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Structural Damage Control Using Neuro-Ga Algorithm

A. Karamodin S. Khajekaramodin

Abstract Inthis paper a semi-active structural damage control strategy using MR dampers and Neural
Networks is presented. A multilayer feed-forward neural network has been designed. The input layer is
relative displacement of stories and the output layer is the voltage needed for MR damper. The neural
network is learned to predict the voltage needed for MR damper that can minimize the Park & Ang
damage index of structure. Genetic algorithm has been used to learn the neural network. The Park & Ang
damage index of the structure has been used as the fittnees function of the genetic algorithm. To evaluate
the structural control system a nonlinear 3 story benchmark building has been selected. The results show

the the proposed structural control system can effectively reduce the Park & Ang damage index of the
structure.

Key Words Structure, Earthquake, Damage, Control, Semi-Active, Neural Network, Genetic Algorithm.
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A Study on the Effect of Shredded Tire Size on the Mechanical Behavior of Sand and
Shredded Tire Mixtures Using Direct Shear Test

A. Rezapour E. Seyedi Hosseininia

Abstract In this study, the mechanical behavior of the sand and shredded tire mixtures is studied by
using direct shear box test. The aim of this research is to understand the effect of size effect of shredded
tire particles on the mechanical behavior of the mixtures. Three different sizes of shredded tires are used
in this study. First, the compressibility of the mixtures under consolidation pressure is studied and then,
the mechanical behavior is investigated during the shear load. Under the compression stage, it is seen
that the compressibility of shredded tires are much bigger than the sand alone. Also, it is seen that the
compressibility is reduced as the size increases. During the shear loading stage, it is found out that the
internal friction angle of the mixtures reduces as the percentage of the shredded tire increases. In
addition, the friction angle is obtained larger as the size increases. As obvious, the compressibility of the
mixtures increases with the increase in the percentage of shredded tire content. This is more effective
until 20% content of shredded tire. The size of the shredded tire is not so effective on the compressibility,
since the volumetric variation of medium to coarse shredded tire was almost equal. It is noted that in this
paper, the variation of the friction angle and volumetric behavior of mixtures were investigated for
different levels of specimen deformations.

Key Words Sand and Shredded Tire Mixture, Size Effect, Direct Shear Test, Mechanical Dehavior.
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Removal of Petroleum Hydrocarbons from Contaminated Waters Using a Solar
Photocatalytic Process

F. Soroush  H. Ganjidoust B. Ayati

Abstract Removal of petroleum hydrocarbons from synthetic contaminated water using with
photocatalytic process was conducted in the presence of nano TiO, immobilized on the concrete plates.
The solar photoreactor was consisted of storage tank of 60 L with floating pump, cascade system with 5
concrete steps, a 5 L weir on the top of the stairs and metalic chassis. The UV-A radiation of the sunlight
was used instead of UV-A lamps as the irradiation source. The optimum parameters were pH of 5, TiO,
mass loading of 60 grm?, UV equivalent irradiation time of 200 min, initial concentration of 100 mgL™
and H,0O, concentration of 2000 mgL'l.The results demonstrated that under optimal conditions removal
efficiency of chemical oxygen demand (COD), total petroleum hydrocarbons (TPH) and poly aromatic
hydrocarbons (PAHSs) were 70.48%, 67.63 % and 84.75% respectively. Also the results of GC-FID
analysis indicated that most of PAHs were eliminated and only non-toxic aliphatic hydrocarbons were
remained.

Key Words Solar Photoreactor, TiO,, Light-Weighted Concrete, TPH, PAH, COD.
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Numerical Statical Analysis of Umbrella Drain Performancein Deep Circular Not-lined
Tunnel for Steady-State Seepage

A. Hosseinbalam M. Hashemi

Abstract Inthisarticle, Umbrella drainage system is presented as a alternative drainage system for the
tunnels under steady state-seepage condition. The arrangement of this system is inspired from pin-hole
drainage system and forepoling method of support installation. In this study, the performance of this
drainage system is investigated through numerical statical analysis for deep circular tunnels subjected to
steady-state seepage by using ABAQUS finite element software. In this regard, three monitoring
parameters have been investigated: tunnel domain’s maximum effective principle strain, pore water
pressure distribution of the tunnel walls and hydraulic gradient around the drainages. By taking into
account these parameters, an optimum arrangement for the draining system is presented through
exploring all of the factors affecting the drainage tube performance.

