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Three Dimensional Simulation of Vortex SheddingPhenomenon and Sediment
Transportaround Obstacles subjected to flow, Using Flow3D
N. kardan H. Hakimzadeh Y. Hassanzadeh

Abstract Bridges are known as one of the most important communicational hydraulic structures. This is
particularly so important in bridge piers exposed to river currents.The flow contact with bridge piers causes
erosion around them and would result in damage. Therefore, controlling the erosion around the piers is one of
the most important objects in the bridge safety. Many different experimental models have been prepared so far
to investigate the flow pattern and local scour around this structure. Regardless of the cost and time of the
experiments, problems resulting from changes in scale are also available. Nowadays, the Hydrodynamic
behavior of the fluid is more extensively investigated by using the more efficient codes of computational fluid
dynamic (CFD). The Flow3D software is used for this regard. This study focuses on the simulation of flow
around the different bridge piers and studied the flow pattern and bed erosion around them. In this regard, the
assumption of incompressible fluid is used and the sharp free surface is modeled by Volume of Fluid (VOF).
Considering the sensitivity of numerical models to the number of cells in the computational domain, verifying
the number of cells has been done by comparing the velocity profiles. Three different turbulence models also
are investigated, and the free surface profiles, flow pattern around the pier and the Strouhal number are
compared. Finally, the flow simulation is done by LES turbulence model. For investigation the two key factors
causing local scouring, flow separation and downward flow in upstream of the pier, thl 10 models is selected.
The countermeasures that considered in this regard include berm, cross-section and middle slot. The results
show that the effect of flow separation control in reducing the bed erosion is much more than controlling the
downward flow. Also the results revealed that in most cases using one countermeasure may be acts more better
than situations different countermeasures was applied. In using lenticular cross-section, the scouring depth
weas decreased up to 58% and with using the combined round-nosed rectangular cross-section, berm, and slot,
the scouring depth showed decreasing up to 50%. Also, it was concluded that controlling the flow separation
from the pier in boundary layer and the vortex shedding affect the bed erosion much more than the downward
flow in pier upstream.

Key Word Numerical simulation, Vortex shedding, Flow3D software, Turbulence model, Scour, Bridge pier.
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A New Approach for Evaluation of Workshops of Tall Buildigns in Mashhad by HSE
Approach (case study: construction projects)

P. lldarabadi A. Mehrdoust J. Alamatian

Abstract The HSE technique is used for evaluating the health, safety and enviromental risks. This is a
systematic method which is utilized for protection of capital, manpower and environmental towards the
risks of unpredictable events in construction projects. In this paper, HSE method is utilized for evaluating
construction projects in Mashhad. For this purpose, health, safety and environmental risks are identified.
Then a performance function is proposed based on assumed risks. Weight of identified factors and
evaluation the efficiency of proposed function are performed by SWOT matrix and Monte Carlo simulaton
technique, respectively. To do this, by prapering, distribution and purchasing health, safety and
environment checklists between HSE experts, project managers and supervisors of workshops, their
comments are recieved. By running SWOT matrix method and Monte Carlo simulation, health, safety and
environmental risks of Mashhad construction projects are classified based on proposed function. Results
show that the highest and the lowest risks in construction projects in Mashhad are caused by welding safety
related processes and the risks of HSE planning, respectively.

Key Word HSE, Construction project, SWOT method, Monte Carlo simulation technique.
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Stability Analysis of a Tunnel in Hydrostatic Conditions Using Different Reliability
Methods in @Risk and RT Software

H. Fattahi F. Jiryaee

Abstract One way to stability analysis of tunnel is to examine the convergence and radius of the plastic
zone around it. On the other hand, uncertainties in the design parameters lead to the evaluation of the
safety of structures using probabilistic and reliability methods. In this research was presented a
methodology for stability analysis of two tunnels (under different conditions), by Hock-Brown and Mohr-
Coulomb theory using robust reliability methods including: first order method (FORM), second order
method (SORM) and Monte Carlo simulation in new RT and @Risk software. After probabilistic modeling
in these two software, the results of the analysis show that the second order reliability method is more
accurate than the first order method in more complex limit state functions. Also, at high values of failure
probability, first order and Monte Carlo simulation methods provide more realistic outputs and at low
values of failure probability, Monte Carlo simulation method is not recommended. In addition, the tunnel
without pressure has a high probability of failure (24%), so that providing a support with 0.12 MPa
pressure is efficient.

Key Word Reliability, RT software, @Risk software, Tunnel stability analysis.
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step 3 :

Design point in original space, x:
0.185089 |
| 0. 401964 |

-0.660462 |
| -D.232502 |

Gamma Tmportance measure:
| -D.947257
| -D.320474 |

The reliability index:
Beta = 0.700131

The probability of failure:
pf = 0.241904

###22 STARTING FORM ANALYSIS WITH FUNCTION "GL(X)" ...

Checkl = 2.38485e-05 , Checkz = 0.000382833 , Distance = 0.700131

search for the design point has been completed successTully.

Design point in standard-normal space, u:
|

Computing the random wariable sensitiwities...
Random variable sensitivities are computed successTully.

####2 FORM ANALYSIS DONE IN 0.331 SECONDS.
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Evaluating the Effects of Lime and Nano-Lime on Compaction and Strength Properties of
Chaloos Coastal Sand

R. Rezvani M. Azizi P. Nopars A. Nabizadeh

Abstract Soil as a substrate of land and the foundation of civil structures is of particular importance in the
development of urban areas. Some soils are classified as problematic soils due to their low mechanical
resistance or high sensitivity to moisture changes, such as the Chalus coastal sand. Soil stabilization with
suitable materials is one of the methods of soil improvement for problematic soils. The effect of calcium
carbonate (i.e., lime) and nano-calcium carbonate (i.e., nano-lime) on the mechanical properties of the
Chalus coastal sand is evaluated in this study. For this purpose, after sampling the soil from the coasts of
Chalus city and conducting basic geotechnical experiments, the mixtures were prepared with different
percentages of lime and nano-lime and compaction and strength tests were performed on the mixtures. The
results showed that lime and nano-lime improved the mechanical properties of the soil material. However,
the effect of nano-lime on the mechanical properties of Chalus sand is more significant compared to lime-
sand mixtures. In addition, the increase in the lime and nano-lime content in soil mixtures resulted in an
increase in the internal friction angle and cohesion.

