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Structures Multi-Damage Detection by Discrete Wavelet Entropy Method
M. Ashurzade Moghri A. Bigleri Fadafan

Abstract Identification of infrastructure damage in the early stages is one of the most fundamental
requirements through the maintenance process. In order to identify damages in the process of Structural
Health Monitoring, numerous methods have been developed, including Neural Network (NN) Damage
Identification Techniques, Time Series Damage Identification Techniques, Frequency Response Damage
Identification Techniques, Force Spectrum Density Damage ldentification Techniques, and Wavelet
Damage Identification Techniques. The conventional structural health monitoring procedure depends on a
comparison of undamaged primary structural data to the affected structural data. Comparative algorithms
to indicate the location of damage based on the structural data has a significant effect on the structural
health monitoring method performance. Therefore, a damage detection algorithm is the most important
step in identifying damage in the structural health monitoring procedure. In this paper, a damage
identification algorithm based on the relative wavelet entropy method is proposed for the structure. Using
the definition of the discrete wavelet transform with wavelet entropy form the base of the proposed
algorithm for damage detection to support the method efficiency. The proposed method is capable of
identifying several sites of damage and is used as an effective method compared to other methods of damage
detection.

Key Word Structural Health Monitoring, Damage Detection, Discrete Wavelet Transform, Relative
Wavelet Entropy, 3D frame.
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Economic and Durability Optimization of Asphalt Pavement with Cement Stabilized Base
Mixtures Ardakan-Naeen Case Study

M. Adresi

Abstract The purpose of this study is to determine the appropriate percentage of RAP and cement in the
stabilized base in such a way that the durability and economics of the pavement are considered
simultaneously. Therefore, compressive and tensile strength was obtained in different percentages of RAP
including 0%, 40%, 60%, and 80%, and indifferent percentages of cement including 3%, 5%, and 7%. The
structural design of the Pavement was further determined under 10, 20, 35, and 50 million ESALs. By
establishing the relationship between the percentages of RAP, percentage of cement, and moisture
sensitivity index (TSR) as an effective parameter in durability, and the cost of paving at different loads, a
simultaneous cost-durability equation of pavement was formed. Finally, based on the optimization
technique, the optimal percentage of RAP and cement to achieve the expected durability (TSR = 70) was
determined. Hence, the optimum cost, which is a function of the loading level, was obtained in the amount
of 29.6% of RAP, 4.16% of cement, and in the minimum loading level. The results can be appropriately
approximated in the design of durable and economical pavement structures Contains a stabilized base with
cement and various amounts of RAP.

Key Word RAP, Compressive strength, Tensile strength, mixed durability, Economical structural mix
design.
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Resistance to Flow in a Cobble-Gravel Bed River with Irregular Vegetation Patches and
Pool-Riffle Bedforms (Case study: Padena Marbor River)

K. Nosrati H. Afzalimehr MA. Hassan M. Kazem

Abstract This study was intended to estimate resistance to flow through velocity profile characteristics in
a cobble-gravel bed river with 3D-Pool-Riffle bedforms and irregular distribution of flexible-submerged
vegetation patches. To this end, a total of 39 velocity profiles consisting of four independent sections of
Padena Marbor River have been studied. The finding showed that the depth of validity logarithmic law
depends on the location of measurements including both inlet and outlet of the Pool. The predominant form
of deviation from this law is frequently observed upwards at the inlet of the Pool and downwards at the
outlet of the Pool and Riffle, which has a direct effect on the estimation of resistance to flow. Moreover,
the results of resistance to flow revealed that the coefficients of resistance to flow are exponentially related
to blockage area with a correlation coefficient greater than 0.8. Therefore, blockage area can be a suitable
parameter in estimating resistance to flow in cobble-gravel bed rivers with 3D bedforms and irregular
vegetations patches.

Key Word Pool and Riffle, Resistance to flow, Padena Marbor River, Submerged vegetation patches,
Logarithmic law, Blockage area.
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Indirect Estimation of Uniaxial Compressive Strength of Rock Using New Meta-Heuristic
Algorithms

H. Fattahi F. Malekmahmoudi H. Ghaedi

Abstract The uniaxial compressive strength parameter is an important and key parameter in
geomechanical engineering that is used in rock engineering classification, study of rock fracture criteria
and in the design stage of many construction and mining projects. In many cases, due to the lack of access
to quality cores, determining these parameters in the laboratory is associated with many difficulties, and
often this parameter is indirectly estimated from regression relationships that these relationships are not
very accurate. The aim of this study is to use the new meta-heuristic algorithms of gray wolf (GWO) and
fruit fly algorithm (FFOA) to indirectly estimate uniaxial compressive strength. To achieve this goal, data
from 124 granite rock samples from the Selangor freshwater transfer tunnel project in Malaysia, have been
used. Finally, to evaluate and validate the models obtained by intelligent algorithms, the indices of
statistical are used. According to the results obtained in this paper as well as the validation of the models,
the predicted values of uniaxial compressive strength are very close to the real values of the region,
indicating the low error of the models in indirect estimation. In addition, in this paper, sensitivity analysis
was performed on the effective parameters in estimating uniaxial compressive strength. The results showed
that the return values of Schmidt hammer (Rn), among other input parameters, have the greatest effect on
uniaxial compressive strength.