Key Words Umbrella Drainage, Deep Circular Tunnel, Steady-State Seepage and Numerical Statical
Analysis.
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Investigation of Zeolite and Cement on Compaction of Babolsar Sand

|. Shooshpasha M. Abbasi H. MolaAbasi

Abstract It is widely known and well emphasized that the cemented sand is one of economic and
environmental topics in soil stabilization. In some instances, a blend of sand, cement and other materials
such as fiber, glass, nano particle and zeolite can commercially available and effectively used in soil
stabilization in road construction. In this investigation, zeolite and its effect on compaction studied as one
of pozelan additive material to cement. Therefore, cilinopiolite kind of zeolite, Neka cement type Il and
Babolsar sand are used. Compaction poroctor tests were carried out on 24 combination type of cement
and zeolite with include different cement percentages 2, 4, 6 and 8 percent of total dry weight of samples
and replacement percent’s of 0, 10, 30, 50, 70 and 90 cement with zeolite. Results show that by
replacement cement material by zeolite, the maximum dry density increased 2 to 2.5% in comparison with
cemented samples and 14% optimum water content approximately concluded. At the end, a function fits
Based on Voltra series presented to relate maximum dry density and zeolite-cement-soil parameters.

Key Words Stabilization, Cement, Zeolite, Compaction, Optimum Water Content.
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Application of SYR and GRNN Modelsin Estimating Maximum Scour Depth at River
Confluencesunder Live-Bed Condition

B. Balouchi M. R. Nikoo M. Shafai Bajestan M. Dehghani

Abstract River confluences are one of the most complex places in river systems, that it is important to
predict the maximum scour depth (Dy) at this place using intelligent systems that consider this complexity.
Therefore, in this study, the performance of two artificial intelligence models, namely, SVR (considering
different validation techniques including train-test, K-Fold and |eave-one-out) and GRNN was evaluated.
Results showed that, although all models show approximately good accuracy in predicting the Dg; but,
SVR with train-test validation method shows more accuracy (with R2, MAE, MARE, RMSE and NSE of
95.66, 0.0124, 4.26, 0.0168 and 0.993, respectively), and after that SVR K-Fold (at K=9), SVR leave-one-
out; and GRNN are the accurate models in this study, respectively.

Key WordsRiver Confluences, Live-Bed Condition, SVR, Validation Methods, GRNN.
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Investigation of the Effects of CFRP on Load Bearing Capacity of Strengthened Two-Way
RC Squared Slabswith Side and Corner Openings

M. Labibzadeh

Abstract Due to existence of the facility ducts, such as elevators, heating, and cooling systems in
buildings, creating of the openings in the reinforced concrete slabs is inevitable. Usually, small openings
have negligible effects on the slab performance whereas the large openings can affect significantly on the
slab behavior and can cause the stress concentration adjacent to the openings. In some cases, ignoring
this issue can cause serious problemsin the integrity, stiffness and even stability of structures. One of the
rehabilitation and strengthening methods of such dlabs is the use of Fiber Reinforce Polymers sheets
(FRPs). In this research, the influence of the lateral and corner openings as well as the impact of using a
kind of FRPs known as CFRP (Carbon Fiber Reinforce Polymer sheets) for strengthening of two-way
slabs were investigated. The obtained results indicate that this method can be successfully employed in
remedy operations for mentioned slabs. CFRP sheets can recover the lost flexural rigidity of the slab
considerably and even in some cases can improve it in comparison to that of homogeneous slab (slab with
no opening). The results also show that by implementing this method the flexural rigidity of the slab can
be increased between 12 to 30 percent in the case of slabs with lateral opening and between 1 to 10
percent in the case of dabs with the corner opening relative to the original weakened dab (slab with
opening without strengthening).

Key Words Two-Way RC Squared Slabs, CFRP, Load Bearing Capacity, Side and Corner Openings.
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Least Squares Support Vector Machine-based Advance Monte Carlo M ethods for
Reliability Analysisof Structures

M. Mojahed B. Ahmadi-Nedushan

Abstract The failure probability of structures are rather small and therefore calculation of structural
reliability generally has a high computational cost. In order to reduce computational costs, this articles
proposes a hybrid approach based on combination of the least squares support vector regression and two
advanced Monte Carlo methods. importance sampling and Latin hypercube sampling. Two frames and
one truss example are used to evaluate the performance of the proposed algorithm. Results demonstrate

that proposed method provides an accurate estimation of failure probability and that the computational
costs are lower than those of other methods.

Key Words Structural Reliability, Advanced Monte Carlo Methods, Support Vector Machine, Failure
Probability.
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Fig. 1 Comparison of efficiency of SYR and GRNN models

Table 1. Accuracy assessment of artificial intelligent models using statistical error indices

Statistical error indices
R%%) MAE(@m) MARE (%) RMSE(m) NSE
Trainingdata 88.83  0.0293 9.24 0.0387 0.7644
GRNN Validatingdata 88.95  0.032 10.5 0.0370 0.7389

Total data 88.77 0.03 9.6 0.0382  0.758
SVR Training data 98 0.009 3 0.0114 0.9976

(train-test) Validatingdata 94.41  0.0207 7.37 0.0255 0.8757
Total data 95.66 0.0124 4.26 0.0168  0.993

