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h human losses and adverse economic, and social e�ects;
and recovery time.
This study aimed to elaborate and evaluate the robust-
ness component of seismic resilience for two types of
steel structures with a seismic-resistant frame character-
ized by panels equipped with a convergent chevron brac-
ing system. This system includes two con�gurations of
\Regular Chevron Bracing" and \Chevron and Inverse
Chevron Bracing" in two di�erent classes of low- and
mid-rise structures.
First, appropriate modeling was considered to evaluate
the inelastic behavior of plastic hinges in structural ele-
ments and then, near-�eld seismic records were selected
by considering the seismic directivity e�ects. Next, In-

cremental Dynamic Analysis (IDA) was carried out to
plot the respective curves that became the basis for the
preparation of seismic fragility curves. Finally, the nu-
merical values for the \Drop of Functionality" of the
structures were determined, and the robustness compo-
nent of the seismic resistance for structures under study
was evaluated.
A comparison of the obtained results showed the priv-
ileges of \Chevron and Inverse Chevron Bracing" and
\Regular Chevron Bracing" in low-rise and mid-rise struc-
tures, respectively, in terms of con�guration performance.

Key Words: Seismic resilience, incremental dynamic
analysis, fragility curves, convergent chevron bracing.

175



A
bs

tr
ac

ts
of

P
ap

er
s

in
E

ng
lis

hSTATIONS UNDER STRONG
SURFACE EXPLOSION (CASE
STUDY OF TEHRAN METRO
STATION)
R. Alibaf
ramin.alibaf@modares.ac.ir
A. Komak Panah(corresponding author)
a-panah@modares.ac.ir
Dept. of Civil and Environmental Engineering
Tarbiat Modares University
DOI:10.24200/J30.2021.55049.2698

Sharif Civil Engineering Journal
Volume 37, Issue 2.2, Page 149-158, Research Note

c
 Sharif University of Technology

� Received 10 February 2020; received in revised form 5 October
2020; accepted 15 November 2020.

Abstract
The increasing number of worldwide terrorist attacks in
recent years and danger of enemy air attacks highlights
the signi�cance of the secure design of urban structures
and explosion mechanics as the passive defense. Iran is
no exception from these external threats considering its
position in the Middle East.
Subway stations are considered as the safe and strategic
structures during terrorist operations since they provide
a safe route for the transfer of power and equipment.
Tunnel structures can be exposed to internal or exter-
nal explosions. The internal explosions are less likely
to occur because it is hard to get an explosive mate-
rial inside a tunnel due to modern security and control
systems inside subway tunnels. However, external blasts
are more likely to occur due to the di�culty of detecting
and preventing their threat.
The present study was carried out in the �nite element
software LS-DYNA using the ALE (Arbitrary Lagrangian
Eulerian) technique to simulate and monitor the prop-

agation of the blast pressure waves into the soil. Fur-
thermore, the performance of Tehran metro stations in
response to a surface explosion of 11ton TNT, equiv-
alent to the explosive power of the most potent non-
nuclear missile, was evaluated. The results from vali-
dation model analysis indicated that the pressure waves
propagated into the soil as the hemispherical waves as
well as the peak pressure values closely matched the pre-
dicted values of the technical design manual TM5-855-1.
The results also showed that the depths of the crater cre-
ated by the detonation of 3, 7, and, 11 tons of TNT were
6.5, 9, and 12 m, respectively, for the surface detonation
of 11 tons of TNT charge. The a�ected region of the soil
was about 18 m beneath the ground surface, and the du-
ration was almost 0.4 seconds. In addition, although the
safety of stations with depths of less than 19 m against

the 11-ton explosive charge was not guaranteed, that of
the stations deeper than 19 m could be quite ensured.

