packing by about (10%) because the wetted surface area per unit volume for
the corrugated asbestos packing is higher than corresponding value for the flat plate asbestos
packing.

As a practical application, the correlation equation for each of the three packing used in
the tower (PVC, flat plate asbestos and corrugated asbestos packing) had been obtained for the

range of air flow rates (1.3964 kg/s.m?) to (0.6991 kg/s.m?). The correlation equations are:
NTU =0.2660(L/G) 0.9144 (For flat plate asbestos packing)

NTU =0.4581(L/G )~ 97171 (For PVC packing)

NTU =0.2567(L/G) 0.5815 (For corrugated asbestos sheets spaced 15mm)

NTU =0.2438(L/G)™ 0.5141 (For corrugated asbestos sheets spaced 25mm)

The volumetric mass transfer coefficient (K'a) for the PVC packing is higher than (K'a)
for the other two types as shown from the same Fig.5. This figure also show that the volumetric
mass transfer coefficient (K'a) for the corrugated asbestos sheets with (S=15mm) is higher than
(K'a) of the flat plate asbestos packing with (S=25mm).

The correlation of each line is represented in the following relation:

K'a = cG°LY where: ¢, b and d are constant

From the above relation, the volumetric mass transfer coefficients equations which had

been obtained for the range of air flow rates (1.3964 to 0.6991kg/s.m?) are:
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K'a=15976 g0-9144 | 0.0856 (Flat plate asbestos packing)

K'a=27513G0-71710.2829 (PVC Packing)
K'a=15413G0-5815 | 0.4185 (Corrugated asbestos sheets spaced 15mm)
K'a=14643 05141 | 0.4859 (Corrugated asbestos sheets spaced 25mm)

The volumetric heat transfer coefficient (Kga) is highly increased with (G), but slightly
increased with (L) as shown in Fig.6. Also it can be seen from this figure that the volumetric
heat transfer coefficient (Kga) is higher for PVC packing than for the flat plate and corrugated
asbestos packings. The volumetric heat transfer coefficient (Kga) for the corrugated asbestos
packing is also higher than the corresponding value for the flat plate asbestos packing.

The above influences, the volumetric heat transfer coefficient (Kga) as with the volumetric
mass transfer coefficient (K a), because of the Lewis relation which relates them:

k':fjpm =le ")

This relation is considered unity.

Fig.7 is a plot of volumetric rate of mass transfer coefficient (K'a) in (kg/s.m®) versus
air flow rate (G) in (kg/s.m?) for the results of Molyneux using fiber glass packing and for
the three packing used in this experimental work and for a constant water flow rate of
(1.358kg/s.m?). This Figure shows a good matching with the results of Molyneux, especially
for the corrugated asbestos packing (S=25mm).

The reason for the differences in the slope of these lines is because of the differences in

types of packing.
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1.

CONCLUSIONS

The performance of a given volume of tower packing is affected mainly by the
ratio of water flow rate to the air flow rate. This means that the maximum
performance can be obtained with minimum water and air flow ratio (L/G).

The mass and heat transfer coefficients (Ka) and (Kea) are mainly affected by the
air flow rates and slightly by the water flow rates.

For a given volume of packing, air flow rates and water flow rates, the performance
of PVC packing exceeds that of the two types of the asbestos packings by about
(45%-50%). Also the performance of the corrugated asbestos sheets is more than the
corresponding performance of the flat plate asbestos by about (6.5%-7%).

We found that in the case of using PVC packing, substantial decrease in volume of
the cooling tower is obtained compared to using the other two kinds of asbestos
packings to achieve the same operating conditions due to the performance of PVC

packing being higher than the corresponding value of the other types.
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NOMENCLATURE

A Area of water surface per unit volume K' Unit conductance, mass transfer,
interface to main air stream
Inlet water mass flow rate
Number of horizontal and vertical
increments
ha Enthalpy of moist air, hy; entering, h,, NTU Number of transfer units
leaving (dry air)
H' Saturated enthalpy of moist air at bulk V  Cooling volume
water temperature

Cow Specific heat of water assumed, 4.19
G Inlet air mass flow rate (dry air)

<r
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PLOUGHING OF WORK-HARDENING ASPERITIES BY A
HEMISPHERICAL SLIDER

AHMED ABDUL HUSSAIM ALI
UNIVERSITY OF BAGHDAD / COLLEGE OF ENGINEERING
MECHANICAL DEPARTMENT

ABSTRACT

A theoretical description is given for the ploughing of a work-hardening inclined surface by a
hemispherical slider. As the indenture is moving horizontally, the grooving force and the depth of
penetration are expressed for conditions that correspond to the climbing and descending asperities.

Assuming a constant vertical load on the slider, the friction coefficient due to ploughing, F,, is
shown to be affected by surface inclination moreover, the limiting value of F,when the vertical

load on slider is made infinitely small is shown to be independent upon the asperity angle and the
shape of the slider. The treatment has some use in predicting the extent of surface damage in
contact profilometry, especially for soft materials in particular, the depth of penetration is shown to

be different when climbing or descending a surface whose inclination is@.
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INTRODUCTION:

When a rigid indenter slides over a work-hardening surface, the resistance to motion is generally

due to two different factors: the elastoplastic deformation of metal, or ploughing, and the adhesion
at the interface of the components. This physical phenomenon is treated in text books on tribology
[Moore. D.F. 1975] and a number of experiments which have been performed to establish the
validity of some mathematical models or to analyze the wear mechanism in this study, an extension
to classical demonstration about the ploughing component of friction are presented. One of the aims
to model how surface damage is done in contact profilometry when a slider or a tiny rigid stylus
travels on a surface showing an irregular profile for the proposed mathematical models, the shape of
asperities is simplified as to be represented by straight inclined surface . Therefore, relative to the
primary direction of motion, the slider has to climb or descend surfaces inclined at an angle & , as
shown in fig. (1). Note that in this work, and contrary to the usual terminology, the word “asperity’

is associated with the surface that is being deformed and not with the slider.

(v
e i
e
l———.— fn.»;l-_‘()n g i ‘\\ |
i 2, L= e
V»] —~ wsRezealilles) SHERS SiE T A g
AN ‘F';'-/,.,, // \ S —VJ_\._<_“-,_L _,/ N _L__.'/ﬂ
T e |
"' ‘ -
dl f ) Ay
Fig.(1) Representation of a Slider Moving on Fig(2) Hemispherical Slider Moving on Horizontal
Horizontal, then Inclined Surface . surface

PLOUGHING OF A HORIZONTAL SURFACE:
The ploughing component of friction is often modeled assuming that a slider of simple geometry

moves parallel to an ideally flat surface and grooves its path into it. Fig.(2) represent such situation
with a hemispherical slider of radius R deforming plastically a softer, yielding material in the

following development the following assumption are made.
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- Material pile-up surrounding the slider is neglected.
- Effects of slider speed (inertial forces) and heat generation (modification of material
properties) are not considered.

A static analysis of force balance gives a relation ship between the vertical load , Fy, and the extent
of surface damage in terms of groove width, d, or groove depth, h, and yield pressure Py, as in
fig.(2) .
F, =P, xA, =P, (zd?*/8) =P, AxRh/2
From [J.Halling 1975] Halling found A to be
A=2-n%

3 =%Py(2—n°'5)7rRh

h=R—(R*—(d/2)*)*

R, =P, (7/2)2-n"*)R*(1— (1 —(d/ 2R)?)*®) -mrmmmmmemmmmmemmm oo (1)
The horizontal force opposing motion is derived similarly and yields

F, =P, AhA/2=P, AR*(®—-d/2R(1—-(d/2R)*)**)/2

Where ® =sin'(d/2R) ; A=2-n%

n: work hardening index (0) for plastic (1) for elastic

F, =P, (2-n**)R?/2(sin™(d/2R) —d /2R(1L— (d / 2R)?)*®) ==--nmmmrmmmmmmeeemmcoee )

We can now write the expression for the coefficient of friction due to ploughing. It is the ratio of

the horizontal and vertical forces:
Fo =R /TR, = AT A -mmmmrmrm oo e 3

Egs.(1and2) are given independently as a function of d,h,n and R since those parameters are of
more practical importance than ®. The width can be estimated by observing a grooved surface
under the microscope. The depth of penetration may be useful in interpreting data related to surface
profilometry.