Total data 88.9  0.0208 6.79 0.0266  0.8828

Model

SVR
(K-Fold)

SVR
(leave-one-out)

Total data 88.62 0.02 6.62 0.0265 0.9776

4- Conclusion

Based on the results obtained from the developed
SVR and GRNN artificial intelligent models, the
following conclusions are drawn:

e In this study, the K-Fold SVR model is
more accurate while k=9 (MARE=6.79). It
should be noted that k represent the
number of foldsin the SVR model.

e Although al models show approximately
good results, the accuracy assessment
shows that the train-test SVR can be
introduced as the best model of this study.
Moreover, after train-test SVR model, the
leave-one-out SVR, K-Fold SVR and
GRNN models are respectively more
accurate to estimate the maximum scour
depth under river confluence under live
bed conditions.
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Application of SYR and GRNN M odels
in Estimating Scour Depth at River
Confluences under Live-Bed Conditions

M. R. Nikoo™
M. Dehghani*

B. Balouchi*
M. Shafai Bajestan®

1. Introduction

River confluences have a complex flow and
sedimentation pattern due to the three dimensional
flow structure. Hence, researchers have become
interested in evaluating these complex patterns in
recent years.

A review of the literature on the subject under
study here showed that there is a lack among the
previous studies of work done for estimating the
maximum scour depth at river confluences under live
bed conditions using support vector regression
(SVR) and Generalized Regression Neural Networks
(GRNN). On the other hand, these artificia
intelligent models show a very good efficiency for
estimating the river engineering parameters in the
literature. Therefore, the main goal of the current
study is to evaluate the application of two well-
known models named SVR and GRNN for
estimating the scour depth at river confluence under
live bed conditions, and compare the results of the
models with each other.

2.  Materialsand methods

In the present study, the experimental data from
Balouchi (2012) [30] are used for training and
validating the artificial intelligent models. Besides,
dimensional analysis is done by using the
Buckingham theorem in order to find the important
dimensionless parameters of this study. Finally, by
doing some simplifications, one can reach the
following dimensionless parameters:

D1, 2 F @
Bs Qs Qa

In which, Q,is the flow discharge of the lateral

channel, Q,is the flow discharge of the main
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channel (downstream of confluence), g is the gravity,
B.is the width of the main channel, Q,is the

sediment load from the lateral channel, DS is the
maximum scour depth and F;is the densimetric

Froude number of the downstream channel. It should
be noted that the three dimensionless parameters on
the right side of Eq. 1 are the inputs and the one on
the left side is the output of the SVR and GRNN
artificial intelligent models in this study.

3. Results
In order to reach the goals of this study, 3 kinds of
SVR model and a GRNN model are developed.
Figure 1 shows the results of artificial intelligent
models used in this study named: train-test SVR (this
model used train-test method for training stage), K-
Fold SVR, leave-one-out SVR and GRNN, versus
the observed maximum scour depth ratio for the total
number of data. It is obvious from Figure 1 that the
train-test SVR model shows better results when
compared with other models.

In addition, Table 1 shows the results of accuracy
assessment of models based on five well-known

statistical error indices (R>, MAE, MARE, RMSE
and NSE). In order to compare the results better,
these five statistical error indices were computed for
the total data, train and validation data sets (It should
be noted that the K-Fold SVR and leave-one-out
SVR models do not have the train and validation
stages).

According to Table 1, the values of Rz, MAE,
MARE, RMSE and NSE for the total data of train-
test SVR model are 95.66, 0.0124, 4.26, 0.0168 and
0.993, respectively. These values show that the train-
test SVR model is more accurate among the models
used in this study. The values of R’ for other models
(GRNN, K-Fold SVR and leave-one-out SVR) are
approximately similar to each other (88.77, 88.9 and
88.62, respectively). Besides, the values of MAE for
both K-Fold SVR and leave-one-out SVR are near to
each other (0.0208 and 0.02, respectively). However,
this statistical index (MAE) with the value of 0.03
shows a weak efficiency for GRNN compared with
the other models. Moreover, there is the same trend
as MAE of GRNN, K-Fold SVR and leave-one-out
SVR models for MARE (9.6, 6.79 and 6.62,
respectively), and RMSE (0.0382, 0.0266 and
0.0265, respectively).

