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Abstract
The behavior of natural soils is often anisotropic. In
practice, the mechanical behavior of soils is usually as-
sumed to be isotropic. In recent years, various consti-
tutive models have been developed that incorporate the
anisotropic behavior of soils. However, most of these
constitutive models cannot take into account all aspects
of anisotropy. On the other hand, these models are
mostly complex and several parameters are needed to be
determined to de�ne the model. Therefore, using these
models in practical matters is di�cult. In this study,
a simple method is presented to study the anisotropic
behavior of sands in drained conditions. Hollow cylin-
der torsion tests are modeled using commercial �nite ele-
ment software ABAQUS. The Modi�ed Drucker Prager/,
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h Cap constitutive model is used to de�ne the soil char-
acteristics. This constitutive model is a practical model
that is widely used in numerical analyses of geotechnical
problems, assuming that the soil has an isotropic behav-
ior. In order to study the e�ect of soil anisotropy on
the shear strength and stress-strain behavior, USDFLD
subroutine is used in ABAQUS software. A new subrou-
tine, called USDANISO, was also developed that links
soil mechanical parameters to the major principal stress
direction in each element, separately. Therefore, when
analyzing the model, soil parameters in di�erent soil ele-
ments can change as the major principal stress direction
rotates. The hollow cylinder geometry is modeled in
ABAQUS software and di�erent combinations of shear
and normal stresses are applied to investigate the behav-
ior of modeled samples under the principal stresses with
di�erent directions. In the numerical model, stress paths
similar to experimental studies (hollow cylinder torsion
tests), including di�erent values of intermediate prin-
cipal stress ratio, are applied to study the anisotropic
behavior of soil. The results of numerical modeling are
compared with the experimental results of hollow cylin-
der torsion tests. The obtained results show appropriate
agreement with experimental studies. Nevertheless, the
method, described in this study, can be an e�cient and
practical method for considering the e�ect of major prin-
cipal stress direction and intermediate principal stress
ratio on the mechanical behavior of sand in drained con-
ditions"
Key Words: Anisotropy, principal stresses direction,
hollow cylinder torsion test, ABAQUS, USDFLD subrou-
tine.
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Abstract
Suspenders are crucial force transmission components in
suspension bridges that transmit deck loads to the main
cables, and their durability plays an important role in
the safety and serviceability of the suspension bridge.
However, one of the problems in suspension bridges is
that they face the failure of suspenders under applied
loads and consequently, exerted displacements. There-
fore, the suspenders often have a shorter life time and
needed to be replaced. In this paper, the authors aim to
�nd a solution to extend the life of the suspenders; there-
fore, a new method was proposed to improve the perfor-
mance and behavior of suspenders. For this purpose, a
polyethylene member was added between the socket and
the pendant cable. A case study suspender and the pro-
posed model were modeled and analyzed. The results
showed that in the proposed model, the stress on the
model members was reduced by about 39model. Also,
the results showed that unlike the original model, the
plastic strain remained zero in the socket and cable.
After proving the e�ectiveness of the proposed model,
two other materials were replaced by the polyethylene
member. The results showed that among the proposed
materials, Teon gave the best result.

