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were seen depending on the type of device. In order
to measure the rebar cross section more accurately, ma-
chining has been used to prepare the rebars after cor-
rosion. The results of this research also showed that in
14 mm size rebar, with the progress of corrosion up to
0.68 mm, the amount of force tolerated decreased by
16.7% (from 102 KN to 85 KN). Also, in the next step,
with 0.62 mm of corrosion progress, the amount of this
force has reached 76.3 KN from 85 KN (i.e., 10.2% re-
duction). In the third stage, with the progress of 0.96
mm, the amount of force borne by the rebar has reached
69.7 KN from 76.3 KN, which is equivalent to a 2.5%
decrease. Finally, considering the economic and vari-
ous application conditions, suggestions have been made
to improve the performance and increase the durabil-
ity and long-term use of the structures with more confi-
dence.

Key Words: Corrosion of bars, reinforced concrete
structures, Half-Cell test, fiber bars, chemical composition
of bars.
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In most buildings, concrete and steel are used side by
side, and according to the type of loads, various stresses
are created at their interface. When the repair layer
is in direct contact with the steel or reinforcement, the
stresses caused by the shrinkage of the mortars as well as
temperature changes have a negative effect on the adhe-
sion between the repair mortar and the steel. According
to the CEB-FIP MODEL CODE standard, the shear ad-
hesion between mortar and simple reinforcement is equal
to 7 = 0.34/(f.). But it has not provided conditions to
consider the type of implementation. Considering that
shrinkage causes shear stresses at the interface of mortar
and steel, therefore, in this article, by using the in-situ
twist-off test, the shear adhesion strength between mor-
tar and plain steel has been evaluated under different
processing conditions. The results of the twist-off test
show that the above equation is used if the sample is
under processing until the moment of the test, other-
wise there will be a big drop in the amount of adhesion,
which even reaches 50%. The results of the shear ad-
hesion strength obtained from the twist-off test for the
samples that were processed in water until the time of
the test, at a young age are almost equal to the equa-
tion provided by the CEB-FIP Model Code standard.
At older ages, the shear bond strength results from the
twist-off test between mortar and steel are on average
more than 10% higher than the equation provided by the
CEB-FIP Model Code standard. For the samples that
were processed for a week and then left in the open space,
it is observed that there is a big difference between the
shear adhesion strength obtained from the twist-off test
and the equation provided by the CEB-FIP Model Code
standard. For practical cases where processing is usually
done for about seven days, it is suggested that the shear
adhesion strength between steel and mortar is measured
for samples that have been subjected to wet processing
for at least one week and prepared and stored under ap-
propriate conditions. According to the equation, 7 =
0.15+/(f.) should be considered. The amount of 90-day
shrinkage for mortar treated in water and left in open
space is 0.1083 and 0.2679%, respectively. The amount
of shrinkage for mortar processed in water is 59% less
than the shrinkage of mortar left in the open space.

Key Words: Adhesion, twist-off test, mortar, steel.
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Collapsible soils are one of the moisture sensitive soils
that experience sudden and significant settlements due
to wetting. These soils are widely distributed and con-
stitute about 10% of the total land area of the world,
which are typically located in arid and semi-arid areas.
In foundation engineering, the most important issue in
dealing with these soils is to measure their collapse po-
tential with different water infiltration patterns. The ef-
fect of parameters such as initial soil conditions, loading
conditions and gradation quality on the behavior of these
soils has been investigated. The amount of clay in the
soil is considered as an important factor in the behavior
of the collapsible soils. Water enters the soil from differ-
ent sources, but the existing devices and tests to measure
the collapse potential are not capable of modeling water
infiltration patterns. In this study, an apparatus was
used that simulates different water infiltration patterns
based on the direction of water movement (from top or
bottom) and type of water distribution (point or wide).
The results show that in oedometer tests and tests with
the ability to simulate the water infiltration patterns,
with the increase in the amount of clay in the sample,
the collapse potential increases, but the amount of in-
crease is not the same in different tests. The amount
of increase in collapse potential due to the increase of
clay in the sample is greater in single and double oe-
dometer tests than in tests with the ability to simulate
the water infiltration patterns, and for a more accurate
prediction of the collapse potential, tests with the abil-
ity to simulate the water infiltration patterns should be
used. Among the different water infiltration patterns
in the soil, for the sample with 9.1, clay compared to
the sample without clay, the highest increase in collapse
potential is related to the top-point water infiltration
pattern (C, = 4.79) and the lowest increase is related to

the bottom-wide water infiltration pattern (C, = 3.69).
But for the sample with 23% clay compared to the sam-
ple without clay, the highest increase in collapse poten-
tial is related to the top-wide water infiltration pattern
(Cp = 8.62) and the lowest increase is related to the
bottom-wide water infiltration pattern(C, = 7.8) .