The values of the NSE index for GRNN, K-Fold
SVR and leave-one-out SVR models are 0.758,
0.8828 and 0.9776, respectively. It can be concluded
from the values of al dtatistical indices used in this
study that after the train-test SVR model, the leave-
one-out SVR, K-Fold SVR and GRNN models are
respectively more accurate to estimate the maximum
scour depth at river confluence under live bed
conditions.
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3- Conclusion

In this study, zeolite has been introduced as a
pozzolanic mineral to reduce environmenta
problems of cement in cement sand. According to
standard density test results on samples of cement
zeolite it was observed that:

1. The maximum dry density increases with
increasing the amount of cement.

2. The maximum dry density decreases with
increasing cement replacement percent of zeolite.

3. The optimal moisture content for all scenarios is
approximately 14%.

4. The maximum reduction of dry density resulting
from the use of zeolite instead of cement is between
2 and 2.5 percent.
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The effect of zeolite and cement on
Babolsar sandy soil compression

|. Shooshpasha® M. Abbasi?
H. Molla Abbasi®

1- Introduction:

The major features of loose sandy soil are the weak
resistance and volume instability. Using the
technique of adding cement is one of the most
frequently used options for engineers to stabilize the
soil type. Cement has attracted special attention since
on the one hand, it requires a high amount of energy
to produce and on the other hand it produces about
8% of carbon dioxide of the world. Therefore,
optimization of its composition is considered to be
the main objective such that the least amount of
energy is used to produce it and the least harm is
done to natural resources and finaly, it yields the
best possible performance.

Hence, finding a suitable replacement for cement
in construction projects can be viewed as one of the
best ways to protect the environment. Pozzolan
which has long been used as a substitute for cement
in construction can reduce the problems related to
cement production and its environmental impact.
Zeolite is one form of pozzolan.

Extensive use of zeolite in the world, especialy in
the industrial and developed countries has started
many years ago. Moreover, in terms of cost and
access, preparation of these mineras in Iran is very
cheap and easily available. For this reason, their use
is very effective in economic terms in addition to
reducing environmental problems. Accordingly, the
effects of zeolite as a cement replacement on sandy
soil compression are discussed in this study.

Materias used

Materials used in this study consist of sandy soil
of Babolsar, Portland cement type Il of Neka and
zeolite of Semnan. In choosing materials to be tested,
we tried to prepare suitable materials for stabilizing
soils of the coastal strip of north of the country.

2-The compression testing

Sample preparation was done as soon as possible
after the completion of mixing and testing was
performed according to standard D 698 -07E1.
Standard compression tests on mixing designs of 24

! * Corresponding Author, Associate Professor, Faculty

of Civil Engineering of Babol Nooshirvani

University of Technology.

Email: shooshpasha@nit.ac.ir.
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cement and zeolite states including different
percentages of 2, 4, 6 and 8 percent of dry weight of
the sample and the replacement percentage of 0, 10,
30, 50, 70 and 90 zeolite was done with cement. In
each design, a total of five samples were used to
obtain the optimum moisture for compression.
Different amounts of sand, cement and zeolite dried
in the oven were isolated based on percentages stated
for each sample (atotal of 3 kg) and they were mixed
with a relatively low moisture and the mixture was
compressed in a standard proctor cast using a
hammer with free fall. This method was repeated
until the weight of the soil in the cast passes the
maximum value and it starts to decline.

Results:

The results showed that, with increasing
replacement of zeolite instead of cement, maximum
dry density of the samples compared to samples with
only cement is reduced. The amount of this reduction
in the design of 2% cement is, 1.2% and in the
cement 8% is 2 percent. However, the optimum

moisture content in al mixtures has been
approximately 14%.
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Fig. 1. Overall results of compression using different
per centages of zeolite replacement for cement

According to density test results on samples in which
cement is used it can be abserved that with the
increased percentage of cement, with almost constant
optimal moisture at 14%, the maximum dry density
of the samples increases. The reason for thisissue is
the finer cement compared to sand and filling the
empty space between the sand particles. On the other
hand, the higher weight of cement (GS) solid grains
compared to sand also contributes. However, the
density of the samples decreases with increasing
zeolite replacement percent, because of the low
density of zeolite grains compared to the cement and
sand. Because according to the test results to (GS)
density test performed in this study, the parameter
(GS) was 2.22 in zeolite, 2.¥1 in sand and 3.11 in
cement. However, the optimum moisture content in
al mixing designs is amost constant and equal to
14%.
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4-Conclusions
In this study, for the first time, the factors affecting
the performance of the tubes as the main parts of the
umbrella (pin-hole) drainage system are investigated
using the 3 monitored outputs, i.e, maximum
effective principle strain, hydraulic gradient and pore
water pressure. The following conclusions are made
based on the presented results:

1. There is only one optimum pattern (out of many
patterns assumed for various numbers of the
drains) that produces the least maximum effective
principle strain. The pattern does not necessarily
the same optimum pattern for the least hydraulic
gradient.

2. There is a need for adverse drainage system in the
tunnels with different patterns assumed for
various numbers of the drains.

3. If we assuming an even number of tubes in the
umbrella drainage system, then there is an
effective reduction in the hydraulic gradient.

4, The behavior of the hydraulic parameters
(hydraulic gradient and pore water pressure) is
very similar for the different values of the tubes
parameters. This indicates that hydraulic
parameters are dominant as compared to
mechanical parameters in tunnels under seepage.