Key Word Granite rock, Uniaxial compressive strength, Indirect estimation, FFOA, GWO.
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Treatment of Petroleum Wastewater Using new Fe-ZSM-5@TiO2/Ag Nano Photocatalyst

M. Delnavaz K. Eshaghi

Abstract Petroleum wastewater contains a wide range of hard biodegradable pollutants that are not
treated by conventional treatment methods. In this study, the photocatalytic degradation of organic
pollutants in the wastewater of Petroleum were investigated using new Fe-ZSM-5@TiO,/Ag synthetic nano-
photocatalyst. Synthesis of nano photocatalyst was done by immobilizing iron on zeolite to improve ZSM-
5 structure and then TiO2 and Ag coated to reduce the band gap energy. Physical and chemical properties
of the materials determined by XRD, SEM, FT-IR and BET analyzes. TiO; in the anatase phase was shown
in synthetic nano-photocatalyst using XRD analysis. The uniformity of the nanoparticles was also revealed
in the SEM images, which showed that the TiO, and Ag particles were well located on the surface of Fe-
ZSM-5. Experimental procedure was done using experimental method by response surface method (RSM).
The effects of main parameters containing pollutant concentration, photocatalyst nanoparticle
concentration, pH, reaction time, radiation wavelength and different photocatalysts were performed in a
batch pilot. The results showed that at pH=5 and the photocatalyst concentration of Fe-ZSM-5@TiO»/Ag
equal to 2 g/L under UV-A irradiation at 54 watts and 240 min time the best COD removal performance
was about 83%.

Key Word Nano-photocatalyst, Zeolite, UV lamp, Petroleum wastewater.
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Experimental Study of Force Balance and Interaction between Flow in the Main Channel
and on the Floodplains in Skewed Compound Channel with Inclined Floodplains

M. Dolati Mahtaj B. Rezaei

Abstract In non-prismatic compound channels due to the mass and momentum exchange between the main
channel and floodplains, the flow interaction between channel sub-sections is higher than prismatic
compound channels. As a result, in this form of channels, the study of apparent shear forces create at the
vertical interface between the main channel and floodplains are much more complex. In the present
research, the velocity and boundary shear stress distributions were measured at different sections along
the skew part of the flume. Also using the experimental data and the momentum equations the flow
interaction between the main channel and floodplains have been investigated. Measurements have been
performed for two skew angles of 11.31 and 3.81 degrees and three relative depths of 0.2, 0.3 and 0.4.
Investigations indicate that the flow interaction between the main channel and the converging floodplain
is generally greater than the flow interaction between the main channel and the diverging floodplain. Also,
the side slope of the floodplains, has increased the amount of apparent shear force at the interface between
the main channel and floodplains.

Key Word Flow interaction, Force balance, Skewed compound channel, Inclined floodplains, Apparent
shear force.
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The figure show that the lateral distributions of the
depth-averaged velocity and boundary shear stress are
asymmetric and follow the same trend.

Using the experimental data and based on the force
and momentum balance for control volume on the
converging and diverging floodplains, the apparent shear
forces at the vertical interface between the main channel
and floodplains are calculated. The perspective view of
the control volume on the converging floodplain is shown
in Figure 4.

Figure 4. Control volume between two consecutive sections
on the converging floodplain

The force balance for the control volume on the
converging floodplain (Figure 4) is as follow:

Fplep - FpZCfp +WCfpSO -2 LSFinp - RCfp —ASF,

vCfp
= pBZCprZCprZCfp _pB1Cpr1Cprlcfp +PUcrpder L

where F, is the hydrostatic pressure force, W is the
weight force, S is the bed slope, L is the control volume
length, SF is the shear force per unit length, R is the wall
reaction force, [ | is the momentum correction coefficient,
[ is the water density, U is the average velocity, Q is the
flow discharge, Ui is the velocity at the interface between
the main channel and the floodplain, q is the lateral flow
per unit length, and ASF, is the apparent shear force at
the interface between the main channel and floodplain.
Also the subscript Cfp refers to converging floodplain,

The apparent shear forces acting at the vertical
interface between the main channel and floodplains for
the skew angels of 11.31° (SCIF-2) and 3.81° (SCIF-6)
and different relative depths are calculated and shown
plotted in Figure 5.

)
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04 E’ o ) 3 om
03 ; o [ i Oom
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0 ———t
-2 0 2
ASF, (N)

Figure 5. The apparent shear forces at the vertical interface between
the main channel and floodplains for SCIF-2 and SCIF-6

Also the effects of floodplains lateral slope on force
and momentum balances in the main channel and on the
skewed floodplains have been investigated. To do so, the
apparent shear forces at the vertical interface between the
main channel and floodplains for different discharges and
the skew angle of 3.81° (SCIF-6) have been calculated
and compared with Chlebek (2009) (experimental study
on skewed compound channels with the horizontal
floodplains). See Figure 6.
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Figure 6. The apparent shear forces at the vertical interface
between the main channel and floodplains for the compound
channel with the skew angle of 3.810 (SCIF-6) and Chlebek’s
results (2009)

4. Conclusion

An experimental study of flow field in skewed compound

channels with inclined floodplains was conducted.

Experiments were performed in compound channel with

two skew angles of 11.31° and 3.81°, and three relative

depths of 0.2, 0.3, and 0.4. Using the experimental data
and based on force balance, the interaction between flow
in the main channel and on the floodplains were studied.

Some of the most important results of the research are

given as follows:

1. In the skewed compound channels, the lateral
distribution of depth-averaged velocity and boundary
shear stress at the middle of the skewed portion is
asymmetric.

2. On the diverging floodplain, flow velocity and shear
stress are always greater than those values on the
converging floodplain at the same section.

3. Apparent shear force at the vertical interface between
the main channel and converging floodplain has a
negative value and at the interface between the main
channel and diverging floodplain has a positive
amount. Therefore, the lateral flow that exchanges
between sub-sections accelerate flow in both the main
channel and diverging floodplain.

