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The Effect of Downstream Wall Slope of Curved Labyrinth Spillways on Discharge
Coefficient

M. Goodarzi M. Ghodsian M. Mehraein

Abstract Labyrinth Spillways are one of the hydraulic structures to regulate and control the flow of
water in canals, rivers and reservoirs. In some situations, there is no enough space for increasing the
length of the weir to increase the discharge. Therefore, labyrinth spillways are one of the solutions for
this problem. If the cycle of linear labyrinth spillway is located on the curve, then the crest length
increases, and as a result the inlet flow condition is improved and the hydraulic coefficient increases. In
this laboratory study, the discharge coefficient for different downstream wall slopes is studied. 2 different
spillways with side-wall angle (6° and 11/25°) and 4 downstream wall slope are studied. The results
indicate that downstream wall sloping reduces the hydraulic coefficient. Discharge coefficient variations
with downstream slope and flow height on spillway crest were studied. Different equations were
presented to estimate the discharge coefficient of the spillway by considering the downstream slope.

Key Words Labyrinth Spillway, Arc Labyrinth Spillway, Hydraulic Coefficient, Downstream Wall
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Estimating the Geotechnical Design Pararameters of Improved Soil by
Preloading Method Using Instrumentation Results and Numerical Approach- a
Case Study

Kh. Mehrshahi H. Alielahi

Abstract In his paper, back-analysis using rsults from instrumentation by finite element software for
design of preloading method by embankment with prefibricated vetical drains (PVDs) was used, and the
results were compared with each other. Hence, the basic geotechnical parameters obtained by laboratory
and field experiments have been modified using this method. In this regard, the Mahshahr oil storage
project has been used as a case study. All of the methods that are used for improving soil must ultimately
result in increased soil resistance parameters, reduced compressibility, and reduced soil permeability.
The soil improvement technique using preloading was used in Mahshahr where there are soft soil layers
beneath higher than sub-surface water. control performance of the embankments, some instruments such
as Settlement Plates and Piezometers have been used. The results obtained from the analysis shows that
settlement parameters obtained from the instruments data by back-analysis were less than primary
consolidation settlement parameters based on laboratory tests. Finally, soil settlement estimation of the
oil tank was compared before and after preloading, and it was found that using this method for soil
improvement can be very efficient in the current project.

Key Words Preloading Method, Radial Drains, Consolidation Settlement, Numerical Approach.
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Evaluating the Failure Probability of Rectangular Plates with Different Boundary
Conditions Using a Dynamical Finite-Step Length Method

B. Keshtegar S. Etedali

Abstract The performance of plates can be changed due to their uncertainties in applied loads, material
properties, geometry and boundary conditions. In this paper, the failure probabilities of rectangular steel
plates are evaluated using the displacement performance function using the first-order reliability method
(FORM) — based on a novel finite-step length. The displacement limit state function of the isotropic plates
for different boundary conditions is used for their reliability analysis based on the random variables such
as material, plate dimensions and applied external load which have been simulated by use of Normal and
Lognormal distribution functions. The finite-step length of FORM is developed based on Armijo line
search that is simply computed and is improved the robustness and efficiency of FORM. The results
demonstrate that by decreasing plate dimensions, the failure probabilities are decreased. The failure
probabilities of plates with free boundary conditions are obtained to be more than the failure
probabilities of plates with clamped boundary conditions. The minimum thicknesses of rectangular plates
with simply supported conditions are found to be about (around plate)/300 to achieve a reliable
performance.

Key Words Finite-Step Length Method, Rectangular Plates, Different Boundary Conditions,
Uncertainties.
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Interactions of the Column Pyramid Head and Special Prefabricated Steel Connection
under Cyclic Loading

M. Kazemi Torbaghan M. R. Sohrabi H. Haji Kazemi

Abstract Special prefabricated connections and pyramid-shaped column heads are important
innovations in steel structural forms. These connections have been proposed for accurate assembly and
prompt implementation. In this study, the interactions between the two parts of connections have been
investigated. For this purpose, the pyramid-shaped part is modeled in the ABAQUS software with
different dimensions and under cyclic loads according to ATC-24 code. For verification of the software
outputs, the outputs of the software have been compared to the experimental results. The results show that
all specimens can bear a 0.01 radian rotation in the linear region and at least 0.06 radian rotation
without a reduction in the tolerated force. These results demonstrate that the connection has a high
rotational capacity and may be classified in the special moment frames. Maximum energy absorption
capacity occurs in the specimen whose pyramid-shaped part is placed on the flange of the lower column
and a box section is also placed on the flange of the upper column. Beams without lateral support show
42 percent reduction in connection resistance compared with un-rotated beams due to rotation.

Key Words New Connection, Interaction, Column with Pyramid Head, Cyclic Loading.
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Structural Damage Ildentification Using MOPSO and MOEA/D Multi-Objective
Evolutionary Optimization Algorithms

M. Jahangiri B. Ahmadi-Nedushan

Abstract Many researchers have applied single-objective optimization algorithms for structural damage
identification. Recently, multi-objective optimization algorithms have also been considered for this
purpose. This article applies two recent multi-objective evolutionary optimization algorithms and modal
shape and stiffness objective functions for structural damage detection in a simply supported beam and a
two fixed-end moment beam. For the fixed supported beam, the results are compared with the
experimental results from the literature. The results demonstrate the good performance of proposed
approach in localization and quantification of damages.

Key Words Damage Identification, Multi-Objective Optimization, Evolutionary Algorithms.
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A Strain Hardening/Softening Elasto-Plastic Constitutive Model for
Plastic Concrete Materials

M. Mehmandoust Kotlar A. Akhtarpour M. Salari

Abstract In this research, the behavior of plastic concrete materials with a strain Hardening/Softening
Elasto-Plastic constitutive model are investigated using FLAC software based on a series of drained
triaxial test results. The constitutive model is based on the mobilized strength (friction and cohesion) and
mobilized dilatation angle concepts. The results indicate that the assumed functions of modified mobilized
friction angle and mobilized cohesion (The Yield function of the model) which are common for
geotechnical materials, can predict stress-strain behavior with a sufficient accuracy. However, they
cannot simulates the Volume changes due to dilation effects accurately, especially for plastic concrete
with a relatively high stiffness and strength. Therefore, the potential function of the model is modified.
The stress-strain and Volume strains that have been obtained from the modified model are in good
agreement with the experimental data, especially for soft plastic concrete, as well as for hard plastic
concrete in a low confining pressure.