Key Words: Suspender, suspension bridge, suspender
failure, exerted displacement, modifying of suspender.
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Abstract
Recently, researchers have introduced CLT (Cross Lam-
inated Timber), a kind of engineered wood product that
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his one of the most suitable construction materials for
green building development for the future cities. In the
design steel-timber hybrid structure presented in this
study, steel is used for the intermediate moment resist-
ing frame of the building and CLT are used as oor pan-
els and shear walls. Therefore, the lateral load-resisting
system of the hybrid structure in this study is the dual
system of steel intermediate moment resisting frame and
CLT shear wall. In order to investigate the structural
performance of the above-mentioned system, a sample
6 stories building are considered to be constructed us-
ing two types of structural systems were designed us-
ing ETABS software; 1- a steel intermediate moment
resisting frame with composite concrete-steel oor, and,
2- dual steel intermediate moment resisting frame plus
CLT shear walls with timber-steel oor using CLT hor-
izontal panels. Then, FEM model of each of structural
frame two types was analyzed using pushover method
by ABAQUS software. The behavior of the two type 6-
story frame systems were compared. By comparing the
weight of Structure with the two types of lateral load-
resisting system, it was concluded that the total weight
of the building reduced by %22.01 in the structure with a
dual system of steel intermediate moment resisting frame
and CLT shear wall and composite timber-steel oors,
compared to the structure with the steel intermediate
moment resisting frame system and composite concrete-
steel oors. Comparison of the results concludes that
the application of possible substitution of CLT panels
instead of steel and concrete common materials of struc-
tural members results in light weight structure with ac-
ceptable seismic behavior. Furthermore, development
of hybrid timber-steel construction can provide build-
ings with less greenhouse, environmental, and noise pol-
lution for producing materials and building structure,
lower energy consumption, less weight, good seismic be-
havior, fast construction speed, and renewable resource
capability.

Key Words: CLT (Cross Laminated Timber), timber-
steel hybrid structure, steel intermediate moment resisting
frame, CLT shear wall, composite timber-steel oor.
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Abstract
The current research deals with the use of waste rub-
ber powder with di�erent forms and percentages as a
replacement for the �ne aggregates in concrete produc-
tion for the purpose of examining di�erent mechanical
and structural properties at an experimental level. The
mixed design of common concrete as well as other mixed
designs having waste rubber powder were constructed.
The amounts of waste rubber were equivalent to 5, 10,
and 15% of actual volume of the aggregate. To remove
the negative e�ects on some mechanical properties of
the product such as compressive and tensile strength
and impact resistance, the synthetic Polyphenylene Sul-
�de (PPS) �bers known as synthetic complex �bers with
0.75 and 1.5% were added to the concrete having waste
rubber powder. The �rst part of this research examines
the e�ects of the combination of �bers with waste rubber
powder on the compressive, tensile, exural strength,
and impact resistance of specimens. Also, in the second
part of this research, six concrete slabs were constructed
with the structural performance of such concrete in road
construction under elastic basement under direct load-
ing. The displacement-load curve of the samples as well
as the failure pattern of the samples were observed and
analyzed. The result of the experiments on the standard
specimen in the �rst part of this research showed that
despite the decrease in compressive strength due to the
simultaneous addition of rubber powder compared to the
common concrete samples, the tensile, exural strength,
and impact resistance were improved compared to the
samples constructed with common concrete. By replac-
ing 15% rubber powder instead of the �ne aggregates,
the �nal impact resistance increased up to 48%. Simul-
taneous addition of 0.75 % �bers and 5% rubber doubled
the impact resistance of the concrete. It is worth men-
tioning that 1.5% addition of �bers to the concrete hav-
ing 5% rubber power increased �nal impact resistance
up to 5.72 times of that of Ref concrete. The results
of the second part of this research showed that the �-
nal capacity of �ber-rubber concrete slabs under elastic
basement to have favorite exural behavior as concrete
pavement compared to common concrete slab increased
up to 50%; meanwhile, the amount of absorbed energy
and the strength of combined concrete slabs of rubber
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h wastes and �bers were 3 times higher than those made
by common concrete in the reference sample.

