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Hydraulic Type-A Piano Key Weirs with Zigzag Lateral Crest
S.Moradi  H. Shahsavari  A. Arfa K. Esmaili

Abstract According to the literature, increased velocity approaching has been reported as the most
important factor in decreasing discharge capacity in piano key weirs. In the present study, first, by
applying variable water head, changes in the discharge coefficient of standard piano key weir (type A)
were investigated, then by presenting a new design of zigzag form in lateral crest profile, hydraulic flow
parameters upstream of weir by ADV velocimeter The measurements were performed and analyzed by
Buckingham method. The results showed that by zigzagging the lateral crest profile of the piano key
weirs, the maximum discharge coefficient occurs at a lower ratio but with a higher numerical value, as
the average discharge coefficient increasing by 10%. Increases by 22 and 16 percent, respectively, for
transverse and upward velocities of flow in the crest elevation range, reinforcing secondary upstream
currents. Hence, by incorporating a more effective length of the lateral crest, it increases the deflection
and suction current to the outlet keys than the standard crest. Therefore, with the increase in energy loss
(increase in water level drop in range (B)), an 11% decrease in the values of the approaching component
velocity occurred at the inlet keys. Also, the intensity values of turbulence with zigzagging of the lateral
crest profile were, on average, 15% higher than the standard piano key weir form. Finally, the proposed
crest form increases the local submergence limit and improves the discharge transfer efficiency of the A-
type key piano weir outlet keys.

Key Words Local submergence, Performance enhancement, Zigzag crest, Flow rate.
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Developing of ANFIS-Genetic Algorithm Meta-Heuristic Model for Predicting the Scour
Depth in Vicinity of Submarine Pipelines

E. Yarmohammadi A. Rajabi M. A. I1zadbakhsh

Abstract In coastal areas, passing oil and gas submarine pipelines is quite common and scouring around
them threatens the stability of the submarine pipes. In this study, a meta-heuristic model is developed in
order to predict the scour pattern in vicinity of the submarine pipelines. The model is produced using
combination of adaptive Neuro-fuzzy inference system (ANFIS) and genetic algorithm (GA). Additionally,
in this article, Monte Carlo simulations (MCs) were utilized to evaluate the accuracy of numerical
models. On the other hand, in order to validate the numerical results, the k-fold cross-validation (k=6)
was used. Next, six different numerical models were developed. Finally, by analyzing the numerical
results, the superior model was introduced. The superior model simulated the scour depth with
reasonable accuracy. The model simulated the scour depth by employing all input parameters. For
example, correlation coefficient and scatter index for superior model were respectively calculated 0.974
and 0.090. In addition, distance between pipe and bed before scouring to pipe diameter (e/D) was
identified as the most effective input parameter.

Key Word Simulation, Meta-heuristic model, Monte Carlo simulation, K-Fold cross validation.
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Investigation of the Behavior of Special Steel Concentrically Braced Frames Under Post
Earthquake Fire Loading

M. Kaffash A. Karamodin M. Moghiman

Abstract The occurrence of firefollowing earthquake is an important issue for buildings in moderate to
high seismic areas. In this paper, in order to provide an insight into the effects of post-earthquake fire in
steel structures, using finite element simulation, the behavior of the special steel concentrically braced
frames exposed to this loading is examined. Simulation of the structure under earthquake load was
performed using nonlinear time histories analysis. By placing the post-earthquake structure as the initial
condition, mechanical thermal analysis was carried out by applying the temperature-time curve on exposed
elements. The results of the analysis showed that the resistance time of the fire structure, regardless of the
characteristics of the earthquake record and the fire scenarios for the special steel concentrically braced
frames, was very short and the effects of the previous earthquake on it were negligible.