5. The three monitored parameters (maximum
effective principle strain, hydraulic gradient and
pore water pressure) are reduced with increase in
number, length, angle of the drains and with
decreasein distance.

6. The length, number and distance are the most
important parameters in the design of the drain
tubes.

7. The optimum pattern for the tubes in the umbrella
drainage system includes number (n=10), length
(I=4 m), distance (d=8 m) and angle (a=90°) of
the drains. The optimum pattern is applicable for
the tunnels excavated in the materials with
properties assumed in the current paper.
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Numerical Statical Analysis of
Umbrella Drain Performancein
Deep Circular Unlined Tunnel for
Steady-State Seepage

A. Hosseinbalam! M. Hashemi?*

1-Introduction

One of the major issues in tunnels is seepage which
has been modeled by an extra force which is
generated by pore water pressure and applied on the
tunnel walls. Since this extra seepage force may |lead
to instability in soils and weak rocks with low
permeability, the need for drainage in such tunnelsis
obvious. There are different types of drainage
systems in tunnels. The most common ones are
peripheral filter and pin-hole drainage systems.
Degspite their importance, very limited studies have
been conducted on these systems (especialy pin-hole
type) and the factors that affect their performance.

In this study, the new umbrella drainage system is
introduced. The arrangement of the system is a
combination of pin-hole drainage and forepoling
support systems (Fig. 1).

Drain pipe
A U\

Cross pipe

Dewatering pipe

Fig.1 Umbrelladrain system

2- Simulation in the Software

The factors affecting the system performance include
number (n), length (1), distance (d) and angle (a) of
the drains. Therefore, an abbreviation is introduced
as NnLIDdAa (Fig. 2). Also a basic primary model
for the drains is assumed based on the research by
Shin and coworkers. The model includes 6 4m-length
drains having a distance of 4 m and an angle of 45
degrees with the tunnel axis (N6L4D4A45).
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Fig.2 NnLIDdA@a model

In this study, the performance of the drainage
system is investigated through numerical statical
analysis in deep circular unlined tunnels subjected to
steady-state seepage by using the ABAQUS finite
element software.

Fig. 3 Thedomain

The domain dimension is a very important
parameter in any numerical analysis. A domain with
optimum dimensions is assumed based on the results
of stabilization of various analyses for variation of
important parameters (Fig. 3). A monitoring section
for extracting stabilized outputs is assumed at 3.6D
distance from the tunnel face in-between the drains.
Also, based on the sensitivity analysis of the model,
the need for 3D modeling of the issue is underlined.

1-The effect of drains' parameters

In this study, & series of parametric studies were
conducted using the basic moddl, i.e., by changing
one of the effective parameters while the others were
held constant. The parameters vaues included
number (1-14), length (1-7 mj), distance (1-9 m) and
angle (5, 25, 45, 70, 90) of the drains.

The factors afecting the performance of the tubes
as the main parts of the umbrella (pin-hole) drainage
system are investigated by choosing the maximum
effective principle strain as the monitoring parameter.
Moreover an optimum arrangement for the drainage
tubes of the system is presented. Also, the effects of
changes of the tubes parameters on the hydraulic
outputs such as hydraulic gradient and pore water
pressure are studied.
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furnace to enhance the stability of the coatings
against mechanical attrition and washed to eliminate
the excess Titani. The photo-reactor was oriented
southward at an angle of 37° with respect to the
horizontal. The experimental set-up was located on
the rooftop of the school of engineering of the
Tarbiat Modares University. The data were registered
every 30 minutes from 9 a.m. to 5 p.m. for 6 months.
The operating parameters affecting the photocatalytic
degradation include pH, mass loading of TiO, per
unit area, H,O, dosage, initial concentration and
exposure time. Each of these factors was examined at
different exposure times to reach optimal conditions.
To ensure proper coating of TiO, on the plates, SEM
images of the original and coated concrete (Figure 2)
were taken and they showed that TiO, loading of 60
gm™ provides sufficient coating. Finally, the reactor
was run under optimum conditions that are pH of 5,
TiO, mass loading of 60 gm? UV equivalent
irradiation time of 200 min, initial concentration of
100 mgL™" and H,0, dosage of 2000 mgL™".

Fig. 2 SEM images of a) original b) coated
concrete

3- Conclusions

The results demonstrated that under optimal
conditions the removal efficiency total petroleum
hydrocarbons (TPH) and poly aromatic hydrocarbons
(PAHs) of chemical oxygen demand (COD) were
67.63, 84.75 and 70.48 percent, respectively (Figure
3).
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Fig. 3 Variation of TPH, PAH & COD removal
efficiency at optimal conditions
The results of GC/FID analysis of wastewater

before and after the photo-degradation under
optimum conditions showed that a majority of the
aromatic compounds have been eliminated at
relatively high efficiencies (Figure 4), and the
aliphatic compounds that had remained have no
toxicity.