Key Words: Clay percent, collapse potential, water in-
filtration pattern, experimental apparatus, collapsible soil.
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The durability of the rebar used in a concrete struc-
ture is very important for the safe and long-term use
of that structure, and therefore, the root and the main
cause of reducing the life and durability of that struc-
ture, which is corrosion, is of great importance. In this
study, medium carbon steel bars with a diameter of 14
to 40 mm and a number of epoxy coated and fiber bars
have been tested and the effect of simulated corrosion
on the samples has been investigated by measuring the
mechanical properties. The results obtained from this
research can be effective in the field of rebar size se-
lection according to its production method in different
conditions. This result has been obtained according to
the experiments. Mechanical properties are the main
properties of steel rebar affected by corrosion that have
been tested in this paper. In the measurement of me-
chanical properties by universal device, slight changes
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a middle plate is proposed in this study to be placed
between the two columns to connect them. The plate is
butt-welded to both the lower and the upper portions of
the column. Although this type of splice has been used
occasionally in steel structures, its behavior is mainly
unknown and research and code specifications regard-
ing this type of splice are very limited. The current re-
search studied the overall behavior of columns connected
by this type of splice and obtained the minimum plate
thickness required for typical columns to meet codes
provisions. To provide the possibility of filling poten-
tial hollow sections with concrete, it is recommended to
use a hallow plate in box-shaped columns. This study
conducted finite element analysis on box- and H-shaped
columns with different upper column depths. The influ-
ence of the plate thickness and shape on the strength
and stiffness of splice in each combination was studied
and minimum plate thickness was obtained. The splice
exhibited satisfactory strength and stiffness in regular
combinations. In combination with an upper column
depth reduction of less than 5cm in box-shaped profiles
and less than 7.5cm in the H-shaped profiles, the splice
plate with a thickness of 5cm or more meets the criteria
for both strength and stiffness. Decreasing the upper
column depth increases the demand on the splice plate
and a thicker plate is needed. Moreover, the shape of
the splice plate, i.e., hollow plate or regular plate, had
a large impact on the column behavior as the required
thickness was greater in hollow plates. Results of stiff-
ness analysis showed that decreasing the upper column
depth and overall height of the column decreases the
axial stiffness of the column.

Key Words:  Column splice, middle plate, minimum
thickness, hollow plate.
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Mass nonlinear dynamic analysis is unavoidable in many
fields of earthquake and structural engineering, such as
incremental dynamic analysis, probabilistic performance-
based design, and optimization approaches. Using sim-
plified models with fewer degrees of freedom instead
of detailed original models to a great extent reduces
the computational cost and prevents extremely time-
consuming analysis. Among different simplified models
for steel moment frames, stick models (such as shear
beam models) only use the global story stiffness to es-
timate the original model responses, which do not con-
sider the structural configuration. The stick models are
only suitable for obtaining the general responses of the
structure, such as global and interstory drift. However,
simplified frame models are the more accurate simplified
models that consider the details of the original frame,
such as beam and column elements, nonlinear plastic
hinge springs, and joint rotations. Substitute Frame
is one of these models, which is a one-bay frame that
predicts the structural responses for concrete and steel
moment frames with very high accuracy. The purpose
of this research is to develop a substitute frame model
for steel moment frames with unequal bay lengths. For
this purpose, the beam stiffness and nonlinear behavior
of rotational springs were modified based on linear and
nonlinear structural analysis approaches and the pro-
posed model is called Modified Substitute Frame. In
the following, to evaluate the accuracy of the proposed
model, three types of 12-story buildings with unequal
bay lengths were designed using ASCE7-16 and AISC
341-16 criteria and subjected to three different ground
motion data sets, i.e., far field, near field with pulse and
without pulse ground motions. The nonlinear time his-
tory analysis results showed that the Modified Substi-
tute Frame predicts the original frame responses with
very high accuracy. Moreover, the Modified Substitute
Frame prediction was more precise than the Improved
FishBone model which was recently presented for mo-
ment frames with unequal bay lengths.