In the same way , other basic slider shapes have been investigated, namely the cylinder, cone and
pyramid[Nam P. 1970, Hisakado T. 1970, Sin H.G.1979].

PLOUGHING WHILE CLIMBING OR DESCENDING AT 6:

We now consider a hemispherical slider that climbs fig.(3) or descends fig.(4) a surface having an

inclination 4.
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The load on the slider, Fy, is assumed to be remain constant and vertical Eq.(1) still applied and , in
non dimensional terms we define .

. F A,
F = v D e e e e e e e e e e e e e s mmme s ———————— 4
YR GR?I2) AR?I2 )

In the present analysis the contact is restricted to the lower hemisphere that is for

0 <08 (d /2R) = B, ~========mmm e (5)

WIDTH OF GROOVING:
The projected areas A, and Ayq (fig.3 and fig.4) are composed of elliptical and circular segments

subtracting or adding with each other. With proper geometrical considerations, one obtain the

following equations

£ o Ac _ (712)(2-n"*)R*{1-(1-(d/2R)*)**}c0s 6
Yo R?2 aR2 12
0.5(2—n"*)R*{sin*(d /2R) — (d / 2R)(1— (d / 2R)?)**}sin &
R 2

R =2-n*){l-(1-(d /2R)2)°'5}C059—(2_—nas){sin‘l(d /2R) -
7

(d/2R)(L— (d /2R)?)**}sin @

Fig(3) Hemispherical Slider Climbing an Inclined  Fig.(4) Hemispherical Slider Descending an Inclined
Surface at & Surface at €
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s Ay 05\ p1 (1 2105 2-n*)_ .
F —ﬂRZ/Z—(Z n){L-@1—-(d/2R)) }cos@+—” {sin(d/2rR) @)

—(d/2R)(1-(d /2R)?*)**}sin @
By substituting eq.(4) into eq.(6) and eq(7) it is possible to calculate the width of the grooving at
various angles and work-hardening index for any test parameter values.
Results are given in fig.s(5.1,2,3,4) for a climbing trajectory and in fig.s(6.1,2,3,4) for a decent. To
maintain vertical force equilibrium (for given values of R and Pv), the groove width has to increase
in a non-linear fashion with increasing ¢ and with the increasing of the work-hardening index n.
By comparing the graphs one can see that for a given Fy~ the width of grooving is always when
descending than climbing at the same 6 and n (i.e. Avq > Avc). The difference also becomes larger
as the angle gets steeper. Mathematically, this is explained by the facts that the second right-hand
term of eq.(6) and eq.(7) is always small in comparison with the other.
Figures 5 and 6 could be used to predict the groove width when a stylus is used for surface
measurements of hard and soft surfaces. By knowing the geometry of the stylus, the depth of

indentation could also be determined.

FRICTION COEFFICIENT:

The friction coefficient due to ploughing is calculated using generalized form of eq(3) as the ratio

of the horizontal and the vertical projected areas.
For climbing an asperity, and referring again to fig.(3) the horizontal projected areas is:

AhC _ _no5 M _ 27059
7zR2/2_(2 n){1-(@1-(d/2R)*)™}sin O +

(2-n")

{sin"{(d/2R) — (d /2R)(L— (d / 2R)?)}cos &

One can now obtain the analytical expression for the friction coefficient F, by dividing eq.(6). The
result is shown graphically in fig.s(7.1,2,3,4) as a function of the non dimensional load F\" while Fo
never exceeds 1.0 in the more conventional case of ploughing a horizontal surface, it may
theoretically increases in sever climbing conditions.

For descending an asperity, and referring to fig.4 the horizontal projected areas is:

Ay _(2-n")I2 .,

Rsin2¢ R’z
= R24— _
R212 R*2 T ¢

5 5 [(d/2R)—tanO(1—(d /2R)?)**]sin Osin ¢}

05 . )
= 2—2n {2¢/ 7 —sin 2¢/7[—W+a—(d /ZR)Z)O.S tan 0sin Osin g ©)
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L (L—=(d/2R))*
cosé

Where ¢ = cos

In this analysis the specific angle at which no resistance to motion occurs when descending an
asperity can be expressed mathematically by:

(d/2R)

6 =tan™
(1—(d/2R)?)%

=sin*(d/2R)

The friction coefficient that applies in a descend is obtained by dividing eq(9)by eq(7) and a
graphical representation of it appears in fig.s(8.1,2,3,4) as a function of the non dimensional load
Fv.

Figs.7 and 8 show that the friction coefficient due to ploughing increases and the slope of the
asperity increases during climbing the asperity, on the contrary decreases when the slider descends
[Ishizuka 1985] has found that the friction coefficient between a hard conical projection and soft
rubbing surface having the projection of triangular prism increases with increasing the half angle of
the prism which is well represented by the present model for descending a surface whose

inclination is 4.

CONCLUSIONS:

Essentially the extent of ploughing can be the depth of penetration of a soft material by a hard
slider. This factor is a function of the shape and size of the indenter, the load applied on it, the
work-hardening index and the yield pressure of the material that under goes grooving.

Taking into account only ploughing component of friction, it was demonstrated that a simple model
can be extended to predict damage on rough surfaces.

In the case of a hemispherical slider climbing and descending asperities that are represented by

inclined surfaces, the groove width was shown to be dependent upon the inclination 4.
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APPENDIX:

Here are the details for derivation of eq(9) to calculate Ang as shown in fig(4). Fig (9) gives an
outlines of fig(4) and is used in the following equations.

2 -
areaOB"B'O =1 =Rcos¢gRsing = W

areaB"BB'CB" = Il = 2(x/4)(BC x BB’)
=(7/2){(d/2R) —tan@(1—(d /2R)*)**}IRsin @Rsin ¢
areaB"CB'FB" = lll =R%¢—1 -1l
R*sin26 R’z
2 2

=R%*p— {(d/2R) —tanO(1—(d /2R)*)**}sin Gsin ¢
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Fig(9.A) Side View Fig(9.B) Front View
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SOLVING PROBLEMS OF UNSTEADY — CONFINED FLOW TO
PUMPED WELLS BY COMPUTER

By: Abdulhadi A. A. Al-Delewy
Prof.; Department of Civil Engineering; College of Engineering; University of Babylon

ABSTRACT

In this research, a procedure to solve problems of unsteady flow to wells in confined
aquifers by the computer is developed. The solution is based on the [THEIS:1935] procedure to
solve such problems. The developed procedure is applied to (14) different sets of well — test data,
including a predicted ideal one. The respective problems are solved completely by the computer
without the need to construct or to refer to tables or nomographs; this, accordingly, deletes the role
of personal judgment and the need to a high skill.

The applications indicate that the developed solution procedure is simple, easy to use,
elaborate, superiorly fast in giving the required results, and comparatively accurate.

Despite that the developed solution procedure has been set for the case of a pumped well in
an ideal confined aquifer, it is basically general; the computer program can be easily modified to fit
the solution of problems of the other cases of groundwater flow to wells after introducing the
additions that consider the respective boundary conditions.

KEYWORDS:
Wells hydraulics; Unsteady confined flow; Theis equation; Solution by computer.
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INTRODUCTION

Groundwater represents a major water resource — if not the only one — in too many localities
all over the world. Beside its relatively good quality, in general, the attainable quantity of the
world's groundwater (at depths less than 760 m) has been estimated at (3, 853, 213 km®)
[UNESCO:1978], which is more than (33) times of the estimated total quantity of fresh water in all
rivers, reservoirs, and lakes.