Key Words Elasto-Plastic Constitutive Model, Plastic Concrete, Strain Hardening/Softening, Triaxial
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Numerical Analysis of Pile-Soil Interface Strength Properties Effects on the
Lateral Stiffness of p-y Curves

H. Sharafi Y. Shams Maleki

Abstract Investigation of lateral bearing capacity of piles under lateral loading in the vicinity of soil
slopes and level ground is one of the interesting issues in the engineering of the deep foundations in
recent decades. In the meantime, the estimation of lateral stiffness of soil layers, coefficient of soil
reaction, ks, is an old challenge on the basis of the creation of empirical (testing) and theoretical p-y
curves. In this paper, we attempt to estimate lateral soil stiffness in the length of concrete piles in various
depths in sloped ground and level ground and in the all type of soils, including cohesive soil, frictional
(granular) soil and mixed soil, i.e. c-¢ soil with the aid of numerical analysis in three dimensional finite
difference software, Flac®. For the purpose of estimating lateral soil stiffness, K, in different depths by
means of this numerical method, the p-y curves have been derived in several depths in the length of
concrete pile with circular section under static lateral loading up to the threshold of the yielding of soil
materials. The empirical relationship established between soil lateral stiffness K; and the effective
dimensionless parameters on the K;in general is calculated as a six order polynomial, and this six order
polynomial reduces to a fourth order polynomial for the cohesion component of the soil. At the end of the
paper, some well documented lateral loading tests by the present numerical method have been
investigated for validation of the numerical method of derivation of the p-y curves and pile-head load
deflection curves, H-y curves have been calculated and are compared with other results obtained by other
researchers and methods. There are good agreements between test results and the results obtained from
the numerical method presented in this paper.

Key Words Pile under Lateral Loading, Soil Lateral Stiffness, p-y Curves, Three Dimensional Finite
Difference Analysis, Empirical Relationships.
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abows L) 2 (®) (:bx®) (:ex?) (:dx®) (:ex®) () '

b=0.5d, c, zero - - -0.0007 0.0237 -0.1257 -1.3737 10.969 0.9978
0.5d, ¢, half - - 0.0261 -0.7617 8.2927 -40.5 78.392 0.9961
0.5d, c, full - - 0.0364 -1.158 13.701 -71.958 1453 0.9924
b=0.5d, phi, zero -0.0368 14716 -23.937 201.91 -927.66 21885 -2051.7 0.9708
0.5d, phi, half 0.0016 -0.0973 2.293 -27.088 170.89 -550.11 71547 0.9973
0.5d, phi, full -0.0016 0.0568 -0.6602 1.9007 17.846 -140.54 286.8 0.9880
b=0.5d, c-phi, zero 0.0030 -0.1237 2.0621 -17.554 80.282 -186.28 173.87 0.9993
0.5d, c-phi, half 0.0079 -0.3667 6.9717 -69.052 375.93 -1068 1246.1 0.9979
0.5d, c-phi, full 0.0035 -0.1804 3.7577 -40.606 241.16 -752.08 980.21 0.9959
b=2.5d, c, zero - - 0.0043 -0.0985 0.9628 -4.7755 11.008 0.9943
2.5d, ¢, half - - 0.0473 -1.1174 9.6413 -36.108 51.535 0.9879
2.5d, ¢, full - - 0.055 -1.4217 13.539 -56.539 89.756 0.9941
b=2.5d, phi, zero 0.006 -0.1939 2522 -16.778 60.090 -109.74 82.227 1.000
2.5d, phi, half 0.0228 -0.7731 10.596 -74.698 284.90 -556.88 440.47 0.9924
2.5d, phi, full 0.0187 -0.7092 10.919 -86.916 376.34 -839.6 760.17 0.9986
b=2.5d, c-phi, zero 0.004 -0.1159 1.3041 -7.2873 21.398 -31.234 21.415 0.9995
2.5d, c-phi, half 0.0055 -0.194 2.737 -19.595 75.346 -148.48 124.77 0.9970
2.5d, c-phi, full 0.0010 -0.0337 0.367 -1.1934 -4.3285 34.259 -47.159 0.9998
b=5.5d, c, zero - - 0.0188 -0.422 3.5447 -13.405 20.869 0.9945
5.5d, ¢, half - - 0.0335 -0.7878 6.8165 -25.933 38.639 0.9866
5.5d, c, full - - 0.0633 -1.6044 14.894 -60.263 91.887 0.9835
b=5.5d, phi, zero 0.0022 -0.0634 0.7283 -4.3257 14.274 -24.999 20.666 0.9990
5.5d, phi, half 0.0133 -0.4295 5.5817 -37.258 134.65 -249.87 190.52 0.9980
5.5d, phi, full 0.0132 -0.4621 6.4946 -46.80 182.35 -364.95 299.62 0.9841
b=5.5d, c-phi, zero -0.0009 0.0327 -0.4608 3.0868 -10.107 15.575 -4.0187 0.9985
5.5d, c-phi, half -0.0066 0.2196 -2.9093 19411 -67.168 111.02 -58.183 0.9983
5.5d, c-phi, full -0.0047 0.1867 -2.9890 24.495 -106.90 232.48 -186.2 0.9985
level, c, zero - - 0.0083 -0.2086 1.9980 -8.8037 17.002 0.9920
level, c, half - - 0.0089 -0.2243 2.1198 -9.3912 19.620 0.9663
level, ¢, full - - -0.0116 0.2821 -2.0822 2.7795 15.870 0.9820
level, phi, zero 0.0029 -0.0813 0.8850 -4.6542 12.4790 -16.026 11.030 0.9955
level, phi, half 0.0026 -0.0791 0.9719 -6.1797 22.295 -44.126 42.463 0.9647
level, phi, full 0.0034 -0.1134 1.4949 -9.8810 35.076 -64.574 55.537 0.9909
level, c-phi, zero -0.005 0.1617 -2.0305 12,5310 -39.053 57.139 -23.979 0.9986
level, c-phi, half -0.0025 0.0818 -1.0247 5.7616 -12.551 -0.5776 30.768 0.9982
level, c-phi, full -0.0018 0.0645 -0.873 4.9536 -6.5736 -33.960 95.836 0.9987
2.5d, full, 20deg, ¢ - - 0.0523 -1.4123 13.910 -59.230 94.186 0.9768
2.5d, full, 30deg, ¢ - - 0.0550 -1.4217 13.539 -56.539 89.756 0.9941
2.5d, full, 45deg, ¢ - - 0.1031 -2.206 17.161 -57.747 73.815 0.9918
2.5d, full, level ¢ - - -0.0116 0.2821 -2.0822 2.7795 15.870 0.9820
2.5d, full, 20deg, phi 0.0098 -0.3774 5.8483 -46.575 200.75 -443.84 398.62 0.9966
2.5d, full, 30deg, phi 0.0187 -0.7092 10.9190 -86.916 376.34 -839.60 760.17 0.9986
2.5d, full, 45deg phi -0.0175 0.4472 -4.1915 16.359 -13.037 -71.841 142.17 0.9955
full, level, phi 0.0034 -0.1134 1.4949 -9.8810 35.076 -64.574 55.537 0.9909
2.5d,full,20deg,c-phi -0.0024 0.1107 -2.0973 20.494 -107.92 289.05 -299.98 0.9994
2.5d,full,30deg,c-phi 0.001 -0.0337 0.3670 -1.1934 -4.3285 34.259 -47.159 0.9998
2.5d,full 45deg,c-phi -0.010 0.3384 -4.6859 34.3140 -140.81 307.89 -274.0 0.9970
full, level, c-phi -0.0018 0.0645 -0.8730 4.9536 -6.5736 -33.960 95.836 0.9987
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A Closed Form Solution of Dam Reservoir Interaction Considering Water Viscosity and
Reservoir Bottom Absorption Effect