Key Words: Waste rubber powder, tensile strength,
concrete slab, toughness, impact resistance.
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strength, tensile strength, and water absorption of recy-
cled concrete were introduced as goal responses. Based
on the statistical analysis, all recommended models were
adequate with acceptable coe�cient of determination
(0/86-0/92 ). Response surface and perturbation plots
revealed that compressive strength, tensile strength, and
water absorption of recycled concretes depended heavily
on the compressive strength of parent concrete. More-
over, in order to generate concretes with higher compres-
sive strength than the compressive strength of parent
concrete, the value of compressive strength for parent
concrete should be above 28 MPa. However, for low-
strength parent concretes, substitution rate should be
limited in order to reduce undesirable performance. As
the compressive strength of recycled concrete aggregates
increased from 19 to 36 MPa, the compressive strength
of recycled concrete was enhanced by over 40 percent.
In this substitution, water absorption reduced over 30
percent. Additionally, when the compressive strength
of recycled aggregates was �xed at 28 MPa, by chang-
ing substitution rate from 8 % to 92 %, the compressive
strength of recycled concrete increased from 26 to 30
MPa. The tensile strength of recycled concrete also was
enhanced from 28 to 31 MPa.

Key Words: Recycled concrete, modelling, parent con-
crete, mechanical properties, waste management.

INVESTIGATION OF DURABILITY
OF SELF-COMPACTING
CONCRETES MADE OF DIFFERENT
AGGREGATES UNDER THE
INFLUENCE OF SULFATE
ENVIRONMENT USING TWIST-OFF
TEST
M. Naderi
profmahmoodnaderi@eng.ikiu.ac.ir
A. Rashvand Aveh
rashvand-a@edu.ikiu.ac.ir
A. Saberi Varzaneh(corresponding author)
ali.saberi@edu.ikiu.ac.ir
Faculty of Technical and Civil Engineering
Imam Khomeini International University
DOI:10.24200/J30.2021.58151.2951

Sharif Civil Engineering Journal
Volume 38, Issue 1.1, Page 59-67, Original Article

c Sharif University of Technology

� Received 15 may 2021; received in revised form 26 October
2021; accepted 8 November 2021.

163

Abstract
One of the most signi�cant concerns of recent years
among scientists has been related to waste management
actions and policies. Unfortunately, land�lls are �lled
with various debris and demolition from old building in-
cluding waste concrete, glass, brick, ceramic, and plastic.
Waste concrete seems to occupy a large volume of these
land�lls; thus, they are potentially among the most ap-
propriate choices for recycling process. However, di�er-
ent papers have focused on the impact of recycled con-
crete aggregates in concrete and in recent years, no spe-
ci�c model has been recommended to predict the behav-
ior of parent concrete in recycled concrete. In this study,
a central composite design along with response surface
methodology was employed to prepare experimental de-
signs and model the properties of concrete made of recy-
cled aggregates. E�ective factors included compressive
strength of parent concrete, substitution rate of parent
concrete, and value of cement, while the compressive
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hAbstract
In many parts of Iran, especially in the southern re-
gions of the country where concrete is exposed to seawa-
ter, sulfates are the main destructive factors of concrete.
The main factors related to the durability of concrete
are the type of materials, concrete structure, density,
and curing. Inadequate compaction of concrete due to
the lack of acceptable vibration in the limited parts be-
tween the formwork and rebars is one of the main factors
of low structural reliability exposed to sulfates. Due
to the lack of information related to the e�ect of ag-
gregate strength on the performance of self-compacting
concrete, in this paper, the e�ects of type and strength
of aggregates on the durability of self-compacting con-
crete against sodium sulfate is presented. Granite, mar-
ble, andesite, rhyolite, travertine, lime, green tu�, crys-
talline green tu�, and basalt were used to make concrete.
\Twist-o�" and \Drilled core" tests were employed to
measure the compressive strength of rocks. "Twist-o�"
test is an accurate method with a wide range of appli-
cations in determining the strength of materials both in
the laboratory and on site and is considered as a fast,
accurate and low-cost technique with minor failure in
the �eld of semi-destructive testing. The attractiveness
of this method is in accuracy, speed, simplicity, minor
breakdown, and low cost of doing it, which makes it
more comparable than other on-site tests. This test can
be performed in horizontal, vertical, and generally on
any smooth surface without the need for prior planning.
The tools used in this test are very simple and acces-
sible and performing the test does not require previous
skills. The experiments were performed at ages 7, 14,
and 28. The results show a direct relationship between
the strength of the parent rock and the strength of self-
compacting concrete made with of rock. At an early age,
there is an increase in compressive strength of samples
placed in sodium sulfate compared to samples treated
in water. Also, a high correlation coe�cient was ob-
tained between the results of the \twist-o�" test and
the \Drilled core" test, which could be used to measure
the compressive strength of rocks with the \twist-o�"
test with high con�dence.
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Abstract
The �re phenomenon can cause the loss of structural
materials resistance which may end to damage or even
structural total collapse. Physical and chemical changes
in concrete due to �ring also make serious structural
defects in concrete structures. Therefore, prevention of
reduction of concrete resistance is attended in this re-
search. The primary idea is based on decreasing concrete
thermal conductivity to increase chemical and physical
resistance. Because of low density and porosity light
weight aggregate concrete has low thermal conductiv-
ity which can postpone the resistant loss due to high
temperature. A set of tests performed to achieve an
optimum light weight aggregate concrete mix design in
room normal temperature by changing the amount of
sensitive mix components and controlling compressive
strength and density. In next step some e�ective addi-
tives were implemented to make the optimum mix design
against high temperature. For this purpose, 9 di�er-
ent mix designs obtained from the Taguchi method were
prepared. For each mix design, 9 test specimens were
made. At each, ambient temperature, 400� and 800�
'three samples of each design are tested. The experi-