4. A comparison between the present results with
Chlebek (2009) shows that the apparent shear forces
at the vertical interfaces between the main channel
and inclined floodplains are bigger than those in the
skewed compound channels with the horizontal
floodplain.
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1. Introduction

Investigation of the flow field in compound channels is
an important issue for river engineers. In nature, due to
topography conditions and geometry changes, most
rivers have a non-prismatic compound cross-section. One
of the non-prismatic compound channels is the skewed
compound channel. In skewed compound channels, one
of the floodplains is convergent, and the other is
divergent. Along skewed compound channels, the flow
leaves the converging floodplain and enters the main
channel; on the other side, the flow from the main
channel enters to the diverging floodplain. Therefore, the
flow characteristics in skewed compound channels is
highly complicated.

In this research, the flow field in skewed compound
channels with inclined floodplains experimentally is
investigated. In addition, the apparent shear forces on the
vertical interface between the main channel and
floodplains are studied by analyzing the force balance in
the control volumes on the floodplains. The results of
apparent shear forces are then compared with the skewed
compound channel with horizontal floodplains.

2. Material and Methods

Experiments were performed on a flume of 18 m long,
1.2 m wide, 0.6 m deep, and bed slope of 1.63x1073, at
the hydraulic laboratory of Bu-Ali Sina University,
Department of Civil Engineering. This flume has a
compound cross-section, consists of a rectangular main
channel with 0.4 m wide and 0.05 m deep in the middle,
and two inclined floodplains of 0.4 m wide and lateral
side slope of 0.075(4.29°) (see Figure 1).

Experiments were performed in compound channels
with two skew angles of 11.31° and 3.81° (see Figure 2),
and three relative depths (D;=Hg,/H, where Hy, is the
average water depth on floodplains and H is the total flow
depth in the main channel) of 0.2, 0.3, and 0.4.

1.2m

0.4m 0.4m

Inclined Floodplain
4.29°
H

i Main Channel :

Floodplain Floodplain

Figure 1. Cross-section of compound channel
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Figure 2. Plan view of the skewed compound channel with the skew
angle of (a) 11.31° (SCIF-2) and (b) 3.81° (SCIF-6)

Using a three-dimensional (3D) Acoustic Doppler
Velocimeter (ADV), flow velocity were measured at
different sections along the skew part of the flume. Also,
boundary shear stress measurements, were performed by
use of 4 mm Preston tube. Measurements were performed
at three and five sections along the skew part for the
compound channel with the skew angle of 11.31° and
3.81°, respectively.

3. Results and discussions

Lateral distribution of depth-averaged velocity (Uq) and
boundary shear stress (t) at different sections for the
skew angle of 3.81° (SCIF-6) are shown in Figure 3.
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Figure 3. Lateral distribution of (a) depth-averaged velocity
(Ud) and (b) boundary shear stress (ty) in different sections
for the compound channel with the skew angle of 3.81° (SCIF-
6)
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ZSM-5. Experimental procedure was done using
experimental method by response surface method
(RSM).

3. Results and discussion

To better understanding of photo catalyst features,
number of analytical experiments conducted on the
synthesized composite. The morphology and elemental
composition investigation of the ZSM-5/TiO,-Ag was
done using SEM — EDX (Quanta 200 FEI America).
Results showed the existence of both silver and titanium
in Ag/TiO2 nanocomposite.

Figure (1) shows the X-ray diffraction patterns of Fe-
ZSM-5/TiO,-Ag recorded on the Philips, PW1730
(Netherland) diffraction system with Cu Ko radiation
source at 40 kV and 40 mA. The peaks at 25.09- 37.65-
48.02- 53.89- 55.07- 62.38- 68.07- 70.07-75 are in
agreement with JCPDS (no. 21-1272). Additionally, the
peaks located at 38.01- 44.26- 64.02- 77.36 belongs to
the Ag/TiO, photo catalyst having conformity with
JCPDS (no. 04-0783).

1000
—TiO2
800 | ——Z5M-5
——Fe-ZSM-5
2 60 4 Fe-ZSM-5/Ti02-Ag
w
5
£ 400 |
200 -
O il
0 20 40 60 80
(26)

Figure 1. XRD spectrum of pure TiO2 and
ZSM-5/TiO2-Ag

The pre-test experiments on pure TiO, and Fe-ZSM-
5/TiO2-Ag had shown that metal doped catalyst had
higher photo catalytic activity than the pure TiO; to
decontaminate  wastewater. Then, the proposed
experiments of software were conducted by adding 1 liter
of the real petrochemical wastewater to the reactor and
adjusting the primary operational treatment condition
including the amount of photo catalyst dosage, pH of
influent wastewater and contact time. The figures (2 a-c)
are presented to show the photo reactor performance with
respect to single and interactive variables effect.

coD

COD
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Figure 2. a: interactive impact of pH & contact time, b:
interactive impact of contact time and catalyst dosage, c:
interactive impact of pH & catalyst dosage

4. Conclusion

In this study, the synthesis of Ag/TiO. catalyst was
successfully conducted and immobilized on the zeolite.
The effects of main parameters containing pollutant
concentration, photocatalyst concentration, pH, reaction
time, radiation wavelength and different photocatalysts
were performed in a batch pilot. The uniformity of the
nanoparticles was also revealed in the SEM images,
showing that the Ti and silver particles were well on the
surface of the Fe-ZSM-5 zeolite. The results show that at
pH=5 and the photocatalyst dosage of Fe-ZSM-5@TiO,-
Ag equal to 2 g/L under UV-A irradiation at 54 watts and
240 min contact time the best COD removal performance
equal to 83% were achieved. The immobilization of Fe-
ZSM-5 zeolite increases the removal efficiency of
organic matter in aqueous medium. The synthetic
photocatalyst can be used up to 5 times without reducing
performance.
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Treatment of Petroleum Wastewater Using
Fe-ZSM-5@TiO2/Ag Nano Photocatalyst
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1- Introduction