Key Words: Passive defense, surface explosion, subway
station, LS-DYNA.
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Abstract
Earthquake as one of the most signi�cant types of natu-
ral disasters have had considerable in
uence on human
life for a long time and its unpredictable occurrence in
terms of time and place has always caused vast human
and �nancial losses. The energy released and the con-
sequent shocks caused by the earthquake cause a lot
of damage to natural structures, infrastructures, and
buildings. The devastating e�ects of earthquakes quickly
cause human and �nancial losses spreading to di�erent
economic, social, political, and cultural aspects of hu-
man society. Given that these di�erent dimensions are
closely interrelated, and thus a�ecting each other, the
necessity of an appropriate and coherent multifaceted
approach to managing and reducing the destructive ef-
fects of disasters gains signi�cance.
Resilience is de�ned as the ability of a uni�ed system
to reduce the chance of shock occurrence, absorption
of its energy upon arrival, and quick recovery after a
shock; now, in the case of earthquake, there are three
stages to take into account to reduce: the probability
of failure; consequences of failure such as �nancial and
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h the use of the method, the meshes were only concen-
trated around the interface of the basin. First, the
problem is decomposed into two parts including a half-
plane Gaussian-shaped feature and a closed �lled allu-
vium. Then, the method was applied to each part to
obtain the considered matrices. Finally, by satisfying
the boundary/continuity conditions at the interface, the
coupled equation was transiently solved to determine
the boundary values. All ground surface responses were
also obtained in a secondary solution as internal points.
After implementing the method in a general algorithm,
several practical examples were analyzed to validate the
responses. An advanced numerical study was performed
to sensitize the surface motion of Gaussian-shaped al-
luvial valleys with variable shape/impedance ratios as
synthetic seismograms and Three-Dimensional (3D) am-
pli�cation patterns. Moreover, to complete the time-
domain results, the transient response of the internal
domain of the alluvium as well as the surrounding bed
rock was shown by the snapshots views. In the follow-
ing, the sensitivity analysis was carried out to obtain the
seismic ampli�cation pattern of the surface by consider-
ing the key parameters including impedance and shape
ratios, incident wave angle, and response frequency. Fi-
nally, by collecting the maximum ampli�cation of dif-
ferent scenarios and applying linear �t to the obtained
values, the results were summarized as a series of linear
equations and tables. The results showed that the men-
tioned factors were very e�ective in the seismic response
of the surface. The results of the present study can be
used to complete the accuracy of existing codes around
the subject of near-�led site e�ects.

Key Words: Alluvial valley, gaussian-shaped valley,
half-plane BEM, SH-wave, time-domain.
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Abstract
Most building structures are damaged over time under
environmental conditions and external loads. In this
regard, the occurrence of damage is common and the
detection of damage is the subject of much research.
In this regard, wavelet conversion, which is a powerful
mathematical tool for signal processing, has attracted
the attention of many researchers in the �eld of health
monitoring. In this study, free vibrations of a four-story
building with speci�ed boundary conditions and moni-
tored the health of the building based on experimental
results using the continuous wavelet analytical method
are studied and the damage that may occur in these
structures were evaluated and analyzed. The �nite ele-
ment software is used to Model of the Building by the
sandwich model. In this four-story building, eight-layer
sandwich panel (polystyrene, concrete, steel, concrete)
is used symmetrically. The fourteen natural frequencies
of the sandwich structure were compared with the ex-
perimental model and the main modes of the structure
were obtained to in
uence the health of the structure.
An error of less than 2.5% reveals a good match between
the results of the two models. Precast panel health mon-
itoring results show that based on the experimental re-
sults, the damage location using the coif5 function with
scale parameter 8 has been successfully identi�ed and
showed a higher perturbation of the coe�cients at the
damage locations than the other functions. Thus, the
relative maximum and minimum jumps in the wavelet
coe�cients occurred at the location of the damage and
considering the maximum or minimum wavelet coe�-
cients generated at the damage location as the center
of damage, the damage center can be identi�ed with an
error of less than 8%. Also, e�ects of higher modes are
more pronounced in the damage intensity index as in the
torsional modes of the structure, the maximum wavelet
coe�cients are greater and the intensity of the damage
more pronounced.

