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hand calcium oxide, in three di�erent curing times of 7,
14 and 28 days was tested for uncon�ned compressive
strength. The results indicate that samples containing
0.05%, 0.1%, and 0.2% aluminum oxide nanoparticles af-
ter 28 days of curing experienced a 24.92%, 46.78%, and
43.28% increase in strength, respectively, compared to
the control sample. Similarly, the increase in strength for
samples with calcium oxide nanoparticles was 18.73%,
40.43%, and 36.72%, respectively. According to the �nd-
ings, the curing time did not signi�cantly a�ect strength
improvement, and the optimum percentage for both types
of nanoparticles was determined to be 0.1%. Further
analysis of stress-strain curves revealed that samples with
aluminum oxide nanoparticles exhibited a more brittle
behavior compared to those with calcium oxide nanopar-
ticles. Subsequently, the samples were analyzed for mi-
crostructural investigations using Field Emission Scan-
ning Electron Microscopy (FESEM). The microstruc-
tural examinations demonstrated better compactness
among the treated samples, indicating improved mi-
crostructural characteristics in the nanoparticle-amended
soils.

Key Words: Soil improvement, nanotechnology, cal-
cium oxide, aluminum oxide, uncon�ned compressive
strength.
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Abstract
Soil pollution by oil and its derivatives is a highly con-
troversial environmental problem that also causes geo-
logical and geotechnical harm. The e�ect of oil pollutant
type on geotechnical characteristics, especially soil com-
pressibility, is an interesting topic neglected in previous
studies, which needs further investigation. The research
results on this topic can be used in the compressibility
analysis of structures built on soils likely to be contami-
nated with oil pollutants. Using a one-dimensional con-
solidation test, this study evaluated the compressibility
properties of clayey sand contaminated with 3, 6, and
9% (dry weight of the soil) of four oil pollutants: used
motor oil, crude oil, diesel, and kerosene. Scanning elec-
tron microscopy (SEM) was also employed to assess the
microstructural interaction between the soil and the four
oil pollutants. In addition to the low dielectric constant
of oil pollutants, their high viscosity played a crucial
role in altering the compressibility properties of clayey
sand. The SEM micrographs con�rmed that oil pollu-
tants change the soil structure into a occulated but dis-
persed one. The higher the viscosity of the oil pollutant,
the larger the formed clots. Besides increasing the pore
space between particles and facilitating water movement
by covering the soil particles, oil pollutants reduced the
soil's speci�c surface area (SSA) and water absorption
by the soil particles. This caused the water to drain
faster, ultimately increasing the compaction coe�cient
(CC), consolidation settlement, consolidation coe�cient
(CV ), and permeability coe�cient (k). The higher the
viscosity of the oil contaminant, the higher the surface
energy at the oil-water interface, which decreases water
drainage. The highest compressibility belonged to the
samples contaminated with kerosene, followed by those
infected with diesel, crude oil, and used motor oil. Thus,
special attention should be paid to settling clayey sand
contaminated with kerosene in geotechnical plans.

Key Words: Oil-polluted soil, compressibility proper-
ties, viscosity, clayey sand.
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h Key Words: Hybrid optimization vehicle routing-
scheduling, vehicle routing problem, time window, cat swarm
optimization, genetic algorithm.
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Abstract
The use of FRP composites as an e�ective method for
strengthening reinforced concrete structures has been a
subject of research due to its numerous bene�ts. A com-
mon failure mode in the application of these compos-
ites is the debonding of the FRP sheet from the con-
crete surface, which can sometimes reduce the capacity
of these composites to as low as 10% of their total ca-
pacity. As a result, researchers have begun to prestress
the FRP sheets and strengthen them with prestressed
FRP to optimize the e�ciency of these materials. A
crucial aspect in the strengthening of a reinforced con-
crete member with an FRP sheet is the examination
of the connection behavior between the FRP sheet and
concrete. The signi�cance of this issue has led to ded-
icated research and experimentation in this �eld. In
this study, a prestress-lab shear test was employed for
the �rst time to investigate the bond behavior of pre-
stressed FRP composites-to-concrete joints. Addition-
ally, the particle image velocimetry (PIV) method was
used for result analysis. To verify the e�ectiveness of this
method, eight tests were conducted on prism specimens
measuring150�150�350 mm. The strengthening meth-
ods of the specimens involved the use of external bonded
reinforcement (EBR) and external bonded reinforcement
on grooves (EBROG) methods. Furthermore, the spec-
imens were prestressed at di�erent levels, including 0%,