Petroleum wastewater contains a wide range of hard
biodegradable pollutants that are not treated by
conventional treatment methods. Recently, plenty of
research focus on assessing different ways of industrial
discharge treatment. This attention is largely due to the
huge water consumption of the majority of industrial
factories as well as generating more complex wastewater
than domestic one. Among industries, petrochemical
wastewater largely contains different kind of organic
persistent matter like hydrocarbons, various aromatic
compounds and phenol. The criteria of these compounds
categorize them as a non-biodegradable and toxic for
receiving aquatic ecosystem. Harmful effects of these
pollutants on the environment require the use of high-
efficiency and low-cost processes.

Photocatalytic process is one of the advanced oxidation
processes (AOP) that is used to decompose stable organic
matter in petrochemical wastewater. In order to become
practical in large scale, it should be enabled to adsorb
extending wavelength light such as sun light. To
overcome this issue, plenty of strategies have been
examined and published in research papers.
Photocatalytic performance of specific nanomaterial
relies on the grain size, morphology, optical property and
so on. The huge efforts have been made to either reduce
recombination rate of e/h* or increase visible region
efficiency of TiO,. For this purpose, modifying the
surface of nanoparticles with other semiconductors such
as graphene and ZnO is recommended to improve
electron transfer. Nevertheless, literatures suggest that
the contact of noble metals like Au, Pt, Pd and Ag as a
doping materials with semiconductors could obviously
promote decontamination rate of numerous pollutants
from aqueous solution. Noble metal deposition on the
surface of TiO; increase the available active sites for
adsorption properties improvement and charge transfer to
increase electron-hole generation for much effective
interaction with organic matters. Among noble metals,
silver is relatively cheaper and stable than the rest of
noble metal mentioned, above.

Catalyst Immobilization on the particular media has
been growing. This trend is largely owing to that in the
slurry method, the separation of suspended catalyst in the
aqueous solution is just possible through either filtration
or taking time to be settled. These drawbacks make
researchers to consider fixing catalyst on the particular
media. In this way, a huge number of researches have
been focused on either moving media such as glass plate,
or immobilized media like concrete surface.

In this study, the photocatalytic degradation of organic
pollutants in the petroleum wastewater were investigated
using Fe-ZSM-5@TiO2/Ag synthetic nano-
photocatalyst.

2. Material and Methods

The real wastewater was withdrawn from the
petrochemical treatment plant located in the west of Iran.
The wastewater was immediately transported to the lab
and then, kept in refrigerator to maintain its temperature
at 4°C to prevent further biological decomposition. The
raw petrochemical wastewater analysis was conducted
and the results are reported in table 1.

Table 1 Characteristics of petroleum wastewater.

Parameter Value
pH 7
COoD 4150 mg/L
TBOD 3725 mg/L
TS 2216 mg/L
TDS 2101 mg/L
TSS 115 mg/L
FSS 87 mg/L
VSS 28 mg/L
Density 0.832
Turbidity 110 NTU

The reactor of the photocatalytic process consists of
two UV-A lamps provided in the outside of the reactor.
An aeration pump with the power of 2 I/min placed in the
bottom of the reactor. The aluminum foil was used for
covering the entire reactor to ensure UV emitted to the
sample and safety considerations. Before the required
volume of the wastewater injected into the reactor, the
wastewater barrel was shaken to feed the reactor with
homogenous wastewater. Then, after the pH adjustment,
the UV-A lamps switch on and at the specific time
intervals the COD measurement was conducted. The rate
of organic matter photo degradation at the outlet of the
reactor was monitored through COD test according to
colorimetric method (5220-D). In addition, the pH value
was also recorded by HACH portable probe. All required
chemicals containing TiO, silver nitrate, sodium
hydroxide, hydrochloric acid, dichromate potassium,
silver sulfate, for pH adjustment, COD measurement and
catalyst synthesis were prepared from Merck.

Synthesis of nano photocatalyst was done by
immobilizing iron on zeolite to improve ZSM-5 structure
and then TiO, and Ag coated to reduce the band gap
energy. Physical and chemical properties of the materials
determined by XRD, SEM, FT-IR and BET analyzes.
TiO2 in the anatase phase was shown using XRD
analysis. The uniformity of the nanoparticles was also
revealed in the SEM images, which showed that the TiO-
and Ag particles were well located on the surface of Fe-
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Step 1: Randomly initialize the location of the Fruit-Fly
swarm.

Step 2: Each individual searches for food in a random
direction and distance around the swarm
location using osphresis to generate a new
population.

Step 3: Evaluate all the new individuals.

Step 4: ldentify the best Fruit-Fly with the maximum
smell concentration value (i.e., the best
objective), and then the Fruit-Fly group flies
towards the best location utilizing vision.

Step 5: End the algorithm if the maximum number of
iterations is reached; otherwise, go back to Step
2.