Key Words: 3D Panel, wavelet analysis, structural
health monitoring, damage detection, signal processing.

NUMERICAL ASSESSMENT OF THE
IMPACT RATES OF METRO
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hcritical density and capacity in a heterogeneous condi-
tion with limited data. Also, they emphasize that ap-
plying this method is quite simple and required pretty
few inputs. For the validation purpose, the relative er-
rors of estimated values are calculated. In this measure-
ment, critical densities from daily observation were the
actual values, and those from full observations were the
expected values.

Key Words: Network fundamental diagram, data fu-
sion, heterogeneity e�ect.
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Abstract
A structure is required to show proper performance in
regions with a high risk of earthquake, especially when it
is an irregular building. In the studies on plan-irregular
buildings conducted so far, the seismic collapse perfor-
mance of torsionally-
exible buildings has not been specif-
ically reported. Generally, a building, which behaves

exibly in torsion, has a fundamental torsional period
of vibration that is signi�cantly greater than its fun-
damental lateral period. However, an adverse situa-
tion in terms of vibration periods is observed among
the torsionally-sti� types. Compared to the torsionally-

exible buildings, the torsionally-sti� ones show di�erent
seismic performance, thus highlighting the necessity of
more detailed studies on the torsionally-
exible build-
ings. The example buildings in the current study were
characterized by reinforced concrete special moment-
frame systems, including asymmetric sti�ness distribu-

tion in the plan resulting from changes in the size of
the structural elements. The e�ect of such behavior,
i.e., 
exibility in torsion, on the collapse performance
was then evaluated in di�erent eccentricities. The col-
lapse margin ratio was the proposed performance crite-
ria in this evaluation that quanti�ed how much a build-
ing would remain safe during the expected large earth-
quakes in the area. In this study, OpenSEES software
was used to establish and analyze 3D models, and the
lumped plastic hinge method was employed to simulate
the plastic behavior of elements. According to the re-
sults, the plan irregularity corresponding to the asym-
metric lateral sti�ness distribution had a minor e�ect
on the collapse performance of the torsionally-
exible
models. Moreover, the safety margin against the col-
lapse was improved when the mass center displaces on
the plan, thus increasing the eccentricity of the studied
models. For instance, the safety margin was improved
approximately 17 percent when the modeling eccentric-
ity reached 0.3b (b shows the frame spacing). Based on
the results, a high plan irregularity did not necessarily
mean unfavorable seismic collapse performance in the
models with 
exible behavior in torsion. In this respect,
the code accidental eccentricity provisions were not es-
sential for the proposed building models.

Key Words: Collapse margin ratio, plan-irregularity,
torsionally-
exible building, accidental eccentricity, seismic
performance.
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Abstract
In this study, a direct time-domain numerical approach
named the half-plane Boundary Element Method (BEM)
is proposed based on the half-space Green's functions for
analyzing seismic Gaussian-shaped alluvial valley sub-
jected to propagating obliquely incident SH-waves. In
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Abstract
Water quality is crucial to the development and manage-
ment of water resources. Therefore, maintaining water
quality, especially freshwater, which constitutes the ma-
jor human consumption for a variety of drinking, agri-
cultural, and industrial uses is important. Water quality
is reduced by various natural and anthropogenic factors.
One of the most common and important processes that
reduces the quality of water resources is the in
uence of
saline sea water on surface water. Seawater in�ltration
is a natural process due to the di�erence in the density
of seawater from fresh water. Seawater is denser than
fresh water because of the presence of minerals such as
salt. The higher density of seawater causes it to be sub-
merged under freshwater and, on the contact surface,
seawater penetrates into the freshwater wedge. Salt wa-
ter intrusion of sea toward the river caused a decrease in
the quality of fresh water which makes it useless for uti-
lizing in agricultural, industrial, and drinking and led to
obliterating this fertilized plain upon its in�ltration into
the surrounding land. In order to reduce these negative
e�ects through hydraulical control of salt water intru-
sion, we need to know about the e�cacious mechanism
of this issue. Thus, this study using ANSYS Fluent for
modeling salt water intrusion on the surface water ex-
amined in
uences of changing in the sea water density
and the water level of river on the measure of salinity
intrusion. Also, air bubble curtain system as an alterna-
tive to preventing salt water intrusion was investigated.
Results showed that sea water density and the water
level of river had direct relationship with salinity intru-
sion, which means that upon an increase in the sea water
density or the water level of river, salt water intrusion
will increase, vice versa. Therefore, penetrating salin-
ity increased by 86% with an 0.2% increase in saltwater
density and was decreased %45 by decreasing %19 at
river water level. Air bubble curtain system by creat-