The results showed that at low concentrations and
exposure time of 200 min (solar reactor operation of
5 day) discharge standards of treated effluent can be
met. Therefore, we can expect that the use of the
solar photocatalytic system for treatment of
wastewater of refineries and oil fields at industrial
scale would be economically effective, especially in
the southern region. In addition, the immobilization
of the photocatalyst on the concrete surface, which is
a main element of WWTPs structures will double the
efficiency of this method.

Coumty

w00 4

4000 -

\\\\\

Fig. 4 Theresults of GC/FID analysis of
wastewater a) before and b) after the photo-
degradation under optimum conditions
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Removal of petroleum
hydr ocar bons from contaminated
water susing a solar photocatalytic
process

F. Soroush'  H. Ganjidoust'*  B. Ayati’

1- Introduction

Petroleum compounds include aromatic and aliphatic
hydrocarbon components. The aromatics are forms of
stable, hard-biodegradable, toxic and carcinogenic
complexes. Sources of oil pollution in the aquatic
environment, including oil spill, refinery wastewater,
the water produced in the oilfields, fuel leaks from
storage tanks or pipelines balance water of oil
tankers, and runoff dispersed in the surface of the gas
stations. In Iran where we have 10% of the world’s
oil reserves, storage facilities with a capacity of 8.8
billion liters, more than 2,300 fueling stations, more
than 8000 oil tankers carrying petroleum products, 82
crude oil storages, and daily distribution of over 233
million liters of petroleum products, there are always
hazards of pollution to oil compounds to our water
resources. Treatment of contaminated water with
petroleum compounds may be done by applying
absorption, filtration, membrane, coagulation,
advanced oxidation, stabilization pond and anaerobic
methods. Physical methods such as adsorption only
transfer pollution from one phase to another phase.
The efficiency of biological processes is low, but
they are inexpensive whereas the efficiency of
chemical methods is high while they are expensive.
Among the AOPs, the heterogeneous photocatalysis
process has been used extensively.

2- Experimental Program

In this method, immobilized titanium dioxide through
the generation of a hydroxyl radical (*OH) in the
presence of UV light, can potentially destroy a wide
range of organic complex. According to the activity
of TiO, in the near ultraviolet region (A=400-300
nm), this process was commonly carried out with
UV-A lamps using which is costly. In addition, 5%
of the solar radiation on the earth's surface is UV
light 98% of which is UV-A and the radiation
intensity is about 30-20 Wm™ near the surface at
noon of a sunny day. So far, the photocatalytic
treatment process has been used for wastewater
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treatment of paper, textile, paint industries and power
plants. In a recent study, nano TiO, was immobilized
on a light-weight concrete plate by concrete paste.
Generally, the purpose is the use of UV solar light
instead of UV lamps in photocatalytic process for the
removal of petroleum hydrocarbons with the aim of
saving energy saving and using clean energy.
Removal of hydrocarbons from water contaminated
synthetically with petroleum hydrocarbons was
performed by TiO, nanoparticles coated on light-
weighted concrete plates in the reactor.

The solar reactor (Figure 1) consisted of five
concrete rectangular plates 24 x12x4 cm at a slope of
2.50%. The weir of 5 L that has been located at the
upstream of the plates distributed the flow uniformly.
The reactors are covered with a 3-mm glass in order
to prevent evaporation of the compounds and to
ensure that the reactors remains waterproof. A
storage tank with a volume of 60 L along with a
floating pump circulated the flow at the rate of 200
L.hr'. An aerated pump at the rate of 270 L.hr'
supplied sufficient oxygen. The slurry method was
used for stabilizing the nanoparticles.

Fig. 1 The studied solar reactor

Mixing of 100 mL of two-component epoxy paste
was done in 1000 mL of deionized water. After 5 min
of stirring, the concrete surface was polished by
applying a paint brush. The concrete plates were
impregnated with a suspension of TiO, (12 gr TiO, in
water-ethanol solution), then dried under ambient
conditions, heated at 450 °C for 120 min in a muffle
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4- Concluding Remarks
Based on the experimental results, the following
conclusions were drawn:

e The rate of loading (displacement) did not
influence the mechanical behavior of sand and
sand-rubber mixtures.

e  According to the first stage of loading (vertical
loading), the compressibility of the shredded
tires are 20 times bigger than the sand alone.
The bigger the grain size of the shredded tire,
the more is the settlement of the mixture.

e As expected, the settlement of the mixtures
increases with the increase in the shredded tire
content. In addition, the density of the mixtures
decreases with the increase in the rubber
content.

e The equivaent friction angle of the mixture
decreases as the rubber content is increased.
The samples with coarser shredded tires have
larger friction angles.

e  The equivalent friction angle increases as the
deformation in the samples augments.