2.3. Analysis. The aim of this study was to use the new
meta-heuristic algorithms of GWO and FFOA to
indirectly estimate uniaxial compressive strength. To
achieve this goal, data from 124 granite rock samples
from the Selangor freshwater transfer tunnel project in
Malaysia, including the results of point load index (Is
(50)), Schmidt hammer return values (Rn), wave velocity
p (Vp) (As input parameters) and uniaxial compressive
strength (as output parameter) were used. To evaluate
and validate the models obtained by intelligent
algorithms, the indices of square correlation coefficient
(R?), variance inclusion (VAF), mean absolute error
percentage (MAPE), root mean square error (RMSE),
and mean square error (MSE) were used. According to
the results obtained in this paper as well as the validation
of the models, the predicted values of uniaxial
compressive strength by the new metamorphosis
algorithms of GWO and FFOA are very close to the real
values of the region, indicating the low error of the
models in indirect estimation of the uniaxial compressive
strength.

3. Conclusion

After creating the models (prediction relationships) using
coding in MATLAB software, in order to validate this
model, the indices of R?, VAF, MAPE, RMSE, and MSE
were used for each of the algorithms, training, and test
data. The validation results showed that the prediction
relationships made by the meta-heuristic algorithms of
GWO and FFOA with the actual values obtained are very
close and have high accuracy. After validating the model,
@Risk software was used to evaluate the sensitivity
analysis. The results showed that the Rn parameter will
have the greatest effect on uniaxial compressive strength
compared to other parameters. Finally, it can be
reliability method, with a linear approximation of the
limit state surface, does not make accurate predictions.
As the Monte Carlo simulation requires a large amount
of random data (n=280000) and replication of the
simulation to reduce the changes in the probability of
failure and to achieve a high-precision answer, for the
present problem the second order method at a much
lower computational cost is an alternative.
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1. Introduction

The uniaxial compressive strength (UCS) of rock is very
important parameter for rock classification and the
design of structures either upon or inside rocks. In
addition, this parameter is essential for judgment about
their suitability for various construction purposes.
However, determining UCS of a rock material is time
consuming and expensive and involves destructive tests.
Therefore, indirect test is often used to predict the UCS.
Many researchers have attempted to find alternative and
indirect methods for estimating UCS using different
methods.

Although previous efforts are valuable, in many
cases, the aforementioned empirical models are not
capable of distinguishing the sophisticated structures
involved in dataset. These reasons have been the main
causes of the interest to better find out the interaction
between UCS and input parameters and to propose a
more precise and sure models for the estimation of the
UCS. For doing the purpose, using developed methods
such as meta-heuristic algorithms, which can
successfully model the behavior of linear and nonlinear
involved in data, is useful. In this study, the application
of meta-heuristic algorithms for data analysis named gray
wolf (GWO) and fruit fly algorithm (FFOA) to estimate
UCS of rocks is demonstrated. In these models, point
load index (Is (50)), Schmidt hammer return values (Rn),
wave velocity p (Vp) are utilized as the input parameters,
while UCS of rocks is the output parameter. The
estimation abilities offered using meta-heuristic
algorithms are presented by using experimental data
given in open source literatures.

2. Analysis and results

2.1. Gray wolf algorithm. The GWO is a new bio-
inspired heuristic optimization algorithm that imitates the
way wolves search for food and survive by avoiding their
enemies. This algorithm divides the population into four
groups: delta, omega, beta, and alpha. In addition, the
three hunting stages are simulated: attacking prey,
looking for prey, and encircling prey. The GWO
algorithm needs a parameter number to be set, which
includes initialize alpha, the stopping criteria, the sites
selected number for neighborhood search, the search
agents number, delta, the maximum iterations number,
and beta. Figure 1 depicts the GWOQ's pseudo code.

Initialize the grey wolf population X; (i =1, 2, ..., n)
Initialize a, A, and C
Calculate the fitness of each search agent
X,=the best search agent
Xy=the second best search agent
Xs=the third best search agent
while (t < Max number of iterations)
for each search agent
Update the position of the current search agent
end for
Update a, A, and C
Calculate the fitness of all search agents
Update X, Xy, and X;;
t=t+1
end while
return X,

Figure 1. Pseudo code of the GWO algorithm

2.2. Fruit fly algorithm. An approach to solve the FFOA
is an intelligent search algorithms based on foraging
behaviors of the Fruit-Fly, Drosophila. The FFOA has
immense potential to deal with the variety of complex
optimization problems. These processes are Smell and
Sensitive Vision. Through Smell process, Fruit-Fly
smells the food source available in the surrounding by
osphresis organ, which is a function of stochastic in
nature, and flies towards the corresponding location. The
perception of fruit flies is better than other species, and
fruit flies can smell food sources 40km away. They also
possess extremely strong perception and search ability
for various smells in the air, and they can find food and
companies with keen vision near the food, so as to fly to
the destination smoothly. With favorable group
intelligence, FFOA is widely applied to various fields,
especially on function optimization, neural network,
support vector regression parameter optimization,
financial management, and early warning of enterprise
risks. Of course, as FFOA is a newly proposed algorithm,
theories about it are still in exploration, and its
application fields need to be further promoted. Figure 2
shows the procedure of a Fruit-Fly group’s food finding
behavior.

(00) &

Figure 2. Group iterative foraging process of Fruit-Fly
The procedure of the original FFOA is given below.
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There are two boundary layers of turbulence in the
theory of the boundary layer of flow in open channels. In
the turbulent inner boundary layer, the velocity profile
follows the law of the wall and is expressed by Equation
1 as following:

Y _Lindyss, 0
U & K

Shear velocity is used to analyze the velocity profile
theory. In this study, the Boundary characteristics
method, which was first proposed by Afzali Mehr and
Anctil (2000) for gravel-bed rivers, was used.