Groundwater is extracted mainly by means of pumped wells. The flow to a well is in fact
unsteady. However, a steady state may be practically assumed after a continuous pumping from a
well at a constant rate for a considerably long time. The pumped aquifers may be unconfined,
semi — confined (leaky), or confined; the basic hydraulic principles for the aforementioned flow
cases are essentially the same.

Practical problems of most concern in the field of groundwater hydrology and hydraulics

fall in one of the following categories :

(1). Estimating the average values of the aquifer characteristics, namely, the transmissivity (T) and
storativity (S).

(2). Determining the safe yield of a well (or an aquifer, or even a basin) for known (T) and (S).

(3). Predicting the drawdown (z) at the pumped well or in an observation well at a distance (r) from
the pumped well at any time (t) since the start of pumping, provided that aquifer's (T) and (S)
are known.

Pumping tests are the major tool for establishing the field data which are necessary for the
solution of the aforementioned problems. Results of pumping tests are usually recorded in the form
of tables giving the depth of water (d) in the considered observation well (measured from the
ground surface) versus the respective time elapsed since the start of pumping, (t). The water surface
in a well represents the instantaneous level of the piezometric surface in the confined aquifer (or
that of the water table in an unconfined aquifer).

As it is discussed later, solution of any problem related to the discussed subject necessates
the reference to some pre — established tables. Besides, the available procedures for solving
problems of category (1) are graphical (in which human judgment plays a major role).

Realizing that the basic principles behind the Theis equation and Theis procedure of
solution (mentioned hereafter) are unquestionable, this research aims at developing a simple and
accurate methodology to solve problems of any of the three aforementioned categories. The
solution is to be performed completely by computer and, consequently, there will be no further
reference to tables, nomographs, or graphical solution for which high personal skill and experience
are prerequisites. An ideal confined aquifer will be considered in establishing the methodology. The
validation of the methodology is checked through application to some selected case studies.

THE GOVERNING EQUATION

Actual groundwater flow is three — dimensional and unsteady, with the storage
characteristics of the aquifer playing a major role. Thus, an actual soil — water system is so complex
that the solution of any problem concerning it, no matter how simple is, cannot be performed
straightforward and accurately; wells hydraulics is one such example. Consequently, accompanying
simplifying assumptions are always indispensable.

For an assumed laminar groundwater — flow, the general governing differential equation is

developed by combining Darcy's equation and the continuity (mass balance) equation. The resulting
equation can be written as [MCWHORTER and SUNADA:1977] :

Available online @ iasj.net 2316



Numberl Volume 14 march 2008 Journal of Engineering

Tk Dy+ Ly Ty 2

OX ox" oy oy oz

oh

oh.
(KZE) = SSE [1]

where, for a confined aquifer, the specific storage (S,) is a measure of compressibility of the

aquifer and water.

The solutions of Eg. (1) give the time and space distributions of the piezonetric head (h) in
heterogeneous, anisotropic, confined aquifers, in the usual three Cartesian coordinates (x, v, z).

To overcome the big difficulty and the complexity involved in solving Eqg. (1), some
practical simplifying assumptions, beside the assumption of laminar flow, are usually introduced.
Such assumption involve [CHOW:1964] :

1. The aquifer is homogeneous, isotropic, of infinite areal extent, bounded by impermeable
(confining) strata above and below, and has constant coefficients of transmissivity and storage in
all directions at all times.

2. The discharging well is of infinitesimal diameter and completely penetrates the aquifer.

3. Pumping is maintained at a constant rate (Q).

4. Water is released instantaneously with decline in head.

It is to be noted, however, that for an assumed horizontal confined aquifer of a relatively
uniform thickness (b) and an extensive areal extent, when average values of the effective soil
characteristics, namely, the hydraulic conductivity (K) and the specific storage (S, ), are considered

then the assumptions of homogeneity and isotropy are implicitly justified.

Thus, under the aforementioned assumptions, Eq. (1) reduces to :

2

(o))
=

S. oh
= _-s 2
2 K ot [2]

o)

X
where : K = overall average hydraulic conductivity of the aquifer.

For a radial flow towards a well, Eq. (2), written in polar coordinates, becomes :

oh _ 'S, oh
aM_2 A [3]
or K ot

+

| D
= ~
N I
= |

With the assumption that the aquifer is of a uniform thickness (b), and defining the aquifer's
storativity (S) and transmissivity (T) as :

S=S..b [4]

S

T = K . b
[5]

then Eq. (3) could be written as :

a°h 1 ch
or? r or

s oh
T ot

which is the governing equation for the groundwater flow described hereinbefore.
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SOLVING THE GOVERNING EQUATION

The difficulty in solving Eqg. (6) led C.V. Theis to present a formula based on heat —
conduction analogy, accounting for the effects of the storage characteristics of the aquifer and the
time. For the conditions of (h = hp) at (t =0) and (h —> hg) as (r — ) for (t > 0), the equation
was [THEIS:1935] :

_ Q (e
ho—h, =z, = —TJT [7]

which is the nonequilibrium or Theis equation. The parameters (ho), (h;), and (z;) are as shown in
Fig. (1). The dimensionless parameter (u) is given by :

U=r’S/4Tt [8]

In groundwater literature, the integral in Eq. (7), known in mathematics as the exponential
integral, is commonly denoted by [W(u)] and called "the well function of (u)"; the log — log plot of
[W(u)] versus [u] or [1/u] is called the type curve. Thus, Eq. (7) is commonly written as :

Q
Zr = ﬁ W(U) [9]

No analytic solution is available for [W(u)] but a numerical representation by the infinite
series :

W(u) =-0.5772 - Inu—z( - [10]

Based on that, [WENZEL:1942] prepared a table for the values of [W(u)] versus values of [u],
available for the range ( 1x10™ < u < 10). The solution of any problem in this respect necessates
the reference to Wenzel's table.

There is only one equation, the governing equation, which is available for solving the faced
problems. Problems of categories (2) and (3) involve one unknown only and, therefore, can be
solved directly, of course with the aid of Wenzel's table. However, the case is not so for a problem
of category (1) because it involves two unknowns, namely, (T) and (S). For this [THEIS:1935]
proposed his well — known graphical solution. Later, [COOPER and JACOB:1946] proposed a
modified graphical procedure to solve problems of this category, provided that (u) has a small
value. [CHOW:1952] developed a method that avoids the curve fitting of the Theis method and not
being restricted to small values of (u). Nevertheless, the method is also graphical and necessates the
use of a second table for a new function (Fu), beside Wenzel's table.

In an extensive study to solve some subsurface flow problems by the use of a computer,
[AL-ASSAF:1976], supported by some hypothetical and real examples, established the respective
computer programs. One such a program is to estimate the aquifer characteristics directly from well
test data through an iterative approach and in two stages. The first stage involves approximating the
Theis equation and solving the approximated version for the considered data. The second stage uses
the approximate results obtained in the first stage to solve the exact Theis equation and thus,
obtaining the exact results aimed at.

PRACTICAL CONSIDERATIONS
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To keep the computer work within some reasonable limits, the following practical
considerations would be helpful. However, the developed solution procedure, in general, and the
computer work, in particular, are by no means limited to these considerations as they are only
indicative.

[A] Values of (u)
Theoretically, the dimensionless parameter (u), as defined in Eqg. (8), may take any value in
the range (0 < u < o). However, in real practice, the following may be considered.
(1): Values of (r)

With a specified constant pumping rate (Q), the value of the radial distance (r) from the
pumped well depends mainly on the characteristics of the aquifer. Values of (r) of (5 — 100 m)
are common in practical use. Reasonable values of (10 — 50 m) will be considered in the
following analysis.

(2): Values of (S)

Values of the aquifer storativity (S) in the range (1 x 10° — 5 x 107®) have been recorded.

