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P=PLAN

+ Define a problem or opportunity.

* Analyze the situation. Study and define the problem:
brainstorm for causes and corrective actions;
and think creatively to determine the best approac
and best possible corrective action.

= Develop an implementation plan.

D=D0O

* Implement comective action.

* Document the procedures and observations.

» Use data-gathering tools to collect information

C=CHECK

= Analyze information.

= Monitor trends.

+ Compare obtained results against expected results
from the plan.

A=ACT

= If the results are as expected, do nothing.

= If the results are not as expected, repeat the
plan/do/check/act cycle.

* Document the process and the revised plan.
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ABSTRACT

Amal Ebrahim Mohamed Nassar

The influence for group of variables on aluminium A355 and A356 composites reinforced
with SiC particles after the extrusion process was investigated by the finite element
method. These variables are the percentage of liquid material and the ram speed, die an-
gle and the reduction percentage in the area. The volume percentage of the SiC particles
was 10%,15% and 20% percentage and the investigated made at room temperature ,150
0C and 300 OC. The results show that the ram speed increased with the increasing in the
liquid fraction and decreasing in the die angle and reduction percentage, the results show
also that the porosity percentage decreased and the mechanical properties improved.

Key words: Ram speed, Finite element, Neural Network, Extrusion and Simulation

Introduction

Metal Matrix Composites (MMCc) exhibit
a combination of properties not found in
monolithic metals. The addition of high
modulus fibers , particles, nodules or whiskers
to conventional alloys can result in favorable
changes in strength, elastic modulus, wear re-
sistance, creep resistance, coefficient of ther-
mal expansion and fatigue life. In addition,
although second phase additions can result in a
loss of tensile ductility, lower fracture tough-
ness, and an increase in density, specific prop-
erties of the composites are usually improved
enough to provide considerable weight savings
potential in load bearing and high temperature
applications. In particular, they offer wide-
spread potential due to their essentially iso-
tropic properties and substantially improved
strengths and stiffness compared to unrein-
forced alloy [1-3]. Aluminum-silicon metal
matrix particulate composites are attractive for
these applications because they exhibit un-
usual combinations of structural, physical ther-
mal properties, low density, low thermal ex-
pansion, high modulus and strength, and good
creep and wear resistance [4]. Semi-solid
metal forming processes are of large industrial
interest for the production of various compo-
nents because they have advantages over cast-
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ing, forging and powder metallurgy tech-
niques, such as reduction of macro-
segregation, reduction of porosity, low form-
ing efforts and possibility of near-net shape
forming etc. In the semi-solid extrusion, be-
cause the material of the semi-solid state flows
out only through a die exit, the flow and defor-
mation of material is constrained. The flow
and deformation of the semi-solid alloy stud-
ied in the investigation at changing initial lig-
uid fraction, angle of die and reduction in area
[5-7]. A computer simulation or a computer
model is a computer program that attempts to
simulate an abstract model of a particular sys-
tem. Computer simulations have become an
useful part of mathematical modeling of many
natural systems in physics (Computational
Physics), chemistry and biology, human sys-
tems in economics, psychology, and social sci-
ence and in the process of engineering new
technology, to gain insight into the operation
of those systems. Traditionally, the formal
modeling of systems has been via a mathe-
matical model, which attempts to find analyti-
cal solutions to problems, which enables the
prediction of the behavior of the system from a
set of parameters and initial conditions. Com-
puter simulations build on, and are an useful
adjunct to purely mathematical models in sci-
ence, technology and entertainment. Finite ele-
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ment analysis (FEA) is a computer simulation
technique used in engineering analysis. It uses
a numerical technique called the finite element
method (FEM). There are many finite element
software packages, both free and proprietary
[8-11]. An artificial neural network (ANN),
often just called a "neural network" (NN), is an
interconnected group of artificial neurons, that
uses a mathematical model or computational
model for information processing based on a
connectionist approach to computation. In
most cases an ANN is an adaptive system that
changes its structure based on external or in-
ternal information that flows through the net-
work [12]. The present work is devoted to
study the effect of the extrusion process on the
mechanical properties of A355 and A356 alloy
reinforced with different weight percentages of
silicon carbide particles. This study made by
simulating this process using computer soft-
ware based on the finite element and artificial
neural techniques, after validated all software
by comparing the predicted results from this
software with the experimental results. The
validation process done by using simulation
model prepared by tin-lead alloy reinforced
with silicon carbide particles.
Experimental Work

In this section, experimental processes have
been explained to validate the finite element
software (JL Analyzer). SiC particles with dif-
ferent percents of volume fractions (10,15and
20) used as reinforcing particles for production
of particle reinforced Pb-Sn alloy matrix com-
posites. Particle was mixed by stirrer in the
liquid alloy, and then poured into dies to solid-
ify composite specimens. The specimens were
deformed at temperature ranging from 247 to
308 0C. All extruded specimens had a diame-
ter of 20 mm before extrusion and had a final
diameter of 16 mm and 12 mm after extrusion
with reduction ratio in area 20% and 40%. Ta-
ble 1 shows the tensile properties of the speci-
mens; Figure 1 shows the_effect of liquid frac-
tion on ram speed at different die angles.

Finite Element Modeling

To use the finite element software a validation
process are made by applying this software on
the Pb-Sn alloy matrix composites reinforced
with deferent volume percents of SiCp as cast
and as extruded to predict the deformation and
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doale
tensile behaviour. The predicted results and
the experimental results then compared to vali-

date the software.

In Extrusion

A finite element code JL analyzer simula-
tion simulated extrusion process. JL Ana-
lyzer Engineering solution, developed to ana-
lyze the two-dimensional plastic deformation.
Finite element simulation performed for each
combination of variables to predict the ram
speed in extrusion process in each case. Pre-
dicted results from JL analyzer soft ware illus-
trated in figure 1. The investigations proved
that results of the finite element simulation for
extrusion of semi solid alloy revealed a good
agreement with experimental results.

Tensile Tests

Tensile tests ware simulated also by JL
Analyzer Engineering solution. In tensile test
simulation, the specimen is presumed to drawn
axially through two jaws. The jaws were
forces. Two temperatures (room temperature
and 1000 C) and two cases for the material (as
cast and as extruded) were considered in the
finite element model simulations. Predicted
results for the Pb-Sn alloy matrix composites
reinforced with SiC particles with deferent
weight percents were summarized in table
1.The results of the finite element simulations
show good agreement with the experimental
results.
Neural Network Modeling

To use the neural network software a valida-
tion process are made by applying this soft-
ware on the Pb-Sn alloy matrix composites
reinforced with deferent volume percents of
SiC particles as cast and as extruded to predict
the wear behaviour. The predicted results and
the experimental results then compared to vali-
date the software.
In Wear Rate

In this investigation, the wear rate studied
by using a neural network software (EasyNN-
plus). EasyNN-plus grows multi-layer neural
networks from the data in a grid. The neural
network input and output layers created to
match the grid input and output columns. Hid-
den layers connecting the input and output lay-
ers grown to hold the optimum number of
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nodes. Each node contains a neuron and its
connection addresses. The whole process is
automatic. The grid is produced manually us-
ing the EasyNN-plus editing facilities. The
neural networks learn the training data in the
grid and they can use the validating data in the
grid to self validate at the same time. The input
or independent variables are the applied pres-
sure in MPa, SiC weight percentage and the
temperature in degrees. The output is the wear
rate in milligrams per meter figure 2 shows the

In this section the validated simulation soft-
ware were used to predict the mechanical
properties of A355. Finite element code JL
analyzer simulated Extrusion process for A355
and A356 alloys. Finite element simulation
performed for each combination of variables to
predict the ram speed in extrusion process in
each case, soft ware assumed that the ceramic
particles distributed uniformly in the compos-
ite. Predicted results from JL analyzer soft
ware illustrated in figure 3 for A355 alloy and

. Tensile properties of(Pb-Sn) unreinforced
Test temperature Condition U.T.S (MPa) Y.S. (MPa) % Elong
Room temperature As-cast 34 34. 1* 23 24.1 * 18.2 1 88*
Extruded 47 483" 27 | 28" 23.7 24.2°
As-cast 42 442 30 | 311 15.2 16.3
100 C Extruded 49 |50.17 35 | 3617 15.1 2117
Tensile properties of(Pb-Sn) reinforced with 10% wt SiCp
Test temperature Condition U.T.S (MPa) Y.S. (MPa) % Elong.
Room temperature As-cast 39 |403° 29 |30.2° 165 | 16.9
Extruded 42 |49 24 | 25,1 193 203
100 C As-cast 30 |31.2° 17 17,3° 142 | 154
Extruded 37 [ 383" 14 | 153 127 | 10.6°
Tensile properties of(Pb-Sn) reinforced with 15% wt SiCp
Test temperature Condition U.T.S (MPa) Y.S. (MPa) % Elong.
Room temperature As-cast 27 | 23.7 20 | 20.1° 143 | 14.9
Extruded 36 [ 278 16 | 169 161 | 16.7
100 C As-cast 21 19.2 12 12.9 16.3 17.3
Extruded 39 [ 224 15 | 15.6° 174 181"
Tensile properties of(Pb-Sn) reinforced with 20% wt SiCp
Test temperature Condition U.T.S (MPa) Y.S. (MPa) % Elong.
As-cast 23 17 | 178 10.7 11.2°
Room temperature
Extruded 27 13 [ 141 16.2 17.3"
100 C As-cast 18 10 11.3° 17.4 18.7°
Extruded 21 12 |135 19.3 19.8°

relation between the experimental and pre-
dicted wear rate results at deferent tempera-
tures

Figure 1: Relation between liquid fraction, die
angle and ram velocity for (Pb-Sn) alloy ma-
trix composites at different reduction areas for
the Measured values and Predicted values

Mechanical tests simulation for A355 and

A356
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figure 4 for A356. In the simulation process,
the extruded specimens had a diameter of 20
mm before extrusion and the percentage of
reduction in area was 20% and 40%.

Tensile Tests

JL Analyzer Engineering solution simulated
the tensile tests for A355 and 356 as cast and
as extruded. In tensile test simulation, the
specimen assumed to drawn axially through
two jaws. The jaws defined as forces. Three
temperatures (room temperature, 150° and
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300%). Predicted results for A355and A356
reinforced with SiC particles with deferent
weight percents were summarized in table 2
and 3 respectively

Wear Rate

In this investigation, A355 and A356 wear
rate were predicted by using a neural network
software (EasyNN-plus) at two temperatures
(100°C and 200 °C). The grid produced manu-
ally using the EasyNN-plus editing facilities.
The input or independent variables are the ap-
plied pressure in MPa, SiC weight % and the
temperature in degrees the predicted results
illustrated in the figure 5 and figure 6

Discussion

The results obtained from the finite element
modelling of the behaviour of A355 and A356
alloy matrix composites for the effects of the
percentage of liquid material and die angle and
reduction percentage in the area on the ram
speed. The result showed that the ram speed
increased when:
The die angle and the percentage of the reduc-
tion in area decrease. That result from the
liquid phase flows heavily for the free surface
due to the contact force acting on the specimen
from the die.
Liquid fraction percentage increase. That re-
sult from the liquid phase flows easily for the
free surface due to the contact force acting on
the specimen from the die.

The previous result is consistent with that
noticed by O. P. Grover and U.C. Jindal [13].
They proved that the liquid fraction percent-
age, the die angle and the reduction percentage
effected in the ram speed in the extrusion of
semi solid composites. Mechanical results for
composites show that the yield strength of ma-
trix as cast and as extruded decreases with fur-
ther increase in volume fraction of reinforce-
ment, B. S. Majumdar and A. B. Pandey [14]
have found good agreement with this results.
The results also show that ultimate tensile
strength decreases when the temperature in-
creases, but the yield strength increases at high
temperatures.

Mechanical results revealed that the hot de-
formation process (extrusion) improving the
strength. These improvements result from the
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reduction in the grain size and reduction in the
porosity at room temperature and causes redis-
tribution of SiC particles clusters in a more
uniform distribution of the SiC particles ,but at
100 °C the extrusion had no effect in ductility
for the composites and unreinforced alloy
specimens had no differences in the value at
high temperature. More uniform distribution in
the extruded specimens reduced the wear rate.
Similar observation of the wear rate of the
composites has been reported by several inves-
tigators [15,16]. The composites show a higher
resistance to wear as compared to the unrein-
forced alloy. The results reveal that the resis-
tance to wear of the composites improved by
increasing the weight percent of the reinforce-
ment of the composites.

The results of the finite element simulations
for Pb-Sn alloy matrix composites show good
agreement with the experimental results . This
result is consistent with that resulted by Chen
J.M. et al. [17]. They proved that the predic-
tion for the mechanical properties of the rein-
forced metal matrix composites as cast and as
extruded by finite element simulation revealed
good agreement with experimental data.

Neural network found successful in predic-
tion of wear results. This result is consistent
with that resulted by Necat altinkok et al. [18].
They proved that the prediction for the me-
chanical properties of the reinforced metal ma-
trix composites by using the artificial neural
network revealed a good accord with experi-
mental data.