Key Words: Modified substitute frame, simplified mod-
els, steel moment frame, nonlinear dynamic analysis.



the stress created in the nails decreases in higher cycles
than in lower cycles. Then, the effect of applying three
freezing cycles based on a hypothetical critical tempera-
ture on the soil nail wall was investigated by comparing
the highest stress created in the nails under the men-
tioned conditions with the rupture threshold Steel, it
was concluded that the soil nail wall does not break. In
the following, by examining the effect of tension cut-off
on the behavior of the soil nail wall, it was found that
the soil nail wall experiences an increase in displacement
as well as an increase in the stress in the nails.

Key Words: Freezing and thawing cycle-Abaqus-soil
nail wall-finite element simulation- field operations.
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During operation, a variety of factors, including earth-
quakes, wind, fatigue, the environment, and many oth-
ers, can always cause damage to structures and the char-
acteristics of the structure change as a result of the
damage. The availability of low-cost methods for de-
tecting damage in truss bridges makes it possible to ex-
amine a greater number of operating bridges and ul-
timately reduces future losses and risks. As a result,
researchers’ pursuit of suitable methods for detecting
damage in structures has grown significantly over time.
Bridges have always been the focus of researchers’ efforts
to comprehend their behavior and develop methods for
identifying damage because of their significance as the
infrastructure of every nation. In this study, an eight-
span truss bridge was subjected to a moving load in
a laboratory process, and the vertical displacement re-
sponse of only one desired point of the truss lower chord

is measured, in the damaged and intact condition. On
the other hand, the influence line diagrams of all truss
members have been extracted during the modeling in
finite element software. The efficacy of this method in
detecting damage in truss bridge screw connections has
been evaluated using fourteen distinct damage scenar-
ios. The results show that if damage occurs in the bridge
connections, the difference diagram of displacement re-
sponses of two healthy and damaged states and the in-
fluence line diagram of the member whose connections
are damaged will match in terms of shape and can be an
indicator to identify the damage. This method works for
all of the truss bridge’s members, and it has worked even
when more than one member was damaged. Considering
that this method has been numerically validated in the
previous study, using a more accurate displacement sen-
sor with less noise and using conditions closer to those
of the numerical analysis improves the accuracy of the
results.

Key Words: Damage detection, displacement response,
influence line, truss bridge, connections.
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Current methods of splicing columns with different depth
sizes have a long total load path as well as large and
expensive details. These details are sometimes overly
complicated and hard to fabricate. To shorten the load
path and make fabrication easier and more economical,
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The advancement of technology with an increasing pop-
ulation has led to the requirement for high-speed mobil-
ity trains. High-speed transportation by trains requires
passing through soft soil conditions, which requires sta-
bility. High-speed trains are used nowadays in developed
countries to reduce travel time. When the train moves
at a critical speed, it can significantly increase the dy-
namic responses of the components on the railway lines.
The present study examines the results of 3D numerical
modeling, considering the impact of the high-speed train
passing through the mechanical earth wall stabilized by
plate anchors. Numerical modeling was carried out us-
ing Plaxis 3D finite element software. The impact of
various factors such as the speed of the train (180, 200
& 250 Km/h), the number of plates (single, double, and
triple), and the number of train tracks (1 & 2 tracks)
have been investigated. The Hardening soil with small
strain model has been used for modeling the behavior of
the backfill soil. In this study, the geometrical character-
istics of the Thalys high-speed train were used to model
the train passing through the walls of 6 meters that were
stabilized with plate anchors. From the results, it was
concluded that Increasing train speed from 160 to 250
Km/h increases the settlement under the rails by 11%
and increases the horizontal displacement of the wall by
13%. It was confirmed that increasing train speed will
result in an increase in the settlement under the rails and
increases the horizontal displacement of the wall in all
investigated cases. Increasing the number of plates along
with decreasing their dimensions has a positive effect on
the wall’s performance with regard to the horizontal dis-
placement of the wall. Also, it should be mentioned that
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by increasing the number of train tracks from 1 to 2, the
settlement under the rails increased by 5%, and the hor-
izontal displacement of the wall increased by 20%.