M. Yasami B. Navayi Neya J. Vaseghi Amiri M. Alijani Ardeshir

Abstract This paper concentrates on the presentation of a closed form solution of dam-reservoir
interaction considering reservoir viscosity and bottom absorption under harmonic excitations. For this
purpose, the governing equations of dam-reservoir are solved in the frequency domain and using the
obtained frequency response function, the effects of different parameters are considered on dam or
hydrodynamic pressure response. The results show that consideration of reservoir viscosity creates an
imaginary term and the responses depend on values of viscosity, bottom absorption, exited period and
dam-reservoir period.

Key words Closed form Solution, Fluid Viscosity, Concrete Gravity Dam, Hydrodynamic Pressure, Dam
Reservoir Interaction.
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l-sing, siny

sing,, =

where 1" is the mobilized dilatation angle and F is a
constant value which shows the mobilized dilatation
angle increase rate (0<F<l). ¢* and i, are the
mobilized dilation angle and peak dilation angle,
respectively. ¢, is the critical state friction angle or
friction angle of constant volume.

3- Simulation and Results

In this study, two groups of data are used for
modeling. First, drained consolidated triaxial
experimental results of plastic concrete of Soumbar
dam are used as an example of low strength and soft
plastic concrete and second plastic concrete of Three
Gorges project cofferdams is used as an instance for
high strength and relatively hard plastic concrete.
Simulation has been done on an element and all the
aforementioned functions and dependencies are
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applied on the plastic concrete constitutive model
using FISH. In each step of the analysis, plastic shear
strain is calculated and are updated based on the
defined functions for every variable all parameters.
By changing the parameters and conducting trial and
error, the results obtained from the modified model
are in good agreements with the experimental data.
These parameters are determined as a function of
confining pressure. The results of the simulation in
different confining pressure are given in Figure 1.

4- Conclusion

The main purpose of this research study is to
present a perspective to simulate plastic concrete
material with a  hardening/softening  strain
constitutive model in the deviated stress- axial strain
and volumetric strain-axial strain conditions.
According to simulation results of experimental data,
stress-strain curves resulted from numerical analysis
for both soft plastic and hard one is in compliance
with  experimental outputs considering the
modifications made in the hardening/softening plastic
concrete. Furthermore, volumetric strain-axial strain
curves resulted from modified potential function for
soft plastic concrete, in low confining pressure for
hard plastic, are fit to the data although in high
confining pressures for hard plastic concrete before
maximum value, volumetric strain values of
numerical model have some deviations from the
experimental data.
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Fig. 1. Theresults of the Simulation Stress-Strain and Volumetric Strain-Axial strain behavior of plastic
concrete (a) Soumbar dam, (b) Three Gorges project cofferdams
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A Strain Hardening/Softening Elasto-
Plastic Constitutive M odel for Plastic
Concrete Materials
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1-Introduction
Plastic concrete, a kind of concrete with higher

ductility and less penetration and strength in
comparison with conventional concrete, is used as
one of the effective methods to control hydraulic
structure leakage built on alluvial deformable
foundations. Due to the behavioral difference
between plastic concrete and conventional concrete,
most of the constitutive models proposed for
conventional concrete have very limited ability to
simulate deformable behavior of plastic concrete
materials and in most cases they use the simple
Mohr-Coulomb model for this material. Therefore,
determining a constitutive model which can simulate
plastic concrete volumetric strain-axial strain and
stress-strain behavior seems essential. In this study,
using a series of drained triaxial test results, plastic
concrete material behavior is modeled with an elasto-
plastic model that includes hardening strain and
softening strain behavioral characteristics of this type
of material. FLAC?® has been used for simulation
purposes. In this regard, by accurate investigation of
available experimental data and with the help of the
Vermeer and De Borst hardening-softening strain
model, some equations are presented to predict the
hardening and softening behavior of plastic concrete.
This constitutive model consists of Mohr-Coulomb
yield surface and includes mobilized Experimental
functions for Mohr - Coulomb main parameters (y, c,
¢), which can simulate the hardening strain and
softening strain behavioral characteristics. With
proposing special functions for friction, cohesion and
dilatation mobilized, we have modified yield and
potential enough
reprehensive ability to simulate stress-strain and
volumetric strain-axial strain behavior of plastic
concrete in drained triaxial test loading conditions.
Simulation results have shown that the modified

surface in order to have
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z Corresponding Author, Assistant Professor, Ferdowsi
University of Mashhad.
Email: akhtarpour@um.ac.ir

3 MSc. Graduated in Geotechnical, Ferdowsi university of
Mashhad.

constitutive model has excellent performance in
simulating plastic concrete material behavior.