Conclusions

This investigation on the extrusion of particle
reinforced aluminum alloy was conducted by
using finite element and neural network mod-
eling, the principal conclusions can be summa-
rized as follows:
The addition of SiC particles to A355 and
A356 alloy matrix composites are improve the
strength of the alloy at room temperature, up
to 10% SiC, then the strength decreases with
further increase in the weight percentage of the
reinforcement. Extruded composites generally
followed a similar trend but with relatively
higher values of strength.
extrusion process reduces the porosity content
of the as cast composites and causes redistri-
bution of SiC particles clusters in a more uni-
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form distribution of the SiC particles
The tensile tests carried out at 150 °C, the ex-
truded composites showed gradual increase in
tensile strength with increasing the weight per-
cent of SiC particles up to a value of 10%by
weight. Further increase in the weight % of
particles resulted in decrease in the strength.
Ram speed increased when the die angle and
the percentage of the reduction in area de-
crease.

Ram speed increased when liquid fraction
percentage increase. That result from the lig-
uid phase flows easily for the free surface due
to the contact force acting on the specimen
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_ ressure MPa at 100 °C
Figure 2: Wear rate of Pb-Sn alloy matrix composites

>

O Wear rate
B Wear rate (ex)

from the die.

Very good agreement is obtained between
the predicted values from finite element simu-
lation and experimental results for the Pb-Sn
alloy matrix composite.

Very good agreement is obtained between
the predicted values from neural network mod-
eling and experimental results for the Pb-Sn
alloy matrix composite.

The yield strength of matrix as cast and as
extruded decreases with further increase in
volume fraction of reinforcement
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Tensile properties of A355 unreinforcrd
Y.S.

Test temperature Condition U.T.S (MPa) (MPa) %Elong.
Room temperature As-cast 226 140 2,3
Extruded 233 166 3,5
150 C As-cast 251 150 1,9
Extruded 250 141 2.8
300 C As-cast 202 120 4,2
Extruded 229 133 3,7

Tensile properties of A355 with 10% wt SiCp
Y.S.

Test temperature condition U.T.S (MPa) (MPa) %Elong.
Room temperature As-cast 234 136 1,6
Extruded 242 128 2,5
150 C As-cast 222 105 2
Extruded 234 131 1,5
As-cast 179 100 5,1
300 C Extruded 218 121 4,7

Tensile properties of A355 reinforced with 15% wt SiCp
Y.S.

Test temperature Condition U.T.S(MPa) (MPa) % Elong.
Room temperature As-cast 223 134 1.4
Extruded 238 124 1,9

150 C As-cast 215 95 2
Extruded 230 111 3.2
300 C As-cast 152 72 5,2
Extruded 164 97 4,9
Tensile properties of A355 reinforced with 20% wt SiCp
Y.S.

Test temperature Condition U.T.S (MPa) (MPa) % Elong.
Room temperature As-cast 214 127 1,2
Extruded 227 115 1,8
150 C As-cast 207 90 1,9
Extruded 215 105 2.4
300 C As-cast 141 59 5,3
Extruded 153 81 4,6

Table 2: The predicted tensile properties of A355 alloy matrix composites
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Tensile properties of A356 unreinforced
Y.S.
Test temperature Condition U.T.S (MPa) (MPa) % Elong.
As-cast 255 170 14,2
Room temperature Extruded 297 192 19,3
150 C As-cast 283 208 11,1
Extruded 281 200 11,3
300 C As-cast 188 163 26,2
Extruded 208 171 29,2
Tensile properties of A356 reinforced with 10% wt SiCp
Y.S.
Test temperature Condition U.T.S (MPa) (MPa) % Elong.
As-cast 259 220 10,2
Room temperature Extruded 282 187 11,5
150 C As-cast 227 130 11,8
Extruded 281 153 18,1
300 C As-cast 165 73 24,1
Extruded 237 93 27,2
Tensile properties of A356 reinforced with 15% wt SiCp
Y.S.
Test temperature Condition U.T.S (MPa) (MPa) % Elong.
Room temperature As-cast 245 155 8.3
Extruded 267 164 11,5
150 C As-cast 167 83 11,7
Extruded 174 97 18,1
300 C As-cast 183 63 25,1
Extruded 213 84 28,8
Tensile properties of A356 reinforced with 20% wt SiCp
Y.S.
Test temperature Condition U.T.S (MPa) (MPa) % Elong.
Room temperature As-cast 230 137 7.3
Extruded 243 144 13,7
150 C As-cast 145 66 12,9
Extruded 151 83 15,6
As-cast 163 55 29,7
300 C
Extruded 179 76 24.7

Table 3: The predicted tensile properties of A356 alloy matrix composites
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In his paper [1] L.G. Loyziansky posed and solved a system of four partial differential
equations for laminar twisted motion of viscous fluid in tube, opening to a space region
filled with the same fluid. He found particle velocities and pressure as series depending
on the lateral distance. The authors consider another solution where there is a wurf pro-
portion among three components of fluid particle velocity.

Notation. where are physical constants of the given

In the following, the integration [ f(x.ryar fluid, p — pressure in its flow, x — point dis-

tance along the central line of a symmetric

means J Sl and .[ g (x,r)dr stands tube, r — point distance from the central line,
for u,v,w represent correspondingly lateral, radial
0 and transversal components of fluid particle
ig(x,r)dr , where x is distance along the velocity.

tube and R is tube’s radius. In the system (1) the fourth equation says that

two following equalities hold:
Introduction 1 0¥ 1 0¥
From the paper [1] by L.G. Loyziansky it is ‘e roor (2) vz_; o .(3)

known that laminar twisted motion of viscous Here is a certain differentiable function of x

fluid can be described by the following system and r. Loyziansky searched and found epres-

of partial differential equations: sions for the transversal velocity component w

s .v.vg:,){g{ 'g(f'@}—z- 2, M)} and pressure p.

o 1. The purpose of present work is also
8[ (p 0 at a search for the values w and p, but not in the
—|r +puz) +—| | puv—p— ||=

a a a form of infinite series and under different suf-
@) = ﬁ ficiently general assumptions. In fact, if we

a r : . . . .

consider a moving fluid particle, it must satis
drad dr) _, g uidp y
& o (1)
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the Law of Energy Conservation in the well-
known form:

K+I=C (4)

where K — its kinetic energy, I1 — its potential
energy, C — a certain constant which is proba-
bly equal to zero. The kinetic energy expres-

sion has the form:
m-(v2 +u’ +w2)
2
(5)

where the quadratic expressions of velocity

K =

components are understood as scalar products

Z—Q.Q 2:_.-Q
of their vectors: Y ~V'V., # Fuu

Yo = "w"  Let’s consider the potential en-

ergy of fluid particle as a given function of

time 7.

=i, ' <0, %), (6)
In the simplest case consider it as a constant
value. Taking into account the formulas (5)
and (6), the Law of Energy Conservation for a

fluid particle can be written as :

mo(v2+u+w?)

5 +1I(t)=C
(7)
Doing some obvious transformations obtain

from the last formula :

vi+ut +w’ =£'[C—H(Z)]
" - (®)
In the space of velocity components u,v,w the
equality (8) represents a circle (see Fig.1) with

the radius:

R=y2e - ] ©)

www.altariq.ps g biall 5 alaill (3 Ul
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Under this the radius is a non-negative value
(it follows from the Law of Energy Conserva-

tion) and has a maximum as function of time ¢:

2
0<R<,|[=-C
m (10)

Fig.1. The Law of Energy Conservation of
fluid particle in the space of velocity compo-

nents u, v, w.

2. Call “velocities wurf” W=W(u,v,w) the func-
tional expression

u-w

W=1+——""——
+v-(u+v+w)

.(11)
Assume that there exists a wurf rule for the

three components of fluid particle velocity in

the form 77 =P | (12

where D — a certain constant. Doing simple
transformations obtain from the last formula

the following expression

Vidu-v+veow+

1

B nmpoctpancTBe ckopoctelt u, v, w dopmyia

(13) Oyzner 3amaBaTh HEKOTOPYIO IOBEPXHOCTH
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BTOpPOTI'O MmopsAaKa, BUA KOTOpOfI npeacTaBIsACT
unTtepec. In order to define the type of this sur-

face, calculate the equation’s invariants /, J, Y,
A, 4" and obtain:
I=1 (1 4)

L I
2 4-0-DY)

(15)

N |
4.0-D) 4-0-pYy (16)

A=0 (17)

1

1
4.0-py (13
Consider two theoretically possible cases: 1)

Y#0 Y=0

the invariant ; 2) the invariant

From the formula (16) follows the condition:

1 1 o
1 - D a-p»p )y (19)

This equality is equivalent with the condition

D

Q-0 ) (20)

i.e. the case 1) takes place under the condition

0

that the constant D from the formula (12) is
equal to zero, and the case 2) corresponds to
the case where D is zero.

Consider further the first case, i.e.
D=0. Since it follows from (15) that J<O0, the
invariant classification of second order sur-
faces allows to make a conclusion: (13) is the

equation of a hyperbolic cylinder.

D=0

In the second case, i.e. for the

www.altariq.ps g biall 5 alaill (3 Ul
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same classification tells that (13) is the equa-
tion of a real cone.

3. In a particular case, when D=1, the

wurf rule for velocity components of fluid par-

ticle (12) takes the form:

u - w _
v -+ v+ ow)

0 (21

1.e. the lateral and transversal components of

velocity jointly or separately must turn to zero

value. Consider all possible cases separately.
3.1. u=w=0. Then the system (1) is re-

duced to the following form:

( 0
P _ 0

0 x
X or = 0

or

o v (22)
vV + r = 0

| or

Since in the general case , obtain from
(22) that p = const

(23)

For the radial component of fluid particle ve-

locity obtain from the third equation of the
system (22) that

\% =

[24

. (24)

where a=const. Taking into account the formu-
lae (23) and (24), get physically that a fluid
motion along the tube is non-existent. In the
tube section fluid particles are not twisted.

Pressure is constant everywhere, particles mo-
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tion takes place only in the radial direction and
it diminishes with the increase of distance

from tube’s center.

w#0

3.2. u=0, . In this case the sys-

tem (1) can be written as follows:

g(rz.V.W)zU.{g[r.ﬁ_i(r.w)}z.g(r.w)}
é%(r'p)—-O
2 (rv)=0 (25)

Analogically to the previous case the formula
(24) is valid. From the second equation of sys-
tem (25) obtain that fluid pressure p doesn’t

depend on the distance along the tube x:

p=p(r) (26)

Substituting this result to the third equation of
system (25), obtain that the velocity compo-
nent w depends only upon the distance r:

(27)

Then the fluid pressure inside the tube can be

w=w(r)

expressed as integral expression:

2
p:p'.[%'dr (28)

Physically these formulas mean such situation
when there is no motion along the tube, the
acting pressure upholds the motion of fluid
particles in the radial direction (with the veloc-
ity, decreasing with distance from the tube’s
axial line) with their twisting in the transversal

direction.

www.altariq.ps g bl 5 alaill (3 Ul

dsale

-~

u+0

3.3. w=0, . In the given case the

system (1) can be rewritten in the form:

From the third equation of system (29) it fol-

lows: there can be found such a function

é%b(p+pwfﬂ+§{r(pwrvﬂw§§ﬂ=0

v,
or
6(r-u)+8(r v)_O
ox or (29)
¥=¥or)
_ Loy (30)
r o r
1 o ¥
S )

And from the second equation of system (29)
it is clear that pressure doesn’t depend on 7:
P=p(x). (32)

Then the first equation of system (29) can be
rewritten in the following form, giving the

value of pressure in the fluid, filling the tube,

éila

in terms of the function ¥ :
2 2
_2p OO 0[p OV OV u BV OV
r ordx or o\r & or r or or

Thus, physically, there is a fluid motion along
the tube and in the radial direction without
twisting and with pressure, lateral and radial
velocity components, defined by a certain po-

tential function.

4. Let D#1 . In the velocities space u,
v, w consider two cases for the equation (13)

of second order surface: 1) D=0 (hyperbolic

D=#0

cylinder) and 2) (real cone).

2008 - gl 328 - At Alaa | E
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4.1. Let D=0. Then the equation (13),
describing a hyperbolic cylinder, takes a sim-

pler form:
vitu-v+v-w+u-w=0 (34

Introduce a spherical coordinate system:

u = r -cos ¥ -cos @
v

= r-cos W -sin @ (35) ) ) _
. Fig.2. Upper view of the intersection between
w = r -sin Y .
. the hyperbolic
Substitute now the formulae (35) to the equa- ' S
' _ ' cylinder and the sphere, which gives two par-
tion (34), then after simple transformations _ ‘
‘ allel circles (marked as bold signs).
obtain a dependency of the form:

sin L sin 2y (36) _
T T+ cos 2y formula (34) obtain that "= ¥ .

Find now solutions of the system (1). From the

(39)
From the third equation of system (1) with the
help of formulae (31) and (39) get:

ap_p_(a‘}’jz

Using formulas (35) and (36), express u, v, w

only through the parameters » and V.

or re 0x (40)
sin 2y
u =r-cos y -cos T+ cos 2y From the second equation of system (1) with
y = —r-sin y (37)  the help of formulas (30) and (31) obtain:

w = r-sin ¥

2 SN

2\ 2
. Put the formulae (37) to - l[paqjﬂ,} O e p'[ ( j[a‘yj [5 Tj'dx
r

IN

v <

N‘N

7
here 2

ox ot or ) \ &xor
the equation (8) and obtain in the way of

(41)
The expressions (40) and (41) allow to find

obvious transformations the intersection lines

for the hyperbolic cylinder of wurf rule and the .
pressure p as a sum of integrals

sphere of Law of Energy Conservation in the

form: I -@’jz-dw Ii;}’-dxkﬂ j’i -(a;/j-dxi-p j;{ﬁzjdﬁ

2 2
2 oY oY j 277
“.lc- +2- = -|1C = II(t
; -] ( 5 j ( ~ — ()]
sin 2y 2
cos Cos[l+cos21//j+2 sin” w (38) (42)
here Consider now not an arbitrary function
T T
TV s Y=Y
again 2 2 . A general view of these (x,r) , but only such a one, which sat-
lines is given in Fig.2. isfies at the same time the conditions (8) and
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(34). Substitute the formulae (30), (31) and
(39) for the velocity components u, v, w to (8).