Values of (1 x 10 and (1 x 10" will be used in the following analysis.
(3): Values of (T)

The hydraulic conductivity (K) of a natural soil is the most variable soil characteristic; it
ranges from as low as (1 x 107 m/day) for clay to as high as (10° m/day) or even more for
gravel [CHOW:1964]. However, establishing a pumped — wells scheme in an aquifer of low
permeability is not a feasible practice. Consequently, practical values of (2 — 20 m/day) seem
reasonable for the purposes of this research.

The average thickness (b) of the source confined aquifer could be from few meters to
several hundreds of meters. For the purposes of this research, values in the range (20 — 100 m)
shall be considered.

Based on the considered values of (K) and (b) hereinbefore, the extreme values of (T), as
defined by Eq. (5) would be (40 — 2000 m%/day).

(4): Values of (t)

Duration of pumping, (t), in a pumping test, i.e., the time of continuous pumping from its
start until stoppage, depends on the characteristics of the aquifer and the degree of accuracy of
results aimed at. Values of (t) in the range (0.5 — 2 day) are practically reasonable.

On considering the extreme values of (r), (S), (T), and (t) mentioned hereinbefore, the
respective values of (u) would be in the range (6.25 x 107 — 3.125 x 107?). Consequently, the
practical range of (u) for the purposes of this research will be considered as (1 x 107 —0.1).

[B] Values of (Q)
The pumping rate (Q) should be high enough to produce measurable drawdowns in the
respective observation wells. Values of (5 I/s < Q < 40 I/s) shall be considered when needed in
this research.

THE DEVELOPED PROCEDURE OF SOLUTION

The type curve, {the log — log plot of [W(u)] vs. [u]}, resembles the theoretically — expected
trend of the observed data of a pumping test when drawn as [(z) vs. (r* / t)] on a log — log paper of
the same scale as that of the type curve. Two basic assumptions in the derivation of Eq. (9) are that
(Q) is constant throughout the test, and water is released instantaneously with decline of head.
Practically, these two assumptions are commonly not well met during the first few observations.
Consequently, less weight is usually given to the data of such observations.
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With the progress of the pumping, the plot of the pumping — test data, [(z) on an arithmetic
scale versus (t) on a logarithmic scale], will be close to a straight line, the longer (t) is the more the
closeness will be. For such a straight line, the data could be represented by :

z=C+m log(t) [11]

where : (C) is the logarithmic intercept; (m) is the slope of the line, calculated between any two
points, [(ta, za) and (ty, zp); (th > ta)] as

m — Zb _Za - AZ
log(t,)—log(t,) log(t, /t,)

[12]

If the two points were chosen such that they cover a complete logarithmic time cycle, i. e.,
(t, = 10 ty), then [log (t, / ta) = 1] and Eq. (12) reduces to (m = Az).

Each observation shall be denoted by (R) with a subscript to denote its serial number. Thus,
an observation will be [(Ri)); 1 = 0, 1, ..., N; N = the serial number of the last observation].
Consequently, and if the available data permit, the analysis will consider (J) observations [from
(Ra) or (Ry_,,;) to (Rn)] that cover the last complete time logarithmic — cycle [that is from (t,) to

(tn), where (ta = ty / 10)]. If (t) is not the time of an existing observation then an existing
observation (R,") is to be considered such that the time (t,") is just preceding (t,).

The developed solution procedure is summarized in the following steps :

[A] Verification of the observed data :

(1): Imagine that all data points have been located on a semi — log plot, (z) on the vertical
arithmetic scale versus (t) on the horizontal logarithmic scale. After deciding on the (J) data
points to be considered in the analysis (as mentioned hereinbefore), imagine that each two
consecutive data points of the chosen ones are connected by a chord.

(2): Use Eq. (12) to calculate the slope of the established chords, (m;; j=1, 2, ..., J-1). Of course,
(m;) as calculated would never be (—ve); otherwise, a point creating a (-ve) (m;) should be
considered as an outlier and, consequently, discarded.

It is to be noted that whenever an observation is discarded from the analysis, the number
of involved observations (J) is decreased by one for the following calculations.

(3): For the considered data points to form a single, reasonably — acceptable straight line [outlined
by the established (J-1) chords], the computed values of (m;) should be insignificantly
different.

[B] For the (J) observations still under consideration, the best — fit straight line is found by the least
squares method.
Denoting [log(t)] as (X) and (z) as (Y), then Eq. (11) becomes :
Y=C+mX [13]

According to the least — squares fitting [MONTGOMERY et al.:1998] :

C= EY)EX?) = (ZX)EXY)
JEX*) = (EX)

[14]
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L IEX)-(EX)EY)

[15]
JEX)-(ZX)?
and the respective regression coefficient (R) is computed as :
i variation
R = \/Explalned ari [16]
Total variation
which, for linear regression, could be set in a form simpler for calculation as :
n JEXY) (X)) n

JIEX)-EXPINEY) - (V)

[C] The function (Fu) of [CHOW:1952]
To connect the observed data with the type curve, [CHOW:1952] defined a function (Fu)
such that :
In relation to the considered observed data :

Fu=z/m [18]

where (z;) is the drawdown of an observation (R;) chosen arbitrarily from the considered set of
observations.
In relation to the type curve :

Fu= ﬁ\N(u) et [19]
where (Fu), [W(u)], and (u) are all evaluated at (R;).

The value of (Fu) is calculated by Eg. (18). Then, the solution of Eq. (19) would give unique
values of (u) and [W(u)] evaluated at (R;). This would enable solving Eq. (9) for (T) and then
solving Eq. (8) for (S).

[D] Solving for [W(u)] and (u)

What is mentioned in item [C] hereinbefore sounds attractive. However, it involves an
obstacle in that, despite of that [W(u)] being a function of (u) (and vice versa), Eqg. (19) could not
be solved explicitly, neither for (u) nor for [W(u)].

To overcome the involved dilemma, [CHOW:1952] prepared a table (and also a log — log
nomograph) for values of (Fu) corresponding to a range of values of [W(u)] and their respective
values of (u).

For a solution to be performed completely by a computer, the reference to tables or
nomographs should be avoided. Accordingly, the case under consideration could be tackled by a
computer through a trial — and — error solution. Such a solution would involve assuming a
reasonable value for (u), computing the respective value of [W(u)] by Eq. (10), computing the
respective value of (Fu) by Eq. (19), and comparing this value with that computed by Eq. (18);
the two values should be insignificantly different (within a pre-specified tolerance limit). If the
two values were not so, the calculations are repeated for modified values of (u) until the aimed
goal is achieved. However, this would be a cumbrous and tedious task. An elaborate alternative
is to provide the necessary explicit mathematical relationships between each two of the three
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involved parameters, namely, (Fu), [W(u)], and (u). This implies the establishment of the
following functional relationships : {W(u) = f;[u]}, {u = f,[W(u)]}, and {u = f3[Fu]} or {W(u) =
fa[Fu]}.
Taking into consideration the practical range of values of (u) of (1x10~" — 0.1) mentioned
before, the following has been deduced in this respect.
(1): {W(u) = f1[u]}
Such a relationship is already given by Eq. (10). However, it is logical and more practical
that for small values of (u), the series may be truncated after the second term. Thus, Eq. (10)
becomes :

W(u) =— 05772 —Inu=In (1/1.781 u) [20]

To check the validity of such an approximation, consider values of (u) of (0.001), (0.01),
and (0.1). Moreover, and for illustrative purposes and based on the practical considerations
outlined before, consider average practical values of the involved parameters, say [Q = 10 I/s;
T = 400 m?/d]. The drawdowns calculated for the aforementioned cases are summarized in
Table (1). For drawdowns calculated to the nearest millimeter, the results show that the
approximation of [W(u)] for the considered values of (u) will yield a relative percent decrease
(Dy) in the computed drawdowns of (0.0), (0.29), and (5.35), respectively. The relative
percent decrease (D,) would be (0.0), (0.0), and (3.23), respectively, if the drawdowns were
calculated to the nearest centimeter. This indicates that the use of Eg. (20) is well justified, at
least for the purposes of this research, for (u < 0.01).