ing impeding bubble between salt and fresh water is an
appropriate solution for preventing salt water intrusion.

Key Words: Saltwater intrusion, air bubble curtain,
river freshwater level, seawater density.
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Abstract
Network Fundamental Diagram (NFD) can provide
an aggregated simple vision of urban tra�c networks;
thereby, it is a robust tool for measuring tra�c 
ow on
the network scale. The NFDs are delineated by di�erent
parameters, amongst which the critical density and ca-
pacity are vital in the implementation of network-wide
tra�c control strategies such as pricing and perimeter
control. Since heterogeneity e�ect exists in reality and
casts uncertainty about the estimation of the NFD pa-
rameters, measuring and reducing the heterogeneity ef-
fect would improve the e�ciency of network-wide traf-
�c control strategies. In this paper, �rstly, the NFD
of Mashhad was estimated by fusion of collected data
from Inductive loop detectors (ILD), Automatic Vehi-
cle Locating system (AVL), and Automatic Fare Collec-
tion system (AFC). As NFD estimation needs data that
could directly or indirectly derive average 
ows and den-
sities/speeds, ILDs have been widely exploited to esti-
mate average 
ows and AVLs were used to extract aver-
age speeds. Going through the current procedure, AFCs
were operated for measuring dwell time and cruising bus
speed. Eventually, a random re-sampled method was ap-
plied to decline the heterogeneity e�ect and reveal the
congestion branch in re-sampled NFDs. The outcomes
highlight the application of this method to estimate the
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hat 0.38. In order to investigate and compare the in-

uences of polymer materials on the durability charac-
teristics and mechanical properties, the tests to deter-
mine the compressive strength, 
exural strength, tensile
strength, coe�cient of rapid chloride migration (RCM),
water sorptivity and water absorption were carried out.
The specimens were cured under wet conditions at early
ages (7 days) and air cured at later ages (After 7 days
until the time of testing). According to the results,
the plain calcium aluminate cement mix had high early
strengths and appropriate durability characteristics. How-
ever, increasing the chloride permeability was observed
due to the conversion of the early hydrate products to
the stable ones. Despite the lower compressive strenths,
modi�cation of the mixtures with polymers led to im-
provements in the mechanical characteristics such as 
ex-
ural and tensile strengths, It is also worth noting that
the reduced compressive strength of the modi�ed poly-
mer mixes compared to the plain mix was decreased with
age, approaching the values abserved for the plain mix.
Signi�cant in
uences on reducing the sorptivity rates,
rapid chloride migration coe�cient and water absorp-
tion were also observed for the polymer modi�ed mixes.
However, the mixes with Styrene acrylic did not have
enhanced performance in the wet curing conditions. It
appears that the Styrene butadiene rubber mixes could
provide more suitable results compared to the Styrene
acrylic ones. Comparing the results at di�erent ages re-
vealed that dry curing period had a signi�cant e�ect on
the strength growth process, mechanical and durability
properties of the polymer modi�ed mortars.