Key Words: Thalys high-speed train, retaining wall,
plate anchor, numerical modeling, vibration, reinforced soil,
finite element method, PLAXIS 3D.

NUMERICAL STUDY OF FREEZING
EFFECT ON SOIL NAIL WALL

M.S. Vilaei(corresponding author)
saeidv1991@yahoo.com

M. Sharifipour

sharifipour@razi.ac.ir

A .H. Akhaveissy

akhaveissy@razi.ac.ir

Faculty of Engineering

Razi University, Kermanshah
DOI1:10.24200/J30.2023.61444.3175

Sharif Civil Engineering Journal
Volume 39, Issue 3, Page 61-70, Original Article

(© Sharif University of Technology

e Received 21 November 2022; received in revised form 15 Jan-
uary 2023; accepted 19 February 2023.

One of the methods of stabilizing soil slopes or exca-
vated pits is soil nailing. The use of this method is com-
mon in different parts of the world and has a history of
about four decades. However, the use of this method
in cold regions is more limited than other regions with
normal temperature conditions due to insufficient stud-
ies and lack of necessary information about the response
of the soil nail wall under freezing conditions. There-
fore, in this study, in order to help better understand
the behavior of soil nail wall due to frost activity, us-
ing Abacus finite element software, a complete thermal-
mechanical analysis coupling on a case soil nail wall in
the Brunswick area Located in Maine, USA. In order to
validate the numerical model, the results obtained from
this simulation are matched with the results of field oper-
ations performed by Duchenne (2003) on the same soil
nail wall. In the continuation, by applying successive
freezing and thawing cycles on the mentioned soil wall,
the amount of stress created in the nails strengthening
the soil wall in different cycles were compared and the
stability or instability of the soil wall was investigated.
The results of the study of the amount of stress created
in the nails due to the applying of three freezing cycles
with normal temperature of the Brunswick region to the
soil body show that with increasing the number of cycles,



within the first two days of concreting is approximately
5%. However, as time progresses, the tensile strain ca-
pacity decreases to stabilize at a constant value of 3%,
a level considerably higher than that of ordinary con-
crete. Moreover, ECC exhibits exceptional durability in
sulfate, chloride, tropical environments, as well as resis-
tance against freeze-thaw cycles. Its significance charac-
teristics, including strain-hardening behavior, multiple
cracking, and ductile behavior, distinguish it from the
other types of concrete. To produce engineered cemen-
titious composite, special materials such as fly ash and
polyvinyl alcohol (PVA) fibers are required, but they
are not available in the country. In this research, 13
different engineered cementitious composite mix designs
were developed using locally available materials such as
slag, limestone powder, industrial pozzolan, silica fume
and polypropylene fibers. Then, the mechanical proper-
ties of different engineered cementitious composite mix
designs, including compressive strength, modulus of rup-
ture, energy absorption, and toughness indices have been
investigated. The experimental results showed that op-
timizing the use of silica fume, and slag at rates of 10%
and 28% by weight of cement, respectively, along with
the inclusion of industrial pozzolan at a rate of 22% by
weight of cement, improves the mechanical properties
of engineered cementitious composite. Finally, the best
engineering cement composite mix design was reinforced
with glass grids (one and three layers) and subjected to a
four-point bending and direct tensile tests. According to
the results obtained from the four-point bending test of
glass grid reinforced engineered cementitious composite
panels, it can be concluded that increasing the number
of glass grid layers enhances flexural strength, the area
under the load-deflection curve, and energy absorption.
For instance, the flexural strength of engineered cemen-
titious composite panel reinforced with three layers of
glass grid increased by 47.5% and 275%, respectively,
compared to the flexural strength of an engineered ce-
mentitious composite panel reinforced with one layer of
glass grid and an unreinforced engineered cementitious
composite panel.

Key Words: Engineered cementitious composite (ECC),
micro-silica, industrial pozzolan, mechanical properties.
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The retrofitting plan is effective when, in addition to
being cost-effective, it minimizes casualties, reduces in-
frastructure damage, and limits the extent and scope of
damages as much as possible. The design and construc-
tion of most explosion-resistant barriers in all types of
structures are not optimal due to the high cost on the
one hand and the low probability of explosion during the
life of the structure on the other hand. In this research,
the proposal of using the combined method of restrain-
ing net along with the blast wave absorber panel as a
new model in protecting the building against external
explosions has been studied. The rocket is restrained at
a certain distance from the main structure by a resistant
net and the panel absorbs the wave caused by the explo-
sion. By conducting studies and experiments on various
absorbent materials, the selected panel was introduced
and its behavior against threats at different distances
was evaluated numerically and in the field. The results
of the simulations were in good agreement with the field
tests, which can be generalized for different amounts of
charge.