ments conducted in this research include testing of com-
pressive strength, ultrasonic pulse, and weight loss and
heat e�ect on the appearance of lightweight concrete.
It was seen that the e�ect of temperature above 400� is
more signi�cant on concrete compressive strength and in
temperatures below400� density loss is more consider-
able. The results of tests indicate that reducing the wa-
ter to cement ratio and using super plasticizer has a de-
sirable e�ect on the physical and mechanical properties
of lightweight concrete at higher temperatures. How-
ever, test results showed that the presence of silica fume
up to 15 percent of weight of cement can't improve the
strength of lightweight concrete neither in ambient nor in
elevated temperature. Optimum mix design lost about
49 percent of compressive strength in800� . Also it was
observed that loss of density and compressive strength
due to elevated temperature are in direct relation.
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sign, physical and mechanical properties of lightweight con-
crete, elevated temperature lightweight concrete resistance,
LECA lightweight aggregate, Taguchi method.
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Abstract
The project schedule is a critical factor in project suc-
cess in the Architecture, Engineering, and Construction
(AEC) industry. An e�cient schedule can develop a
shared vision (i.e., understanding) among project stake-
holders. The traditional construction industry uses pa-
per documents such as Gantt charts to visualize the se-
quence of construction activities. However, it might be
challenging for stakeholders to comprehend the schedule,
particularly in large-scale construction projects (e.g.,,
pipeline construction projects). The recent development
of 4D modeling schedules (i.e., integration of Gantt charts
and the 3D digital model) within the Building Infor-
mation Modeling (BIM) environment has facilitated a
better understanding of the project schedule. However,
the process of developing 4D scheduled in large-scale
linear projects is still demanding. Given that smart-
phones are becoming increasingly popular and widely
available, their potential use in the construction indus-
try is emerging. Nowadays, various smartphone appli-
cations are employed in the industry, some are equipped
with the fascinating feature of Augmented Reality (AR).

AR is an emerging technology being actively developed
by major corporations (e.g., Google, Microsoft, and Ap-
ple). Several researchers have studied AR and its po-
tential applications in the AEC industry, including visu-
alization, simulation, communication, collaboration, in-
formation modeling, access to information and evalua-
tion, progress monitoring, education, safety, and inspec-
tion. This study introduces a hybrid BIM and AR frame-
work to monitor construction schedules and demonstrate
the linear progress of construction projects. A cloud
database (Cloud DB) is used to communicate and share
information between BIM and AR. It also provides a
more powerful visualized schedule based on the AR tech-
nology (comparing to the 4D BIM-based schedule) to fa-
cilitate a deeper understanding of the stakeholders (e.g.,
digest and update the project schedule) and to enhance
the project control. Finally, the capabilities of the devel-
oped platform are demonstrated successfully by apply-
ing it to an actual water pipeline case study. Employ-
ing the developed framework by the consultant company
demonstrates some advantages of the developed hybrid
framework compared to the traditional scheduling ap-
proach and 4D BIM schedules.