e Although the sand aone shows a dilative
behavior, the mixtures only behave
contractively. The grain size does not have
much influence on the deformational regime.

e According to the €elastic theory, the confined
elastic modulus was determined. For the
mixtures, the samples with the rubber content
of 30% have tiffness similar to the content of
100%.as shown in Fig.3. The samples with
20% content have the highest stiffness.

e The size of shredded rubber has an increasing
effect on stiffness. This effect is small when it
is mixed with sand, while the increase in
stiffness with grain size is more obvious in pure
samples.
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A Study of the Effect of Shredded
Tire Size on the M echanical
Behavior of Sand and Shredded
Tire Mixtures Using Direct Shear
Test

A. Rezapour®  E. Seyedi Hosseininia®*

1- Introduction

In the recent times of industridization era, the
consumption of rubber is growing. For instance,
amost 26 million tons of rings of vehicle cars have
been spoiled in the year 2003 in Europe. The same
problem exists in Iran. It is expected that in the next
10 years, about 930 thousand tons of consumed tires
would be produced. So far, attempts were made to
use these materials for various purposes in order to
get rid of the environmental problems of burying
these worn out tires. Almost half of the materials are
used as fuel for burning furnaces of cement
production facilities. Other applications are for
pavement covers or seismic elastomer absorbers. In
the domain of civil engineering problems, these
materials have been used in the form of shred
(powders) or bigger sizes named as rubber chips with
amixture of soil asfor the backfill of retaining walls.
The soil-rubber mixture facilitates the role of water
drainage from the back of the retaining walls. In
geotechnical engineering practice, the main question
regards the mechanical behavior of these materials
including the shear strength and deformational
properties.

In the literature review, there are some works that
studied different types of rubber chips. The works
were mostly focused on the shear strength
parameters and the deformational properties were
paid less attention. In the laboratory, the mixtures
have been tested with the help of triaxia
compression as well as direct shear test apparatus.

2- Theaim of thisstudy

In this paper, the effect of grain size of shredded tire
on the mechanical behavior of the sand-shredded tire
mixture is studied experimentally. To this aim, one
type of sand as well as three different sizes of
shredded rubbers were considered for the materials.
In order to study the mechanical behavior, the direct
shear test apparatus was implemented for the test
programs. The effect of the admixture of the rubber
shreds was investigated by virtue of the variations of
friction angle as well as the stiffness of the mixtures.
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3- Methodology

The study is based on experimental tests in the
laboratory. The mixture of sand-rubber shred with
different weight percentage values were mixed and
the samples were sheared by Direct Shear Test
(DST) apparatus. Three different sizes of shredded
tires (fine, medium-coarse and coarse) were added to
the sand with different percentages. For al types of
rubber shreds, the weight percentage of zero, 0, 40,
70, 100 were used.

100

- ® Clean Sand
—4— Fine shreds
75 || —#—Medium-coarse Shreds
—&— Coarse shreds

Passing Percent (%)

10

Grain Size (mm)

Fig. 1. Grain sizedistribution of the materials

The size and distribution of sand and the shredded
tires are depicted in Fig. 1. The specific gravity (Gy)
of the materials was determined according to ASTM
D854-02. In al series of the tests, the mixtures of the
soil-rubber were tested at the relative density of
75+5%. The maximum and minimum densities were
measured according to ASTM D4253-93 eand ASTM
D4254-93, respectively.

The dimenson of the direct shear box was
100*100 mm and the rate of displacement was
considered to be 2 mm/min. lIt is also noted that the
effect of displacement rate on the mechanical
behavior was examined by using three different rates
of 0.2, one and two m/min and it was found that it
has no influence on the behavior. All the samples
were tested in dry conditions. Each test includes two
stages. At first, the samples were loaded with vertical
loads that impose vertical stresses of 25, 50, and 100
kPa and then, the samples were loaded by lateral
movement which causes the sample to be sheared.
According to Fig. 2, the vertical loading was
imposed with different steps in order to see the
compressibility behavior of the mixtures. Totally, 45
direct shear tests were performed.
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In these equations q is the displacement of the
device and z is an evolutionary variable that accounts
for the history dependence of the response. By
adjusting the parameters of the model a, B, n, and A,
one can control the linearity in the unloading and the
smoothness of the transition from the pre yield to the
post yield region. The functional dependence of the
device parameters on the effective voltage U is
modeled by eqs. 3 and 4. The parameters of the MR
damper were selected so that the device has a
capacity of 1,000 kN.

3. Neuro-GA controller

A neuro-GA controller is a neuro controller that is
trained by a genetic algorithm. In this study, the
structure of the neural network is selected by trial and
error and the connection weights of the layers are
defined by the GA. The connection weights are so
defined that the Park & Ang damage index of the
structures can be minimized. Two scales of the El
Centro Earthquake have been used to train the
controller. The fitness function is the ratio of the
controlled damage index to the uncontrolled damage
index. The best fitness function after 50 populations
is gained to be 0.517. This means that the damage
index of the controlled structure is reduced by %48.3.