2- Modified Version of the Vermeer and De Borst
hardening / softening strain model to plastic
concr ete:

An accurate constitutive model for plastic concrete
should be able to consider maximum shear strength,
hardening/softening behavior, and stiffness change
dependent on confining pressure.

Elastic modulus dependence to confining pressure is
represented by the Janbu equation:

E = K.P{?] 1)

a

where P, is the atmospheric pressure, K is the
modulus number, and n is the exponent constant that
determines the rate of variation of E with o3.

In order to simulate the hardening and softening
behavior of materials, we used the mobilized friction
angle " and the mobilized cohesion c*, both of
which are dependent on plastic strain €P. Therefore,
yield function may be defined by the following
equation:

f=t -0"sing" -c @)

where 7" is the mobilized shear strength.

In pursuance of increasing the accuracy of
distinguishing between plastic and elastic behavior in
plastic concrete materials and to simulate material
frictional hardening, the Vermeer and de Borst
equation is modified to eq. 3:

( . . N ( gpgf)
sing™ = sing, + ZW

(singy, — sing,)

sing* = sing,

for P < ¢f
for € >¢f

3)
where, &/ is plastic strain at peak friction angle ®p
and @, is the initial friction angle.

Eq. 4 is suggested for the purpose of simulating the
strain softening behavior of plastic concrete material
in this study:

3
. e )2
C =cCexp| — ? (4)

where €€ is a constant similar to &/ in dehardening
eq. 3 for the mobilised friction angle ¢*.

In order to model the volumetric behavior of
plastic concrete, Rowe dilatation theory is applied.
According to both Rowe limiting assumptions and
numerical modeling of available plastic concrete
experimental results, eq. 5 that is a modified form of
Rowe function is presented:
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comparison with experimental results through Hu et

al., the following conclusions are drawn:

1. Structural damage identification in this research is
based on two approaches: a) detection of the
damage geometry position; and b) investigation
of the intensity of damage. Identifying the
location of damage and assessing the severity of it
in each element requires two powerful objective
function to be resolved. Hence, using multi-
objective optimization is considered.

2. The natural frequency variation of the structure has
a significant effect on the response of the modal
assurance criterion based on the mode stiffness.
Since natura frequency variations in the form of
modal square summation are affected in this
objective function, the first objective function is
sensitive to the intensity of damage in the
structure.

3. The location of the damage in the structure is very
effective in the values of the mode shape vectors.
In other words, the modal assurance criterion
based on mode shape is sensitive to the location
of damage. Therefore, the second objective
function is an appropriate function for
determining the geometric position of damage in
the structure.

4. The CPU time for running the multi-objective
particle swarm optimization agorithm is about 50
seconds for plotting the optimal Pareto front
curve for each iteration, while for multi-objective
evolutionary agorithm based on decomposition,
plotting an optimal Pareto front curve for each
iteration takes about 40 seconds. Therefore, the
multi - objective evolutionary optimization
agorithms used in this study have an appropriate
convergence rate. Moreover, it is observed that a
multi-objective evolutionary algorithm based on
decomposition has better performance in terms of
speed and accuracy than the multi-objective
particle swarm algorithm.

Optimal Pareta Front Diagram of Two-Fixed End Moment Beam with MOPSO Algorithm

02 A

018 A,

>

F2 = MACPHI
>
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Structural Damage I dentification Using
MOPSO and MOEA/D Multi-Objective
Evolutionary Optimization Algorithms
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1- Introduction

Structures are subject to different types of damage
during their operation due to confrontation with a
variety of destructive phenomena. Many currently
operative structures such as dams, tunnels, hospitals,
schools and public places that have been built a few
decades ago, are facing the risk of destruction. In the
case of failure of such structures, above the drastic
losses are imposed to the infrastructures and large
scale assets of the country, and irreparable human
tragedies will be inevitable. Accordingly, early or at
least on time detection of damage, analysis of the
damaged structures and monitoring of their hedlth is
a critical concern for retrofitting, rehabilitation and
useful lifetime increase of the structures.

Early reports on applications of optimization
agorithms in the field of damage detection are based
on single-objective optimization methods. On the
other hand, many optimization problems in
engineering field are too complex to be solved by
traditional gradient based methods. Consequently, in
recent years, severa evolutionary optimization
algorithms have been introduced as powerful and
efficient tools to solve complex engineering
optimization problems which are not easy to solve by
traditional optimization methods. Therefore, in the
current study, Multi-Objective Particle Swarm
Optimization (MOPSO) and Multi-Objective
Evolutionary Algorithm Based on Decomposition
(MOEA/D) have been used for simultaneous
optimization of the objective functions.

This paper investigates the ability of multi-
objective optimization methods for structural damage
identification in a simply supported beam and two
fixed end moment beams. Finally, multi-objective
evolutionary algorithms were applied to explore the
best answer for structural damage identification,
among all points of the optimal Pareto.
front curve by computation of discrepancy function.
For final verification of the proposed method, the
results of our numerica modeling procedure are
compared with those reported by other researchers.

2- Objective
Algorithms
The main objective of this research study is to

Functions and Optimization
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investigate the capability of multi-objective
optimization methods for diagnosis and assessment
of damage in structures. “Damage Diagnosis’
signifies the geometric position identification of the
damage and “Damage Assessment” corresponds to
evaluation of the severity of the damage in the
structure. Hereupon, it has been tried first to diagnose
the damage on the basis of numerical modeling of the
structure, i.e., vibrational modal analysis, in both
intact and damaged states using a finite element
method.

NM
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Subsequently, the multi-objective particle swarm
optimization method and multi-objective
evolutionary algorithm based on decomposition
method are employed to find the feasible answer on
the optimal Pareto front curve. The objective
functions used include modal assurance criterion of
mode stiffness (MACSTIF) and modal assurance
criterion of mode shapes (MACPHI).