The purpose of estimating flow resistance in this

study is to investigate the relationship between flow
resistance with emphasis on Manning, Chezi, Darcy-
Weisbach coefficient and Drag coefficient and geometric
dimensions of flexible submerged vegetation patches in
the presence of 3D bedforms in a gravel-bed river. Most
studies on flow resistance under artificial vegetation
conditions have been performed in the laboratory and the
effect of natural vegetation has been less studied.
The primary physical parameter affecting the flow
resistance is the Blockage Factor (BF) which is defined
as the ratio of the front area of the vegetation patches
perpendicular to the flow direction to the flow cross-
sectional area.

In this study, the relationship between Drag,
Manning, Chezi and Darcy—Weisbach coefficients as
Resistance Coefficients (RC) with BF has a correlation
coefficient greater than 0.8 with the power equation in
the form of Equation 2 as following:

RC =mexp(nBF) R*>0.8 (2)

3. Conclusion

In this study, the velocity profile in different sections of
a gravel-bed river in the presence of 3D bedforms and
irregular distribution of natural submerged vegetation
patches was studied. Moreover, power equations were
also proposed as a function of Blockage Factor to
estimate the flow resistance.

The results of this research suggest that the presence
of submerged vegetation patches on the 3D bedforms can
significantly change the wvelocity global distribution
terms including flow velocity, shear velocity, Von
Karman constant which results in different estimations of
flow resistance.

Von Karman constant is changed by vegetation and
3D bedforms, though it cannot be considered equal to 0.4.
The value of Von Karman constant in this study ranged
from 0.18 to 0.39. Accordingly, the presence of 3D
bedforms and irregular distribution of natural submerged
vegetation patches reduces this amount in the gravel-bed
river.

The relationship between flow resistance coefficient

and the Blockage Factor was calculated with a correlation
coefficient of 0.8 by the power equation. This nonlinear
relationship can be due to the presence of 3D bedform,
irregular distribution of natural submerged vegetation
patches, and non-uniformity of bed particles (uniformity
coefficient greater than four around the vegetation
patches) in the bed river.
Chezi coefficient with a relatively high correlation
coefficient compared with other resistance coefficients
can be a good representative of the flow resistance in this
gravel-bed river.
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1. Introduction

The interaction of river flow and vegetation is very
complicated and influenced by various environmental
and hydraulic factors such as vegetation characteristics,
water temperature, average flow velocity, turbulence,
river morphology, bed particle distribution, and river
bedforms.

The extensive investigation of the interaction of river

flow and vegetation distribution is of considerable
importance for river engineering projects.
Recent years have seen an enormous growth of interest
in the role of vegetation in sediment transport, water
pollution, aquatic habitat and environmental factors.
Moreover, a review of flow resistance studies in recent
decades of vegetated channels shows that there are many
theoretical and conceptual approaches in this regard.

There is a general view that resistance coefficients
such as Manning coefficient, Chezi coefficient, and
Darcy-Weisbach coefficient depend upon the number of
factors such as hydraulic parameters (Reynolds Number,
Froud Number and relative depth), bed materials (particle
diameter), bedforms, channel geometry, and the
dimension of vegetation patches. The quantification of
these parameters has been less studied in river
engineering subjects. On the other hand, the effect of
vegetation patches on flow structure in the presence of
3D pool riffle bedforms in gravel-bed rivers is not still
transparently obvious and the depth of validity of
logarithmic law, Von Karman constant changes, and
estimation of flow resistance have been less considered.
This study was intended to examine the characteristics of
velocity profile in the presence of 3D pool riffle
bedforms with irregular vegetation patches in a gravel-
bed river and to present a semi-analytical relationship of
flow resistance.

2. Study area and measurements

The data were collected in four different sections of
Padena Marbor River in the south of Isfahan province in
summer 2020. The first, second and third sections include
the bedforms of large-scale pool and riffle. The first
section does not have any vegetation patches in the bed
and the second and third sections include vegetation

patches in the bed on the right and left of the river,
respectively. Figure 1 shows the selected sections for
collecting data (A-section, B-section, C-section and D-
section) in the Marber Padena River. Moreover, a total
station for topographic surveying was used.

o

Figure 1. Data gathering in PadenaMarbor RiVer. A: first
section, B: second section, C: third section, and D: fourth
section

Bed grading was performed by Wolman method.
Flow velocity was measured by Micro Current Meter
(MCM) with an accuracy of 0.1 m/s to plot the velocity
profile. The measurement time was 30 seconds. In order
to increase the accuracy of the experiments, three
repetitions were performed at each point. A total of 39
velocity profiles were drawn in the various points of
every section.

The predominant flexible submerged vegetation
patches are Algae that grow on the riverbed. The Algae
can be found abundantly in the Marber Padena river bed
that is show in Figure 2. Algae are defined as a group of
predominantly aquatic, photosynthetic, and nucleus-
bearing organisms that lack the true roots, stems, leaves,
and specialized multicellular reproductive structures of
plants.

Figure 1. Algae in the Padena Marbor River bed
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Figure 1. Qualified mixtures in terms of durability

The cost of pavement construction is model based on
pavement thicknesses (calculated based on different
materials properties and level of traffic loads), and some
field assumptions (i.e. transport distance, etc.) according
to Iran price list code for the road, railway, and airport
runway and presented in equation 3.

Costs = 34267.74 + 1.098 * RAP? — 201.00
* Rap + 33.793 = RAP
* Cement — 1078.61
* Cement + 191.454 * ESALs

®)
As shown in Equation 4, the minimum answer for the cost
model is solved subject to the present conditions.