4. Evaluation and results

To evaluate the efficiency of the controller 11
evaluation criteria are defined. The first criterion, J1,
is the ratio of maximum story drifts of the controlled
to the uncontrolled structure. The second, J2, is the
ratio of maximum story acceleration of the controlled
to the uncontrolled structure. The third criterion, J3,
is defined as ratio of the maximum base shear of the
controlled to the uncontrolled structure. The next
three criteria, J4, J5 and J6 are the ratio of mean root
square of story drifts, accelerations and base shear of
the controlled to the uncontrolled building. J7 is the
ratio of the largest ductility of members in the

controlled to the uncontrolled structure. J8 is defined
as the ratio of dissipated energy in the controlled to
the uncontrolled structure. The ninth criterion, J9, is
the ratio of plastic hinges of the controlled to the
uncontrolled building. J10 is defined as the ratio of
mean root square of ductility of members in the
controlled to the uncontrolled structure. Finally J11 is
the ratio of damage index of the controlled to the
uncontrolled building.

These criteria are evaluated for four earthquakes
with different intensities. These are 0.5, 1.0 and 1.5
scales of Hachinohe and El Centro earthquakes with
0.5 and 1.0 scales of Northridge and Kobe
earthquakes.

The results show that the average value of J11 for
different earthquakes is 0.238. This means that the
damage to the controlled structure is reduced by
%76.2. The average values of other criteria are
shown in Table 1.

Table. 1. The average values of evaluation criteria

Criteria J1 12 J3 J4 J5
Average | 0.516 | 1.265 | 0.436 | 0.803 | 7.437
Criteria J6 17 J8 J9 J10
Average | 1.304 | 0.442 | 0.007 | 0.289 | 0.498

5. Conclusions

1- The results show that Neuro-Ga controller has
reduced the damage to the structure %76.2.

2- The controller has performed well in reduction
of story drifts (J1, %48.4), base shear (J3,
%356.4), ductility (J7, %55.8), dissipated energy
(J8, %99.9) and number of plastic hinges (J9,
%71.1). However the performance of the
controller in the reduction of maximum and root
mean square of accelerations is not favorable.
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Damage Control of Structures
Using Neur o-Genetic Algorithm
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Structural engineering researchers have always been
searching for new methods to control and limit
structural and nonstructural damages due to
earthquakes. Structural control concept has been
considered as a new method of protection of
structures from sixty years ago. Many researchers
have been attracted to this concept and very research
studies have been conducted in this field in recent
decades. At early years, classical control methods
have been used as an algorithm for control of
structures. Introducing intelligent systems such as
neural networks, fuzzy logic and genetic algorithms
has led to more efficient control algorithms. These
control systems are more efficient for structural
control research due to several of their capabilities
such as no need for mathematical modeling, plus
ability to conduct nonlinearity and uncertainties.
Many researchers have dealt with intelligent control
systems in recent years.

In many neural network control systems two
networks have been used. One network is used as the
controller and the other one is used as an emulator
for training the control network. This method is time
consuming. So, many researchers such as Kim et al.
have eliminated the emulator network and introduced
a sensitivity algorithm and a cost function for
training the controller network.

In this paper, a semi-active nonlinear neuro
control system has been used to control a 3 story
benchmark building (as shown in Figure 1).
Magnetorehological fluid (MR) dampers have been
selected as semi-active control devices in each story.
The neuro controller has been trained by a genetic
algorithm. The genetic algorithm defines the
optimum values of the connection weights between
layers. The Pak & Ang damage index of the
structure, has been used as a fitness function for the
genetic algorithm.

1. Control System

The control system is shown in Figure 3. The
earthquake acceleration is loaded to the nonlinear
structural model. The structural responses are
measured by sensors and together with the forces of
control devices at the previous step are input to the
neuro controller at each time step. The controller is
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trained to predict the MR input voltage needed that
can produce control forces that can minimize the
damage index of the structure. The input voltages and
story relative velocities are input to the MR dampers
and the optimum control forces of the dampers are
loaded to the structure. The structure is modeled as
two dimensional beam and column frame elements.
The nonlinear behavior of the structure is considered
as plastic hinges at the end of the beam and columns.
This model is proposed by Ohtori et al. for nonlinear
benchmark buildings.
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Fig. 1. 3story benchmark Building

2. MR model
The mechanical model of the MR damper is shown in
Figure 2.
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Fig. 2 MR model

The governing equations for this model are as
follows:

f=Cog+ az (1)
Z=vylgl z 1zI"* = B qlzI" + Aq ()
a=a() = a,+ayu 3)
Co= Co(u) = Coq+ Copu (4)
u= —nu-v) (5)
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