(2): {u =fH[W(W)]}
(1): Since Eq. (20) was found satisfactorily accurate for (u < 0.01) [for which W(u) > 4.0379],
then the inverse functional relationship will be valid too. That is :
For [W(u) > 4.0379] :

u=1/{1.781 exp. [WU)]} [21]

(if): For [4.0379 > W(u) > 1.8229], [thatis 0.01 < u < 0.1]:

For purposes other than this research, the researcher solved Eq. (10) up to (n = 34)
(which was the limit of the capacity of the used computer) and prepared a table similar to
Wenzel's table and for the same values of (u) involved therein. The respective type curve is
then divided into several overlapping hypothetical sectors. The data of each sector were
regressed, [W(u) on (u) and vice versa]; the sectors were shortened or elongated until the
best regression, i. e., the highest regression coefficient (R), was obtained.

For the aforementioned relationship, the obtained one was :

u = Exp. {- [1.04 W(u) + 0.41]}; {R = 1.0} [22]

(3): {W(u) = f4[Fu]}
(43) values of (u), covering the range (1x10" < u < 0.1) were selected. The respective
values of [W(u)] were calculated by Eq. (10) or Eqg. (20), as the case indicated. Then, Eq. (19)
is used to calculate the corresponding values of (Fu).
The software GRAPHER was used to perform the regression of [W(u)] on (Fu). Of the
various styles the software offers, the best functional relationship obtained in this respect was
a third — degree polynomial which, after modification, came as :

ap=-0.34; a; = 2.55; a, = 0.0567; a3 = 0.004124; {R = 1.0} [23]
[E] Solving for (T) and (S)
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With known (Q), (r), and [W(u)] in respect to the chosen observation (R;) with known (t) and
(2), the solution for (T) and (S) would be systematic and straightforward and as follows :
(1):Solve Eq. (5) for (T).
(2):Solve Eq. (22) [or Eq. (21) as the case may be] for (u); then, solve Eq. (4) for (S).

It is known in statistics that when a set of data points {X, Y} is fitted linearly, a point

(X, Y), whether real or predicted, would locate on the fitted straight line. Consequently, it was
thought that such a point would be an appropriate choice for (R;). Thus, the established computer

program has been set accordingly; it computes (t, z) of the considered (J) data points and uses
the respective values to represent the chosen observation (R;).

APPLICATION

The researcher was hoping to apply the developed solution procedure to some recent,
dependable well — test data, Iragian in particular. However, he was almost unfortunate in this
respect. Nevertheless, (14) different data sets were used to form the application cases. The
information regarding these sets are outlined hereinafter.

[1] For a rigid check of the applicability of the developed procedure, an ideal hypothetical data set
has been fabricated as follows :

(a) (24) values of (u) representing the practically — common range of (2.5E-1 > u > 4E-5) have
been selected. The respective values of [W(u)] were calculated by Eq. (10) [for (u > 0.01)] or
by Eq. (20) [for (u < 0.01)].

(b) For assumed reasonable values of (Q = 20 I/s = 1728 m*/d), (r = 25 m), (T = 400 m?/d), and
(S = 2.5E-4), the values of (z) [by Eq. (9)] corresponding to the calculated values of [W(u)]
and then the values of (t) [by Eq. (8)] corresponding to the chosen values of (u), were
calculated.

(c) The resulting (24) (t, z) data points formed the application set [1] for the present research.

[2] To illustrate his developed graphical approach, [CHOW:1952] used the well - test data shown
in his Fig. (3). The values of (22) data points (t, z) abstracted from the aforementioned figure
formed the application set [2].

[3] Test data for well (1) at Gridley, Illinois is used as an illustrating example in
[WALTON:1970], (P 229). The data of the example formed the application set [3].

[4] Data constituting (29) observations are given in Problem (4-1), P 283 in [WALTON:1970]. He
indicated the solution to be (T = 358000 gpd/ft ; S = 4.7E-4) without mentioning the procedure
of solution. This data formed the application set [4].

[5]; [6]; [7]: Data from the pumping test Qude Korendjik are given in [KRUSEMAN and DE
RIDDER:1970], (P 53). Observations were made in three piezometers, (P1), (P2), and (P3),
located at radial distances from the pumped well of (30 m), (90 m), and (215 m), respectively.
The basic assumptions mentioned before were closely satisfied in the test.

[KRUSEMAN and DE RIDDER:1970] used the aforementioned data to estimate (T) and
(S). The procedures of solution used were as follows :
(a)[THEIS:1935] procedure applied to the data of the three piezometers collectively.
(b)[COOPER and JACOB:1946] procedure. This was used in three approaches :
(i): The traditional approach, that is : [(z) vs. ()] for constant (r), for each piezometer
separately.
(if): [(2) vs. ()] for constant (t); solved for (t = 140 min.).
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(iii): [(2) vs. (t/r®)] for the data of the three piezometers collectively.
(c) [CHOW:1952] procedure applied to the data of (P1).
The data of (P1), (P2), and (P3) have been considered as the application sets [5], [6], and
[7], respectively.

[8]; [9]; [10]: [LOHMAN:1972] used data observed at three observation wells (N-1), (N-2), and
(N-3) in a solution by the Theis procedure. These data have been considered as the application
sets [8], [9], and [10], respectively.

[11]: [LINSLEY et al.:1988] present an illustrative example on (P 179). They solved for (T) and
(S) by the Theis and the Jacob procedures. The data of the example have been considered as the
application set [11].

[12]; [13]; [14]: [ABDULLA:2001] used data sets observed at seven observation wells in the Jolak
Basin (Al-Ta'miem Governate, Irag), each corresponds to a certain pumped well. Those
corresponding to the wells Yarimja, Kurzi, and Nabi Awah have been considered as the
application sets [12], [13], and [14], respectively, for the purposes of the present research.

RESULTS AND ANALYSIS
The basic results of applying the developed solution procedure to the considered (14) data
sets are summarized in Table (2). In this respect, the following is worth mentioning :

[A] No data point has been found to be as an outlier.

[B] The respective values of the regression coefficient (R) were high enough to indicate excellent
linear fittings.

[C]Values of (T) and (S) estimated by the solution procedure developed in this research are
designated as (CT) and (CS), respectively. The corresponding reference values are designated
(RT) and (RS), respectively; those concerning data set [1] are the assumed values; those
concerning the other data sets are the values estimated by the respective researchers; the
abbreviations (TH), (JA), and (CH) denote that the respective values have been estimated by the
[THEIS:1935], [COOPER and JACOB:1946], and [CHOW:1952] procedures, respectively.

[D] Values of (T) and (S) could be described as exact only when they are obtained by a purely —
theoretical solution (without any added assumptions other than those accompany the derivation
of the governing equation) and for ideal well — test data. This is virtually the case of (RT) and
(RS) of application case [1].

The values (CT) and (CS) obtained by the solution procedure developed in this research and
for the same data set [1] were identical to the reference values. This clearly proves the
elaborateness and accuracy of the developed procedure.

[E] The developed procedure solves the involved problem completely by the computer without the
need neither to construct nor to refer to any table or graph. In fact, when the computer program
is ready in the computer, the time to obtain the results is just that time for inputting the data and
pressing the "run" button.

[F] Recalling that the keystone in the solution of the considered problems is the Theis equation.
However, actual field conditions are never ideal; the percent deviation between the two could be
anywhere between the two extreme limits, (0) and (100). The error in the results due to ignoring
such a deviation may be exaggerated when using different data sets for the same aquifer, using
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different approximate procedures of solution, or when the solutions are performed by different
persons and by procedures in which the personal skill and judgment play a significant role.
Consequently, the comparison of different mere results for the same data would be indicative
only.