Then we obtain the first limitation in the form:

2
_P_.( J.(2_+1].(5‘P]
r r oxor
(43)
Substitute now the formulae (30), (31) and

oY
or

(39) to the equation of hyperbolic cylinder
(34) and obtain identical equality which is sat-

Y= LP(x,r)

isfied for any . Thus the only

limitation is the expression (43).

42 Let D#0

. In this case the equa-
tion (13), representing a real cone, has the

form:

Viru-v+v-ow+ :
1-D

(35)
In the space of u, v, w introduce cylindrical
coordinate system:

u - cos @
' (36)
Substitute now the formulas (36) to the equa-

tion (35) and get the conic equation:

. 1
z-|sin ¢ + ——~=-CcoS @
{ (1-D) }(37)
sin @ -(sin @ + cos (0)

r= -

Then the surface (35) can be written, exclud-

ing the parameter r:

(38)
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z{sin ¢)+(1_1D)~cos (p]cos Q

e sinqo-(sin(0+cos¢))

. 1
z- smgo+m-cosgo

e (sin @ + cos @)
w=z

Put the formulas (38) to the Law of Energy
Conservation (8) and get the intersection of

both surfaces in the space of u, v, w:

2. [C—11(t)]-(1+5in 2¢)
m

z=1=

.2
sin* ¢ + -sin22qo+1+sin2go-{sm (p+l}

1
4.01-DY (1-D)

(39)

A general view of these lines see in Fig.3.

Fig.3. Intersection of real cone and sphere
gives
two circles which form boundaries

of black circles.
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Find now a solution of the system (1). From

the inequality (35) it follows that

v.(vl+u)
ey

Taking into account formulas (30) and (31),

(40)

w = -

following from the fourth equation of the sys-

tem (1), one can rewrite (40) through the func-

tion ¥ :

7+
. ox or
ox j {aq' 1 qr} (41)
+ .
ox (-D) or

[aw oY

w=-—
r

1'(aw

Put (41) to the third equation of the system (1)

and obtain:

(o¢ 20
a_u.(a_\f'j. o o)
or r \ or oY 1 oY

ox (1-D) or

Substitute (30) and (31) to the equation (2) and
get the partial derivative of pressure p through

@_,0¥ pO¥ ¥ 4 ﬂ(_jaz‘uf(_jﬁl‘
& 7

2
+£.(2_lj.5_‘*’.5_‘*’_£(1+%).5_‘1’.3‘1’
r

(43)
Combining (42) and (43), obtain the pressure

calculation formula in the form:

(22

p (0¥ ox  or p O°F 0¥

= ——<——=dr+ 7(1_, ———dx+

p=[% (6}’) v 1 o] dr ”I o w
 (1-D) or

o e o P O s

2
—ﬁ-(1+ j Jlé ki 8LP -dx
r 8x8r 8r
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). (e i) (2

ox

Lale dila
Now substitute the formulas (30), (31)

and (41) to the dependency (8) in order to get a

restriction on the function © , following from

the Law of Energy Conservation:

or

O
(m’jlzaww ! [6‘?)
ax D o or (1-Df \or

_2-r2

]

(45)

Substitute (30), (31) and (41) to the formula
(35) and obtain, as easy to see, the identical

null, i.e. in this case the restriction (45) is
unique for the function v

Conclusion
For the system of L.G. Loyziansky of four par-
tial differential equations, describing laminar
twisted motion of viscous fluid in tube, open-
ing to a space region, filled with the same
fluid, there were found solutions, expressing

lateral, radial and transversal components of

fluid particle velocity and also pressure

¥ ="¥(xr) . Restrictions,

through a function
imposed on this function by the Law of Energy
Conservation, were discovered. In comparison
with Loyziansky’s solution through decompo-
sition into functional series and finding their
coefficients, here it became possible to obtain
direct analytical solutions in more simple dif-
ferential and integral-differential forms. This

came to be true due to the use of velocities

wurf and proportionality rule, connecting
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among them three components of velocity u, v
and w. This rule was chosen to satisfy the Law
of Energy Conservation which allowed to di-

minish the arbitrariness and impose restric-

tions on the function ¥

References:
1. Jlonusguckuit JL.I'.  Pacnpocmpanenue

3aKpyueHHou — cmpyu 8  0e32paHUYHOM

Jaale &la

NpOCmMpaHcmee,  3AMONNEHHOM — MOU  Jce
arcuoxocmoro. [/ [puknaounas mamemamuxa u
mexanuka. — Tom XVIIL. — 1953. (in Russian)

2. Kopu TI., Kopu T. Cnpasounux no
mMamemamuxe OJisl HAYYHLIX PAOOMHUKOS U
Onpedenenus,

UHJICEHEPOB. meopembal,

@opmynsvi. — Mocksa: Hayka, 1968. (in Rus-

sian)

~ ~www.jlaat.ory

2

www.altariq.ps g bl 5 alaill (3 Ul

2008 - gulll 32l - Ayl Al |




School of computer science , 7" April university , Zawia , Libya

Evaluation and Designing an ATM Host Network
Interface for high speed lines (over Giga/bs)

Mohamed A. Elbeshti

Demanding for high speed network is becomes part in many researches to satisfy the demand of
the market. The use of the general processing as apart of the network interface one of these ap-
proaches, which can be very useful by providing many feature, such as simplicity, shorter develop-
ing cycle time and flexibility. In this paper I have presented and demonstrated a general purpose
processing core for ATM network interface for both layers ATM Adaptation Layer AAL 3/4 and
AAL 5. The embedded Reduce Instruction Set Computer (RISC) core can efficiently provide net-
work interface with the processing that required for supporting a wide range of transmission line
speed. A 70MHz RISC core can support the segmentation unit processing for up to 2.4Gbps trans-
mission speed, while a core running at 8SMHz is found to be suitable for the Reassembly unit
processing for up to 1.2Gbps line speed. These results are based on the use of a specialized RISC
core that I developed and simulated for ATM NI applications. Such core has three stages pipeline
supported with forwarding mechanism, instruction set of only 11 instructions, a register file of 20
register for Segmentation and 28 for Reassembly. Also the result shown that the processing re-
quirements for the data movement of the Segmentation and Reassembly units can be reduced by
using Direct Memory Access DMA controller. Such controller must run at two to three times the
speed of the embedded RISC could eliminate all RISC’s idle cycles.

Introduction

In the past few years communication net-
works have been advancing rapidly in provid-
ing new services, improving their bandwidth
and integrating new technology. Also, the net-
work interfaces have been improved consid-
erably. Such interfaces, capable of providing
above Gbps speed, have been researched for
different network protocols such as ATM, fi-
bre channel and Gigabit Ethernet [5, 8 and11].
Improvements to the network interfaces have
led to support a new generation of applications
for videoconferencing, video telephone, multi-
media, etc.

As the speed of the networks have ex-
ceeded the Gbps, the design and implementa-
tion of high-performance Network Interfaces
(NI) have become very challenging. One of the
main challenges is the processing core design
that is required for network interface proto-
cols.

The approach of partitioning the process-
ing of the protocol by allowing some functions
to be processed on the NI and leaving the oth-

www.altariq.ps  gbiall 5 adaill 3 Ul

ers for the host processor has reduced the
amount of processing that the host processor
usually does if NI is not used. As an example,
the lower-level of the ATM protocol such as
Segmentation and Reassembly (SAR) are
processed on NI and the higher level protocols
are left to be processed by the host. This ap-
proach was proposed and used in much re-
searches [3, 4,7,13, , and 14]. Other approach
allows the NI to perform all the protocol proc-
essing without the host processing involve-
ment [8].

Generally there are three possible methods
that may be used to process the network inter-
face protocols:

1. General-purpose embedded processor

[1,3].

2. Fully customised logic [14].

3. Programmable VLSI engines [4,8, and 13].
The general-purpose embedded processors

may not provide the same level of perform-

ance as the other method offered, but they

have better flexibility and they could easily

accommodate protocol revision or even a new
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protocol. The wide availability of these proc-
essors has contributed to the low developing
cost for network interfaces. Using these proc-
essors in designing the network interface
makes the data path very simple and, hence
makes their design simple too. An example of
such network interface design is the one devel-
oped at Bellcore that supports 622 Mbit/sec
ATM Network Interface for DEC TURBO
channel which uses a pair of 33MHz Intel960
processor [3].

In this paper, we
study and investigate
the design of an ATM

dgale
mentation and Reassembly protocol proc-
essing supporting the AAL3/4 and AALS.

the conclusion work

ATM Network Interface architecture

The NI model I proposed is partitioned into
three parts: the communication line interface,
the processing core, and the host bus interface
(Figure 1).

The processing core performs the NI functions
such as Segmentation and Reassembly, the
PDUs, Virtual Connection Identifier VCI and

Network Interfaces
(ANI) based on the use S
of the specialized em- ] o]
bedded processor of a

| > [ ——
Reduced Instruction
Set Computer (RISC) -
core type. Also, we| rom
h the host Cell Reassembly
ave analyzed the Buffer(CRB)

amount of processing
required by the ATM
interfaces for both out-

‘ Status of everjt

_—vy,

RISC-CORE
Fi
ATM cell ATM
D buffer | ffH petword k
by RBI
A s
I buffer 2

Reassembly Unit

going and incoming mes-
sages.
The following steps
have been taken in this
work:
NIC architecture

Host Interface

Segmentation
Buffer (CSB)

Cell

processing unit Line Interface

ATM Cell
buffer 1
ATM cell
buffer 2

model design and
structure to support
high speed line for
ATM network

Simulating the ANI
model to support both ATM adaptation
layer3/4 and AALS using SPIM S20 simu-
lator to process the ATM Segmentation
and Reassembly (SAR) protocols [6]. This
simulation is used to measure the amount of
processing required for ATM protocols and
data movement operations

Simulated the ANI model by using a high
speed integrated circuit (VHSIC) hardware
description language (HDL) VHDL.

The RISC architecture was investigated to in-
cludes the appropriate instruction set, pipe-
line stage length and techniques to elimi-
nate data and branch hazard.

The RISC clock rate was measured for Seg-
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RISC-CORE

‘ Segmentation Unit ‘

Figure 1: ATM Network Interface Architecture

Virtual Path Identifier VPI for ATM Adoption
Layer AALS, VCI and AAL3/4, linked list
scheme, cells copying and buffering.

The model has the architecture that can sup-
port high-speed lines for both AAL 3/4 and
AAL 5 and it provides several features:

For data movements we used DMA. The use
of DMA in NI is more efficient for NI applica-
tions than the programmed I/O. Therfore, a
DMA is used in our simulator for data move-
ment function [3, 4]. The DMA moves data
from one location to another using its data reg-
ister. The data moved from a source to the
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DMA's register and then storing it in its appro-
priate location.

As the block of data is required to move be-
tween the Receiver Buffer Interface (RBI) and
the Cell Reassembly Buffer (CRB), or be-
tween Cell Segmentation Buffer (CSB) and
Sending Buffer Interface(SBI), the RISC core
will initiate and control the DMA. Since the
local bus of the Reassembly and the Segmen-
tation units is shared between the DMA and
the RISC core, the RISC core will have to re-
lease the local bus to DMA to perform the data
block transfer. Each transfer of a word con-
sumes two cycles. In the first cycle, the DMA
read the source buffer to get the word to the
DMA’s register. During the second cycle, the
word will be moved from the DMA’s register
to the destination buffer. The DMA state ma-
chine will provide the read and write signals to
source and destination buffers. Also it incre-
ments the address for the next location, where
the next data is located, and store it in the ap-
propriate location in the destination buffer
( Figure 2)

Two RISC-cores, one per direction (one for
Segmentation unit and the other for reassem-
bly unit), perform all functions related to the

RBI
CRB RISC-core

I ? Cell body
— buffer
Store the lF}

data from
DMA's DMA
register to
the CRB

Moved
Cell body

Load the
data from
the RBI into
DMA''s

Note: In transmission approach DMA loads from CSB and store it in SBI

Figure 2: Block diagram of RISC-core with DMA

AAL3/4 and AAL5[10].