Costs = 34267.74 + 1.098 * RAP? — 201.00
* Rap + 33.793 * RAP
* Cement — 1078.61
* Cement + 191.454
* ESALs

TSR = 47.49 — 1.116 * Cement? + 0.0033
* Rap? + 13.029 = Cement
—0.769 = RAP + 0.061
* RAP * Cement
100 = TSR = 50
3<Cement<7 (4)
0<RAP<80
10E6<ESALs<50E6

In this regard, the minimum acceptable TSR is 70 and
the maximum is 100. In addition, other added conditions
are the limits of changes in RAP materials, cement, and
loading. In this study, Excel Solver was used to optimize
the cost Equation. In order to extract all possible answers,
the range of TSR was considered larger than the
recommended limits (100>TSR>70). The minimum cost
of the pavement construction based on TSR range 50 <=
TSR <= 100, is shown in Table 1.

Table 1. Minimum cost model response

TSR | RAP | Cement cost
55 | 51.93 3 30,734.21
60 |38.93| 3.14 | 30,767.75
65 |34.33| 3.60 | 30,869.88
70 | 29.60 | 4.15 | 30,869.07
75 2489 | 493 | 30,687.91
80 | 1588 | 6.27 | 29,868.37
85 0 6.51 | 29,151.53

In this case, there is no optimal point cost for TSR
smaller than 55 and larger than 85 functions. According
to Table 1, by reducing the TSR limit, more RAP and less
cement can be used for the construction of pavement
layers with cement stabilized base layer containing RAP.
It should be noted that the trend of changes in the
minimum response of the cost model is not linear and has
a maximum with a quadratic power at TSR = 65.

4. Conclusion
The results of this study can be used in the design of
durable and economical pavement structures Contains a
stabilized base with cement and various amounts of RAP.
In this regard the main result is presented below:

The optimum cost, which is a function of the loading
level, was obtained in the amount of 29.6% of RAP,
4.16% of cement, and in the minimum loading level.
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1. Introduction

One of the most important issues for road engineers is
finding the proper properties for the stabilized layer
containing reclaimed asphalt pavement (RAP) in the
process of pavement structural design. Finding the
optimum answer for the pavement layers thickness
design treated by different binders (cement, bitumen, or
emulsion) with or without RAP materials is the important
step in pavement economical design. To have the most
economical performance in process of pavement design,
choosing the right percentage of RAP and different
binders in the mixture for soil treatment are two critical
points that should be considered. First, will decrease the
cost of implementing while the second will increase the
structural strength that will help to decrease the thickness
of the pavement layers.

One of the most important applications of RAP is its
use in the base layer, which can significantly reduce the
use of natural materials amounts, the price of materials
used, their transport fee. In addition, due to the thin layer
of bitumen around RAP, the internal bonding with
natural aggregates occurs and increases the structural
performance of stabilized layer that helps to decrease the
layer thickness.

Strength characteristics of cement-stabilized base
layer are the effective factors in pavement thickness
design layers. The compressive and tensile strength of
the mixtures are the most common when strength
characteristics are considered. In addition the structural
performance, the mixture should be satisfied the
durability threshold.

The allowable range of unconfined compressive
strength between 300 and 500 psi has been proposed
among different authorities. A maximum of 500 psi has
been set to control the rigidity of the stabilized layer,
prevent cracking in the stabilized layer and reduce the
risk of reflective cracking in the surface layer.

According to the Institute for Asphalt Recycling and
Reclaiming Association (ARRA), the minimum TSR for
cold recycled asphalt mixtures (CRAM) should be 0.70,
however, it may be reduced to 0.60. ARRA also stated
that the minimum of the indirect tensile strength (ITS) for
CRAM at 25 °C should be 310 KPa.

According to previous studies, the allowable
threshold for unconfined compressive strength is
considered as an acceptance criterion in pavement
structural design. The point to be noted here is the limited
studies that examine the issue of durability and its impact

on the mixing design and determine the optimal amount
of RAP and cement binder when the stabilized layer is
considered. The innovation of this research is
determining the percentage of RAP and optimal cement
binder in the cement-stabilized base mixtures under a
wide range of traffic loading, taking into account the two
perspectives of durability and whole pavement
construction cost simultaneously.

2. Experimental program

In this research, compressive and tensile strength was
obtained in different percentages of RAP, including 0%,
40%, 60%, and 80%, and indifferent percentages of
cement, including 3%, 5%, and 7%. The structural design
of the pavement was further determined under 10, 20, 35,
and 50 million ESALs. By establishing the relationship
between the percentages of RAP, percentage of cement,
and moisture sensitivity index (TSR) as an effective
parameter in durability, and the cost of paving at different
loads, a simultaneous cost-durability equation of
pavement was formed. Finally, based on the optimization
technique, the optimal percentage of RAP and cement for
achieving the expected durability (TSR = 70) was
determined.

3. Results and discussion
Based on the results of the laboratory phase, a suitable
relationship between the unconfined compressive
strength of cement stabilized base containing the RAP
can be obtained related to these two variations as
presented in equation (1).

UCS = 4.350 — 0.062 * Rap + 0.583 * Cement
1)
Using equation (1) and the relationship presented by
Van Teel equation, the resilience modulus and the layers
structural coefficients related to the cement-stabilized
base containing different amounts of RAP, can be
calculated, and finally, the thickness design under
different loading levels achieved.
Considering the results of indirect tensile strength tests in
dry and wet conditions and determining the TSR
parameter, the durability equation can be obtained as
described in equation (2).