All the known procedures of solution in this respect are issued from the same theoretical
basis. The differences between them are basically the additional assumptions, simplifications,
and approximations to facilitate and accelerate the solution process while keeping the results
closely comparable to some references ones, usually taken as those of the Theis procedure of
solution. Accordingly, one can pronounce that no other solution procedure may be more
accurate than the one developed in this research since it adds no further assumptions or
conditions, except that the well test should last long enough to make the plot [(z) vs. (log t)]
closely approximates the expected straight line (which is, in fact, a general prerequisite to any
well test). Moreover, the procedure involves no approximations other than those required to
give the highest reasonable computation accuracy the computer provides. Yet, the fully —
computerized solution by the developed procedure leaves no role to personal judgment or the
necessity to highly — skilled personnel.

Keeping in mind the aforementioned merits of the developed solution procedure, the

obtained values (CT) and (CS) for the application cases [2] through [14], given in Table (2),
indicate that they were :

¢
¢
¢

L 0 R R R R N 2

¢

Close to (RT) and (RS) for [2] by (CH).

Identical to (RT) and (RS) for [3] by (TH).

Somehow comparable to (RT) and (RS) for [4] (for which the reference do not mention his
procedure of solution).

Somehow different from (RT) and (RS) for [5] as obtained by all the five applied procedures.
Somehow comparable to (RT) and (RS) for [6] as obtained by all the five applied procedures.
Identical to (RT) and (RS) for [7] by (JA-1).

Different from the average (RT) and (RS) obtained for [8], [9], and [10] collectively, by (TH).
Very closely comparable to those obtained for [11] by both (TH) and (JA).

Ditto, for [12].

(CT) was identical to (RT) for [13] obtained by both (TH) and (JA). However, (CS) was
identical to (RS) by (TH) but different from that by (JA) {unless there is a misprint}.

Almost identical to (RT) and (RS) for [14] by (TH) and closely comparable to those by (JA).

CONCLUSIONS

1.

In summary, the following conclusions could be stated :
The fully — computerized procedure developed in this research for solving problems of unsteady
flow to wells in confined aquifers is simple, elaborate, superiorly fast in giving the required
results, and without the need of graphics or the reference to tables or nomographs. Moreover, on
considering the results obtained by the available solution procedures for the same data, the
accuracy of the results of the developed procedure are comparatively unquestionable.

. The procedure is basically general; it is equally applicable to the different problems encountered

in wells hydraulics (such as those for data of water — level recovery, for unconfined or semi —
confined aquifers, or when accretion is present) after introducing the additions that count for the
relevant boundary conditions.
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Table (2) : Summary of results [ The cases and symbols are explained in the text ]

@ Case Number
= 2 2
g 5|5
E (1) (2) (3) (4) (5) (6) (7)
1 Q | M 1728 4088 1200 8176 788 788 788
2 r m 25 245 251.2 91.44 30 90 215
3 N 24 22 22 29 34 35 9
4 J 9 16 13 11 11 15 9
5 C m 0.4763 | -0.8848 | -1.2823 | 0.2346 | 0.4169 | 0.0256 | -0.1679
6 m 0.7914 | 0.6519 | 1.6993 | 0.2890 | 0.2297 | 0.2390 | 0.1450
7 R 1.0000 | 0.9984 | 0.9988 | 0.9982 | 0.9977 | 0.9991 | 0.9948
8 T | min. | 1524.41 | 166.79 | 142.45 | 503.09 | 281.53 | 274.88 | 274.44
9 Z m 2.995 0.564 2.377 1.015 0.982 0.608 0.186
10 | AZ m 0.792 0.652 1.699 0.289 0.230 0.239 0.145
11 | Fu) | - 3.782 0.865 1.399 3.512 4.270 2.544 1.283
12 | W) | --- 8.7084 | 1.8260 | 3.1278 | 8.0867 | 9.8320 | 5.8578 | 2.8470
13 u - || 9.28E-5 | 9.94E-2 | 2.57E-2 | 1.73E-4 | 3.02E-5 | 1.60E-3 | 3.44E-2
14 | CT | M%d| 399.8 1053.1 125.6 5183.2 627.8 604.1 959.7
15 CsS 2.51E-4 | 8.08E-4 | 2.00E-5 | 1.50E-4 | 1.60E-5 | 9.10E-5 | 5.44E-4
(TH) (CH) (TH) @) (TH)
16a | RT | M%d 400 1008.1 | 125.24 | 4439.2 418
17a | RS 2.50E-4 | 8.83E-4 | 2.00E-5 | 4.70E-4 1.7E-4
(JA-1)
16b | RT | M%d 401 480 960
17b | RS 1.7E-4 1.8E-4 5.8E-4
(JA-2)
16c | RT | M%d 355
17¢ | RS 4 5E-4
(JA-3)
16d | RT | M%d 438
17d | RS 1.7E-4
(CH)
16e | RT | M%d 375
17e | RS 2.2E-4
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Table (2) : [ Continued ]

@ Case Number
e | 2 2
g 5|5
S (8) (9) (10) (11) (12) (13) (14)

1 Q |M¥%d| 2718.4 | 27184 | 27184 3672 3120 691.2 907.2
2 r m 61 122 244 30 50 30 30

3 N 25 25 25 11 17 20 25

4 J 12 12 12 10 15 17 19

5 C m 0.5382 | -0.2137 | -0.8924 | -5.3440 | -0.5443 | -0.1741 | -0.1632
6 m 1.3184 | 1.3003 | 1.2545 | 2.6451 | 0.6516 | 1.1292 | 0.4103
7 R 0.9999 | 0.9998 | 0.9994 | 0.9829 | 0.9961 | 0.9991 | 0.9987
8 T | min.| 83.38 83.38 83.38 422.34 69.53 249.59 | 453.64
9 Z m 3.071 2.284 1.518 1.601 0.656 2.533 0.927
10 | AZ m 1.318 1.300 1.255 2.645 0.652 1.130 0.411
11 | Fu) | - 2.330 1.757 1.210 0.605 1.006 2.242 2.255
12 | W) | --- 53650 | 4.0456 | 2.6698 | 1.1829 | 2.1721 | 5.1624 | 5.1923
13 u -- | 2.63E-3 | 9.83E-3 | 4.13E-2 | 1.94E-1 | 6.93E-2 | 3.22E-3 | 3.12E-3
14 | CT | M%d | 3779 383.1 380.4 215.9 822.0 1121 404.3
15 | CS 6.2E-5 | 59E-5 | 6.1E-5 | 5.46E-2 | 4.40E-3 | 2.78E-4 | 1.78E-3

(TH) (TH) (TH) (TH) (TH)
16a | RT | M%d 1267.0 196.7 856.2 114.6 424.7
17a | RS 1.98E-4 6.4E-2 | 48E-3 | 28E-4 | 1.7E-3
(IA) (IA) (IA) (IA)

16b | RT | M’d 200.8 878.9 110.0 437.2
17b | RS 56E-2 | 49E-3 | 1.53E-3 | 4.3E-3
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Solving Problems of Unsteady — Confined
Flow to Pumped Wells by Computer

r I | ]
- Vi;: M mmmmmmmmmmmmem—e oo Ye o o _____ >
Do [ I
TR I DI PRI r > |
Qe i :
«_ Ground surface : |
AR 7| 74 N 74 N 74 | 7 AN 74 :
: ! 4 Initial piezometric surface | v_ . !
i ”_f_”_*._” | A .._.._.._.._.._.._.._.._.._.._.—.:!—:-;;_?;_.i_.__.x.;r;.___;.___._k..
: : ; | Pumped Drawdow_n_(_:y_r_v_e -------- T ' |
L ’ | well Vo i i !
T ZgW | -4 Observation | | ; hi
Co T : Well o o
! Lo v L : 'h i
o ™ nt T o |
EEEEM i TE TE : zz,?{ A
! : |
| — D — . . T:7
- 1 Confined aquifer It
1 ! B | — .
. B 31,1 «— [Hydraulic conductivity (K); B Impermeable
o oLl < Specific storage (Ss)] L stratum
i b it
L ¥ e e e : o 2
Fig. (1) : Definition sketch for a confined flow to a pumped well.
Table (1) : Results by approximating W(u) . [Q =10 I/s; T = 400 m?/d ]
. Values of (u)
Parameter Units 0.001 0.0L 01
W(u) { Eq. (10) } 6.3315 4.0379 1.8229
Z:{Eqg.(9)} m 1.088 0.694 0.313
W(u) { Eq. (15) } 6.3306 4.0280 1.7255
Z,{Eqg.(9)} m 1.088 0.692 0.297
D, % 0 0.29 5.35
D, % 0 0 3.23
zZ,-7,
- - ) 1 2
(*)D= 7 x 100 ; (D) and (D) are calculated for values of (Z) computed to the nearest