Key Words Soil Improvement, Lime, Nano-Lime, Compaction Properties, Strength Parameters, Bearing
Capacity
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Investigation of Velocity and Concentration Profiles of Turbidity
Flow in River Bends

M. Mohammadi M. Ghomeshi

Abstract The purpose of this study was to investigate the behavior of high flow in bending with Erodible
Bed, This paper presents a series of experiments in which saline gravity currents flowed through a sinuous
channel model. This flume contains three successive bends with three different relative curvature
radiuses:40, 80 and cm, 8.5 m length, 20cm width and 70cm height. The results show, in condition of a
constant discharge, increasing the concentration of the inlet current, the flow velocity of the body flow
increases on a mobile bed. The rate of increase in velocity depends on changes in the form of the bed the
flow rate of the body will be reduced to about 19%. The velocity of the forehead has increased in the
conditions of the mobile bed by forming the form of the bed. So decrease shear stress and omit the bed form
cause increasing the velocity of the forehead decrease about 6%.

Key Words Erodible Bed, Density Flow, Secondary Flow, Bend, Concentration Profile, Velocity Profile.
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Seismic Response of Multistory Buildings with Double Telescoping Self-Centering Energy-
Dissipative Brace (DT-SCED)

M. H. Baradaran Khalkhali A. Karamodin

Abstract Telescopic Self-Centering braces are one of the very successful examples of Self-Centering braces
which perform well in seismic loading. In this study, a new example of Telescopic Self-Centering brace is
introduced, which has superior features over other telescopic braces. These include: high axial load capacity, use
of shorter cables in brace construction, simplicity of construction, use of separate cables for compressive and
traction modes, less fatigue in cyclic loads and, allowing for more dynamic loading cycles. In this paper, a sample
was designed with an axial force capacity of 300kN. Modeling of behavior (DT-SCED) was accurately expressed
using numerical relationships. nonlinear incremental stiffness analysis method was also used to calculate the
hysteresis brace behavior. The cyclic load test was applied to this brace and the result showed complete Self-
Centering behavior. Then, a sample building with the double telescoping Self-Centering Energy-Dissipative Brace
(DT-SCED) was subjected Single direction pushover analyses and the results are compared with the sample
buildings with the Self-Centering Energy-Dissipative Bracing (SCED) and the Telescoping Self-Centering Energy-
Dissipative Bracing (T-SCED). The results of the analysis and comparing with other samples confirm the seismic
superiority of performance of the DT-SCED brace over other samples.

Keyword Telescoping Self-Centering Energy-Dissipative Brace, pushover Analysis, Cyclic Load Test, Nonlinear
Incremental Stiffness Analysis.
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4. Individual Record Response and Hyster eses

In this study, after analyzing sample frames at al three
earthquake risk levels, the behavior of first-storey brace
hysteresis was compared. The plots in Figure 3 shows the
effect of varying seismic hazard on selected designs.
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Figure 2. Six-storey SCED building design

(A): At the FOE hazard level, al three braces are flagged.
Theinitia stiffness of al three braces is approximately the
same. The area below the SCED chart is higher than the
other two. The secondary stiffness of DT-SCED in the
tensile state is less than that of the other samples. The
residual displacement in the DT-SCED bracket islessthan
the other two specimens. The reason for this may be the use
of shorter and longer separation cablesin compression and
tension modes. Generally, the seismic performance of the
DT-SCED is appropriate at thislevel of earthquake.
(B): At the DBE hazard level, al three brace also have
flagging behavior. The initial stiffness of the DT-SCED is
higher than the other two. Also the area below the DT-
SCED chart is higher than the other two and the residual
displacement in the DT-SCED bracket isless than the other
two specimens.
(C): At the MCE hazard level, unlike the two previous
hazard levels, the SCED is not fully flagged and the
hysteresis behavior of the SCED brace is not Self-
Centering. One of the important points presented in this
study is the stability of T-SCED and DT-SCED hysteresis
behavior in MCE hazard level earthquakes. Other major
point is the higher number of cycles of the DT-SCED
hysteresis chart than the T-SCED. This stability or fatigue
of the hysteresis diagram cycles can be due to the separate
cable.

The most desirable performance of Self-Centering
braces can be expressed as its ability to create flagging
behavior in the building. It is observed that the Residual-

Drift in buildings with T-SCED and DT-SCED braces is
close to zero.
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Figure 3. Hysteretic response comparison for first
storey brace (M CE Earthquake LA21)

5. Conclusion

In this study, the DT-SCED was introduced. Details of the
design and assembly of the brace have been provided in a
detailed manner for real dimensions. In this research, after
modeling and analyzing the sample frames, their seismic
behavior was compared with each other. The performance
of the DT-SCED showed superior characteristics.
Comparison parameters were: period, initia building
dtiffness, the post activation tiffness, maximum
acceleration (g), peak drift (%), peak residual drift (%) and
maximum base shear (kN). Design dimensions of DT-
SCED braces are executable and manufactured in Iran.
These members were more economical than SCED and T-
SCED braces in terms of outer, internal and cabling cross-
sectional area. The seismic performance of the DT-SCED
brace is far better than the SCED brace in the prototype
building. Unlike the SCED brace, in earthquakes with an
MCE hazard level the DT-SCED brace behaves completely
self-centering and the Residual-DRIFT of the building is
approximately zero.