The first objective function (MACSTIF) is
sensitive to the intensity of damage and it has been
defined using properties of structural stiffness. Modal
gtiffness of the structure indicate a pattern of
structural  stiffness in each vibration mode. The
second objective function (MACPHI) is sensitive to
the location of damage and it has been defined using
properties of mode shapes. Mode shapes of the
structure indicate a pattern of structural deformation
in each vibration mode.

3- Structural Damage | dentification

For the final verification of the proposed method, the
results of our numerical modeling were compared
with those of other researchers. It was demonstrated
that the proposed method is an effective and
appropriate structural modal analysis based technique
for localization and estimation of the severity of
damage.

4- Conclusions

Based on the optimal pare to front curves with the
MOPSO and MOEA/D evolutionary algorithms and
their numerical results of structural damage
identification for two fixed end moment beams and
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Table 1. Properties of specimens

Specimens t(mm) h P L B g9
(mm) | (mm) (mm) (mm) (mm)
Co 15 - - - -
C1h150p50g1 15 150 50 113.3 1
C2h150p50g5 15 150 50 105.3 5
C3h75p50g1 15 75 50 113.3 1
C4h75p50g5 15 75 50 105.3 5
C5h75h75p50g1 15 75 50 113.3 1
C6h75h75p50g5 15 75 50 105.3 - 5
C7h75p50b230g 15 75 50 1133 | 230 ¥
1

Table 2. Values of displacements applied to the end of the beam (AT C-24)

Step no. 1 2 3 | ... 6

9 10 | ... | 13 14 | .. 18

I+

Displacement(mm) | +3 6 | £9 | ... | #18

+30 | £35 | ... | #50 | 60 +100

Figure 4 represents Von Mises stress distribution
and Figure 5 represents the force-displacement curve
a the end of the beam for C1h150p50g1l specimen
have been shown.

Fig. 4. Contour plot for Von Mis%stressdistribution in
C1h150p50g1 specimen (unit: kg/cm2)

('}'dlg load (kN)

—— C1h150pS0gl
- - o

Total displcement (mm)

Figure 5. For ce-displacement curves for C1h150p50g1
specimens

3- Conclusions

In this paper, the effect of the pyramidal sections on
the force-displacement curve of the pre-fabricated
steel moment connection under cyclic loads has been
investigated. For this purpose, the connection was
modeled and analyzed using ABAQUS. The main
results of this study can be summarized as follows:

1. All of the specimens can bear 0.01 rad. in the
linear region and 0.06 rad. in the nonlinear
region. The values presented above indicate that
this form has a good ductility and if appropriate
amounts are chosen for the plastic moment of the
beam, columns, and the short column, this form
can be considered as a special moment frame.

2. If appropriate dimensions are not selected for the
pyramidal section, when plastic hinge is created
in the beam, torsion occurs to the beam and the
resistant of the connection decreases

3. Inall of the specimens with lateral support,
adding a pyramidal section improves the
performance of the connection.

4, Adding a pyramidal section on the connection
plate causes a decrease in the amount of stress
on the connection plate.
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I nteractions of Column Pyramid Head and
Special Prefabricated Steel Connection under
Cyclic Loading

M. Kazemi Torbaghan' M. R. Sohrabi®*
H. haji kazemi®

1-introduction

An idea form is a form whose main members
tolerate different combinations of optimal loading.
The most important factors in selecting the structural
form are the number of stories and non-structural
considerations. Connections are one of the most
effective parameters on the behavior of structure
forms. In this paper, a steel special connection under
cyclic loads has been studied. This connection is used
in prefabricated steel structures in which al parts
such as beams, columns, boxes, braces, doors and
windows are manufactured in the factory and then
carried to the site and assembled together with bolts.
Components of this structural form including box-
shaped columns are then connected to the lateral end
plate and the pyramidal is perched to the top of this
plate. There are box sections at the end of the beams
that connect to lateral end plates from above and
below. In this form, ceilings can be constructed
completely in the factory, then carried to the site and
placed on the columns. The implementation of
prefabricated ceilings is difficult, especialy on the
upper floors. In what follows, a new method for
faster and easier ceiling assembly has been evaluated.
For faster and easier assembly, place a pyramidal
section on the connection plate of down floor column
such that when the ceilings are to be implemented,
the pyramidal section is placed on the short column.
Figure 1 indicates the components of connection and
implementation process with this pyramidal section.

Column
«——

Column connection plate
Beam connection plate

Sh, I
o1t column

Beam connection plate
Pyramidal shape

Column connection plate

Column

-—

Fig. 1. Components of the proposed connection and
implementation process
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2- Modeling

In order to vaidate the finite element models, the
numerical results were first compared with the
experimental results of the Specimen from Yang and
Kim’'s reported research study. Figure 2 represents
the selected moment

abuiy
PO LOGINAIOD)

uwno)

~

Beam
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o081
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it
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» |
-
ebuly
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a=135 3=, 1 =58 5= b=12522 h=250"=t=)==

Fig. 2. Model feature and configuration, a: test set-up,
b: model of theexterior joint, c: beam section, d:
column section

frame, dimensions, the section of beam and
columns, and the model of the exterior joint.
The entire components used in this research study
including columns, beams, connection plates,
stiffeners and boxes are made of SS400 steel. The
bolts are also A490. The mechanical properties of al
materials are taken from the experimental specimens
(Yang and Kim). Modulus of elasticity and the
Poisson's ratio for al sections is 200 Gpa and 0.3,
respectively. The name and properties of the
specimens are presented in Table 1 and Figure 3.

Pyramidal pant

.4

Shortcolumn

Fig. 3. Specimens parameters

The holes are standard and loading has been done
in two steps. In the first step, according to the types
and sizes of the bolts, pre-tension force equal to 107
kN was applied to al bolts (Salmon et a.) and in the
second step the displacement was applied to the end
of the beam according to the experimental set-up and
the loading protocol of ATC-24 which is presented in
Table 2.
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function at the mean point. Therefore, the initial finite
—step length is dynamically computed as follows:
- 7
0 2
[VeWu=u)

The dynamical step size in Eq. (7) should satisfy the
sufficient descent condition to provide global
convergence of the DFSL formula as follows:

N B
0.754;_4

otherwise
The DFSL method is as simple as the HL-RF method
and is simpler than the conjugate reliability methods.
The step size using Eq. (8) can be tended to zero when
k—0. Thus, this iterative method can be provided a
fixed point.