Key Words: Calcium aluminate cement, polymer,
acrylic-styrene, styrene-butadiene-rubber, mechanical prop-
erties, durability.
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Abstract
About 7% of the total volume of carbon dioxide pro-
duced in the world belongs to cement plants. Therefore,
it is necessary to look for suitable alternative materi-
als that their mechanical characteristics are similar to
or better than mortars made with OPC and also con-
sider the concept of sustainable development and envi-
ronmental protection. In this paper, the e�ects of ingre-
dients ratio, combination of slag and zeolite as Precursor
and adding Emboss �ber on the strength characteristics
of geopolymer mortar has been investigated experimen-
tally in three separate sections. The di�erent parameters
such as weight ratios of sand to slag, sodium silicate to
sodium hydroxide in activator solution, concentration of
sodium hydroxide solution, di�erent volume percentages
of Emboss �ber, and replacing a part of the slag with
zeolite were considered and studied in three parts. In
the �rst part, 18 mix designs including 180 specimens
were casted to study the e�ect of ingredients ratios on
7-days and 28-days compressive strength. In the sec-
ond part, 3 mixes designs were selected from the part 1
and considered as the second group including 105 speci-
mens to measure the compressive strength and modulus
of rupture. In the third part, a part of the slag in one
of mix designs that was selected from part 1, was re-
placed with zeolite to study the e�ect of using combined
slag-zeolite as Precursor to investigate 28-days compres-
sive strength and modulus of rupture of the geopolymer
mortar. 30 specimens were casted in part 3. Experi-
mental results indicated that the reduction of the sand
to slag ratio, the reduction of sodium silicate to sodium
hydroxide ratio, the increase of sodium hydroxide molar-
ity, and adding Emboss �ber, respectively, increased the
compressive strength by 26, 6, 20, and 14%. The mod-
ulus of rupture of �ber specimens was increased up to
38% compared to non-�ber samples. Despite the signi�-
cant reduction in the strength properties of geopolymer
mortar containing zeolite, due to the large number of
natural zeolite mines in our country (IRAN) and conse-
quently easy access to this material, using a precursor
composed of slag and zeolite could be a good idea.

Key Words: Geopolymer mortar, ground granulated
blast furnace slag (GGBFS), zeolite, emboss �ber, mechan-
ical properties.
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Abstract
Machine foundations induce a wide range of dynamic
shear strains in foundation bed. Dynamic properties of
soils including the damping ratio and the dynamic sti�-
ness intensely depend on the level of generated dynamic
shear strain. Therefore, considering the appropriate dy-
namic properties of a foundation bed corresponding to
the generated dynamic shear strain is crucial to having a
better evaluation of the dynamic response of a machine
foundation. This paper presents the design and con-
struction of an apparatus namely \Foundation Model
Response Test (FMRT)". This apparatus provides the
tests to investigate the dynamic properties of machine
foundation and underlying bed in a wide range of dy-
namic shear strains employing a various range of dy-
namic excitation forces and static weight (dead weight).
The FMRT apparatus could be used in the �eld to evalu-
ate the dynamic response of the undisturbed bed and on
the prepared bed in the laboratory test pit. Two types of
steady-state and free vibration tests could be conducted
by employing the FMRT apparatus. Steady-state vibra-
tion tests induce larger shear strain in bed, whereas free
vibration tests induce smaller shear strain. Correlation
of the results of these two types of tests, dynamic re-
sponses, and dynamic properties of foundation bed in a

wide range of dynamic shear strain would be achieved.
The accuracy and validity of all FMRT tests are possible
to monitor precisely and any unwanted noises and modes
of vibration are possible to be controlled by evaluating
the Fast Fourier Transform (FFT) of all sensors data
when conducting tests. Several steady-state and free
vibration tests were conducted to illustrate the perfor-
mance of the designed apparatus. Moreover, the method
of calculation, controlling unwanted vibration, and cor-
relation of free and steady-state example tests were sub-
mitted. FMRT tests are inexpensive, repeatable, non-
destructive and reliable tests that ensure the dynamic
response of machine foundation possible accurately.