1

millimeter and centimeter, respectively.
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ABSTRACT

A description is given of the resistance spot welding process in terms of internal behavior of the
weld as welding takes place. Heat input due to spot welding of steel sheet plate causes temperature
gradient in the parent metal. After cooling, residual stresses appear around the welding zone
reducing the strength. Residual stresses are a result of the temperature gradient and the dependency
of material properties on the temperature, such as yield strength, elasticity modulus, and thermal
expansion coefficient. Nonlinear transient heat transfer analysis performed in order to obtain the
temperature distribution in the welded part .A nonlinear thermo—plastic stress analysis is then
performed to predict the stress and strain fields during and after welding. The material properties
such as yield strength, elasticity modulus, convection coefficient, conduction, specific heat, and
thermal expansion coefficient are used as a function of temperature. The heat transfer results are
compared with experimental results performed within the scope of work of this study. On the other
hand, the residual stress results are compared with experimental result obtained from literature .The
comparison shows good agreement between numerical and experimental results.
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INTRODUCTION

Residual stress distribution and distortion in welded plates are strongly affected by
many parameters and by their interaction. In particular, there are structural, material and
welding factors. The structural parameters include geometry of the plates, thickness and
width and joint type. Among the material parameters mechanical and physical properties.
Welding variables such as current, force, and weld time .As a consequence of the non-
uniform temperature distribution, parts of material close to the weld is subjected to different
rates of expansion and contraction developing a three-dimensional complex residual stress
state, (Sarkani and Lutes, 1988). To understand the formation of residual stress, node
temperature history during the welding process must be calculated. During the weld thermal
cycle material mechanical properties change—drastically, especially when material
approaches melting temperature. Therefore, due to the temperature dependence of material
properties and the large deformation in welding, material and geometrical non-linearity have
to be taken into account .The initial expansion of material due to the temperature increase is
constrained by material placed away form the heat source. Therefore generating compressive
stress .At a temperature higher than material critical temperature, the material starts
exhibiting thermal softening where heating results in decrease of flow stress .As phase
change occurs deviatory stress become zero and considerable plastic deformation occurs in
the weld metal and the base metal near the weld. As temperature decreases during the cooling
phase, the stress in the solidifying martial increases, and become tensile due to the positive
temperature gradient. The region placed away form the welding area, will therefore, be in
compression since the resultant force and the resultant moment induced by residual stress
evaluated in the center spot plane section must satisfy translation and rotational equilibrium.
Plate stiffness affects strongly magnitude and distribution of residual stress. In some cases,
residual stress may or exceed the yield stress of the parent plate material, (Tall, 1964), (Sun
and Dong, 2000). The plastic strains resulting from heating induce stress, which in turn
produce internal forces that may cause bending and rotation. The displacements are in
general called distortion. The residual stress combined with distortion and degradation of the
material mechanical properties influence the buckling strength and fatigue life of welded
structure.

FINITE ELEMENT MODELING PROCEDURE

Spot welding is a material joining technology using electrical resistance heat of metallic
and it is a complicated phenomena. The FE analysis was carried out in two steps (coupled-
field analysis that coupling between two or more fields of engineering). A non-linear
transient thermal analysis was conducted first to obtain the global temperature history
generated during the welding process. A stress analysis was then developed with the
temperatures obtained from the thermal analysis used as loading to the stress model, M. Meo
and R. Vignjevic. In this analysis, the left and bottom edge of Fig. 1, are symmetry axes so
only one quadrant of the weld nugget (upper right corner) is shown, ANSYS (8) package was
used with an ax symmetric 2D model; solid 8-node element.
The accuracy of the FE method depends upon the density of the mesh used in the analysis.
Both the stress and thermal analysis have identical meshes. The weld nuggets temperature is
higher than the melting point of the material, and it drops sharply in regions away from the
weld nugget. Therefore in order to obtain the correct temperature field in the region of high
temperature gradients it was necessary to have a more refined mesh close to the weld nugget.
While in regions located away from weld-nugget a more coarse mesh was used. Sensitivity
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analysis of mesh density was performed and a satisfactory mesh was adopted for further
studies, the higher is the heat input the higher is the number of nodes necessary to accurately
interpolate high temperature gradient, H. Huh and Kang, 1997. A stainless steel (304)
material property was used for FE model. The chemical composition, mechanical properties
of the specimens at room temperature are given in Table 1&2, respectively, William, and
spot welding condition described in Table 3, Roy and Norman, 1976.

NON-LINEAR TRANSIENT HEAT TRANSFER NUMERICAL MODEL

One of the fundamental problems in the analysis of heat flow during welding is how to take into
account physical material changes due to temperature changes during the welding process. If the
material properties are treated as temperature dependent the eq. (1) of heat —flow become non-linear,
Cosmos, 2000.

oT ot oT
<91y o(ky—— oy
pacpT=Q+a(k ax)+ (yay)+a(kZ =) (1)
ot X oy oz

Where cp is the specific heat, K thermal conductivity, T temperature, Q is the volumetric heat
generation and t is time .If the material properties are considered temperature independent the
equation (specific heat, thermal conductivity do not change with temperature) is reduced to a linear
differential eq. (2).

(2)

Ty 5oL or
oC 8_T:Q+K(a(ax)+ (ﬁy)+8(az))
P ot OX oy oz

In the current analysis temperature-dependent thermal properties were assumed, therefore non-
linear equations were obtained and solved. Fig. 2, shows the thermal specific heat (CP), conductivity
(K=Kx=Ky=Kz), and convection coefficient relationship with temperature, Ajinomoto, 2001. The
material density is approximately considered constant (7850 kg/m®). To determine temperature and
other thermal quantities that vary over time there was the need to perform a transient thermal
analysis. Implicit method of time discrimination was employed which allows for larger time steps .It
is important not to forget that time step size is not a problem with respect to calculation stability but
it determines the accuracy of the solution. Using the FE analysis the thermal and stress analysis are
uncoupled while in reality thermal effect and mechanical deformation occur at the same time .The
de-coup line of the analysis becomes acceptable if one assumes that dimensional change (mechanical
deformation) during welding process are negligible because thermal energy change is predominant
over mechanical work done during welding, and the internal energy dissipation effect on the
temperature distribution is negligible. Therefore to evaluate distortion and residual stress distribution
the thermal analysis was performed first in order to find nodal temperature as a function of time.
Once defined temperature history for each node, temperature loads were applied to the structural
model. Temperature history can be shown in Fig. 3. The heat within a spot weld is generated totally
by resistance to the high electric current passing through the joint and consequently the points of
greatest heat generation are the points of greatest resistance (faying surface) .The plate absorbs a part
of the heat generated. There are losses from the surfaces in the form of convection. Therefore, to
evaluate the amount of heat absorbed by the plates as a portion of the total heat generated the
following formula was used, ( Milner and Apps, 1968).

Q=I1°Rt ()
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Where | is the welding current, R is the faying surface resistance and { the time of welding.

The assumptions made are:

e Thermal properties, i.e. conductivity, specific heat and convection are temperature dependent.

e Effects arising from phase change are taken in to account, enthalpy change during the phase
change.

e Heat losses by transfer to the ambient medium by radiation are negligible.