Key Words Post-Earthquake Fire, Sequential Analysis, Fire Resistance, Braced Frames, Overall Behavior.
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Creep Behavior of SMA Mixtures with Slag and Polyethylene Terephthalate

D. Moazami A. Sahaf A. Mohamadzadeh Moghaddam

Abstract Nowadays on the one hand improving the performance of asphalt mixtures is a necessity and on
the other hand disposal of steel slag and plastic containers causes serious environmental problems.
Therefore, in this study the effect of two waste materials on enhancing creep performance of Stone Mastic
Asphalt (SMA) mixture was investigated; In order to thoroughly investigate the impact of Polyethylene
terephthalate (PET) modification, specimens with three percentages of PET (3,5 and 7) in two forms (PET
particles and PET fibers) were prepared. It was found that cumulative permanent strain was the lowest for
specimens modified with 5 percent PET followed by 7 and 3 percent, respectively; Furthermore, adding
PET in the form of fiber is more effective. With increase in stress and temperature, differences between
creep performance of modified and unmodified samples were more prone. Based on average damage ratios,
slag samples with 5 percent PET fiber (S-5P-F) were 70 percent less damaging.

Key Words Creep performance, Modified asphalt mixture, Polyethylene terephthalate (PET), Slag, Waste
materials.
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Isogeometric Shape Optimization of 2D Structures Using Fully Analytical Sensitivity
Analysis

S. Nikoei B. Hassani

Abstract In most of the structural optimization approaches analysis and sensitivities are carried out by
using the conventional finite element method. Due to the variations of the problem geometry within the
shape optimization iterations, updating the computational model by several remeshings is required that is
quite time consuming and computationally costly. As a remedy for this problem, the NURBS-based
isogeometric analysis method is here adopted that combines the Computer Aided Design (CAD) and finite
element techniques. In this study, in the shape optimization of the structures the Method of Moving
Asymptotes (MMA), which is a gradient-based method, is employed and to calculate the required
sensitivities a fully analytical approach is presented. To demonstrate the performance of the suggested
approach, various numerical examples are solved.

Key Words Isogeometric Approach, Shape Optimization, NURBS, Fully Analytical Sensitivity.
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Curing and Shrinkage Effect on the PMM/Concrete Bond, Using “Friction-transfer” and
“Pull-off” Methods

M. Naderi A. Saberi Varzaneh

Abstract The adhesion between the mortar and the substrate concrete depends on a number of factors
including shrinkage, curing and use of modifying polymers. The methods of "Friction-transfer” and "Pull-
off" are used to determine the mortar/concrete bond strength. The mortars used contained 10%, 15% and
20% styrene butadiene polymer, (related to cement weight). The results are compared with mortar with no
added polymer. Three types of curing were employed. Mortars shrinkage was also investigated. The results
tend to show the high impact of the polymer on the adhesion and shrinkage of the mortar. It was also seen
that, a high correlation coefficient existed between the corresponding "Friction-transfer" and "Pull-off"
results.

Key Words Bond Strength, Repair Mortar, Shrinkage, Modifying polymer, Friction-Transfer, Pull-off.
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Curing and Shrinkage Effect on the
PMM/Concrete Bond, using Friction-
transfer and Pull-off Methods

Mahmood Naderit Ali Saberi Varzaneh?

1. Introduction

Enhancing the adhesion between repair mortars and
substrate concrete is related to factors such as reduction
of shrinkage, proper curing, and the use of modifying
polymers. Nowadays, the use of polymers in cement-
based mortars is increasing in order to improve some
mechanical properties and increase the adhesion between
repair mortar and concrete substrate. Many researches
have been done on the effect of polymer on cementitious
mortars. Some modifier polymers include latex styrene
butadiene rubber (SBR), polyacrylic ester (PAA), and
vinyl ethylene acetate (VAA). Different methods can be
used to measure the adhesion between the concrete
substrate and the repair layer. Assessing the adhesion
strength between layers, depending on the stress state
applied to the samples, can be in the form of tensile
stresses, shear stresses, and a combination of compressive
and shear stresses. Some of the adhesion determination
tests are splitting test, slant shear test (However, Naderi in
2012 considered theoretically and practically, the results
of the tests with compressive and shear stress to be
unreliability), compound beam test, double shear plate,
bending test, symmetrical sample test with gap and pull-
off test. In this study, the effect of different percentages of
latex styrene butadiene rubber on the adhesion between
the repair mortar and the concrete substrate under
different curing was investigated, using the friction-
transfer and pull-off tests.