Key Words: Building Information Modeling (BIM),
Augmented Reality (AR), 4D schedule, project control, wa-
ter pipeline.
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Abstract
Rapid population growth and wave of immigration to
cities are growing needs to expand construction in cities.
So, reinforcement of bed soil has a high importance in
urban structures. The soil must be stabilized for var-
ious applications such as: decrease in erodibility, in-
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hcrease in loading capacity and increase in compressive
strength. At the ground level, soil can be stabilized
by ecological and compaction methods but in depth,
improvement should be done by infusion. Injection of
chemical substances is costly, destructive and it causes
the destruction of the hydrological ecosystem of the im-
proved area, in addition to, ground water may be devi-
ated from their path. Biological cementation is a modern
and environmentally-friendly method to remedy the soil
that it has been developed through the linkage of civil,
geochemical and microbiological �elds. This method
of improvement is based on Microbial Induced Calcite
Precipitation sedimentation, so sedimentary bacteria is
used. To date, many studies have been conducted in
which less attention has been paid to the e�ect of de-
scending injection on the formation of calcite crystals in
the biological cementation of sandy soils. Therefore, in
the present study, a type of bacterium containing spore
called Bacillus pasteurii was used to help the e�ect of
molarity as well as The type of injection (constant and
descending) on soil strength and permeability should be
investigated. For this purpose, biologically cemented
specimens by this method were tested in tri-axial consol-
idated undrained test, �xed load permeability and scan-
ning electron microscope to investigate this case using
the results to be proceeded. The results show that as
the concentration increases, more calcite is formed in the
soil, therefore the cemented sample with a constant con-
centration of molar had the best performance and com-
pared to untreated sand, 61.8% an increase of resistance
and 41.25% a decrease of permeability was observed.

Key Words: Bio-cementation, descending concentra-
tion, constant concentration, tri-axial test, bacillus pas-
teurii.
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Abstract
Estimation (correction) of origin-destination (OD) ma-
trix based on tra�c counts data is an inexpensive ap-
proach to predicting travel demand in transportation
networks. The general formulation of this problem is a
bi-level optimization program in which the matrix esti-
mation is solved at the upper level, and the tra�c assign-
ment is solved at the lower level. In congested networks,
deterministic user equilibrium (UE) assignment is often
used at the lower level. Deterministic approaches assume
that all users perceive network travel times the same
way, which is not the case in reality. In contrast, stochas-
tic methods allow for di�erent user perceptions. This
research develops the OD matrix estimation problem
(ODMEP) under the stochastic user equilibrium (SUE)
constraint. The SUE assignment with the multinomial
logit (MNL) route choice model is applied at the lower
level. The MNL model is a well-known discrete choice
model with a straightforward, closed-form choice proba-
bility. Spiess gradient-based approach is used at the up-
per level, which is e�cient in large-scale networks. The
Spiess OD estimation models with UE/SUE constraints
are implemented on the large-scale Tehran network un-
der di�erent user perception variances represented by
the scale parameter (�03b8) in the MNL formula. Two
scenarios are adapted to create the initial OD matrix to
compare the results of the two models (ODMEP with
UE/SUE assignment). Results show that ODMEP with
SUE constraint outperforms ODMEP with UE constraint
in producing link volumes close to observed tra�c counts.
Furthermore, the OD matrix resulting from the SUE-
based model is better �tted to the real OD matrix than
the UE-based model. However, the two methods' re-
sults converge when the scale parameter increases (i.e.,
variance in users' perceptions of network travel times de-
creases). In the Tehran network, the SUE-based model
reduces the ratio of RMSE of the OD matrix to real de-
mand more than 10 percent (more than 20 percent in
some cases) compared to the UE-based model when the
scale parameter is less than 0.5.