The seismic performance of the DT-SCED brace is
similar to the T-SCED brace. DT-SCED brace
displacement is lower than the T-SCED brace, which can
be due to the use of separate cables in compression and
traction modes. Asaresult, it can be concluded that the use
of DT-SCED brace improves the seismic performance of
the building. Moreover, due to the ease of construction and
assembly of these braces (DT-SCED), they can easily
create a self-centering behavior in buildings.
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1. Introduction

Telescopic Self-Centering braces are of the very successful
examples of Self-Centering braces which perform well in
seismic loading. In this study, anew example of Telescopic
Self-Centering brace is introduced, which has superior
features over other telescopic braces. These include: high
axial load capacity, use of shorter cables in brace
construction, simplicity of construction, use of separate
cables for compressive and traction modes, less fatigue in
cyclic loads and, allowing for more dynamic loading
cycles. In this paper, a sample building with the double
telescoping Self-Centering Energy-Dissipative Brace (DT-
SCED) was subjected to 60 earthquakes of different scales
and the results are compared with the sample buildingswith
the Self-Centering Energy-Dissipative Bracing (SCED)
and the Telescoping Self-Centering Energy-Dissipative
Bracing (T-SCED). The results of the analysis and the
comparison with other samples confirm the seismic
superiority of performance of the DT-SCED brace over
other samples. Comparison parameters were: period, initial
building dtiffness, post activation stiffness, maximum
acceleration (g), peak drift (%), peak residual drift (%) and
maximum base shear (kn).

2. Introducing Double Telescoping Self-Centering
Energy-Dissipative Brace (DT-SCED)

After reviewing all previous centrifugal brackets,
considering the available material and manufacturing
facilities in Iran, a Double Telescoping Self-Centering
Energy- issipative Brace (DT-SCED) was proposed. The
previous proposed braces all had several disadvantages,
including difficulty in manufacturing, high cost, low
energy dissipation, and low axial force capacity. The brace
has four series cables, two of which are activated in tension
and the other two in compression. Figure 1 schematically
shows the brace behavior. The advantage of this type of
brace over the previous models is the use of fewer cables
and halved fatigue in the cables due to the separate tension
and compression cables. Simplicity of construction and
ease of installation are other advantages of this brace
compared to previous models, which makes it easy to
manufacture in Iran. The important parameters of the
proposed brace are briefly described as high axial load
capacity, use of shorter brace cables, simplicity of
construction, use of separate cables for compression and
tension modes, less fatigue in cyclic loads and allowing for
more dynamic loading cycles.
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Figure 1. Schematic shape of the DT-SCED: A) no-load
mode B) tensile loading C) compressive loading

3. Sample Six-Storey Building Design

In this study, a six-storey prototype frame with a (DT-
SCED) was used to investigate seismic behavior in real
structures. The results were compared with two other
research samples. It should be noted that ASCE7-05 was
used to design this structure. This prototype building was
designed for normal occupancy on class D soil in
downtown Los Angeles, California. The design was done
using the modal response spectrum analysis procedure. The
SCED braces themselves were designed using the same
response modification coefficient R=7, overstrength factor
Q, =2, and deflection amplification factor C4=5.5, the
same as those prescribed for buckling-restrained braced
frames in ASCE 7-05. All columns and beams were steel
W-Sections. Concrete floor slabs acted asrigid diaphragms
a every storey. The total effective seismic weight of the
structure W was 32 100kN. The plan and elevation of the
six-storey building are shown in Figure 2. The building
lateral force resisting system consisted of SCED-braced
frames in the north-south direction and special moment-
resisting frames (SMRFS) in the east-west direction. For the
current study, only the SCED frame response will be
considered, meaning that the SCED frames have been
analyzed in 2D and the contribution of the orthogonal
SMRFs has been neglected. To model the DT-SCED, the
hysteresis diagrams of each storey were calculated in the
first step. The amount of lateral force was applied in each
storey and the DT-SCED details were cal cul ated according
to the maximum axial force.
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wall and the maximum velocity istransferred to the outer
wall. Thisisseeninthetransverse velocity profilesin the
second and third bends. In general, on the mobile bed, the
velocity of the condensate flow increases as the
concentration of the incoming flow increases. The
important point in the flow rate profilesisthat the rate of
increase in speed depends on the changes in the form of
the bed, as the concentration incresses. As the
concentration of concentrated flow increases, the shear
stress of the bed increases. In the context of the mobile
bed conditions, the particles of the active agent act as a
resistive force against the inflow current. Regarding the
results in the context of mobile bed conditions,
concentration generally increased due to increased flow
velocity, and increased flow power has also been shown
to change the bed roughness.

4. Conclusion

Generally, with increasing concentrations, the shear
stress of the substrate increased and the bottom of the
substrate, the roughness and shear stress begin to
decrease as well. Increasing the speed and formation of
bed formsincreases the roughness and flow resistance of
the substrate, so that the substrate particles act as aforce
against the inflow current. With regard to the results in
the context of mobile bed conditions, concentration
generaly increased due to increased flow velocity, and
increased flow power has also been shown to change the
bed roughness, and the importance of generating a bed
form for creating resistance to flow. Because at the
beginning of the current flow, the bed form is not yet
formed, and the agent of the resistivity and roughness of
the bed isnegligible, and asaresult, thereis no resistance
and decrease effect against the forehead velocity. Results
of experiments on the mobile bed showed that by
increasing the concentration of the incoming flow, the
flow velocity of thefluid is a so increases. The important
point in the flow rate profilesis that the rate of increase
in velocity depends on changesin the form of the bed due
to the increase in concentration. By increasing
concentrations of turbidity flow, the shear stress of the
bed increased. When the bed form isgenerated, asaresult
showed in experiment with 25g / | concentration, the rate
of velocity increase, by increasing, shear stress decreased
(from 34% to 15%). Therefore, the rate of velocity will
increase by removing the bed forms and reducing the
roughness and shear stress of the bed.
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1. Introduction