Using Content Addressable Memory (CAM)
for virtual channel traffic [8, 14], the CAM
contains the active Virtual Connection(VC) or
Virtual connection Identifier-MultiplexerID
(VCI-MID) connections to help the RISC in
the Reassembly unit to reconstruct incoming
cells to their PDU using the link-list scheme.
The CAM was designed as a Look-Up table
for VC or VCI-MID (VC for AALS and VCI-
MID for AAL3/4). With each CAM entry
there are two pointers, a Start-address (head
of the link-list) and End-address (the tail of the
linked list). Figure 3 shows the CAM struc-
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ture. The schematic capture of the CAM loca-
tions in the NI

To provide high flexibility in terms of ex-

&

Gl

lad

1 Adde I Address cell l|>i

BOM

I [ coM

[t [ ]

coM [ Address cell N

NULL

b h 4 EOM

SSM

caM

| Addresscell | | NULL

Figure 3: CAM architecture with its linked list mechanism

change information between these RISC-cores
and the host through the First-In-First-Out
(FIFO) buffer. These FIFOs performed the fol-
lowing tasks:

FIFOL1 carries information to the host such
as VC or VCI-MID and a Start-
address for each signaling message re-
ceived.

FIFO2 carries important information to
the host such as VC or VCI-MID and a
Start-address for each received PDU.

FIFO3 carries the new VC or VCI-MID
from the host to the RISC core at the
Reassembly unit.

FIFO4 carries the free pointer from the
host to the RISC core at the Reassem-
bly unit.

FIFOS carries information to the RISC
core at the Segmentation unit, that
needed to generate an ATM header
and/or AAL header.

NI buffers

Receiver Buffer Interface (RBI) is used to
buffer two arrival cells and to deliver
them to their destination

Cell Reassembly Buffer (CRB) is storing
ATM cells (The payload part only).

Sending Buffer Interface (SBI) is similar to
the RBI and it used to buffer up to two
ATM cells until they delivered to the
network.

Cell Segmented Buffer (CSB) is used to
hold the PDU that it is received from
the
host. Such PDU will be segmented by
the SEP and delivered to the SBI.
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3- SPIM simulator

In order to simulate the NI function in a very
short period of time, I decided to use the SPIM
S20 simulator [7]. It runs program for the
MIPS R2000/R3000 RISC microprocessors
where it can read and immediately execute
files containing assembly language. The SPIM
simulator is used in this work to process the
ATM NI functions Figure 4. Since in real ATM
NI, the Segmentation and Reassembly func-
tions are generally processed in two different
processors and both are run in parallel, the
simulation for the Segmentation function has
been performed independently from the Reas-
sembly function.

Two methods are possible for data move-
ment and can be used in our simulation ap-
proach [11, 6]. The first method is pro-
grammed [/O (PI/O). In this method, the em-
bedded processor takes the complete responsi-
bility for moving the data portion from one
place to another. The second method is to use
DMA. The DMA will take responsibility for
moving data from one place to another and
eliminate the need for an embedded processor
intervention to do that function. As the SPIM
simulator does not have a DMA unit, we only
let the embedded processor core simulate the
initialization of the control information for the
DMA controller and not the data movement
itself. That has made the simulation process-
ing very close to reality where the processor
needs only to initialize DMA.

During the simulation, we have measured the
amount of processing required for ATM net-

"o'
work interface protocols [9]. and for data
movement. Different ATM cells have been
delivered to the simulator and the number of
instructions required for the Reassembly func-
tions processing is measured for AAL3/4 and
AALS. The amount of the execution that the
processor takes for different types of opera-
tions for ATM Reassembly has been analyzed
during this simulation . The number of the
Reassembly instructions needed to process an
ATM messages Begging of message (BOM),
continuation of message (COM) and End of
message (EOM) for AAL3/4 are 21 for first
cell while it needs 24 for the last cell. For
AALS 19 for first cell and last cell 20 instruc-
tions

4. NIC VHDL-based

The VHDL-based model for Segmentation
and Reassembly function of both AAL3/4 and
AALS, is developed and described in this sec-
tion . Two RISC cores have been used and
supported with DMA in order to process all
the AAL3/4 and AALS function.

The development of a specialized RISC core
can generally be done in a short period of time
and at lower cost than a general-purpose core.
The RISC core, required for ATM interfaces
design, is optimized for this application.
Hence, some parts, which might be used in
RISC core to support the general-purpose ap-
plications, may not be required for the ATM
network interfaces design. For example, the
Floating-Point Unit is not necessary for net-

Embedded
Processor
Simulator

Figure 4: ATM Network In-
terface Architecture (SPIM-

architecture)

Host Interface (HI)

buffer

work interfaces. Also, the use of the data
cache is not required since it will not help to

improve the performance of the RISC core for

Line Interface (LI)
buffer

this application. The elimination of these units
will help to make the core simple to develop

at a low cost. In addition, the limited number

Circulation
Ruffer

of instructions that are required to support the
ATM interfaces processing can reduce the
size of the control unit, improve the speed of

Content Addressable
Memorv (CAM)

such a core, and reduce its complexity.

Host - NI
Communication
(HNIC) buffer

The CAM, DMA, RBI, SBI, FIFOs, CRB,
SCB, and CB have been used to simulate the
ATM line interface. After testing the VHDL

model of each component, a complete NI has
been designed based on the model that pre-
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sented before. All NI components are con-
nected together with all the necessary connec-
tions, busses, and control lines (Figure A.1 in
the appendix A). A testing process has been
performed to check the functionality of the NI
and to perform the performance evaluation that
required for this research. We believe that by
processing ATM cells with such RISC core
based NI, we can measure the amount of
RISC processing for different transmission
line speeds.

5. RISC core

The main idea of designing an embedded
RISC core in our Ni to process the incoming
and out going cell for ATM network is that
The general-purpose cores are available and
can be licensed and used in the NI . However
these cores design are not optimized for NI
application , where only portion of their power
is required to perform the acual processing for
the NI.

In order to be able to use the RISC core for
different types of network interface, the RISC
core should be designed with the Hardware
Description Language, VHDL, and that will
make such porting operations possible and
easy. The RISC-based NI can scalable where
the RISC pipelines divide the execution of an
instruction into a number of steps, or pipeline
stages. The depth of a pipeline corresponds to
the number of pipeline stages. The NI RISC
core has been designed to execute one instruc-
tion in three-pipeline stage:

The RISC fetches instructions which are
used to run the ATM protocol program from
local memory, Decoding and Executing stage
is done to execute the running instruction that
has been fetched by the first stage of the pipe-
line. The last stage of the RISC's pipeline is
W/B, in which the data is written to the RISC's
register. Some instructions such as Store in-
struction terminate at Decode/Execute stage.
During the SPIM simulation, we learn about
the suitable instructions that are required for
NI. These instructions have been represented
in Table 1. The instruction format contains the
op-code in the first five most significant bits to
represent the type of instruction. instruction.

The sizes of register files for the Reassembly
unit and for the Segmentation unit are shown
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Instruction Functions op-code Comments

ADD 13 < rl+1 01111 | Arithmetic addition

ADDI 13 < rl +imm 01110 | Arithmetic addition immediate

SUB 13 <-rl-12 00100 | Arithmetic subtraction

AND 13 <-rl and r2imm 00010 | Logical AND

LOAD 1l <—mem 00001 | Load from memory

STORE rl > mem 00101 | Store to memory

STCAM | rl-=(CAM) 00111 | Storevalue at Content Addressable
Memorv (CAM)

BEQ rl =r2imm —> label 00110 | Branchif equal

BGE 1l >=12imm -> label 01000 | Branch greater or equal

BLE rl <=12imm -> label 00011 | Branchless or equal

LCAM rl =(CAM) =12 01100 | Find the match of r1 with CAM con-
tents and store the CAM data inr2

in Table 2. Clearly, the register file within
RISC processor in the Reassembly unit is lar-
ger than the Segmentation unit because the
Reassembly function has extra registers just
needed to hold the specific information (during
the setup operation). This information includes
two registers to hold the CB's pointers (the
head and tail of CB). The other registers to
hold the address of the FIFOs (FIFO1, 2, 3 and
4).

F . Register size
Function
Reassembly 28 register

Segmentation 20 register 6

Table 2 Register file size for Segmentation and Reas-
sembly units.

Simulation Results

After we gathers all the parts to present our
model to process ATM cells for Segmentation
and reassembly function. First we will present
the segmentation function

simulation using the DMA's clock at the same
speed as the RISC 's clock means the DMA
needs 22 cycles to move one cell body from
CSB to SBI for AAL3/4, where it needs 24
cycle for AALS. While moving data, the DMA
controls the local bus to move the cell body
from CSB to the SBI. The RISC also needed to
send the ATM cell header (if the transfer cell
is AALS type) or send the ATM header, the
AAL header and the AAL trailer (if the trans-
fer cell is AAL3/4 type) from RISC's register
to the SBI. In this case, the RISC has to wait
until the DMA completes the data movement.
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Then, the RISC is able to control the local bus
and transfer the data register to the SBI. The
total instructions that were needed for Seg-
mentation function, where the DMA's clock is
the same RISC's clock cycle are shown in Ta-
ble 3. The RISC has several idle cycles during
the data movements and obviously is not able
to send any of its data registers on the local
bus.

Total instruc- | No. of idle
Total of cells For
AAL3/4 tions cycls

AALS | AAL | AA | AAL
and AALS

3/4 L5 3/4

Single Segment Mes- | 26 26 17 | 13

sage (SSM)
Beginning Of Mes- | 26 26 18 14
sage (BOM)
Continuation Of Mes- | 26 26 22 [ 18
sage (COM)
End Of Message | 26 26 21 17

(EOM)

Table 3: Number of RISC instructions processed
and the idle cycles for Segmentation

Presenting this approach for deferent line
speed for AAL 3/4and 5 to see the amount of
the RISC cloak rate to perfume and process
cell with different line speed.

The number of idle cycles is quite high and the
RISC wastes almost 70 % of its power. We
tried to eliminate the number of idle cycles by
increasing the DMA's clock speed to be double
that of the RISC's, thus forcing the DMA to
finish its job by moving the cell. Then we
pushed the DMA body within 11 instructions
for AAL3/4 and 12 instruction for AALS. we

fpale ea

found that pushing the DMA's clock to be tri-
ple RISC clock rate will element most of the
clock idle cycle and increase the NI perform-
ance Table 4

For the Segmentation part of the network in-
terface, we found that using a DMA controller
faster than the RISC core will improve the per-
formance. Because the RISC core can perform
little processing while the DMA controller is
moving the payload from the Cell Segmenta-
tion Buffer (CSB) to the Send Buffer Interface
(SBI), the RISC core is forced to be idle for a
few cycles until the DMA completes the pay-
load transfer. Therefore, using a faster DMA
will help to eliminate all idle cycles of the
RISC core. We send different type of cell to
our model to measure the rate of the embedded
RISC as well as the clock rate of the DMA .
Figure 5 and 6 show the RISC speed for both
AAL 3/4 and 5 respectively.

Reassembly part has more processing function
than segmentation. In our simulation we start-
ing delivering different ATM cells to the simu-
lated model and by investigating the wave-
form generated from the simulator, we are able
to find the number of instructions needed to
process a complete ATM cell for both AAL3/4
and AALS. The results presented in Table 4.1
is for the NI when the DMA has the same
RISC 's clock speed. The number of instruc-
tions is dependent on the type of the cell, i.e.
BOM, EOM, COM, and SSM. The DMA
needs 22 (11 load and 11 store) RISC instruc-
tions in order to move one payload body for
AAL3/4 and 24 (12 load and 12 store) RISC
cycle for AALS. However, some of the RISC
processing instructions needed to use the local
bus, in order to send the NULL value at the
end of the cell body during the processing of
the link list mechanism. In this situation the
RISC has to wait for sev-

Total of cells For AAL3/4 Total instructions No. of idle cycles eral cycles until the DMA
and AALS . .

AALS AAL3/4 | AALS | AAL3/4 g}glgletes.t its | job. .HThe

Single Segment Message (SSM) | 10 13 1 0 duce t\;lv:l NCIYC :rsfo\:rlnarfce(;
- u
Beginning Of Message (BOM) 10 12 2 0 by extending tllie execution
Continuation ~ Of  Message | 10 11 4 2 time for each ATM cells
(COM) by number of the RISC’s
wait cycles (Table 5).