20%, and 30% of the ultimate strain of FRP composites.
This study examined the specimens in terms of bond
strength capacity, failure mode, and stress and strain
distribution on the joint surface. The results showed
that prestressing increased the bond strength by 70% in
the EBR method. Moreover, the bond strength of the
EBROG specimen with 20% prestressing increased by
123% compared to the control specimen. These �ndings
indicate that prestressing using the EBROG method is a
viable technique for enhancing the performance of FRP-
to-concrete joints.

Key Words: Lap shear test-prestressed bond, pre-
stressed FRP composites, bond behavior, externally bonded
reinforcement, externally bonded reinforcement on grooves.
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Abstract
The �eld of nanotechnology encompasses all technologies
that operate on a nanoscale, typically ranging from 1 to
100 nanometers. Nano-particles are the most commonly
used materials in this technology. Given the provided
de�nition of nanotechnology, there is a growing inter-
est in exploring its applications in the �eld of geotech-
nical engineering. Recently, numerous researchers have
directed their e�orts toward discovering these applica-
tions. This intense interest stems from the unique prop-
erties of these particles and their potential to enhance
the mechanical and structural characteristics of soil. This
article explores the impact of di�erent percentages of
calcium oxide and aluminum oxide nanoparticles on the
compressive strength of clayey sandy soil with a con-
stant clay content. To achieve this, clayey sandy soil
comprising 80% sand and 20% clay, after being treated
with varying percentages (0.05%, 0.1%, and 0.2% by dry
soil weight) of nanoparticles, including aluminum oxide
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hAbstract
This paper presents a formulation of the attenuated
orthotropic time-domain half-space boundary element
method for analyzing the orthotropic e�ect of under-
ground inclusions subjected to transient SH-waves. The
stress-free boundary condition at the ground surface is
satis�ed using wave source image theory. To account
for material damping, the Barkan approach is employed
to attenuate the half-space by introducing a constant
logarithmic reduction into the modi�ed boundary inte-
gral equation. This method is easily implemented in a
time-domain computer code for analyzing seismic homo-
geneous orthotropic mediums. To model underground
inclusions, a sub-structuring approach is introduced to
ensure continuity conditions at interfaces based on node
position and normal direction. Several practical exam-
ples involving SH-waves are solved and compared with
existing literature to validate surface response, partic-
ularly focusing on isotropic convergence. A favorable
agreement is found between responses, con�rming the
capability of the proposed method for simple model-
ing of orthotropic subsurface features. Finally, in the
form of an advanced numerical study, the surface mo-
tions of orthotropic models, including an underground
inclusion embedded in a linear elastic half-space were
successfully obtained under transient SH-wave propaga-
tion. Utilizing the time-domain boundary element ap-
proach, a simple model was developed only by discretiz-
ing the boundaries/interfaces. To illustrate responses
in the time/frequency-domain, a comprehensive sensi-
tivity analysis is performed considering parameters such
as frequency, shape ratio, and isotropy factor, visualized
through snapshots, seismograms, and ampli�cation pat-
terns. Results demonstrate that orthotropic anisotropy
signi�cantly inuences seismic patterns of ground sur-
faces, highlighting the impact of mentioned parameter
variations.