Basically, aturbidity or dense flow is a two-phase flow
that occurs due to the movement of afluid in a different
fluid with a different density, occurring in many natural
environments and engineering applications. Theturbidity
flow in mobile bed conditions consists of three regions:
clear water of the perimeter, cloudy water, and sediments
(bed loads). The complex interaction of cloudy flow with
two other regions makes it difficult to analyze these
flows. It can be noted that there are cases such as the
effect of floating force, the interaction of particles with
the current and the turbulencesin the common surface of
the environmental fluid with the currents flow. Since in
reservoirsof dams, the roughness of the bed changeswith
the formation of a thick stream, its effect on the flow
characterigtic is of great importance. In the context of a
mobile bed, increasing the velocity or power of the
current in the surface area create different bed forms. On
the other hand, in analyzing the flow profiles of afluidin
a mobile bed, it is important that the flow resistance
consists of two parts: the first part of the roughness due
to the particle size and the second part of the roughness
is due to the shape of the bed. Some have described
gravel bed forms emplaced by the bed-load component
of turbidity currents flowing in a confined channel in the
Cerro Toro formation of southern Chile. At field scale,
some others have measured vertica velocity profiles
within the Monterey Submarine Canyon. In the
laboratory, previous experimenta studies have
documented the vertical structure of the body of gravity
flows. Only some studies have been performed over
mobile beds, and even when bed forms developed, their
influence on the flow was not evaluated. Bed forms have
feedback mechanisms and, in turn, affect the flows that
originaly created them.

2. Experimental Program

This research was carried out at the Laboratory of
Physical and Hydraulic Models of the Faculty of water
Sciences Engineering of Shahid Chamran University of
Ahwaz. To conduct the experiments, this study has a
flume length of 8.5m, depth of 70cm, width 20cm and
slope of the 0.001, including three consecutive 90° curves
with a curvature radius of 40, 80 and 120 cm (Figure 1).
The experiments were carried out in the form of saline
flow and at four concentrations of 0.7, 1, 1.5 and 2 liters
per second at concentrations of 10, 15, 20 and 25 grams

per liter. In order to provide a mobile bed in the flume
floor, due to the special conditions of the currents (very
low velocity in small laboratory flumes), comprehensive
research has to be caried out on the materia
characteristics and their use as corrosive substrate
materials. Moreover, the tests for this purpose are
designed and implemented. The most important pointsin
choosing these materials are, type of materials, specific
gravity, density, ease of use. The most important feature
for substrate sediments is density Particles, which make
it very difficult because of the low velocities of the thick
streams for the movement of these sediments, and
especidly the formation of bed forms, so for particles
with a low specific density (in the study of Sequeiros,
particleswith density Specially for1.53, and in the Rutlox
research) particles with a specific density of 1.06 were
used. Thus, going through above steps and attempts and
errors with very different materials, deposits of polymer
(expanded polystyrene) were used.

Figure 1. A schematic picture of experimental flume

3. Resultsand Discussion

The results showed that at all concentrations in the first
bend and cross section the maximum flow velocity was
at the maximum in the inner wall. With the flow into the
bend due to the sudden change in the curvature and the
effect of centrifugal force along the internal wall, the
pressure drops and along the outer wall increases the
pressure. The shear stress variations were also based on
changes in the velocity profile, in other words, the
greatest tension occurred in the inner wall of the bend,
and then it was drawn to the outer wall of the bend. Inthe
context of mobile bed conditions, generally increasing
concentrations and thus increasing the flow velocity, the
flow power also increased and the bed roughness
changed to the extent that, by washing the form of the
substrate, the roughness and shear stress begin to
decrease. In concentrated stream, the secondary flow
resultsin the maximum vel ocity approaching to the outer
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solid and better transmit the stresses between the grains.
The cementation caused by chemical reactions also
increased the hardness and resistance of the mixture.Due
to the greater impact of lime particles at the nanoscale on
the intensity of chemical reactions, the increase in shear
strength of the soil-nano-lime mixture was greater than
that of the soil-lime mixture.

5. Discussion

An increase in the percentage of additives (i.e., lime and
nano-lime) leads to a linear increase in the maximum dry
unitweight and the percentage of optimum moisture.
However, the impact of calcium carbonate with
nanoparticles is greater than the one with natural size, and
the slope of the line related to the soil stabilized by the
nano-lime is greater.

By adding 3% of nano-lime to the sandy soil, the
maximum dry unitweight increases by about 4%
compared to the state without additives. However, the
increase in this parameter in the mixture of soil stabilized
with 3% lime is approximately 1.3%.This suggests that
adding calcium carbonate at the nanoscale speeds up and
intensifies the hydration processes, thereby increases the
efficiency of soil compaction operations.

The addition of lime and nano-lime significantly
affects the optimum water content of the mixture. The
percentage increase in optimummoisture content when
using 3% lime and nano-lime is 4.8% and 26.9%
respectively.The slope of the percentage change in the
optimum water content in the sand-nano-lime mixture is
about 1.9 times the slope of the changes in the sand-lime
mixture.

Chemical reactions, including cementation and
pozzolanic reactions, due to the presence of calcium
carbonate, cause the adhesion of certain grains and thus
form larger grains with rougher and angular surfaces. As
a result, the friction angle increases.By adding calcium
carbonateto the soil, hydrated silicate cement gels are
formed as a result of chemical processes. These cement
gels penetrate between the soil pores and increase the
cohesion between soil particles.On the other hand, due to
the presence of very fine particles in the nano-lime, the
pH of the soil increases and the pozzolanic reaction rate
increases, which means that the addition of nano-lime
increases the shear strength of the soil more than adding
lime.