3- Performance function of therectangular plate
The limit state function of a plate under distributed
load ¢ and the boundary conditions 1-2-3-4 for

displacement performance function which is
schematically shown in Fig. 1 is defined as follows:
4
a qa
=——0— 9
g=7 D 9

where D isthe stiffness of the plate which is given as
D =E®/12(1-v?), v is Poisson's ratio, E is module of
eladticity, t is plate thickness and R is the limited
condition of the plate displacement that is selected
based on the code design to be 240 and 360. a isthe
analytical coefficient which is computed using the
finite element model of the plate with different
conditions. The limit state function in Eq. (10)
involves seven basic random variables including E, ¢,
v, a, a, g, and R with normal and log-normal random
variables.

Fig. 1 Schematic view of rectangular plate with boundary 1-2-
34

4- Reliability results

Figure 2 illustrates the failure probability of squared
plates with different boundary conditions for three
control coefficients as R= 240, R=360 and R=440. As
seen, the failure probabilities for palates with the free
(F) boundary conditions are more than that of other
plates with simple supported (S) and clamped (C)
boundary conditions. The plate with clamped
conditions (CCCC) has afailure probability form order
-8 for R=360 while the failure probability is increased
to order -5 for plates with boundary CCFC.
Consequently, the boundary conditions of the plate can
be controlled to reliable levels as well as the

resistances and dimensions of the plates. The type and
arrangement of boundary conditions for controlling the
maximum displacement of plates can be used to
remarkably improve the reliability levels of the plate.
The plate with the SCSC conditions can be used to
improve the failure probability about 20% compared to
the one with the SSCC conditions. It can be used to
improve the reliability levels of the plate with free
conditions with respect to a suitable arrangement of
other conditions with clamped (C) boundary e.g. CSCF
which can provide us with a failure probability of
order -5.

10E-02
. 10EG B R=440 (a/2,0/2)
% 10E-04 ER:%O
R=240 -
S 10E05 4
S
o LOE06
=}
3 1.0E-07
10E-08
1.0E-09
10E-10 .
CCCC CCCS SCSC  SSSC SSSS
Boundary conditions
1.0E+00
B R=440
10501 @R=360 /2.0
S DR=240 |
3 10503
s
S L0E04
(0]
5 10E05
T
L 1.0E-06
10E-07 L
CCCF CCSF  CSCF  SSCF  SCSF

Boundary conditions

Fig. 2 Failure probabilities of the plate with respect to different
boundary conditions

5- Conclusions

The failure probabilities of rectangular plates were
evaluated using an iterative FORM formula-based
dynamic finite- step length (DFSL) method. The DFSL
is formulated based on dynamic step size, which is
formulated using the Armijo rule and sufficient
descent condition. The failure probability is more
sensitive to dimensions than the distributed load
compared to other conditions. The free boundary
conditions strongly increase the failure probabilities.
The suitable reliable levels are obtained using the
boundary conditions CSCS, SSCS, CCCC, and CCCS.
The locations of clamed boundary with another
condition can be used to remarkably improve the
safety levels of plates e.g. CSCF.
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Evaluating Failur e Probability of
Rectangular Plateswith Different
Boundary Conditions using the Dynamic
Finite-step Length M ethod

B. Keshtegar™ S Etedali®

1-Introduction

Rectangular plates are widely used to construct
various  structural/mechanical  components  in
engineering systems. The box girder of log-span
beiges, composite decks of buildings, plate aircraft
panels, and steel shear walls to provide the lateral
resistance of stories can be made based on plate
elements. Plate  structures involve  various
uncertainties to evaluate their performance including
their dimensions, loads, analytical model and
boundary conditions. Usually probabilistic models
are applied to consider different uncertainties of plate
elements under serviceability limit state surface.
Design optimization methods with uncertainties have
been used to evauate reliable performance of
probabilistic model of plates.

The  structura reliability analysis-based
probabilistic model can be used based on the
performance function to evaluate the safety levels of
plates for considering different uncertainties.
Generally, the analytical methods (such as: the first
order reliability method, the first order second
moment, the advanced mean value, and the second
order reliability method) and simulation approaches
(for example: Monte Carlo simulation, weighted
simulation, subset simulation, and importance
sampling) can be implemented to evaluate the failure
probabilities of the structura  /mechanical
engineering problems. The first order reliability
method (FORM) is widely used for structural
reliability analysis due to its simplicity and efficiency
by the following approximated integration for
estimating the failure probability:

P =Ple()<0l= [ fr(ax = o p)=ol-|v7) D
g(X)<0

Commonly, the iterative FORM formula-based
HL-RF method is applied for structural reliability
analysis. However, the HL-RF may produce unstable
results as chaotic and periodic solutions for highly
nonlinear performance function. In the improved
HL-RF, the convergence of the HL-RF method can
be monitored using merit function. The stability
transformation method, finite-step length, modified
chaos control, conjugate chaos control, conjugate
stability transformation methods are the modified
versions of FORM to improve its robustness and
efficiency for highly nonlinear reliability problems.

U
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The conjugate search direction has been formulated,
more computationally complex formulations. The
steepest descent search direction for formulation of
FORM are simpler than the conjugate reliability
methods. The simplicity, robustness and efficiency of
structural reliability methods are the major issues for
selecting an iterative FORM formula to evaluate the
failure probability of complex engineering systems.

Rectangular plates with different boundary
conditions under the displacement performance
function can be used for reliability analysis of real
engineering problems. In this paper, a simple limit
state function is defined to approximate the
maximum displacement of plates subjected to
distributed load based on the finite element model.
The finite-step length approach is modified using an
adaptive step size with Armijo line search. The
results indicate that the boundary conditions and the
arrangement of the plate can be used to improve the
reliability levels of plates.