TR0 RIMRBEHELYY instrucdidfls procedstll and the Idle instruc- To eliminate the RISC's

tions for Segmentation messages where the DMA has triple the

clock cycle of tlvenRISAG.ps gt 5 pdaill 3 Ul
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dale
idle cycles, we forced the DMA to finish its Total i No. of idl
processing cycle in a shorter period of time Total of cells For otal m- 0. of 1cle
AAL3/4
' and AALS AALS | AAL | AA | AA
3/4 L5 | L34
Single Segment Mes- | 26 29 0 0
MIPS
sage (SSM)
Beginning Of Mes- | 26 30 0 0
4 S
B AAL3/A sage (BOM)
O DMA MHz| 4.4 |13 7ét§ﬁa5§s 213 Continuation Of | 26 30 0 0
Figure 5: ATM Segmentation for AAL3/4 using DMA for Mejsaggf(COM) T 30 0 0
data movement (the DMA has triple than the RISC's En Message
clock rate) (EOM)

B AALS 204365414 3] 6
O DMA MHz|3.60410. 9@{@,_93 54&@“

Figure 6: ATM Segmentation for AALS using DMA for
data movement (the DMA has triple RISC's clock rate)

Total of cells For | Total instruc- | No. of idle

AAL3/4

and AALS tions cycles
AAL5 | AAL | AA | AAL

3/4 L5 3/4

Single Segment Mes- | 38 40 12 10

sage (SSM)

Beginning Of Mes- | 38 41 11 9

sage (BOM)

Continuation Of Mes- | 38 41 12 9

sage (COM)

End Of Message | 40 41 12 11

(EOM)

Table 5: number of instructions processed for Reassembly
AALS5 and AAL3/4 messages (the DMA's clock
has the same speed as RISC's clock).

than the first approach where the DMA has the
same RISC's clock cycle. Therefore, the DMA
clock rate is increased to run faster than RISC
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Table 6: number of instructions processed for Reassem-
bly AALS and AAL3/4
messages (the DMA's clock has double speed of

RISC's clock).

to allow the local bus to be available fro both
DMA and RISC core. The DMA runs double
the RISC's clock to complete moving 44 byte
within 11 cycles and 12 cycles for 48 byte
(Table 6) In this case, we eliminate all the idle
cycles which could take almost 25% of the
RISC's power

Clearly, the number of instructions required
to process the AALS5 is less than that for
AAL3/4. This has made the RISC core process
more cells/sec for AAL5 than for AAL3/4.
With the AALS, there is no need to load and
process the AAL header and AAL trailer.
Reassembly proceeding need higher clock rate
that segmentation, and it clear that by increas-
ing the DMA 'clock rate to be double speed
than RISC core can sustain line speed 1.2 Gb/s
with only 85 MIPS. Also can support line
speed 2.4 Gb/s with higher RISC's clock rate.
Figure 7 and 8 presents the actual rate for the
core to support different line speed fro
AAL3/4 and 5 ATM network

Conclusion

The embedded RISC-core to process the ATM
network cells for segmentation and reassembly
function in the NI can be very useful and scal-
able. Also provide simplicity and low cost to
NI [1,2]. using DMA for data movement will
increase the performance of the NI to support
high speed lines . This work shows that in the
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Figure 7: ATM Reassembly for AAL3/4 using DMA for data movement (the DMA has double
RISC's clock rate)

BAALs | OEMesS|T%a kR

ORIp 1 755845 A

B DMAMHz| 6.272 179

76.6 147 294

LINE's SPEED

Figure 8: ATM Reassembly for AALS using DMA for data movement (the DMA has double
RISC's clock rate)

Segmentation function processing, the RISC
processing speed is become less as we use the
DMA with a higher speed (Triple RISC's
clock) where all the idle cycle associated with
the RISC core processing has eliminated. The
VHDL simulation for the Segmentation unit of
the network interface has shown that a 68
MHz processor can support 2.4 Gbps lines,
when the DMA speed is 213 MHz (triple
RISC's clock).

The VHDL simulation for the Reassem-
bly unit of the network interface has shown
that an 85MHz processor can support 1.2 Gbps
lines supported by the 169 MHz DMA.
Clearly, a cost effective RISC core can be used
to processes 1.2 Gbps transmission line. Also
it is clear that a higher RISC core clock rate
could also be used to support higher transmis-
sion speed with extra cost.
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INFLUENCE OF DESCENDING BRANCH OF REGIME FORCED
RESISTANCE OF CONCRETE ON BEARING CAPACITY OF
THE REINFORCED CONCRETE STRUCTURES

Experimental investigations of the deforma-
tions of the concrete models under the com-
pression in the constraint deformations condi-
tions shows the presence on the diagram «c =
e» the descending section. This trajectory de-
pends on the loading regime and demonstrates
considerable exceed of the limited deforma-
tions g, with respect to the limited deformation
€r , restricted by the raising section of the dia-
gram (fig.1).

Ou

&R

£
0 >

Fig.1. Diagram «o = &» of compressed concrete

We suppose the dependences ¢ =0 ( ¢ ) and
os = 6 ( &) between the deformations and
stresses for the concrete and reinforcement
steel established with the help of the condi-
tions of the continuity of the deformations of
the compressed reinforcement (or other factors
of the constraint) and compressed concrete.
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For example, for the description of the dia-
gram «c = &» the follow functions are used [1-
3]

&

0'(5): Ece °*

o (€)= RZG’(%R ji

(1)

)

ole(r)tt, |=Elt.t -e[l_g(”]/gR(t)s(r), 3)
0 0

E(tt,) o
where is the linear temporary mod-
ule of the deformation [1]:

-1

* t *
E(uO)-[ Yoy ezl
0
In the formula (4) Ej(?) is the module of the
instantaneous deformation; C"(#,7) is the initial
measure of the concrete creep.

As the measure of the estimaition of the
load bearing capacity of the bending rein-
forced concrete element, we accept in the cor-
respondence to the [4] the bending moment
M, that can bear its cross-section, defined by
geometrical and physical characteristics. For
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the simplicity we will consider the beam with
the constant rectangular cross-section with the
dimensions b and 4 (fig. 2) [4]. Lets accept the
terms oy and ¢ as the current values of the fiber
stresses and deformations; N, and N are the
resultants of the normal stresses in the com-
pressed zone of the concrete and reinforce-
ment; Ag is the area of the cross-section of the
tensed reinforcement; Y is the arm of the inter-
nal pair of forces; Y, is the distance from the
resultant of the normal stresses in the com-
pressed zone of the concrete to the center of
the reduced cross-section ( it's possible to con-
sider the distance with respect to 4;).

If M, is the moment of the compressed zone
with respect to this axis, then:

yva=M, /N
0 O/ b ’ 5)
A7 /

|7 77 .
;b |4 & |

Fig.2. Calculated cross-section of the beam
0 "X+t M, / N, (©

and for the determination of the moment M
one has the formula:

rd

A
N

y =h

- S R ¢
b

The influence of the tensed zone of the con-
crete to the rigidity of the bending elements
might be estimated integrally with the correct-
ing multiplier Y=¥(M/M*) to the module of
the deformation E, of the tensed reinforcement
and then the equations of the equilibrium be-

come
N, =N ®

In the accordance with equations (6) and (8)

one can present
M €
I N ]
N

b
If M = M", the multiplier y has the value vy,

M = N, (h

M =l//NS (ho
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M = ASaS(gS)[(hO

fuale ela

depending on the characteristics of the con-
crete [1].

For the evaluation of M" the moments M are
considered closed to M, then

If the height of the compressed zone X and

o(2)

the function of the stresses
then

are known,

szb;j'a Cz Dz

. (1)
b [zo (z)d
0

M, =

The dependence
o(2)=(z/xV"o o

2

n, =1-(1=f)(M] M")
where

., (13)

, EL¢g,
is used when [1]. Here

=ES/E!

Jo K ® s the parameter of the nonlin-
earity, determined by the ratio of the tangent
: £>¢&,
modules. The function 6(z) when
does not have the form (12). Therefore the fur-
ther consideration is based on the hypothesis
of the plan sections, according to that one has

ele, =z/X

/e .(14)

In accordance with a formula (14) we have

z=X /&
/°7 )

and changing the variable z by ¢ in the equa-
tions (11) one can determine

2 &,
N, =" foleye

&
70 . (16)

28,
M :bnga(g)de
0" 5
. (17)
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The parameter

u(g,)z EJ-/U (g)dg/g,

is the average stress on the cross-section.
Denoting the parameter

&
jfga (¢ Y& /&2 as V(g), weobtain
0

M(gf,x) = bx(ho —-Xx)e+ bsz

.(18)
The point B(ef*,x*) of the the maximum of
the function M(gsx) can be found from the so-
lution of the system of two equations

hu+2x(V u)=0

J( (19)
—u |+X u—/
i

The parameters u(ey) and V(ey) in the func-
tions (1) — (3) are presented with & . At first
we obtain the equation for the determination of
¢/ and then

hOV *
2@. -7 ") e

maximum bending moment is

M\& ,x" )=bx>|(h /x —Du +V°
(f’ ) [( 0/ ) ]'(20)
The break point state will be if
&
* bx w
N, = o (e Me
b & 0
4 . Q1)

According to the equation (8) one can write

(69) =N,
§0g(eg )

and due to the hypothesm of the plan section
we have

= (ho/ x _1)‘5}

The area of the cross section of the rein-
forcement, that is necessary for the guarantee
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of the load bearing capacity M(sf*,x*), can be
found from the equation (22) as

N Jou(en)
b/"s S o3

We can find a relation

xbg_!f 0(5)‘%. = Ao (s,)

from the equation (8) and therefore

fopp o]

Substituting x(e; &) into the formulae (18)
we obtain

M(ef,ssjz

l//OA h

gS)

[l//o SJ W —u)o (S

The point N(ef*, &) of the the maximum of the
function M(g;; &) can be found from the solu-
tion of the system

(26, a,b)

The value ° found from the condition for
ol

the derive e corresponds to the

strength of the reinforcement R,= as(es*). The

Ak

values of must satisfy to the condition

“ <eg,.

If in the result of the solution of the corre-
sponding equation we have several values sat-
isfying to this condition, it is necessary to
choose the maximum value of * , because it
characterize maximum possible output of the

descending section of the diagram.
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0 0

o

ol

ad

(25)

2
20, <es>("”]j—jsj -+ VR o (2) =0,




The compressed zone of the concrete is
given by the equality.

o)

According to equations (21), (22), and (27)
we can obtain the equality

*
&

SGS(8S)— (j)ag c/le +8Sj
(28)
y
and due to it to determine ° . Equation
(26,b) involves the condition
b’
ogleg)- 0
SVST yd (w-v)
S
(29)

permitting to determine

Ak

&
found from (26, a)

with the help of

dsale
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ASSESSMENT OF PRINCIPAL REBAR FRETTING

IN REINFORCED CONCRETE BARS BY VALUE OF CRACK OPENING
IN PROTECTIVE CONCRETE LAYER

L

University

Introduction

Corrosion (corrosion represents a spontaneous
process of material destruction and products
thereof under chemical effects of environment)
of steel rebars is one of the main reasons lead-
ing to degrading of reinforced concrete bridge
performance. Therefore, identification of cor-
rosive wear degree becomes a critical and ur-
gent task.

Precise identification of corrosion degree in
rebars may be implemented by extraction of
sufficient rebar samples with subsequent labo-
ratory processing. However disturbance of in-
tegrity for at least one rebar results in notice-
able loss of reinforced concrete structure ca-
pacity.

Therefore, indirect methods for identification
of rebar corrosion value by visual symptoms
on structural surface is of interest, for exam-
ple, by value of longitudinal crack opening in
protective concrete layer.

Similar procedure had been proposed in re-
search study [1]; the gist is as follows. The
volume of corrosion products exceeds the vol-
ume of corroded metal 2,2.5 times (see [4]).
As a result, pressure on protective concrete
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layer originates, which is simulated by con-
strained beam of rectangular section on two
ends with a single thickness under effects of
concentrated force applied in the middle of the
span. Let us assume that the crack in protec-
tive concrete layer originates after concrete
peeling from rebar at sufficiently long leg of
corrosion development. Peeled off part is suf-
ficiently accurately simulated by rectangular
plate operating under conditions of cylindrical
flexure, where normal stresses in direction per-
pendicular to rebars are similar to elementary
beam stresses, thus confirming justification of
beam scheme selection in a zone of protective
concrete layer.

The height of beam section and beam length is
selected based on statistical processing of in-
situ investigations without consideration of
rebar diameter. Further, using material resis-
tance methods we find thickness D of corroded
metal layer, when a longitudinal crack origi-
nates in protective concrete layer and relation
between crack opening value d and D are
found based on simplest geometrical relations:
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where £ is a thickness , / is the beam length.

A formula (1) is suitable for practical applica-
tions and numerical results obtained are well
matched with experimental data [3].

However during derivation of this formula,
beam length and thickness were selected
enough approximately. This study is exactly

D=2R Ca

Fig.1. Calculation scheme of semi-plane with circular cut-
out under applied pressure

concentrated on methods for analytical clarifi-
cation for selection of above parameters.

At the first stage let us clarify the height of
constrained beam transverse section and the
value of rebar corrosive wear, when peeling of
protective concrete layer starts. We use the
following calculation model.

We have a round rebar with radius R, rebar
centreline is located at depth d from the sur-
face. Rebar corroded uniformly, rebar volume
increased due to corrosion products, thus gen-
erating pressure p on the concrete. We may
simulate this situation in the form of semi-
plane with circular cut-out, where uniformly
distributed pressure is applied to the cut-out
outlines (Fig.1).

Solution of this task is well known and is
given in [2].

According to above solution, maximum tensile
stress at axis Ax is obtained in point 4:

R2

(05 )max =4P—5 5

(e}
Maximum circumferential tensile stresses

applied in points of straight line contact AQ at
the outline of circular cut-out (where
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©=Omax point Q' and symmetrical point
QH)
(G ) —p d2 + R2
M/max ~ 2 2
d”—-R
.(3)

Maximum tensile stresses at the axis AX and

on the cut-out outlines are equal if d=R3 ,
maximum tensile stresses are obtained in the
point 4 of semi-plane rectilinear facet if

R . .
d <R3 , and finally maximum tensile
stresses are applied at the outlines of circular

cut-out if d>R3 .

Normally, thickness of protective concrete
layer exceeds rebar diameter, therefore condi-

d>R\/§

tion is met always, therefore, points
0" and Q" of circumferential outlines are the
most dangerous at depth /4, where crack open-
ing originates

_d*-R?

d @

Obtained theoretical result is completely con-
firmed by experimental data demonstrating
that the point of protective layer break-off
originates above the lowest point of rebar
cross-section. This value 4 we select as the
beam height.