6. Conclusion

Some of the most important conclusions ofthis study are:

1. The improvement of Chaluscoastal sand by the lime
and nano-lime stabilization method improves the
compaction properties (increase in dry unit weight)
and the shear strength parameters (increase in internal
friction angle and cohesion) of the soil.

2. By adding 3% lime and nano-lime to the sandy soil,
the values of dry unitweight increases by
approximately 1.3% and 4%, respectively, compared
to the state without additives. This indicates a greater
impact of nano-lime in accelerating and intensifying
hydration processes and therefore increasing the

efficiency of soil compaction process.It should be
noted that to obtain the maximum unitweight, more
water is needed in the stabilized soils. For example,
the optimummoisture content increases by 27% when
adding 3% nano-lime.

3. Chemical reactions such as hydration, cementation,
and pozzolanic reactions cause the agglomeration
process, resulting in the formation of larger grains
with rougher and more angular surfaces than the
original soil. For this reason, the internal friction
angle of the stabilized sand increases.

4. The main reason for the increase in soil shear strength
due to stabilization with lime and nano-lime is the
increase in the cohesion of soil particles. Hydrated
silicate cement gels penetrate into the soil pores and
increase the cohesion between soil particles.
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1. Introduction

Iran contains problematic soilincluding soft soil,
expansive soil, collapsible soil, and soils with low
bearing capacity or high sensitivity to moisture changes.
Lime or cement can be addedinto the problematic soil to
form lime or cement-stabilized soil which isone of the
methods of soil improvement.

In addition to traditional methods of soil stabilization,
interest in the use of chemical additives at the nanoscale
has increased considerably in recent years among
geotechnical researchers.

Nanomaterials describe materialswhose size is less than
100 nanometer.Nanoscale particles exhibit very different
behaviors, compared to larger particles.

Various studies have been conducted to evaluate the
effect of different additives onthe mechanical and
engineering behavior of soil deposits.

The results of previous studies have shown that the
addition of lime caused an increase in shear strength of
gravel sand. The addition of 4.5% lime increased the
cohesion of the soil by about 10 times and the friction
angle by about 1.1 times. The strength of soil increased
by 3.5 times after 1000 days by adding 33% of nano-
SiO,. The effects of nano-SiO; on mechanical behavior
of soil-cement mixtures revealed a 100% increase
incompressive strengthby adding 30% nanomaterials.

Some studies have focused on clay soils and have
shown that the Atterberg limits increase by increasing
nanoparticles.

It can be concluded from previous studies that adding

chemical additives at the nanoscalehas a more significant
effect on mechanical behavior of soil materials.
The effect of calcium carbonate (i.e., lime) and nano-
calcium carbonate (i.e., nano-lime) on the mechanical
properties of the Chalus coastal sand is evaluated in this
study. The mixtures were prepared with different
percentages of lime and nano-lime.Compaction and
strength tests were performed on the mixtures.

2. Materials

The soil of the Caspian Sea is used in this study. For this
purpose, the soil was obtained from the coasts of Chalus
cityin the north of Iran.To evaluate the physical
properties of the soil, various index tests were carried out.

The results showed that Chalus sand can be classified in
poorly-graded soil.

Table 1 shows the physical properties of nano-calcium
carbonate (i.e., nano-lime) used in this study.

Table 1. Physical properties of nano-lime

Property Value
Average particle size (nm) 60

Specific surface (cm?/gr) 60-80
Melting point (°C) 825
Purity (%) 99

pH 8-10.5

3. Sample preparation

To evaluate the effect of lime and nano-lime on
compaction and shear strength behavior, Chalus sand was
mixed with different percentages of additives, including
1, 2, 3, 6 and 9%. The mixtures were tested by standard
proctor and direct shear tests. It should be noted that the
dry deposition method was used for sample preparation
in this study.To better compare the results of the direct
shear tests, the initial conditions for all natural and
stabilized soil samples were constant.

4. Results

To evaluate the compaction behavior of soil stabilized by
lime and nano-lime, standard proctor tests were carried
out on specimens with and without additives. The results
showed that, firstly, increase in the water content led to
an increase in the dry unit weight of the mixtures. After
that, the dry density of the soil-additive mixture
decreased by increasing the moisture content. This trend
has been observed in soil stabilized by both lime and
nano-lime.

As the lime and nano-lime particles were smaller than
Chalus sand particles, the inter-particle voids in the sandy
soil were filled with additive particles. As a result, the dry
unit weight has been increased by increasing the amount
of additives.

The specific surface of soil-lime and soil-nano-lime
mixtures is increased by increasing the percentage of
additives in the mixtures. A higher water content is
required for the particle movement in the compaction
process. The results showed thata higher water content
() was necessary in samples with a higher lime or nano-
lime content.

The evaluation of the shear parameters of the soil
mixtures, including the internal friction angle and
cohesion,was carried out by direct shear tests. Based on
the results of this study, the improvement of the sandy
soil by lime and nano-lime resulted in an increase in shear
strength.