Key Words: Absorbent panel, concrete fabric, Abaqus,
numerical modeling, explosion wave, Absorbing energy.
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it was found that adding 1% of polymer resin at the
age of 1 day causes a decrease in compressive strength
compared to samples without polymer resin. But with
increasing age of samples in high sand-cement ratios, an
increase in compressive strength is observed. The high-
est compressive strength at ages 7, 14, 28, 42, 56 and
90 is for the sand-cement ratio of 4.75 and the highest
flexural strength was observed at the sand-cement ratio
of 4.5.

Key Words: Mortar, mechanical behavior, polymer
resin, sand to cement ratio.
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Global population growth and industrialisation over the
past two centuries have been increased the tendency to-
ward increased use of fossil fuels. The rising trend in
greenhouse gas emissions brought on by the usage of
fossil fuels has contributed to global warming and, as
a result, increased environmental hazards. Geothermal
energy is a substantial source of clean, sustainable, and
renewable energy that is utilized extensively for building
heating and cooling and has a big impact on reducing
greenhouse gas emissions. Energy piles as a convenient
and efficient energy geo-structure receiving a lot of at-
tention worldwide for use in building heating and cool-
ing. Investigating the variables influencing the thermal
interaction between the group of energy piles and its im-
pact on reducing the extracted energy from the energy
pile group is the goal of this study. The soil porosity,
mass flow rate of the circulating fluid, pile diameter,
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pile length, and pile position have all been investigated
using the COMSOL Multiphysics Software. The anal-
ysis of the simulation data reveals that as energy piles’
diameters increase, so does the amount of extracted en-
ergy. The amount of energy extracted is significantly
influenced by the soil’s porosity, which causes thermal
interaction to decrease and energy extraction to increase
as porosity increases. It was found that the amount
of energy extracted is not significantly affected by the
mass flow rate of the fluid circulating in the pipe. If the
amount of extracted energy calculated with respect to
the pile length, as the length of the pile increases, the
average energy extracted per meter of the pile decreases
and tends to a constant value. When the pile diame-
ter is kept constant, pile interaction tends to be reduced
by increasing the ratio of the pile diameter to the pile
spacing (s/D), and as a result, the amount of energy ex-
tracted increased. In the group of energy piles, it has
also been found that the corner piles are the most and
the center piles are the least effective piles.

Key Words:  Geothermal energy, energy pile group,
extracted energy, interaction, heat transfer in soil, comsol.
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Engineered cementitious composite is a cement-based
composite material that exhibits significantly higher flex-
ural, tensile, and compressive strength compared to ordi-
nary concrete. The initial tensile strain capacity of ECC
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Mortars are heterogeneous construction materials whose
raw materials, manufacturing processes and application

conditions have continuously evolved throughout time .
Mortars are artificial construction materials that consist
of tone or more mineral adhesives whose main function is
to connect loose grains using different chemical changes
in their mass, aggregates that are used to create volume
stability on the mortar mass and water that is used to
mix the mortar components into a sticky dough. Ma-
terials must be carefully measured and mixed to give
the desired balance to bring out its essential properties.
Therefore, in this research, 11 mixing plans for mortar,
which is a kind of reactive powder concrete, with sand to
cement ratios of 4.5, 4.75, 5, 5.25, 5.5, 5.75, 6, 25 6.5, 6.5,
6.75, and 7 were made and the effect of increasing the
ratio of sand to cement was evaluated, and by analyzing
the results of compressive strength, it was observed that
the highest compressive strength was at the age of 1, 7,
14, and 28 days of the sample with a sand-cement ratio
of 4.75 and at the ages of 42, 56 and 90 days, it corre-
sponds to the sample with a sand-to-cement ratio of 4.5
and by analyzing the flexural strength results, it was also
observed that the highest flexural strength is related to
the sample with a sand-to-cement ratio of 4.5. Then the
effect of adding 1% of polymer resin to 11 sand-cement
ratio was investigated. From the analysis of the results,
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