Key Words: Computational seismology, earthquake
ground motions, seismic anisotropy, underground orthotropic
inclusion, wave scattering and di�raction.
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Abstract
E�cient transportation of goods is crucial for cost reduc-
tion, improved delivery time, and enhanced service qual-
ity. Advanced logistics systems analyze data to �nd the
most e�cient routes. This minimizes fuel consumption
and decreases transportation costs. The Vehicle Rout-
ing Problem with Time Window Constraints (VRPTW)
is a classic optimization problem in the �eld of oper-
ations research and logistics. It is a challenging op-
timization problem in logistics, classi�ed as NP-hard.
Hybrid approaches combine multiple optimization tech-
niques to improve the quality and e�ciency of solutions.
This paper presents a hybrid cat-swarming algorithm
that utilizes genetic operators to e�ectively address the
VRPTW problem. The goal is to determine the opti-
mal routes for the vehicles, considering both the vehicle
capacity constraints and the time window constraints
at each customer location. In this paper the objective
function of the algorithm aims to minimize both the
total distance traveled and the number of vehicles uti-
lized, ensuring e�cient and cost-e�ective routing. The
hybrid cat swarming algorithm proposed in this study
o�ers a novel approach to tackle the challenges posed
by the VRPTW problem. By integrating genetic op-
erators such as crossover and mutation, the algorithm
enhances performance and improves the quality of solu-
tions. Its primary objective of minimizing total distance
and vehicle usage guarantees e�cient and economically
viable routing strategies. To evaluate the e�ectiveness
of the algorithm, it was tested using a simulated dataset
of salmon samples as a benchmark. For samples com-
prising 50 customers, an improvement of up to 48 to 59
percent in previous response rates has been achieved.
For samples comprising 100 customers, optimal global
responses, as obtained from previous articles, have been
observed in several instances. The proposed algorithm
is suitable for transportation and logistics systems with
limited customers and leads to cost reduction, improved
delivery times, and increased service quality.
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h compared with the spectral values corresponding to the
constant-velocity mode. On the other hand, in the de-
celerating condition, the out-of-plane displacement and
bending moment spectra are respectively alleviated up
to 41.59 and 42.05 percent.

Key Words: Horizontally curved beam (HCB), mov-
ing mass, out -of-plane dynamic response, accelerat-
ing/decelerating motion, response spectra.
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Abstract
Predicting seismic damage spectra and capturing both
structural and earthquake features are crucial for the
design of new buildings and also for the resilience evalu-
ation of existing ones. The research objective of this arti-
cle is to accurately assess and predict the seismic damage
spectrum caused by earthquakes in Iran using gene ex-
pression programming. Gene expression programming is
a method for learning and optimization rooted in genetic
principles and molecular biology. For this purpose, a
single-degree-of-freedom nonlinear system is considered,
along with a collection of earthquake records from Iran,
for the exact computation of the damage spectrum. Sub-
sequently, a mathematical model is developed by apply-
ing gene expression programming and genetic program-
ming algorithms. The Park-Ang damage index is used
to compute the seismic damage or damage spectra level.
Both the structural characteristics and seismic proper-

ties are signi�cant factors in predicting the seismic dam-
age spectrum model. Finally, a simpli�ed equation has
been suggested for assessing the potential seismic dam-
age spectrum of the structures exposed to ground mo-
tions in Iran, capturing both structural and earthquake
features. This study demonstrates the signi�cant impact
of structural and seismic parameters on the seismic dam-
age spectrum, highlighting that an increase in the resis-
tance reduction factor correlates with a rise in damage
spectrum across structures of varying vibration periods.
The changes in the damage spectrum indicate that as
the ductility coe�cient increases, the spectral damage
decreases. The impact of the damping ratio on SDOF
systems in the damage spectrum demonstrates that an
increase in the damping ratio leads to an increase in the
damage spectrum. The e�ects of the post-yield sti�-
ness ratio in SDOF systems for the damage spectrum
showed that a higher sti�ness ratio results in the struc-
ture exhibiting less damage. The relationship between
the Park-Ang index constant and the damage spectrum
is such that an increase in the Park-Ang index constant
leads to a corresponding rise in the damage spectrum.
The inuence of soil type on the damage spectrum is
comparatively less signi�cant than the impacts of the
other parameters discussed.