Let us find ratio between pressure p and thick-
ness of corroded metal layer. According to
study [2], radial displacement of cut-out out-
line points are defined by expression

h

u, =(1+v)2ZR=A

E — uniform radial displace-
ment, similar to a case of a plane with circular
cut-out under applied uniform pressure, here n
- coefficient of lateral strain (Poisson ratio), £
— modulus of longitudinal elasticity. There-
fore

__E A
P05y R

&)

Thickness of corroded layer, according to [1],
we accept equal to D (increase of rebar radius
due to produced corrosion products).

Let us assess value D, of increased rebar ra-
dius, when peeling of protective concrete layer
starts.
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Dangerous are: points Q and Q in a hole
outlines, where radial stresses are applied

G, =-p

(Gn )max =p
. According to the second
hypothesis of strength, we assume equality of

and  circumferential  stresses

d? + R?
d* - Rr?

maximum positive elongation and maxi-

mum concrete tensility o as a condition to
start crack origination. From this condition, we
obtain the following:

(1+v)-R

d? + R? °r
G
. (6)

At the second stage we clarify the length of
constrained beam. Let us consider the follow-
ing model describing peeling of protective
concrete layer. Potential energy of strain accu-
mulated in a semi-plane with the circular
opening under applied uniform pressure is
consumed for origination of constrained beam
of rectangular section at width » = 1 and
height # when thickness of corrosion layer

A, =

An

reaches value (to be found according to

formula (4)) under applied concentrated force

P in the middle of the span.

Potential energy of the beam strain can be
P23

Up=——
written as (384- £1)

The value of concentrated force P is numeri-
cally equal to projection to axis z of resultant
pressure p applied to arc Q'Q", where Q', Q"
are the points of probable crack origination
(Fig. 1). Let us calculate P with consideration
of a formula (5) knowing that beams of rectan-
gular lateral section with the height # and a
single width, and the moment of inertia

I=h/12 : :
, we obtain an expression for poten-

tial energy

3 2
U, :%1_3[1_(£j ]Ai
8(1+Vv)”" h d
(7

The value of potential energy being accumu-
lated in semi-plane may be defined based on
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solution proposed in [2], however, according
to obtained numerical studies, it may be ap-
proximated with sufficient accuracy by a value
of energy for a plane with circular cut-out un-
der applied uniform pressure and in this case
the formula accepts a simple and handy form

E
U,=n—»-:~>

P 1+v

- 8)
By equating values of potential energy (7) and
(8), we find the beam length

[ =2h. 3/%
1-(R/d
: )
At the third stage we find a value of corro-

sive wear A , after protective layer peeling,
when longitudinal crack originates in protec-
tive concrete layer. Procedure for identifica-
tion is based in formulae of material resistance
and is similar to a procedure given in study
[1]. We assume that equality of maximum

positive elongation of maximum concrete

tensility as a condition to start crack for-
mation. As a result,

and with consideration of (9) we receive:
n-(1+v)

2
h
A =—- —_— .
76 [31—(R/d)2} °r o)

Ratio between longitudinal crack opening

value ° in protective concrete layer and addi-

tional value of corrosion depth Ad is ex-
pressed by formula (1), which is found by au-
thors of study [1]. Let us use ratio (9), and we
receive

o m-(1+v)
A =53 1-(R/d)?
. (11)
For practical applications, all received expres-
sions should be written through diameter D of
rebar and thickness ¢ of protective concrete

B:%t

layer. Assuming that we receive:
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hzﬂ.t
1+p
A, = (1+v)-[32-t )
(1+ZB+ZB +VJ
1+2B

B

2
Al ST ) (1+B)° .
6 1+2p P

B

A 85 n-(1+v)-(1+p)?
47y 1+2p

Thus, to assess corrosive wear by value of lon-
gitudinal crack opening in protective concrete
layer we receive enough simple and practically
handy calculation formulae with consideration
of rebar diameter and thickness of protective
concrete layer.

To summarise, we may note that accepted cal-
culation model based on elastic force resis-
tance contains a number of simplifications
(disregards mode changing of positive pres-
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diale
sure, presence of so-called transient corrosion
layer, effect of constraint, which accompanies
presence of lateral rebars, etc). Consequently,
results obtained due to accepted calculation
model may be further clarified during detailed
approach for selection of calculation model

and methods.
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Modeling of stress-strained state of a thin plate on the
heterogeneous viscoelastic basis

K. S. Kurachka
Gomel State Technical University,
Gomel, Belarus

Presented is the mathematical model of the complex spatial system consisting of reinforced
concrete slab foundation on the small depth piles on the heterogeneous viscoelastic soil founda-
tion . Submitted is the algorithm and the software solution for the research of mathematical
model by methods of computer modeling on the basis of a finite-element method. Verification of
the proposed methods, algorithm and software solution is executed.

Introduction

In modern conditions of urban planning
erection of buildings and structures is increas-
ingly carried out on flood-lands or engineered
territories containing, as a rule, buried bio-
genic soils with lower bearing capacity. Spe-
cifics of such soil foundations is ability to
slowly deform over time under the constant
stress. This imposes special requirements for
the design of the building foundation.

In such conditions, application of founda-
tions with reinforced concrete slab on the
small depth piles is justified. Consideration of
design features of such foundations and pres-
ence of soil layers with lower bearing capac-
ity requires to view the foundation slab, piles
and the heterogeneous viscoelastic soil foun-
dation as a uniform complex spatial system.
This system allows uniform settlement of
foundation of the whole building over a long
period of time. One of the basic methods of
research of similar systems is mathematical
modeling on the basis of a finite-element
method.

1. Problem Statement

Considered a spatial system consisting of
the heterogeneous viscoelastic soil foundation
and the slab foundation on the reinforced con-
crete piles in compacted or drilled cylindrical
shafts [1]. Settlements of a foundation as a re-
sult of vertical equally distributed loads are
investigated. The posed problem is composed
of maintenance of normative uniform settle-
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ment in the layout of the building.

The system will be investigated on the ba-
sis of the systematic approach according to
which it is supposed, that the system may have
structural representation, i. e. it may be dis-
membered into groups of elements with the
identified connections between them. This par-
tition is referred to as decomposition, and is
maintained for the period of existence of the
system. The specified groups of elements are
referred to as modules. It’s accepted to speak
about modular structure of system. Modules
are formed based on principle of common
properties, character of connection or other
attributes. Thus, using the identified elements
and the modules, the investigated system may
be determined in a certain formal description
which will represent a functional model.

2. Construction of mathematical model
of the complex system

While constructing the mathematical
model we will use so called micro approach
and principle of decomposition. It is possible
to identify three typical elements of system: a
reinforced concrete slab, a pile and an element
of the soil foundation with identical physical
properties across all the dimensions. The given
typical elements will have identical structure
of entrance, target parameters and external in-
fluences. In this system load and known
boundary displacements will act as external
influences affecting the slab base, and dis-
placements of the elements will act as input
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and output parameters. Thus the core of
mathematical model of the given elements,
according to the principle of variations dis-
placements, is

&) (R} = [[[{e} {alar
: . (1)

€ ag .
{g}, {R}, { } , { } are vectors of displace-
ments, loads, strain, stress, the symbol “~”

means variation of the vector, is a volume
of a finite element.

Consequently, at computer realization it is
practical to describe each group of typical ele-
ments as a separate class. In this case, all ele-
ments of functional model will represent mem-
bers of the given classes, and similar groups of
elements can be described by a new class,
which will be a successor of the earlier de-
scribed base classes. Thus, if one identifies
predetermined sets of classes of the elements
of functional model, then the step of construct-
ing the model can be carried out by the meth-
ods of the visual object-oriented designing.
This method includes constructing of the re-
searched system on the computer screen using
previously created constructive elements.

Let us determine hierarchical relations be-
tween elements of the functional model and
enter the concept of a layer of the functional
model. Thus, elements may be located at vari-
ous layers of the model. The interaction be-
tween levels is consecutive, 1. e. until all ele-
ments on the bottom layer are carried out,
there is not transition to elements of the next
layer. As a result, it is possible to suggest the
following investigation phases of the mathe-
matical model of the complex system:

1. Decomposition of the investigated sys-
tem and identification of typical elements.

2. Construction of a functional model of
the system by means of visual object-oriented
modeling.

3. Construction of a mathematical model
for each element of the functional model.

4. Development of virtual model of the
system.

5. The automated construction of a nu-
merical-analytical model of the whole system
and the computer simulation of the system and
the analysis of results.
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3. Accepted hypotheses

Let us consider consecutively the identi-
fied typical elements of the system.

The soil foundation represents a set of dis-
perse solid matters, which includes layers with
different physics properties. Furthermore it
may contain inclusions. While under load each
homogeneous layer of the soil basis may dem-
onstrate viscoelastic properties. For the pur-
pose of description of the process of viscoelas-
tic deformation we will use the Boltzmann —
Volterra linear viscoelastic theory. Assume,
that at viscoelastic deformation of the soil
foundation a volumetric strains will be elastic,
then for viscoelastic bodies relations will be
the following

s.=2G"e, _
ij ij , G—Ke ’ (2)

G =G(t)(1-T)

where

Ty = [T(1,6)w(&)de

oo )

3
o Sl e ()15 (1)
3
s;(1) e, (1)
are components of stress deviator, are

components of strain deviator, is the modulus

t
of volume elasticity, (1)

o (t) Oy(t) o,(t)

is the modulus of rigidity,

are normal stress compo-

e (t) &(1) g, (1)

nents, are normal strain
components, is the operator of a creep in shear,
is time.

Reinforced concrete slabs are thin, 1. e. the
ratio of size of a slab to its thickness is within
the range of 10 to 100. Hence, for definition of
the stress-strained state of the slab it is possi-
ble to use the theory of a bend of the thin
plates, based on hypotheses of Kirchhoff G.R.:

1. At deformation thickness of the slab
does not change.

2. After the bend of the slab the normal to
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its median plane is kept.

3. After the application of load all points
of a median plane do not move along axes OX
and OY.

4. Stress of pressing of horizontal layers
of the slab against each other can be neglected.

Piles represent the volumetric linear-
elastic bodies.

Let us assume that during deformation
between elements of the soil basis and the slab
foundation the voids may not be formed. After
the application of the load the borders between
elements of the system remain strictly com-
mon. Consequently, the slab will replicate a
configuration of a surface of the underlaying
earth basis, or the ground will fill in all formed
voids between the base and a surface of the
earth basis. I. e. the reinforced concrete slab
foundation will be deformed together with the
earth basis over time under constant stresses.

4. Mathematical model of a pile
The finite elements in the form of tetrahe-
drons are used for sampling. The nodal loads

RP
{ } apply to each vertex of a tetrahedron. It

p
will correspond to nodal displacements {g } .
For the tetrahedron it is possible to take linear
functions for displacements:

U=0,+0,xX+0a,y+a,z

9

S=a;+ax+o,y+ogz

9

W=0,+0,Xx+0o,y+0a,z
or

-kl

where u, , w are displacements along axes
0X, 0Y, OZ accordingly.

As expression (3) takes place for any point
of the tetrahedron for its vertex will receive

el

B’ | . . .
where [ ] is a coordinate matrix.
Having assumed that a vector of displacements

e

is known, we will derive from relation
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p
(4) a vector of factors {a } :

I I,

Components of strain are related to dis-
placements by Cauchy equations:

ou _ 08 ow
gx:_ Sy— gZ:_
ox . oy . oz .
L
Xy ax
¥ o (6)
03 ow
=gt e ta=ot
xZ o . & ox

wher

. T (1) T, () 1, ()

arc tangents

t t
of stress, Vo (t) , Vinl1) , Valt) are shear
strains.
Substituting relation (4) in equations (6)

and differentiating, received
= [cr for
okl

Hooke's law is correct for each element of
the pile:

(o) =[E, Jie}

where

; (8)

WE

A =
(A=20)+p) is parameter Lam'e G.,
E is modulus of elasticity,

K is Poisson's ratio,

[2G + A A A 0 0 O]
A 2G+ A A 0O 0 O
A A 2G+4 0 0 O

[Eo]:

0 0 0 G 0 O
0 0 0 0 G O

0 0 0O 0 0 G

Substituting equations (5) in expression
(7), and then expression (7) in expression (8),
accordingly it is derived

k=l ] )
fo}=[eJic" e e}

Substituting in relation (1) expressions (9), taking into
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{g} and the fact that in a
: : &)
considered case all the matrixes and do
not depend on coordinates, calculating the cer-

tain integral in relation (1), for each finite ele-
ment of a pile it is derived

R =K ig”

where

[KP]ZV[DPF[EO][DP] is a stiffness matrix

of a final element of a pile,

pr]=lc ]l ]

Having executed matrix operations in expres-
sion (10), we will obtain a system of the linear
algebraic equations. By solving it, after ac-
counting for the boundary conditions, we will

e

5. Mathematical model of the earth basis

Elements of the earth basis will also be
sampled by finite elements in the form of tetra-
hedrons. It will allow to provide strictly com-
mon discrete borders between elements of the
modeled system. However, elements of the
earth basis at deformation may show viscoe-
lastic properties, i. e. for them expression (2)
will be correct. From expression (2) it is sim-
ple to receive expressions for stress in the sca-
lar form:

account randomness

; (10)

find unknown displacements

QG () + 1) (1) +
(1) —

o,(1) =
+ e (1) + e

[(t,8)e, (5)dg +

(11)
[(t,8)e,(g)dg +

[(t,6)e,(5)d¢s,

+
w|l\) w|t\) w|-|>
Ol O O
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w (1) = (1) -

fr

G (t)7r

SV (6)d g,

Expressions for other components of the stress
vector may be similarly obtained.
Let us consider the integral from equality

(11).
I=[T(1E)e(E)de

[0.7]

Let us divide the time interval into
intervals, then
n—1 /+]
1= j T(1,8)e(E)de =3 [T(1,8)e(E)de
J=0 ¢,

According to the mean value theorem will re-
ceive

n—1 la

1= &) [T(1,)de

Jj=0 7

where ne ltj & HJ .