DEM INVESTIGATION OF THE
CRACK EFFECT ON THE BEHAVIOR
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Abstract
Granular materials have micro cracks in their structure
due to changes in temperature, pressure, and weather-
ing. These microcracks, which are distributed within
the grains in di�erent lengths, directions, and positions
strongly a�ect the mechanical behavior of grains such as
sti�ness, strength, and breakage. On the other hand, the
discrete element method is a powerful tool for the analy-
sis of granular materials. Ability to model di�erent types
of grain shape, loading conditions, and cracking in mate-
rials are among the features of this method. Therefore,
by modeling cracked grains by discrete element method,
the e�ect of cracking on material behavior can be eval-
uated. In this paper, cubic and cylindrical cracked and
non-cracked grains are modeled and subjected to uniax-
ial loading with lateral con�nement. Using Hertz nonlin-
ear contact model, performing sensitivity analysis to de-
termine the minimum number of balls required to form
each clump, controlling the number of contact points,
slope and direction of cracking plates in cracked grains
to ensure their uniform distribution in di�erent model-
ing and using the combined criterion of tensile strength
and fracture toughness in terms of combination modes
of one and two are among the features of this numerical
model. Following the validation of the numerical model
with similar laboratory results and ensuring the opera-
tion of the model, at this stage, to investigate the e�ect
of crack direction on the behavior of materials, cracked
grains are regularly placed on top of each other and at
each stage of loading, the direction of the cracks changes
from zero (parallel to vertical force) to 90 degrees (per-
pendicular to vertical force). Finally, the combined ar-
rangement of cracked and non-cracked grains at di�er-
ent ratios is modeled and their behavior is evaluated.
The results show 16% and 21.5% increases in applied
energy and 19% and 6% increases in strain values, re-
spectively, in cracked cubic and cylindrical specimens.
Moreover, the breakage factor increases almost 12% in

cracked specimens. The e�ect of crack inclination at a
45-degree angle is maximal so that the fracture stress is
17% smaller than the average fracture stress at di�er-
ent angles. Finally, for any other desired combination of
cracked and non-cracked grains, for a given stress, the
amount of breakage factor and the corresponding strain
in this range can be estimated through numerical mod-
eling.

Key Words: Crack, fracture toughness, stress-strain
behavior, breakage factor, discrete element method.
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Abstract
In this study the uctuating loads of the control gate
in the experimental model of the bottom outlet of a
dam was evaluated. The production, transportation,
and dissipation of turbulent ow eddies based on Kol-
mogorov theory were investigated by image processing
of the ow under the control gate, time series of veloc-
ity and static pressure uctuations. According to the
results: 1- the ow turbulence at 10% opening of the
control gate can be related to large eddies of middle and
lower half streamlines of the upstream conduit. 2- The
ow turbulence at 30% opening of the control gate can
be related to large eddies of lower half streamlines of the
upstream conduit. 3- The ow turned turbulent at 50%
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hand 70% opening of the control gate can be related to
large eddies of upper half streamlines of the upstream
conduit. It can be concluded that the middle and lower
streamlines of the upstream conduit play a major role in
eddies production and ow turbulence at smaller open-
ings of the control gate. In contrast, the upper stream-
lines of the upstream conduit play a major role in eddies
production and ow turbulence at larger openings of the
control gate. Large eddies are produced by shear layers
created by velocity gradient at the guide slots of gate.
The large eddies are transported by side guide slots to-
ward the gate create strong secondary ows. After the
collision of strong secondary ows with the main ow,
the resulting turbulence leads to uctuating static pres-
sures. These uctuations lead to the uctuating loads
on the control gate. Wavelet analysis of the time series
provides the magnitude and frequency of pressure waves.
Then, wavelet analysis and imaging of the gate ow re-
veal the causes of the turbulent ow formation process.
The size and frequency of these large eddies range from
7.5 mm to 25 mm and 0.1 Hz to 2 Hz, respectively.