The presence of fine particles of lime and nano-lime
between the pores of the sand makes the mixture more
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Table 1. Estimation of the failure probability in thefirst limit state function

@Risk software RT software
MCS MCS SORM FORM Support Pressure
R (%) RO | RO | £ | RO | B
24 23.79 25.77 0.65 24.19 0.7 0
0.06 0.06 4 0.06 32 0.3
0 47x10% | 7.45 4.7x10 7.45 0.8

Table 2. Estimation of the probability of failurein the
second tunnel

@RISK SORM (RT) Type
of
G,(X) | Gi(X) | G,(X) | Gy(X) | Method
41 49 35 45 (%)Pf

The results of sensitivity analysis on variables
showed that the deformation modulus (in all analyzes)
has a very high importance and in the analysis in terms
of importance and impact has the

first priority. Moreover, the results showed that the
reliability index is highly dependent on the support
pressure. The tunnels under study have a high probability
of failure without support.
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1. Introduction

Drilling underground spaces disturbs the balance of
stresses in the excavated environment and creates a
plastic zonewith the potential for degradation around this
space. Accordingly, it is necessary to anayze the stresses
and study the radius of the plastic area and predict the
support for it. Changes in soil properties, that is, the
uncertainty of its parameters cause errorsin deterministic
analyses. In order to consider the uncertainty in
engineering analysis, probabilistic methods and
reliability are presented. In these methods, the parameter
that is finally obtained using different numerical and
simulation methods is the probability of falure.

In this research, using Hooke-Brown and Mohr
Columbus relations, a method is presented for analyzing
the stability of two tunnels (in different conditions) using
powerful reliability methods including first-order
reliability method, second-order reliability method and
the Monte Carlo Simulation in new RT and @Risk
software.

2. Reliability assessment methods

Given the complexity of calculating integralsin relation
to the probability of failure, researchers have sought to
find ways to approximate reliability. This defines a
function called the limit state function that expresses
system performance as failure or success. This function
may be linear or nonlinear. In the first-order method,
depending on the nonlinearity of the function, the failure
probability calculations are erroneous. The function is
estimated with a page or cloud page. When the limit state
function has a large curvature, the linear approximation
reduces the accuracy of the caculations. In nonlinear
functions, the second-order method approaches a correct
answer with the help of a quadratic approximation. This
method isin fact an evolution of the first-order method.
In addition to analyticd methods, Monte Carlo
simulations estimate the probability of failure. Monte
Carlo simulation is random sampling to artificialy
simulate alarge number of tests and observe their results

in the analysis of the reliability of structures in the
simplest form.

3. Analysisand results

In this section, the results obtained from the reliability
analysis related to the stability of the two tunnels are
presented. The first tunnel is a circular one drilled in a
homogeneous, isotropic, and elastic space and is subject
to a hydrostatic stress field and uniform internal support

pressure (Pi ). The stability analysis of this tunnel is

examined in three types of PI conditions, which include

the values of 0, 0.3, and 0.8 MPa, and in each study, its
valueisdeterministic entered in therelations. In addition,

other deterministic variables are the P, = 2.5, Poisson's

ratio v=0.3 and the tunnel radius r,. Moreover,

random variables are cohesion, friction angle, and
deformation modulus.

Analyses for each tunnel have been performed in two
types of limit state functions and three reliability

methods, which show that in different values of PI ,

different values of failure probability are obtained.

The second tunnd, like the first tunnel, is a circular
tunnel that is drilled in a homogeneous, isotropic, and
elastic space and is subjected to hydrostatic stress field
and uniform support pressure. Its deterministic variables
are the same as the first tunnel, but the support pressure
is considered as arandom variable.

4. Conclusion

Studies have shown that in the case of thefirst limit state
function in the large probability of failure (in the first
tunnel with zero support pressure), the first-order
reliability method and the Monte Carlo simulation act
amost similarly. On the other hand, in the case of very
small probability of failure, al three output methods are
close to each other. Monte Carlo simulation, however, at
very small probability values and very high accuracy,
requires the production of large amounts of random data
and the simulation of each of them has a high
computational cost. In this regard, its use in these
conditionsis not recommended.
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proposed model. According to the SWOT MATRIX
analysis, if thetotal point of questionnaire’ s factors (sum
of factor’'s score) is equal or greater than 2.5 point, the
guestionnaire subject has a suitable status in considered
projects. This point is calculated by multiplying the
weighting factors. Finally, the point of questionnaire will
be obtained by adding the factor's point. If the
questionnaire obtains the least point (2.5), the answer of
proposed performance function will be equal to 20;

SFai=hxH+sxS+ssx SSH xF+pxP+exE+wx 2
W+cxC=20
As aresult, the HSE condition of project obtains by
comparing its SF with SFa. In thisway for increasing the
sample data, the Monte Carlo simulation procedure is

used. This procedure can simulate the project condition
and consider the possible events.

4, Conclusion

In this study, a new performance function for evaluating
health, safety and environment (HSE) subjects in
construction projects is proposed. This processis carried
out by designing questionnaires based on nine categories.
First, the designed questionnaire was distributed between
construction experts. To evaluate the questionnaire, the
SOWT matrix procedure is used. To increase the sample
dataof construction projects, the Monte Carlo simulation
procedure was used. the evaluation the HSE subject in
construction projects was done by generating 100’000
samples for each questionnaire.

For rating and comparing the designed questionnaires
and evaluating the HSE subjectsin construction projects,
the simulation process performed two times. First, only
one questionnaire (parameter) was considered as a
variable vaue in each process of simulation. Then, all
guestionnaires (parameters) were simulated in the
proposed performance function.

Figure 1 shows the probability of occurrence for each

parameter in tall buildings.

Figure 1. The probability of occurrencefor different
parameter in tall buildings

According to the Figure 1, the HSE planning and
welding parameters have the lowest and highest risk in
tall building construction projects, respectively. Also, the
risk of the HSE subject in tall building projects is about
50%.