As a point n approximately will taken one of

t,
borders of a segment, for example, ’ . Then

n—1 Tjn

I~ Zs(t )jr(t £ )de
and

= lzmi{e(t )Tr(z ¢ )dE_}

Core of creep will accepted as
M18)=8Gewp(3(1-8) |,

Substituting (12) in the previous expression
and integrating, we receive

- 35 ‘) fll“(t,f)dtf - In
n -1 N (13)

—G Z (E(t ) %

(exp( _51(t_ A/+1)) - a

exp( — 6, (1~ 1,)) )
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case if a core of creep LY takes in other
form then integration in expression (13) may
be calculated numerically.

Using expression (13) the first ratio from
equality (11) can be transformed a form:

o . (t)=0QG(t)+ ) (t)+
+ie (t)+he (1)-

R LR ROV RO
1

Jj=0

—e,(t, ) Nexp( =8,(t—1,,)) -
—exp( =8,(t—1,)))

Let us consider the last item in expression
t,=0
(14). It will be equal 0 for initial time °

l

and for time we have:

226 (o (1) -, (1) =0, (1))x
< (L= ep( =8,(1,=1,)))

b

m

for time

%Gf((Zax(zj)—ay(zj)—sz(tj ))x

x(exp( =8, (1, =1, ) —exp( =8,(1, ~1,))))
. Thus, similarly arguing, it is simple to write
out expressions for any moment of time '

for all components of the stress vector. In the
matrix form it to become:

{0 }i+1 = [E 0 ]i+l {8 }i+1 -
50z (Ll Ed)

, (15)
E
where matrix 0] is determined as in equal-
ity (8),
b £
[Eve]'j Aij[Eve]

2
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A, = exp( =8, (1
—exp( —0o,(¢

dale il
(2 -1 -1 0 0 O]
-1 2 -1 0 0 0
. -1 -1 2 0 0 0
£ )=
0O 0 0 15 0 O
0O 0 0 0 15 0
0O 0 0 0 0 15

i+1 tj+l)) -

- tj))

g

i+1

Analyzing the obtained expressions, it is
possible to notice that for a finding viscoelas-
tic stress-strained state of an element of the
earth basis it is necessary to know all back-

€ e

ground of straining, i. e. strains , ,

€,

, ... At the initial moment of time strains

of an element of the earth basis {8}0 may be
found from the solution of the elastic task.
Similarly arguing as in case of a pile it is
simple to derive the basic equation of a
method of finite elements for the earth basis:

{Rb }"‘ {Rlv)e }i+1 = [Kb ]i+1 {gb } i+l , (16)

where

[Kbl” - V[Db]T[EO]”I[Db] is a stiffness ma-

trix of a finite element of the earth basis,
[Db]z[Cb][Bbr , [Cb] and [Bb] are deter-
mined under similar formulas, as for a pile,

{R\lje}m = [Db]T % G;([Ese]g {E}j )

6. Mathematical model of reinforced
concrete slab

Accepting hypothesis of Kirchhoff G.R.,
will get, that strain and stress vectors will have
three nonzero components

€ =t & v 0 =b. o 1

. Consequently, the plane tensed state is real-
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ized in a slab . Using Hooke’s law for this
case, similarly arguing as in case of the earth
basis, accepting a core of creep as expression
(12), we obtain

{G }i+l = [E ]i+l{8}i+1 -

5 i (17)
__GZ ([Ef/e ]ji {8}]')
51 Jj=0
Where
1 u() 0
E(t.
[E]i+1 :l_i—l;; (1) 1 0
o o 1ZHO®
L 2
1 -1 0
E]-]-1 1 o0
0 0
[ ie ]ji = A i [E i: ]

Let us consider the rectangular finite ele-
ment working on a bend at action of the shear
load. Each vertex of a finite element will have
three ranges of discretion:

e =t o, o,

where " s displacement along axis OZ,
is a angular displacement concerning axis OX,

0
” is a angular displacement concerning axis

ow _ow

0,=— 0 =""
oy Y ox

0Y, and

For determination of a deflection surface
is accepted the polynomial satisfying the ho-
mogeneous differential equation of the bent
plate:
w(x,y)=a,+a,x+a,y+a,x’ +a,y° +
Yoy ta,x’yragxyl tagx’ ta,y +
ta,x’y+a,xy’
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u.' 2
Similarly arguing, as well as in case of a pile,
using expression (17), it is possible to receive
the main equation of the finite elements
method:

R R, =[] e

i+l,(18)
where
h3 8
R (. = ——G
{ ve }H—l 12 81 X
x,O(Ay@SFTbSEV]lézb]
=

>

p1-jle] e b

o1 = [l TeL e Yoo

O C— >

S h } S lT s S 1
PR R NS
is a stiffness matrix of a finite element of a
slab. Value of integrals in the last expressions

may be easy exactly calculated.

7. Mathematical model of system of slab
foundation on piles and viscoelastic earth
basis

In order to maintain the common sampling
borders between various elements of system, it
is suggested to divide the whole considered
area into parallelepipeds. Let us assume that
each such parallelepiped, assigned to the earth
basis or pile, consists of six equal tetrahedrons
representing the appropriate finite elements.
Parallelepipeds sampling slab foundation in
mathematical model will be approximated by
flat finite elements in the form of rectangulars.
Each vertex of such rectangular will have three
ranges of discretion which will be calculated
for a median layer of a parallelepiped. At com-
position of ensemble of finite elements for all
system it is necessary to determine displace-
ments for vertices of each parallelepiped of
slab foundation. Thus, range of discretion of
vertex of a slab should correspond to ranges of
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discretion of vertex of the soil basis and piles,
i. e. ranges of discretion of any vertex of the
system should be determined by a vector

{u, ke W} . Accepting third hypothesis of
Kirchhoff G.R., we shall get for a median layer

of the slab, that ,
lieving that the direction of axis OZ coincides
with a direction of action of vertical forces, on
the bottom face of the parallelepiped we shall
have the following displacements:

€ = LT )

M ] [z]
z] [m]
z] [z]
z] [z]

[z ]
[z ]
[M ]
[z ]

[z ]
[z ]
[z ]
M ]

L]-

Then we have

S RN RS T

Having substituted equation (19) in equation
(18), we shall receive the main equation of the
finite elements method in displacements for
the bottom plane of a slab:

{R jr RS =
= kL Rk

On the basis of the equations (10), (16), and
(20) the main equation of a finite elements
method for all system as a whole is formed:

K fe}= R}+ R}

, (2D
KG
where [ ] is a global stiffness matrix; {g}
is a vector of displacements of whole system;

{R} R, }

1s a vector of vertical forces; 1S

(20)
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"»0
the vector of forces determined for finite ele-
ments of the earth basis and the slab.

Main equation (21) of the finite elements
method for determination of the stress-strain
state of the system is solved with account of
the boundary conditions. At research of the
mathematical model the boundary conditions
are determined by values of displacements on
borders of an active zone of the soil foundation
and depend on boundary condition of the slab.
It is also assumed that in each vertex of any
finite element known displacements or forces
may be given.

8. Verification of the mathematical
model and computing experiment

For check of adequacy of the mathemati-
cal model, verification of algorithms and the
software solution the real system of the slab
foundation on the heterogeneous earth basis
strengthened by the stuffed piles was consid-
ered [1]. The soil foundation is represented by
fine sand with inclusion of friable layers with
thickness of up to 1 m with the following char-

acteristics: £ =9 MPa, . 0.41. The size of
slab foundations are 20 on 30 m and the thick-
ness is 0.35 m with swell up to 0.65 m in
places of a support of columns. The uniformly
distributed load  with  the intensity

=114 kP
1 s placed on the slab. The mod-

ule of elasticity and Poisson's ratio for the slab

is £ =27 000 MPa, =033 and the corre-

sponding characteristics of the pile is equal E

= 24 000 MPa, H= . Diameter in the top
part of a pile is equal 1.2 m, diameter in the
bottom part is 0.5 m, the length is 2 m. At
modeling cylindrical piles will be replaced by
equal parallelepipeds.

The time period 1095 days with step inter-
val of 12 hours was chosen. According to the
experimental data, the relaxation parameters

3=0.05 §,=0.02
take values ,

Computer simulation of the spemﬁed Sys-
tem was carried out. By virtue of symmetry
only the quarter of investigated system was
examined. Slab foundations was sampled by
2400 finite elements in the form of the rectan-
gular, the earth basis and piles was sampled by
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460 800 finite elements. The quantity of vertex
in discrete mathematical model of the system
was 82 533. Dimension of the system of the
linear algebraic equations (21) after the ac-
count of boundary conditions was 219 900 un-
knowns.

The adjoint gradients method was applied
to the solution of the system of the linear alge-
braic equations. The criterion of conclusion of
iterative process was applied when the differ-
ence between the previous and subsequent val-
ues in 70 % of points with the maximal dis-
placements did not exceed the given accuracy.
Thus, for the considered problem at use of the
specified criterion for a solving of the linear
decision it was required about 3700 iterations
of a adjoint gradients method, and time of a
solving has made 3115 s.

For the iterative process of determination
of the viscoelastic stress-strain state we use the
solution obtained at the previous calculation
step as the initial approximation of the adjoint
gradients method. The time of a solving with
the offered algorithm was approximately
12751 s.

Results of simulation were compared to
the data of the full-scale investigation of the
foundation of the constructed building [1, fig.
3]. The maximum value of instant displace-
ment was in the centre of the slab foundation
and consisted of the following values: as a re-
sult of research of mathematical model 1.53
mm and according to supervision 1.62 mm.
The minimum value of instant displacement
was in the corners of the slab and had values
of 0.2 mm that corresponded to experimental
data. The stabilization settlement was achieved
at a time point of 405 day and was 55.01 mm.
Divergences between the experimental data
and results of the computer simulation did not
exceed 9 %.

Conclusion

1. Based on the results of the simulation,
the proposed mathematical model, algorithm
and the software may be used for research of
stress-strain state of complex systems of het-
erogeneous viscoelastic disperse and solid
physical bodies.

2. Advantage of the offered mathemati-
cal model and the method of its research is the
opportunity to examine stress-strain state of
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complex systems of heterogeneous viscoelastic

disperse and solid physical bodies with various

boundary conditions.

3. In case of acceptance of a hypothesis about
a constancy in time of the Poisson's ratio

M and the module of elasticity E the
global stiffness matrix on each step of the
iterative process remains constant. The
given assumption has allowed to speed up
considerably process of the solving of the
viscoelastic task and research of the mathe-
matical model under various boundary
conditions and operating external forces.
For this purpose on zero iteration (at find-
ing instant deformations) it is possible to
carry out any transformation of a matrix

KG
[ ] . For example, we can find a matrix

[ke]' -
or carry out any factorization of

the matrix. The factorization of the matrix
is carried out once at the zero iteration.
Thus, time spent on solution at any step of
the iterative process, appeared much less
than the time required for performance of
zero iteration, i. . finding of instant defor-
mations.
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INTRODUCTION

The determination of soil pressure on protect-
ing structures is one of the most important en-
gineering problem in designing of civil, indus-
trial, transport and hydraulic engineering
earthworks. In real constructions the large role
is played by yielding (or pliability) of a pro-
tecting structure. The computing procedure
evaluating soil pressure and displacement of a
protecting construction should reflect me-
chanical interaction of retaining structure with
soil.

Main principles and results of numerical
experiments with the computing procedure
reflecting interaction of a flexible protecting
construction with soil during earth excavation
from a pit is presented in this paper.

MODEL OF SOIL AND
STRUCTURE INTERACTION
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The diagram of flexible retaining wall with
applied forces is presented in fig.1. The soil
pressure on a retaining structure (axis z) under
the pit bottom (to left of z — in soil mass 1) is
represented by a system of point forces R;; the
soil pressure behind the protection (to right of
z — in soil mass 2) — by forces P;.

The number of forces P; is equal n (n =7 in
fig. 1); the number of forces R; is equal (n-L)
(L = 3 in fig. 1). Number L is determined by
the depth of a pit h. The distance between the
points of application of these forces is 2d,
where d=H/2n.

When the number of applied forces n in-
creases, the solution of this problem in discrete
statement comes nearer to a solution in con-
tinuous functions.

The protecting construction is considered as
flexible (yielding) beam or beam plate, which
is conditionally divided into unit plots or ele-
ments ay, ay, ...a, (fig. 1).

Each element of a beam is considered as a
final element subjected to bending by the mo-
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ments My, M, and the transversal forces Qy, Q.
applied at the beginning and extremity of an
element (fig. 2). The relations between the
beam sag S, deflection angle of it’s cross-
section j and inner forces are expressed by the
known formulas:

j=-S, M=-GS"”, Q=-GS"", (1)

where G = EJ - flexural rigidity of a beam; E —
elasticity modulus of a beam material; J-
moment of inertia of the beam cross-section;
the primes mean derivation with respect to x; x
- centerline of a beam element directed from
the beginning of an element to its extremity.