2- Dynamical finite-step length method
The dynamical finite-step length method (DFSL) is
given by the following iterative formula of FORM:

_g(Uk)_VTg(Uk)Uk alljl (2)
k+1 — +.
V' g(U;)atn

where vy, is the new point in the normal standard

U

space, a,irl stands the normalized finite-search
direction vector, which is computed as follows:
Uln 3)

A
Qg =
H k+1]

where U* the finite-point, which is given as:
Ufu =U, -4V gU,) (4)

Inwhich, 4, isthe dynamical finite-step length. The
U” is located on the previous point when A4, =0.
This means that the new point is a fixed point. A
suitable value of 4, can be used to control the
convergence properties of the proposed DFSL method.
In this paper, the Armijo rule is used to select the
appropriate step size asfollows:
4 zg(Uk + A4 di)-g(U,) .

Ve’ ©
Where d, is the search direction vector as
d,=U,-U,,, m is a red positive value and
Vg(U,) is the gradient vector of the limit state
function at point U, . Therefore, Eq. (6) can be
simplified as follows:
I (6)
2

[vewe-u
where M is a positive large value, i.e. 1-100 and the

value of 15 is used for it in the current study and
vglUy-,) 1s the gradient vector of the limit state

maxZ
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In order to simulate drains, the Chai et al. method has
been wused. In this method, the equivaent
permeability for drain zones is considered. Hence,
based on back-analysis results, the value of C; (the
permeability ratio of site to laboratory) reaches 8. In
addition, (C;) and (P.) are modified with with 0.12
and 190 kPa values in the software, respectively.
Finally, the modified soil parameters are presented in
Table 1.

Table 1. Back-analysisresults of consolidation
parametersof EM-2B

& ’w‘ S
N N ) o
CE |Cf |3 |3 | aF
E 0 I R
S| ¥ |o|Jd |k
Plaxis 3D (After
Preloading) 0021 | 00104 | 8 | 012 | 190
Initial Design
Parameters
(Before 0.0026 | 0.0013 | ..... | 0.17 180
Preloading)

According to the initia designs, for example,

recorded vaue of the settlement in the center of
the EM-2B settlement is approximately 122.2cm,
while the settlement calculated in the center of
the EM-2B  embankment has been  132cm.
Therefore, initial values of calculated settlement
based on assumed parameters were higher than
the measured values of settlement.
Lower values of measured settlements relative to
calculated settlements can be attributed to the
conservative  determination  of  geotechnical
parameters for settlement calculations. Besides, soil
settlement induced by oil tanks has been compared
before and after preloading based on modified soil
parameters. The obtained simulation results indicated
that after removing the embankment and construction
of the ail tank during 30 days, the final settlement
value reached about 9 cm.

3- Concluding Remarks

In this research, the numerica modeling of soil
consolidation has been discussed using the pre-
loading method with radia drainages in the
Mahshahr oil depot as a case study. In this
regard, back-analysis using instrumentation results
was conducted by using the Plaxis 3D software
based on the finite element method, and the
results were compared with each other. The basic
geotechnical parameters obtained by laboratory and
field experiments have been modified using the
above mentioned method. The results obtained from
the analysis indicate that settlement values from the
instrument data were less than the results obtained
from back-analysis. Indeed, the effective |aboratory
parameters intended for primary calculations of
consolidation settlement values of the soil (C.and

P.) were more and less than the actual measured
values, respectively, and the effective laboratory
parameters intended for time of soil consolidation
calculations (Ky, and K,) were lower than the actual
measured values. Finaly, soil settlement indued by
oil tanks was compared before and after
preloading, and it was found that using this
method for soil improvement can be very efficient in
large-scale projects.
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Estimating Geotechnical Design
Pararmetersof Improved Soil by the
Preloading Method Using
Instrumentation Results and Numerical
Approach- a Case Study

Kh. Mehrshahi* H. Alielahi®
1-Introduction
Before construction of engineering structures on
compressible soft soils, it is inevitable to improve
and modify these soils to prevent large unpredictable
settlements resulting in damage to the structure.
“Preloading” is a method widely used in soil
improvement that dates back to the 1930s and earlier.
It is a simple and economic method of increasing the
strength parameters of saturated fine-grained soft
soils. Easy implementation, monitoring and
measuring the settlement of the ground using
instrumentation and checking the behavior of this
method during the procedure are among the
advantages of this method. The preloading approach
can be applied using radia drainage to enhance
consolidation settlement rate, and without radia
drainage by either embankment or vacuum. In
general, soft clayey soils require a long time for
settlement  consolidation due to their low
permeability. To increase the consolidation rate in
these soils, radial drains are installed beneath the soil.
These drains cause artificial drainage paths under
clay soils that increase the rate of the consolidation
process by curtailing the drainage path, which in turn
will rapidly increase the strength of the soil,
increasing the capacity of bearing new load on the
soil.
In this regard, in order to improve subsurface soft
saturated clayey layers under the oil storage tanks in
the Mahshahr project, the preloading method is
assessed in this paper. In this casewe used
embankment along with prefabricated  vertical
drains (PVvDs) with a triangular pattern
Considering the different layers of soil and
subsurface conditions at the project site of Mahshahr
oil depot and compressible layers located in
relatively large depths, the improvement extent has
been high to modify soil characteristics in order to
avoid soil settlement and failure due to the
application of high loads from the tanks. The
inaccuracy of embankment settlement estimates and
the prolonged preloading operations are among the
challenges of soil improvement using preloading.
Therefore, proper selection of soil parameters
including effective parameters in consolidation
settlement values (Cs, C, and P, and soil
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consolidation time (K, and K,) can address
preloading as a viable and practical option for soil
improvement.

In this paper, back-analysis results of instrument
data have been compared using Plaxis 3D software
for EM-2B embankment (Figure.1), and the initial
effective geotechnical parameters obtained from
laboratory and field experiments have been modified
using this method. Using the modified results of this
study can help usto successfully evaluate and control
the design of the mentioned project.