Key Words: Seismic damage spectra, park-ang damage
index, gene expression programming (GEP), inelastic one-
degree-of-freedom system (SDOF), near �eld earthquake.
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Abstract
Today, groundwater plays an undeniable role in supply-
ing water for the communities. In recent years, the ex-
tensive use of chemical fertilizers and improper wastew-
ater treatment from industrial sites has led to several
environmental problems, such as an increase in the con-
centration of nitrate and sulfate in underground and sur-
face water. Nitrate and sulfate in water sources cannot
be easily separated due to their high solubility, so their
separation methods are costly. Although permeable re-
active barriers (PRBs) are one of the new methods used
for on-site treatment of water sources, the early satu-
ration of the substrate used is one of its disadvantages.
One of the methods used to solve this problem is the elec-
trokinetic (EK) process. The purpose of this research,
which was conducted on a laboratory scale, was to com-
bine the electrokinetic process and permeable reactive
barriers containing modi�ed activated carbon to simul-
taneously remove nitrate and sulfate from contaminated
water. This research used a glass reactor with dimen-
sions of 15*30*100 cm, and the space inside was divided
into several sections using a nylon �lter. Also, a layer
of sand was placed on the reactive substrate, and two
graphite electrodes were placed on top of the soil layer
and under the reactive substrate to create an electric
current and ensure migration conditions. The e�ect of
pH, nitrate, and sulfate initial concentration, activated
carbon to sand ratio, and the electrical gradient on the
performance of the process was investigated, and the op-
timal conditions for improving the system e�ciency were
determined using the OFAT classical method. Based on
the results of experiments, using an electrical gradient
of 1.5 V/cm in optimal conditions (initial nitrate con-
centration 200 mg/L, initial sulfate concentration 450
mg/L, inlet ow rate 3.3 ml/min, pH=7 and the ratio
of active carbon to sand 1:2) the adsorption capacity
increased by 83% for nitrate and 86% for sulfate. In
addition, under these conditions and by controlling the
concentration of nitrate and sulfate within standard per-
missible limits, the period of operation of the system
for nitrate increased from 40 hours to 100 hours and
for sulfate from 45 hours to 110 hours. According to
the results, the PRB-EK integrated process is a reliable
method for the simultaneous removal of sulfate and ni-
trate from groundwater.

Key Words: Permeable reactive barrier, electrokinetic,
activated carbon, nitrate, sulfate, water resources.
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Abstract
Horizontally curved beams (HCBs) are not only capa-
ble of meeting some architectural and aesthetic require-
ments but can also o�er structural advantages in many
engineering applications. Due to inherent complexities
existing in the treatment of the problems dealing with
dynamic actions on HCBs, the dynamic behavior of such
salient elements is not essentially well understood. There-
fore, to address the identi�ed gap concerning the motion-
type e�ects of a moving mass on the dynamics of HCBs,
the current study deals with assessing how the accelerat-
ing/decelerating conditions do contribute to the out-of-
plane response of HCBs under the excitation of a moving
mass. In this regard, the governing dynamic equations
are developed by taking care of the centripetal force,
Coriolis acceleration, and inertial actions of the mov-
ing mass. Employing the method of separation of vari-
ables and exercising sinusoidal modal functions, the dis-
cretized system of di�erential equations in the matrix
form are distilled and solved through the application of
standard numerical procedures. Spectral responses in
terms of the out-of-plane displacement and bending mo-
ment are then obtained for various inuential parame-
ters. The veracity of the results is also validated against
the available data addressed in the technical literature.
Through a comprehensive parametric study, the e�ect
of the key parameters, including the central subtended
angle and length of the HCB, as well as the mass, ini-
tial velocity, and increasing/decreasing acceleration of
the moving mass, is evaluated on the out-of-plane dis-
placement and bending moment of the supporting HCB.
The results of this study suggest that in the accelerating
mode, the out-of-plane displacement and bending mo-
ment spectra are magni�ed up to 18.11 and 27.53 percent
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h charge coe�cient compared to the Polynomial, Linear,
and Sigmoid kernels. The results of the correlation coef-
�cient (R), Root Mean Square Error (RMSE), mean per-
centage Relative Error (MRE%), and Kling Gupta E�-
ciency (KGE) in the test stage for the SVM model were
0.96, 0.018, 0.90, and 1.92%, respectively. The neigh-
bor coe�cient (K) results showed that in the K equal
2, the RMSE and MRE had a lower value and were
close to the experimental results. In addition, in the
KNN model, among distance criteria measures (Manhat-
tan, Euclidean, Euclidean Squared, and Chebychev), the
Manhattan criteria have a higher accuracy in predicting
the discharge coe�cient than the others. In the testing
phase, this model's results were 0.97, 0.016, 0.96, and
1.70%. In addition, the results for the GEP model were
0.98, 0.019, 0.85, and 2.28%, respectively. In the present
research, the ANN method is more accurate compared
to SVM, GEP, and KNN models, so, for the ANN model,
the KGE was in the very good range.