If to assume that there is no transversal dis-
tributed load between forces P; and R;, then
from the equilibrium of an element follows:

Q:=Qp=0Q, Mc=Q,+kQ, (2)

By means of an integration of the differential
equation of the beam bent axis GS''=0 within
the limits of an element the following
equalities can be obtained:

0. =g, i[QLU Mb] 3)

G 2
a’ QOa M,
=5 +—| =0 |_ 4
Se =5y G( 6 5 ag, 4)

here S., Sy, je, Jb — the values of sag and turn
angle of cross-sections at the extremity and the
beginning of a beam element accordingly.

At the junctions of beam elements it is nec-
essary to meet the conditions of sag continuity
(beam is not torn), continuities of deflection
angles (the beam does not break), equality of
bending moments (element equilibrium condi-
tion if no external concentrated moments at the
junctions). For transversal forces in the point
of elements junction there is a difference T
between forces P and R: T =P-R:

T; = Qi—Qin (5)
From the equilibrium condition at the points

of application of forces T; follows: M.; = M,
i+1)
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Taking into account (5) it is possible to de-
fine:

i
B (i=1,2,.....,0-1) (6)
My =M, +2 Og,
<

where the values of Q,; and My, are consid-
ered known.

In this problem of soil interaction with a
protecting wall there are:

(n-1) unknown values of Q,, Qs, ..., Qp;

(n-1) - of My, My, ..., Mya-1);

n-— ij],jz, jn;

n- Ofsl, SQ, Sn,

and also the sag S,; and turn angle j,; of the
upper point of a wall over the axis Z.

It is assumed that in soil mass 1 and 2
(under the pit bottom and behind a wall) the
shear stress ty, = 0. Therefore, the stresses s
and s, are considered main. The stress s, is cal-
culated as a sum of soil weight and pressure p
on the surface behind a wall

o, =—)pz—p @

here g is soil density.
From the equations of equilibrium when t,,
=0 in a plane strain problem follows:

0c, 0 0o,

15,4 ; oz @)

The equations (7) and (8) show that s, and s,
are functions of z.

In an elastic body the relation between strain
e, and stresses s, and s, under the conditions of
plane strain is of following type:

E
1+v

e.=(0-v)o, —vo, ©)

here E - modulus of elasticity; n- Poisson's ra-
tio.

It is assumed, that the array 1 is limited by
the distance 1; from the wall. Outside I, hori-
zontal displacements of soil are equal zero, i.e.
u (-l;) = 0. The wall displacement s to the left
is positive (opposite to axis x), i.e. s = -u (0).

As s, s, and e, according to (9) are func-
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tions of z, it is possible to define:

M f1-v)o, ~vo. )= F(2)
E
Then
ou
e, =—=F(z) _
ox and u=Fx+C,(2) (10)
In the soil mass 1:
u(-1)=0;
u (0) =-S.

For these conditions with the formula (10) is
received

E  f1-v)e, -vo.]

L(A+v)

(11)

In the soil mass 2 the similar vertical plane
fixed in horizontal direction is located on a
distance 1, from the wall, where u (-1;) =0; u
(0) =-Su.

For these conditions with the formula (10) is
received

ES
_— = 1— —_
L) (1-v)o. -vo.

(12)
AS p = _(Gx)12d , and p = _(Gx)sz , from

the formulas (11) and (12) follows the equa-
tions, connecting P, R and S in different points
of the wall

P u+S h=g(2m-1) m=12 ..m) (13)

j j+L g( J ) ’(jzl, 2,---9n_) (14)

he E 1-v
= u=——
g=vyd 10+v) 2d

here ;
Thus the full set of equations of the problem of
soil interaction with a protecting wall in a
ground will include:

a) The equations of equilibrium: the sum of
projections of forces on horizontal axes and
sum of moments related to the point ¢ (see fig.
1) are equal to zero:

n—1L n
Z R, - Z P, =-0,
j=1 m=1
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(15)

n—L n
ZRj(j+L—1)—ZPm(m—l):7+
Jj=1 m=2

faale &la

o M,
2d  (16)

b) The equations (13) and (14);
¢)The equations derived from (3) - (6)

Qj-i-ipk:Ql; (j:2,3,..,L+1)} (17)

j-1 J-L-1
0, +3 B~ 2R, =0 (j=L+2,---,n)} (18)
=1 el (1=
M - Q,a, =M, + a0,
i=1
(1,2, ...,n-1) (19)
0~y = cec 20)
- 8§+ 8, -a,p, = ddd (21)
QAP+ PO+ M, =0 (i=23..,n) (22)

$i1=8=00=pMy—ap =0 (=23 1n)23)

where:
_ ai2 5 = af It
Pi = 2G. i 6G, Xi= G.
2
ccc:%(%qﬂ\/[ﬂj ddd =2 (—a‘Q1+Mblj
G\ 2 2G,\ 3

In total we have (6n-L) equations with un-
knowns P;, S, j; (3n unknowns), Q;, My; (2(n-
1) unknowns), R; ((n-L) unknowns), S,; and
Jo1- All these equations are linear and can be
solved by Gauss’s method.

This method to determine the stress-strain
values in soil has one disadvantage - the
model, accepted in (9) is linear—deforming
body, and do not quite correspond to real soil
behavior. When stress-strain state of soil
masses 1 and 2 come nearer to the extreme soil
strength, the linear dependence (9) should be
replaced by nonlinear.

With this purpose the authors have devel-
oped a nonlinear model of soil deformation
with nonlinear relations between wall dis-
placements and side pressure of soil. The ex-
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treme state of soil was taken into account as
Mohr- Coulomb strength condition:

G,=mo, +b

(25)
where s; and s;- main stresses, s; < S3;
_l-sing _ 2c.cosg
_1+sin(p ' _1+sin(p

j - angle of internal friction of soil; ¢ - cohe-
sion.

These relations are approximated by the fol-
lowing formulas:
In soil mass 1 (to left of the wall, see fig. 1)

Oy m+a. exp(ﬂs) lf s<0 (26)
o, T\ erb-bexpas) if  s20
In soil mass 2 (to right of the wall)
o, |&+b—bexp) if s<0
Py == . 27
o, |m+a.expC/f) if 520

here x - initial factor of side pressure accepted

in the linear model; S=vil=v) ;

A A E
a=- = )
10-v?)

a=¢&-m

b= ¢ B=-

. m . ac, bo,
s H s s

E, n - modulus of elasticity and Poisson's ratio
accepted in the linear model of soil;

S - wall displacement (S> 0 to the
left);

L - breadth of soil regions 1 and 2.
The relations (26) and (27) correspond to the
case of loose soil, when ¢ = 0. For soils with
cohesion, the similar formulas can be easily
written.

The functions Y;, Y, calculated with the
formulas (26) and (27) for n=0,3; E =20 MH/
m’; g=20 kH/m®; 1 = 10 m; are shown in fig.
3.

The similar diagrams for linear model of
soil would be straight lines with the same in-
clination angle as the tangents for a curve Y,
and Y, in a point where S=0, y =x.

The calculations are conducted with itera-
tive method.

At the beginning (first stage) the linear
model is used. At the second stage the equa-
tions (13) and (14) of the full set of equations
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of this problem (i.e. equations expressing rela-
tion between wall displacement and soil pres-
sure on the wall in soil masses 1 and 2) are
corrected.

The new equations look like:

: (28)
P, = =-2d
here © " ,e" *(29)
R(S)- P
k = ( ; 3 (30)

where R (S) =¢,Y,, where Y, is determined
by (26), depending on the sign of S.
For soil mass 2:

P=P, +kS
(D)

where k is determined by (30), but now R (S)
= eng.

As the equations (28) and (31) are linear, at the
second step of iteration the system of (6n-L)
linear algebraic equations is solved again. The
results of this step are used for determination
of the values k in the formula (30), and the

next step of iteration is done.

The examples of calculations with this method are
shown in figures 4-6. With the above given mechanical
properties of soil and retaining wall, the wall fails at the
pit depth of 2.625 m, as it is shown in fig. 5.

CONCLUSION

The developed method of determination the
stress-strain parameters of retaining struccture
during earth excavation from a pit takes into
account interaction of flexing retaining wall
with soil and also introduces nonlinearity of
soil behavior when inner forces in soil are
greater than elastic limit and Hook’s law does
not hold.
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Fig 1. Key diagram of flexible retaining wall
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Fig. 2. Beam element with rule of signs.
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Fig 3. Function Y.

Fig. 6 Moment diagram for various depths.

2008 - gl 328 - Al Alaa | .

¥
1D
12
\ "
N 1 Y
\\ ”‘
\\ " P
/\\ FAN
¥ Y
\ | ,° 1
\06 !
AN «
\|.’
o\
- "}’r \~\-~
02,
-SA raY N
RO R0 () B (A (V] 0 qm oz Q@B Qa1



-65 50 -35 -20 -5
D N— ) ' 0
S, (em) N h=2,125

\h=1,125

h=2,625

Fig.5: Wall displacement for various depths.
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Fig.4: Side pressure on a wall for various

depth of a pit.
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Design of a pipe-line for backfilling
in case of underground mining

Pronin V.I., PhD, Professor

Peoples, Friendship University of Russia

Last years backfilling is wildly used in underground mining. Hydraulic fill
has many advantages in comparison with other methods of slowing. Paste
tilling is the new and the most perspective method of backfilling. In all cases
the design of a pipe line for delivering of stowing materials may be done in ac-
cordance with the following method

Calculation of axailly loaded cylindrical circular stresses
solids (Lame problem) E 1—
The image of the problem is pictured in Fig 1. o0(r)= —— | Cl- (1 + H) +C2. ——
2 2
I—p r

For the given problem the constants C1, C2
are found from boundary conditions that have
the form of

u(rl)=0. or(r2) = —p

Since the pressure value is unknown, assume

| p:=1.0 Pa
Fig. 1 If the boundary conditions are fullfiled, we get
Let us introduce the given data equations éx = b where _
ORIGIN = 1 pi=3.1415 rl := 0.1 1 1
2 2 m’ r 1
r
11 6
m E=2-10"", odp=180-10 A(p) (1-p)
03 (1+u) 3
pa, M T i 2 i
Displacements and stresses are determined
from the expressions given in Appendix 2: 0
displ t
isplacements 1 b(p) = _(1 ~ “2)
u(r)=Cl-r+C2.— — g P

r
These equations can be solved with the help of

procedure x = A(-1)*b

__E ( l-p 1 ._
or(r)= —— | Cl- I+p)-C2 —— x(p) = A(p) - b(p) Cl(p) :=x(p)
l-p

radial stresses
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C2p) =X(p)2 Clp) =-3.1510° >

C2(p) = 3.15x 107 14

2. Let us draw epures of displacement u(r) and
stresses [r(r), [10](r) mpu p = 1.0. For this task we
need to introduce a ranked variable r

2 —rl
100

r:=rl,(rl +dr).. 12

dr =

1)

u(r,p) = (Cl(p) 1+ C2(p) - )

E I—pu
ox(r.p) :=—2-{c1(p>-(1+u)—c1p)-—2}
I—p r
E 1-
oB(r.p) :——2-{C1(p)-(1+u) +01p)-—2}
I—p r

0
-1510 13
g u(r,p) 310"

4510 1

-13

=610
008 0.1 012 0.14 016 018 02

T

m

Fig. 2 Epure of displacement u(r) with p = 1.

..............
........
.....
.....
-
.t

-1.25

5
0.08 0.1 0.12 0.14 0.16 0.18 02

T

m

Fig. 3. Epure of stresses G r(r), o 0 (r) withp = 1.

3. Epures given above show that maximum
stresses are obtained when r =rl

Let us introduce column matrix & (p)

www.altariq.ps g biall 5 alaill (3 jUal)

0. )

or(rl,p) |
o0 (rl ,p))

Using procedure sort(x) we sort elements of

c(p) =

array © (p) in the order of increasing

y(p) = sort(c(p))
Let us put:

cl(p) = y(p)3
c2(p) = y(p)2
c3(p) = y(p)

According to Saint Venant principle

ceq(p) == ol(p) — o3(p)

4. Out of strength condition G eq < G dp we get
acceptable pressure value pdp with the help of pro-
cedure root

pdp := root(seq(p) — odp.,p)
pdp = 13x10°  Ta

5. Draw the final epures

r:=rl,(rl +dr).. 12

1)

3r.pdp) := (Cl(pdp) T+ CApdp) )

E 1-u
Mgw(rvpdp:—z '|:C Ipdp-(1+p) —~C2pdp- —
I-u r

E I_F[
N;‘w‘@(rapdﬂ’:—z - {C Ipdp- ( 1+ p) +C2pdp- —
I-u r|
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5.0 °

& u(r,pdp) -5-10°

7510 °

-1.10 %
008 0.1 012 014 016 018 02

r

m

Fig. 4. Epure of displacement u(r) with p = pdp

~5.10"
875 10"
or(r,pdp) g
SEREA -1.25 107
cO(r,pdp) | e
~1.63 -10° .
108
008 0.1 012 014 016 018 02
T
m

Fig. 5. Epures of stresses [1r(r), [1[1(r) with p = pdp.
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