Finaly, the proposed performance function can be
used for evauating the HSE issue in different
congtruction projects. In this way, the important
parameters must be identified, and then similar process,
described here, can be performed.
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1. Introduction

New technologies and the growth of construction
industry have increased the probability of accidents and
errors in the manufacturing process. Therefore, the
protection of human resources, equipment and
environment are priorities of the construction industry.
For evauating the hedth (H), safety (S), and
environment (E) concerns in construction projects, HSE
method is used. Thisis a systematic procedure which is
used for protection of capita, work force and
environmental towards the risks arise from unpredictable
events in construction projects. The HSE method is
concerned with preserving and protecting human
resources in the workplace. In other words, the HSE
method is a professional attempt to prevent catastrophic
losses. There are several methods to evaluate the health,
safety, and environment of construction site. These
methods use questionnaire to collect data. Questionnaires
are categorized into several parts including safety
legidation, industrial hygiene, workplace violence,
hazardous materials, safety management, falling danger,
etc. Also, there are severa approaches to evauate
guestionnaires such as SPSS, MATRIX analysis, SWOT
matrix, and other simulation methods like Monte Carlo
and Fuzzy techniques.

Considering and evauating the health, safety and
environmental subjects in construction projects are the
goal of this paper. To achieve this purpose, HSE method
is used for evaluating construction projects in Mashhad
city. In this way, the HSE factors are identified. Eight
questionnaires were designed based on HSE planning,
site safety, welding, supporting structure, fire station,
electricity safety, hygiene, and crane. Then, according to
the questionnaires a performance function is proposed.

2. Data Collection and Analysis

To evauate HSE in high building construction project of
Mashhad, a questionnaire was designed. The necessary
data was collected according to the HSE experts, project
managers and supervisors of workshops comments.
Then, the evaluation of questionnaires and validation of
proposed performance function were carried out by
SWOT matrix and Monte Carlo simulation. The name of
projects, commentator, and employment history of
commentators are given in table 1.

Table 1. Name of projects, commentator and

employment history

Employment
Project name Commentator history
(year)
Eleman tower Project manager 17
Yas HSE Expert 10
Residential tower Professional 12
(Ershad Blvd) health expert
Architectural 12
Armitazh tower supervisor
HSE supervisor 10
Yas Site manager 15
residential and Site manager 12
commercial HSE Expert 10
tower
(Janbaz Blvd) HSE Expert 10

According to Table 1, number of available data is
very limited. Therefore, to increase sample data, the
Monte Carlo simulation procedure was used. Monte
Carlo simulation is utilized to generate the sample data
based on the real data properties such as mean, standard
deviation, and probability density function. Therefore,
the generated data have suitable validity and accuracy.
Moreover, for evaluating the questionnaires, SWOT
matrix method was used. This method can classify and
compare different factors with assigning scores. The
assigned score arises from the probability of occurrence
of factorsin projects. Finaly, the proposed performance
function runs based on the assigned score.

3. Proposed Performance Function and Numerical
Results

In order to evaluate the health, safety and environment
(HSE) in construction project a new model is proposed.
The proposed mode! is defined as follows:

SF=hxH+sxS+s5x SS+f x F+pxP+exE+wx
W+cxC @

where h, s, ss, f, p, e w and ¢ are weighting
coefficients of hygiene, site safety, support structure, fire
station, HSE planning, electricity safety, welding and
crane, respectively. These coefficients are considered to
increase the model efficiency and accuracy. The
introduced coefficients are based on the percent of
importance of designed questionnaires.

It should be mentioned that values of these
coefficients are between 0 and 100. The sum of al the
weights must equal to 1. Therefore, the coefficients of the
factors depend on how they are donein the project. Also,
factors of each questionnaire are assigned by rate 1 to 4
according to their importance in project.

SWOT MATRIX procedureisused for evaluating the
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density of 2680 kg/m® with critical shields number of
0.031 and drag coefficient of 0.5. A mesh block of
360000 cells was fitted to the model geometry.

To increase the model accuracy around the pier, two
mesh planes with finer resolutions were defined for both
sides of the pier in x and y directions, separately. Also,
two solid components were settled at the outer sides of
the geometry (both for beginning and end parts of the
channel) to prepare an inflow bottom at the top edge of
the sediment (elevation of 0.2 m) in order to prevent
against upward movement of sediments in the beginning
of simulations. Boundary conditions were volume flow
rate at theinlet, outflow at the outlet, wall on the bottom,
right and left sides, and symmetry on the top of the block.

Figure 1. Meshing structure of the model for
simulation of scouring

3. Resultsand Discussion

The proposed models are classified into four general
groups. Thefirst group (A) consist of different geometric
sections (circular, round-nosed rectangular, eliptical,
and lenticular), to determine the effect of flow separation
and lee-wake vortices. For the second group (B series),
four different levels of bermsin circular geometry (i.e.,
5, 6, 7, and 8 cm from the bed level) have been considered
in the circular cylindrical pier to evaluate the appropriate
level of the berm in controlling the down-flow at
upstream of the pier. In the related literatures, severa
values have been suggested for the pier berm height. In
the third group (C series), a new combination of
the two most effective countermeasures (i.e., berm and
geometry) was used. In the fourth group, combination of
berm, geometry, and centered dlot is considered (D
series). The slot with a length of two times the berm
diameter (i.e., 12 cm) is located near bed and extended
into the depth of the sand recess (i.e., 5 cm above the bed
and 7 cm under the bed).

The clear-water maximum scour depth at the
equilibrium state for a single unprotected circular pier
under the steady and uniform flow condition islocated in
front of the pier. In the presence of a countermeasure, the
maximum scour depth occurs at the pier front. Therefore,
the efficiency of the countermeasure (rqe) is defined in
terms of the reduction of the equilibrium maximum
scour depth observed in proximity to the pier as:

rae() = 2% < 100 o
s

where dy and ds are the equilibrium maximum scour
depth in front of the unprotected and protected piers,
respectively.