Key Words: Discharge measurement, discharge coe�-
cient, control structure, intelligent models, statistical indi-
cators.
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Abstract
In this paper, the elastic and inelastic responses of yield-
ing single-degree-of-freedom (SDOF) systems with bi-
linear hysteretic behavior subjected to pulse-type near-
fault ground motions are investigated. The evaluated
responses are the relative displacement and total ac-

celeration of the structure in the form of frequency re-
sponse functions. The analytical pulse model proposed
by Mavroeidis and Papageorgiou, whose input parame-

near-fault ground motions. A parametric study with six
dimensionless variables is performed to evaluate the fre-
quency response functions of SDOF structures. Out of
these six variables, two variables are related to the in-
put pulse excitation, another two variables are related
to the properties of the structure, and the last two in-
volve the ratio between the excitation and the struc-
ture; they are the number of pulses, the pulse phase
angle (shape), the damping ratio of the structure, the
post-yield sti�ness ratio of the structure, the excitation-
(pulse-) to-structure frequency ratio, and the ratio of
the excitation (pulse) amplitude to the yield strength
of the structure. The results reveal a notable similar-
ity in the frequency response functions of total acceler-
ation and relative displacement for linear elastic SDOF
structures. However, the characteristics of these two re-
sponses are completely di�erent when yielding occurs
in bilinear SDOF structures. Furthermore, the e�ect of
various parameters of the structure and the input pulse
on the structural responses di�ers depending on the lin-
ear or nonlinear behavior of the system. For example,
in a linear elastic structure, the maximum frequency re-
sponses of displacement and total acceleration always
increase with increasing the number of pulses; however,
in an elastic-perfectly plastic structure or in a bilinear
structure with a small post-yield sti�ness ratio, the max-
imum frequency response of total acceleration remains
almost constant regardless of the number of input pulses
when yielding occurs. For the displacement response,
the number of pulses that cause the maximum frequency
response di�ers at di�erent levels of nonlinear behavior.

Key Words: Pulse-type excitations, near-fault ground
motions, frequency response function, displacement, accel-
eration.
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Abstract
The use of sills with the gates leads to a reduction in the
height of the gate. The sills a�ect the ow and change
quantities, especially the discharge coe�cient. In the
present research, the discharge coe�cient of the sluice
gate is examined for the �rst presented theoretical rela-
tionship in a non-suppressed sill state to measure its per-
formance using soft computing methods. For the mod-
els, 70% of the data were used for the training and the
rest for the testing phases. The results of statistical in-
dicators showed that in all SVM, KNN, GEP, and ANN
models, the model with all input parameters was rec-
ognized as the superior model. In the SVM model, the
results of various kernels showed that the Radial Basis
Function kernel has better results in predicting the dis-
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