Convection losses are evaluated using the eq. (4)

Qi = hAi (Ti -T.) @)

Where h is the convection heat transfer coefficient (for free convection in air, h has maximum of
(9VV/m2 —C?)), (Chapman, 1987). Qi denotes the heat loss on surface | with area A ,Ti is the

temperature on surface A, , and T is the ambient temperature.

During the welding process phase change occurred, to account the effect of latent heat, i.e. heat
energy which, is released or stored by the material during a phase change enthalpy was specified.
The concept that could be readily adopted by the finite element was formulated on the basic of
integrating the heat capacity of the material over a small region of phase changes (see eq. (5)),
(Tekriwal and Mazumunder, 1988).

Hy ZJpCp(T)dT 5)

EXPERIMENTAL RESULTS FOR HEAT TRANSFER PROBLEM

The experimental temperature of melting pool zone could not be measured with simple technique
such as thermocouples, but in the region away from weld nugget, peak temperature was measured
using a thermocouple located at five different positions A, B, C, D and E from the center of spot
as shown in Fig. 4. The temperature measured from the experiment and the temperature result from
the numerical analysis can be shown in Fig. 5. The nodal numerical results temperature distribution
for the (0.6mm) plate at different time steps during welding and cooling are shown in the Fig. 6, and
Table 4, gives the maximum temperature measured compared with temperature calculated and its
discrepancy.

NON-LINEAR NUMERICAL MODEL FOR RESIDUAL STRESS

An important problem in the analysis of residual stress during welding is how stress develops in
region near the welding nugget when structural members are joined by spot welding the material of
the plates has to be heated to its melting point and then cooled again rapidly under restraint
conditions imposed by the geometry of the joint. As a result of this severe thermal cycle the original
microstructure and properties of the metal in a region close to the weld are change. This part of the
metal, or zone, is usually referred to as heat-affected zone (HAZ). The change in the HAZ
dependent upon the thermal and mechanical history of the metal. Therefore, after the welding
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process there will be different zones with different mechanical properties. In particular, there is a
softening of the material in the HAZ, and decrease mechanical properties, i.e. Yield strength,
ultimate strength, but elastic modulus remains unaffected by the welding process, (Mansubuchi,
1980).

After calculation the temperature distribution in time, the next step was to find distortion and
residual stress distribution. The residual stress distribution calculation was based on the following
assumptions:

e Parent plate metal and welded zone metal have the same mechanical properties, i.e. softening of
material was neglected.

e Deformation process was rate independent, and a elastic — plastic constitutive model with
isotropic hardening was assumed for the material.

e Mechanical properties depend on temperature as shown in Fig. 7.

The analysis was performed for the time period between the start of welding and the end of
cooling phase. Within each time increment, the solution of elastic—plastic problem was found by
linearzing the non-linear stress—strain curved. The analysis was performed and stresses and
displacements were calculated by Newton—Raphson iterative process. The iterations were repeated
until convergence is achieved. Boundary conditions were imposed to prevent any rigid body motion
of the plate. Additional symmetry boundary conditions were imposed since only half of the plate was
analyses.

RESULTS AND DISCUSSIONS
It is found that magnitude and distribution of residual stress is strongly affected by:

e Temperature gradient and distribution through the thickness and width of the plates.
e Thermal expansion coefficients of the materials.

e Mechanical properties of material at elevated temperature

The longitudinal residual stress distribution is shown in Fig. 8, evaluated at middle cross-section,
bottom surface of spot. The positive stress (tension) in x direction peak of (317 MPa) is at the weld
area, while away from the weld center the stress is negative (compression) and the maximum is
(21 MPa). The shape of longitudinal stress distribution dose not change but the stress amplitude
decreases towards the top surface when the maximum longitudinal stress is (91 MPa) seeing Fig. 9,
10. This was due to the assumption that heat generation was coming through the bottom weld
surface. The Von Misses stress distribution over the entire plate is shown in Fig. 11. The peak stress
is (321 MPa) close to the material yield strength. The out-of-plane displacement is shown in Fig. 12,
and the maximum displacement amplitude was 0.0074mm, this means that the out-of-plane
displacement was 1.23% of plate thickness. The displacement is very important for the buckling
behavior of welded panel. The other displacement UX, (see Fig. 13) are negligible compared to the
UY. For a similar plate with same geometry, same boundary condition with higher thickness,
residual stress would be higher but distribution would become smaller due to the increased in
stiffness of the plate, Meo and Vignjevic. The residual stress results are verified with experimental
measurements obtained from literature, where the longitudinal stress reach a maximum of (301 MPa)
in tension and (17 MPa) in compression. Such a discrepancy between the numerical and
experimental values for welding residual stress may be attributed to the difference between the
condition of the numerical analysis and the experiment. The nugget metal was actually pressed out
by the electrode force and thermal expansion. However, such actual welding condition and various
thermal and physical properties were neglected in the process of the FEA. Also, the releases of
residual stress when cutting off the plate with wet machining were not considered in the FE analysis.
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CONCLUSION

The residual stress and distortion for the 304 stainless steel plate were calculated. De—coupled
thermal and structural analyses were performed. Good correlation between experimental results and
analytical calculation was achieved. In particular, an error of 6.12% between calculated temperature
profile and experimental measurement was found. Residual stress distribution agrees with the
experimental result obtained with an error of 5% for the tension—stress and 19% for the compression.
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SYMBOLS

A Area (mm?®)

Cp Specific heat (w.sec/kg.c”)

H Enthalpy (w.sec.c’/mm®)

h Convection heat transfer (w/mm?*.c”)
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I Welding current (Amp)

K Thermal conduction (w/mm.c®)
Q Heat generation (w.sec/ mm®)
Qi Heat losses (w.sec)

R Surface resistance

T Temperature (c°)

t Time (sec)

Table 1 - Chemical composition of stainless steel (304), William.

C

Cr Fe

Mn N

Ni P

S Si

Stainless steel
(304)

0.08

18-20 71

2 0.1

8-11 | 0.045

0.03 1

Table 2 — Mechanical properties of stainless steel (304), William.

Tensile Yield strenath Modulus of
strength (MPa) g Elasticity Elongation %
(MPa) (GPa)
Stainless steel (304) 572 290 200 50

Table 3 — Welding condition of stainless steel (304), Roy and Norman.

Electrode Welding Welding time | Tip diameter
force (N) current (A) (cycles) (mm)
Welding condition 2300 4000 12 0.5
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Temprature distribution in X direction for 0.6mm plate
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Fig. 5. Computed and measured temperature for 0.6mm plate

Table 4 - Maximum Numerical and Experimental Temperature.

Measured Maximum Maximum
Point Numerical Experimental Discrepancy %
Temperature Temperature

A 833 388 +6.2

B 192 179 -71.2

C 102 112 +8.9

D 73 79 +7.6

E 55 51 -7.8
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Fig. 6. Temperature distribution at different time for 0.6mm plate
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Fig. 7. Variation of Mechanical properties with temperature, Ajinomoto, 2001
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Fig. 10. Longitudinal Stress evaluated at middle Cross-Section — Top Surface through the Thickness
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NODAL SOLUTION AN

TIME=2 DEC 8 2005
Uy (AVE) 11:18:41
RSYS=0

DMX =.746E-0S

SMN =-.263E-08

SMX =.741E-05

F—
-.E63E-08 .165E-05 .2E9E-05 . 494E-05 .6S9E-05
_$21E-06 .£47E-05 _412E-05 .S77E-05 .741E-05

Fig. 12. Out — OF — Plane Displacement, UY

NODAL SOLUTION AN

TIME=2 DEC 8 2005
ux (AVE) 11:18:50
RSYS=0

DMX =.746E-0S

SMN =-.38lE-0S
SMX =.134E-05

L mme——— e |
- 281E-05 - 267E-05 - .152E-05 = 273E-06 _766E-05
- .24E-05 - . 203E-05 - 950E-06 _194E-05 .124E-05
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