Key Words: Dam bottom outlet, turbulent ow, eddy,
kolmogorov, experimental model.
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Abstract
The pipeline in service may be subjected to complicated
loads (including lateral, axial, vertical loads and hydro-
static pressure in addition to internal pressure) when
crossing complex geohazard regions. In this study, two

kind of loads that cloud be more fundamental are nu-
merically investigated using �nite element method. The
loads imposed on pipelines depend on the pipe con-
tent and the environment that the pipeline is passing
through. Axial compression can arise within pipelines
from thermal loads arising from hot hydrocarbon pas-
sage from o�shore oil wells to an onshore station or can
arise from anchor forces acting on pipelines and Exter-
nal pressure can arise within pipelines from hydrostatic
pressure, sudden valve closures, and pump failures. It
is very important to select suitable geometric imperfec-
tion form to exact investigation behavior of pipelines and
mechanism of failures. In order to veri�cation response
of numerical analyses, one of the experimental results
is compared with numerical result and concluded that
there is a good agreement between results. Meanwhile,
the e�ect of the eccentric axial compression, pipe diame-
ter to wall thickness ratio (D/t) on the buckling external
pressure are studied. The interaction between the axial
load and external pressure was graphically demonstrated
and compared for di�erent geometrical ratios through
numerical analysis. During analysis, the eccentric ax-
ial compression load in the pipe was primarily induced
and maintained constant less than its capacity. Sub-
sequently, the uniform peripheral pressure was gradu-
ally increased until failure, and, besides, the response of
some specimens was separately investigated under pure
external pressure and axial compression load. It was
found that the D/t ratio is the decisive parameter to
specify the buckling behavior of steel pipelines and type
of created failure mode subjected to axial compression.
Some signi�cant conclusions were drawn based on exten-
sive parametric studies. The buckling external pressure
reduces with the increase of pre-axial compression and
diameter to thickness ratio.

Key Words: Steel pipeline, ABAQUS, external pressure,
axial compression, imperfection, experimental.
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Abstract
The role of oods in sediment transport and river mor-
phology has been proven. In this study, the e�ect of dif-
ferent parameters on the transfer of sediment bed load
under ash ood has been investigated.
The input ood hydrograph of the symmetric triangular
type with the base time of 90 sec and peak ow rate
30 and 45 lit/s were considered. Sediment particles of
quartz type with a moderate diameter of 1.2 and 3 mm
and two bed slopes of 0.006 and 0.014 were tested. In
this study, changes in water surface pro�le, rate of bed
load in steady and unsteady conditions, and unsteadi-
ness parameter relative to total work done of ow and
sediment rate were investigated. By using dimensional
analysis, the parameters a�ecting sediment transport
were determined and evaluated in experiments. The

results showed that the unsteadiness parameter in un-
steady ow had a signi�cant e�ect on sediment trans-
port. On the other hand, the work done by the ow has
a greater impact on sediment transport than the un-
steadiness number. In this regard, the e�ect of channel
slope on sediment transport should be considered.
The role of channel slope in the transfer of bed load is
very important so that by doubling the bed slope, the
total amount of sediment transferred to the downstream
increases almost 5 times. Also, with increasing the sedi-
ment ow rate, the unsteadiness parameter increases and
it plays an e�ective role in the whole work. In general,
in high-value hydrographs, the amount of transfer sedi-
ment increases and there is a large relationship between
the amount of transfer sediment and the total ow work.
Reducing the time of the rising arm of the hydrograph
shows the e�ect of increasing the ow rate, which is ef-
fective in these waterways, so that with the faster the
ood peak time, the more sediment is transferred and
the probability of damage and destruction increases.

Key Words: Bed load, ash ood, triangular hydro-
graph, base time, unsteadiness parameter, ow work.
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