TSR = 47.49 — 1.116 * Cement? + 0.0033
* Rap? + 13.029 * Cement
—0.769 * RAP + 0.061 * RAP
* Cement
)

In the above equation, TSR is defined as a durability
criterion (i.e., 70), "Cement" is the percentage of cement
in the stabilized mixture and, "Rap" is the percentage of
RAP.

Considering the durability threshold equal to TSR=70
and plotting the durability number of different mixtures
in Figure 1, only the codes R3, R5, R7, R407, R405,
R607, R607, and R807 meet the durability criteria.
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P].Damaged’ [;Undamaged,
damage identification,

improves the accuracy of

Damaged

_ Damaged J
RWE = — Z 13 Ln(PUndamaged) (6)
j j

For an undamaged structure, the wavelet energy for
damaged will be equal to undamaged condition,

}}D amaged _ P].U”d“mag“’d . Therefore, the RWE value

will be zero, but a damage will change the response
signal, and as a result, the RWE value will increase. The
computational algorithm is displayed in Table 1.

3. Conclusion
In this study, a method for identifying damages based on
discrete wavelet entropy was proposed and evaluated. In
order to show efficiency of the introduced damage index
for this wavelet, efficiency of the proposed algorithm in
the 3D construct model was explored. Then, the
possibility of using this algorithm in some damage
scenarios were investigated and damages were correctly
identified.

The results of using this identification method can be
summarized as follows:

1. The proposed algorithm and the indicator have ability
to accurately identify location of damage;

2. In each individual and multiple samples of damage, all
damaged degrees can be successfully identified in
each damage scenarios;

3. The proposed entropy index in healthy freedom
degrees is not affected by damage in adjacent
freedom degrees, but changes can be a good guide to
the next stages of evaluation.

It should be noted that one of the advantages of
discrete wavelet conversion is less computational effort
than Fast Fourier Transform (FFT). Furthermore,
applying the concept of wavelet entropy in discrete
wavelet transforming process will improve the accuracy
of damage detection process. These capabilities have a
very effective role in practical process of damage
assessment in a structure.

Tablel. Computational algorithm

Start

Extract node Acceleration for damaged and
undamaged structures

Repetition of this loop for undamaged structure
and damaged structure

— | Loop repetition for all acceleration in the
examined degrees of freedom

Start Damage ldentification

Loop repetition on the scale
examined for nscales 1, 2, ..., n

— | Calculation of  vector
components A,

Calculation of  vector
components D1 Dy,..., Dy

Calculation  of  energy
functions E1 E»..., En

Calculation of total energy
function Eqo

Calculation  of  energy
ratioP1,P»,..., pn

Calculation of damage
function in all degrees RWE

Identify maximum damage functions
in-checked degrees of freedom and detect
damaged degrees of freedom

the end
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1. Introduction

Identification of infrastructure damages in early stages is
one of the most fundamental requirements in the
maintenance process. In order to identify damages in the
process of Structural Health Monitoring, numerous
methods have been developed, including Neural Network
(NN) Damage Identification Techniques, Time Series
Damage lIdentification Techniques, Frequency Response
Damage Identification Techniques, Force Spectrum
Density Damage ldentification Techniques, and Wavelet
Damage Identification Techniques.

In this study, damage detecting method in the
structure is proposed based on the concept of wavelet
entropy, using discrete wavelet data analysis. Then, the
proposed method for identifying damaged points in
seismic analysis process of 3D structure was evaluated.

2. Discrete relative wavelet entropy in damage
identification

Complex signals analysis by an acceptable rate is one of
the discrete wavelets transform properties. In order to
utilize discrete wavelet transform properties, it is
necessary to increase the accuracy of identification
function leading to an increase in the quality of damage
detection. In discrete wavelet transform, the input signal
is analyzed by considering the mother wavelet function,
while input signal is decomposed to low frequency
LF (k) and high frequency HF (k) signals, using low and
high frequency filters. These filters are designed to
extract data in the predefined range to precisely control
the process at different scales.

w2 =2 Z HF (Wi (2t — k) ; 1)
k=—c
YE =2 Z LF(R)Wi2t — k) ; )
k=—c

By applying n discrete wavelet scale, discrete wavelet
coefficient signal is calculated for the last approximation
(An) and other subgroups (D;;i =n,n—1,...,1). Each
of these scales can be considered a separate subgroup of
different lengths. The result structure is presented in
Figure 1 for the scale 3.

Figure 1. The computational structure of discrete wavelet
transfer

When the main vibration signal is defined by L
components, A, composed of zinand (D;i=nn-—

1,...,1) composed of % components. The vector of
discretized wave components can be arranged as a matrix
of scaled subgroups, respectively, increasing the
frequencies as Cj; = [Ay, Dy, Dy_4, ..., D;] for the scale
n. Each of the C;; components vectors has k arrays.

The signal energy for each subgroup, shown with Ej,
is defined as squares of the components summation. It
can be calculated for the entire length of the subgroups.
This energy can be written as follows for the k
components,

E=5]=1) 14,02, ) |0,(0[] o)
k k

and total energy of wavelet shown by E;,, defined as
the summation of the energy vector components,

Eroe = ) 14n(0)1 +i2|n,-(k>|2 @
k i=1 k

The wavelet energy ratio for the j subgroup,
represented by P; , can be defined as equation (5).

E:
P = J
g EtOt

j=12,...n (5)

where P; is the wavelet energy percentage for the j
subgroup. The distribution of Py, P,,..., Py values is
somewhat similar to an energy probability distribution,
meaning that the summation of values is equal to one.

It can be shown that using wavelet entropy ratio,
equation (6), for damaged and undamaged structure,
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