Fig 1. EM-2B embankment

2-Methodology

In order to perform numerical modeling, the Plaxis
3D software based on Finite Element Method has
been used. This software was used to examine
consolidation settlement according to Biot's theory
formulations. For three-dimensional modeling of the
embankment, the dimensions of both sides of the
embankment must be set so that the actual ground
conditions are considered with the least impact on the
general behavior of the model. The embankment
height of EM-2B is 14.6m. In order to determine
the boundary conditions, three times the base of
the embankment is considered from both sides of the
model, and for the height of the geotechnical region
influenced by the creation of the embankment
which has been modeled in the program, a height
equivalent to 60m has been considered based on
bore holes data. Figure 2 shows the numerical
modeling of the EM-2B embankment in the Plaxis
3D sofware. Besides, for the soil behavior the Soft
Soil Creep istaken into account.

EM-2B

Fig 2. Three-dimensional modeling using Plaxis 3D
Software
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* For small values of ? for labyrinth weir with

downstream wall slope extending from the crest to
the end of the cycle, vortices develop at the
downstream apex of weir, leading to reduced
discharge coefficient of flow, and these vortices

disappear after a peak flow discharge.

For lower values of ? for labyrinth weir with

downstream slope extending from the crest to three
quarters of the cycle, vortices develop at the
downstream apex of the weir. These vortices lead
to reduced discharge coefficient of flow and
disappear as the flow height increases.
» For 0=6¢, aeration of flow is not observed.
Downstream inclination leads to greater length of
flow interference area for the flow passing through
cycles than that without slope conditions.
The aeration process stopped for a=11.25¢ in the
area where the slope of the downstream wall is
extended. The general equation of discharge
coefficient for weirs studied with downstream wall

slope for the range of 0.13 <<%<< 0.96 is as
follows:

Ca = a(%f + b(%)2 e (%) +d @)

The coefficients a, b, ¢, and d are calculated based
on the angle and slope from Table 1.

Table 1- The coefficientsa, b, ¢, and d

slope a b c d R
84 1 0.67 | -0.65 | -0.42 | 0.62 | 0.98
a=6" 82 14 | -1.72 | 0.01 | 0.58 | 0.96

79 1.13 | -1.15 | -0.37 | 0.67 | 0.98
68 | 0.47 | -0.64 | -0.54 | 0.68 | 0.98
80 1.63 | -2.61 | 0.71 | 0.56 | 0.99
76 1.68 | -249 | 0.84 | 0.64 | 0.97
70 | 371 ] -5.8 2 0.47 | 0.94
53 | 278 | 428 | 1.24 | 0.54 | 0.96

0=11.25

4- Conclusions

The downstream slope of arced labyrinth weir

reduced the disadvantages of labyrinth spillways,

because the slope acts as an obstacle against the flow,
thus preventing flow discharge.

« If the downstream slope is extended to the end of
the cycle, in addition of increasing confluence, the
vortices at the downstream apexes of the weir are
affected. Hence, the passing flow rate over the
spillway under ideal conditions is reduced. This
type of slope at the downstream of weir is not
recommended in small length.

* Downstream apex vortex is not observed when the
downstream slope is connected the weir crest to
mid-length of downstream cycle.

* When the slope extends from the crest to the end of
the cycle the flow rate will have a reduction of 4.45

percent in the worst case. The latter is the worst
case of this study.

» For a constant flow rate, the downstream slope
makes higher flow as compared with the case
without this slope condition.

* As the flow height increases, the effect of
downstream slope on discharge coefficient
decreases.

* A new equation for calculating discharge
coefficient of labyrinth weir for different wall
slopes which can be used in the range of the non-
dimensional parameters of this study is suggested.
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Effect of Downstream Wall Slope of
Curved Labyrinth Spillwayson
Dischar ge Coefficient

M. Goodarzi'* M. Ghodsian?
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1- Introduction
Labyrinth spillways have different shapes in plane
such as triangular, trapezoidal, rectangular or
elliptical. According to previous studies, if maximum
flood exceeds the amount of design flood, the
discharge cannot flow through the spillways of a dam
in a specific head. One of the technical and
economical approaches to solve this problem is to
use labyrinth spillways. A labyrinth spillway in a
given width has a greater crest length than typical
linear spillways.

The flow rate for labyrinth spillways can be
calculated by using equation 1:

2 3
Q= gchcHg,IZg (1)

In equation 1, Lc is the effective crest length, Cd is
the discharge coefficient, Q is the flow rate over the
spillway, g is the gravitational acceleration and HO is
the total hydrostatic depth. Given the limitation of
channel width or the reservoir in which the spillway
is installed, increasing Lc by notching and creating a
nonlinear weir is one of the most suitable ways to
increase spillway discharge capacity.

Once labyrinth spillway cycles are placed on an
arc, arced labyrinth spillways are created. Using this
type of spillway in addition to length increase would
lead to increased hydraulic conductivity in dam
Ieservoirs.

To the best knowledge of the authors, research in
this regard is in its primary stages. On the other hand,
no study has been conducted regarding the effect of
downstream walls on the hydraulic conductivity of
these spillways, and it is necessary that
complementary studies be conducted in this respect.
In the present study, we consider the effect of
downstream wall slope on the hydraulic conductivity
of these spillways using laboratory studies.

2- Laboratory Equipment
The constructed labyrinth weir was installed in a
flume 2 meters wide, 10 meters long, 90 centimeter
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deep, and placed on a table. Water flow was injected
into the flume by two pumps. Once the water level
soars in the channel, the flow first passes over semi-
circles installed on the channel. Once water height
reaches the height of the table where labyrinth
spillway cycles are located, the water flow passes
over the table and flows into the cycles. Next, the
water flow pours into the underground reservoir after
passing over the spillway, and is again transferred
into the flume via the pump.

Spillways were made of Plexiglass in 5 cycles
(N=5), where N is the number of cycles, with a
height of 10 cm, and the labyrinth weir crest was
semicircular. In total, 200 tests were performed for
10 different forms of weir, with 4 downstream slopes
where a=6°, 6=27.4 and 4 other downstream slopes
with 0=11.25¢, and 6=27.4.

Up stream
I

A
<NV

s
Ve

down stream

Fig. 1 The profile of Arclabyrinth spillway

Fig. 2- downstream slope and flow direction

3- Observations and Results

To investigate the effect of downstream slope of
arced labyrinth weir, 8 slopes were tested and
evaluated.

The flow rate for investigating downstream wall
slope ranged from 29 to 179 L/s. Noteworthy
observations for the effect of investigations on
downstream slope are as follows:
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