Key Words: Dynamic response, machine foundation,
steady-state vibration, free vibration, in-situ and laboratory
tests.
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Abstract
In this research, the mechanical characteristics and
durability of mixtures containing calcium aluminate ce-
ment (CAC) and polymer materials have been eval-
uated. The investigated polymers were two types of
commercial polymers including Styrene butadiene rub-
ber (SBR) and Styrene acrylic. The levels which the
polymers have been used were 5, 15 and 25% by weight
of cement and the water-cement ratio was kept constant
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Abstract
Due to the growth of energy consumption, air pollution
and global warming in the world, the use of renewable
energy has become popular in the world due to its vari-
ety of resources, lower economic cost and environmental
compatibility. One of the unlimited sources of renew-
able energy, is geothermal energy. Since geothermal en-
ergy resources are unlimited and can be exploit in many
parts of the world, its application as a reliable source
of energy is growing. The use of energy piles as a heat
exchanger is one way to exploit this energy. These piles
are being used to serve dual purposes: transfer the struc-
tural load to the ground and act as heat exchanger ele-
ments to extract and inject heat from and to the ground.
Energy piles are subjected to daily and seasonal cyclic
temperature changes during their life span. These tem-
perature changes (heat cycle) induce cyclic expansion-
contraction along the pile-soil interface that may a�ect
interface properties such as shear strength. The pile-soil
interface is de�ned as a thin zone of soil that can be
subjected to di�erent boundary conditions with respect
to the surrounding soil. Therefore, in order to investi-
gate the in
uences of temperature on soil-pile interface,
a series of direct shear tests is modeled in ABAQUS
software. In this modeling the shear strength changes of
Illite clay and concrete interface, are investigated under
mechanical and thermo-mechanical loading. A series of
analysis are conducted with sample temperature of 50�
C and the normal stresses of the direct shear analysis
are 50, 100 and 150 kPa. This analysis is done at a
shearing rate of 0.006 mm/min. In this investigation, it
is assumed that the properties of concrete materials are
not temperature dependent and their behavior is ther-
moelastic. In this paper, the main results of modeling
show that the shear strength of Illite clay-concrete inter-
face, increases by an average of 20 kPa with increasing
in temperature by 50� C.

Key Words: Geothermal energy, energy pile, direct
shear test, thermo-hydro-mechanical behavior, soil-pile in-
terface, ABAQUS.
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Abstract
Application of self-centering rocking walls is now widely
accepted as a viable alternative to removal of some of
the common seismic defects of conventional shear walls
including residual drift and signi�cant damage to the
base of walls. Despite the di�erent experimental studies
on the seismic performance of rocking walls, few numer-
ical models have been developed to predict the seismic
response and damage extent of these walls under seismic
loading. The main objective of this study was to present
a practical method for numerical modeling and damage
estimation for nonlinear behavior of post-tensioned (PT)
concrete rocking walls when exposed to earthquake ex-
citations. To this end, PERFORM 3D software was uti-
lized to model self-centering rocking walls. The walls
were subjected to a set of seven spectrum compatible
ground motions at di�erent intensity levels. To ensure
the accuracy of the modeling, the numerical results of
the nonlinear analysis were compared with the exper-
imental results, and the results showed that the devel-
oped model could predict the behavior of the wall during
all ground motions with acceptable accuracy. Moreover,
in this study, a damage index was employed to estimate
the extent of damage in the developed numerical model.
Good agreement between the observed damage in the
shake table tests and estimated damage in the devel-
oped model was observed. The results of this study in-
dicated that the method for modeling the seismic be-
havior of the rocking wall could appropriately predict
the response and damage extent of these walls under
earthquake loading.