Thelenticular-shaped pier had the most effect on flow
pattern, therefore, minimum scouring depth achieved by
this model. This pier was streamlined and no flow
separation was observed at itssides. Theelliptical -shaped
model considered as a streamlined form pier and had a
relatively similar scouring process to the lenticular
model. In Group B, the results showed that although the
gibbosity of the berm prevented the down-flow to hit the
bed, the intensified flow separation due to the increased
diameter affects the efficiency of the berm. An
appropriate value for the height of the berm may be
considered quarter to third of water depth.

4. Conclusion

According to the results obtained in this study, it was

concluded that Flow-3D is a capable model for

simulation of different flow attributes (velocity and
scouring depth) with/without the presence of an obstacle

(like bridge pier) at different dimensions of 1D, 2D and

3D. But it has some constraints for simulation of

sedimentation/scouring processes.

Numerical simulation of scouring around 10
combined model piers in clear-water condition was
conducted. ldentifying the effect of new proposed
countermeasures on local scouring variation around non-
uniform bridge piers with specia attention to the two
effective parameters of scouring, flow separation and
down-flow, is considered. The model piers were
categorized into four groups and the achieved results can
be summarized as follows:

1. In A seriesmodels, the lenticular cross-section has the
minimum scouring depth.

2. For B series models, an appropriate value for the berm
height may be considered quarter to third times of the
water depth. So, the results of A and B series reveal
that the scour depth is more affected by the pier cross-
section rather than the berm.

3. Combination of the berm and different cross-sections
shows that adding a berm to models having various
cross-sections may not be an effective tool against
scouring.

4. A combination of the berm, cross-section, and a
centered slot showsthat intensification of bed erosion
around the edges of the slot can be regarded as the
main disadvantage of the dot when applied to the
circular pier.
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1. Introduction

Scour or the removal of material from the bed and
banks of streams and near the piers and abutments,
always occurs due to flow acceleration, turbulence and
erosive action of flowing water. This process is affected
by alarge number of variables, mainly, the flow, fluid,
pier, and sediment characteristics. It can be divided into
three main forms of general scour, contraction scour, and
local scour. However, general scour (or evolution of the
waterway) occurs naturaly in river channels by
aggradation and degradation of theriver bed.

A change in the river hydraulic parameters is known
as the major cause for this type of scouring. Contraction
scour occurs by reduction of channel’s cross-sectiona
area at the location of water structures (like bridge piers
and abutments) that increases the flow velocity and bed
shear stresses, and the transport of the bed sediments.
Loca scour isthethird type of scouring that occursinthe
vicinity of bridge piers or abutments. In such a scouring,
downward flow isinduced at the upstream end of the pier
and leads to a localized erosion around the pier. It
depends on the balance between streambed erosion and
sediment deposition.

Based on this fact and the mode of sediment transport
in the approaching flow, two types of local scour can be
distinguished: clear water scour and live bed scour. In
clear water scour, no sediments are delivered by theriver
approaching flow, while an interaction exists between
sediment transport and the live bed scour process. Loca
type of scour has long been acknowledged as the major
cause of the bridge failures around the world, causing
major human and financial losses.

Monitoring local scour is a way to avoid major
damages that may occur and to ensure the continued safe
operation of the structure. Most of traditional monitoring
techniques are based on instalation of expensive
underwater devices that may be damaged during a
flooding event, when the highest risk of scouring exists.
In such circumstances, computerized ssimulation of the
scour occurrence can be introduced as a low cost/time
consuming alternative for the prediction of the probable
failures. The application of simulation software is in
many ways similar to the set-up of an experiment, in
which Computational Fluid Dynamics (CFD) methods

are always used for the simulation of flow process by
discretization and solving of Navier-Stokes and
continuity equations for the computational cells. Flow-
3D is CFD software that employs numerical techniques
to solve the fluid motion equations to obtain transient,
three dimensional solutions to multi-scale, and multi-
physics flow problems. An array of physica and
numerical options allows users to apply Flow-3D to a
wide variety of fluid flows and heat transfer phenomena.
This software is used widely for solving different
hydraulic problems.

The results showed that the maximum shear stress
occurred when the foundation level was at bed level and
the maximum shear stress exerted on the bed decreased
by factors of 17% and 53% in the cases of foundation
level to be below and above bed levels, respectively. In
addition, the amount of vortex flows increased in
upstream piers group and near bed in the case of setting
the foundation above the bed. Thisis because of the fact
that the volume of piers group acting as an obstacle
against flow was more than other level settings. In a
study, experimental results were compared with
numerical simulation of bed shear stress around bridge
abutment in a compound channel by Flow-3D model. In
this study, scour simulation around different pier models
will be further discussed. The main purpose of this study
is to evaluate the effect of two key factors causing local
scouring, flow separation, and downward flow in
upstream of the pier, on maximum val ue scouring around
10 defined pier models. The countermeasures that
considered in thisregard include berm, cross-section, and
middle dlot.

2. Materialsand Methods

Flow-3D uses the Volume of Fluid (VOF) method to
track fluid-fluid or fluid-sediment interfaces for solving
the nonlinear Navier-Stokes equations in a three
dimensional space. Also, Fractional Area/\Volume
Obstacle Representation (FAVOR) method is used to
illustrate the complex boundaries of the solution domain.
Flow-3D aso dlows for severa turbulence closure
schemes to be incorporated and tested. These closure
schemes include simple eddy viscosity, one-dimensional
Prandtl mixing length, two-equation k-e, large-eddy, and
four-equation ReNormalized Group (RNG) models. The
3D-CFD model implemented in Flow-3D represents a
conventional channel with 0.456 m-wide rectangular
inlet with the length of 6.0 m. A vertical cylindrical pier
with the diameter of 0.051 m and height of 0.5 m was
inserted in the center of the channel as a solid standard
component. A packed sediment type component was
used for the channel bottom with dimensions of 2.0,
0456, and 0.2 m for length, width and height,
respectively. Particle size diameter was 0.358 mm with a
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