182



A
bs

tr
ac

ts
of

P
ap

er
s

in
E

ng
lis

h on submerged ratio, an equation has been proposed to
separate the surface wave regime and deeply submerge
regime. The longitudinal velocity has been measured by
ADV probe at the downstream broad-crested weir over
the longitudinal section. Comparing between measured
longitudinal velocity and color injection illustrates that
increasing the submergence ratio causes the 
ow within
gabion weir has marginally decreased and this 
ow is
dependent on submergence ratio. The color injection re-
sults show the passed the performance of gabion weir in
deeply submerged regime is same as broad-crested weir
and the 
ow with in gabion will be negligible over the
developed deeply submerged regime.

Key Words: Gabion weir, 
ow regime classi�cation,
discharge coe�cient, reduction factor, free 
ow, submerged

ow.
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Abstract
The improvement of soil treatment by additives is one of
the most critical issues in geotechnical engineering. Typ-
ical additives such as cement, lime, 
y ash, and bitumen
have been investigated in the past. Nanomaterials have
unique features. The application of this type of material
has led to a signi�cant development in other branches of
engineering. However, in geotechnical engineering, the
investigation of the e�ects of this type of material is

a new subject. Hence, in the present research, the ef-
fects of nano clay on geotechnical parameters of clayey
sand are investigated. The principal purpose of inves-
tigation in this scale is the creation of new compounds
with changes in ingredients and the detection of a new
class of materials with new functions. These types of
researches can make an appropriate base for future re-
searches in this context.
The Atterberg limits test and direct shear tests were
carried out on di�erent types of clayey sand. Various
percentages of nano clay were used in the study. Ball
mill was applied for uniform dispersion of nanoparti-
cles. Also, in order to obtain optimum water content
and maximum speci�c weight for prototyping, a stan-
dard compaction test was carried out on samples with-
out nano clay particles .
Based on the results, in general trends of tests, liq-
uid limit and plastic limit are increased by increasing
nano clay. The plasticity index has decreased when the
percentage of the nano clay is increased by up to 1%.
The plasticity index has increased again in a higher per-
centage of nano clays (more than 1%). Also, the shear
strength of clayey sand in direct shear tests is improved
in a speci�c percentage of nano clay. The optimum per-
centage of the nano clay for the friction angle ' is 1% in
the direct shear test, and its best percentage for the co-
hesion C is 4%. Also, nano clay has a negative e�ect on
the shear strength of pure sand. Therefore, according
to the results of experiments, nanoparticles can be an
acceptable choice for improving the geotechnical prop-
erties of clayey sand soils.

Key Words: Soil improvement, nanoclay, atterberg lim-
its, shear strength, direct shear.
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Abstract
The present study investigate 12 experimental broad-
crested gabion models. In order to investigate the 
ow
regimes over this structure, hydraulic characteristics were

measured under di�erent submergence conditions. A
comparison of coe�cient discharge values showed that a
signi�cant increase in these values was observed between
the broad-crested and broad-crested gabion weirs. It
seemed that the passed 
ows through gabion weir could
raise the discharge coe�cient values versus the same
values with same hydraulic condition for solid broad-
crested weir. To predict the discharge values over this
weir, reduction factor has been calculated for the ex-
periments in di�erent submerged ratio. By considering
the submergence ratio, an equation has been proposed
to calculate these values. Three regimes have been in-
troduced to measure the water surface pro�les as free

ow, (I) surface jump regime, (II) surface wave regime,
(III) Deeply submerge regime. Due to increase the tail
water height, water surface pro�le was measured as pro-
posed regimes. The surface jump regime was de�ned as
a downstream hydraulic jump which was developed from
downstream location of channel to the weir crest. Addi-
tionally, the water surface turn to the series of downward
waves which is called surface wave regime. By increas-
ing the submerged ratio, the surface wave regime was
vanished as the deeply submerged condition. The sub-
merged ratio 0.18 has been proposed to region the sur-
face jump regime and surface wave regime. Also, based

184