2. Experimental Program

In this paper, by employing in-situ and semi-destructive
tests, including friction-transfer and pull-off methods, the
effect of styrene-butadiene rubber latex on the shear and
tensile bond strength between repair mortars and the
concrete substrate was investigated. In the friction-
transfer test, a partial core with a diameter of 50 mm is
created at the test site surface. Then the metallic friction-
transfer device is placed on the considered half-core and
fixed. After fixing the friction-transfer device, a torque is
applied to the metallic device, which transfers friction to
the half-core, by an ordinary manual torque-meter so that
the partial core fails (Figure 1).

Figure 1. Friction-transfer test

In pull-off test, which is one of the most
comprehensive methods for evaluating the tensile strength
between the substrate surface and the repair layer, a partial
core, which continues into the substrate concrete, is first
implemented on the surface of the repair layer by a core
drilling machine. A circular steel disc is then glued to the
core surface using epoxy resin adhesive, and a pull-off
force is applied to it by the pull-off device to cause failure
(Figure 2).

Figure 2. Pull-off test

In order to measure the effect of polymer on the
adhesion between repair mortar and concrete substrate,
styrene-butadiene rubber polymer was used in mortars in
amounts of 10, 15, and 20% in relation to the weight of
cement, and the results were compared with plain mortar.
In order to evaluate the results, three different types of
curing were used, including immersion in water, concrete
curing compounds, and leaving in the open space. Also,
the amount of shrinkage of plain mortars and polymer-
modified mortars with different percentages of latex was
determined, and the effect of the type of curing on
shrinkage was studied. The results show an increase in
shear and tensile bond strength between the repair layer
and the concrete substrate with the addition of different
percentages of latex. For example, the shear bond strength
between repair mortars and concrete substrates can be
seen in Figure 3.

The reason for the increase in bond strength between
polymer-modified mortars and the concrete substrate is
the formation of polymer films in the mortar. When the
polymer and the Portland cement paste are connected
through covalent chemical bonds or strong ion-covalent
bonds, it gives greater coherence to the whole matrix and
improves the properties of the mortar. Moreover,
appropriate curing prevents excessive mortar shrinkage,
which increases the adhesion between the repair mortar
and the concrete substrate. Besides, the shrinkage of
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mortars cured in water is less than the shrinkage of
mortars cured with curing compounds. Table 1 shows the
effect of polymer addition on mortar shrinkage. Because
hydrated cement contains capillary pores, there is water
inside these pores. The loss of water inside the pores does
not cause shrinkage, but as soon as the capillary water is
lost, it causes the surface-absorbed water to vanish, and
consequently, the shrinkage occurs. The curing
compounds do not entirely prevent the mortar moisture
from exiting. So this issue had increased the shrinkage of
mortars when the curing compounds were used for curing
compared to the curing in water.
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Figure 3. Shear bond strength
Table 1. Shrinkage of mortars
(/) Shrinkage
Mortars

14 Days 28 Days 42 Days 90 Days
SBR 0% 0.0332 0.0662 0.0793 0.0872
SBR 10% 0.0223 0.0449 0.0513 0.0564
SBR 15% 0.0212 0.0406 0.0474  0.0512
SBR 20% 0.0192 0.0384 0.0438 0.0473

In order to display the cracks formed inside the
mortars after the curing process, the mortars were
photographed using a scanning electron microscope. It
was observed that as long as the mortar is being cured, the
shrinkage has not occurred yet and the mortar has not been
cracked; however, in the case of mortar left in the open
space, due to the exit of water through capillary pores in
the mortar and also the loss of surface absorbed water,
shrinkage occurs, which results in creating cracks in the
mortar.

. Conclusion
. Because of the high correlation between the friction-

transfer and pull-off methods, instead of using the
expensive pull-off device, the simple, inexpensive, and
domestic friction-transfer apparatus can be used.

The addition of styrene-butadiene rubber latex
increased the shear and tensile bond strength between
the repair mortar and the concrete substrate, in which
the highest increase was observed when latex used in
the amount of 15% in relation to the weight of cement.

. Inadequate curing increases the shrinkage of the repair

mortar, which causes shear stresses at the repairing
mortar-substrate concrete interface and reduces the
shear and tensile bond strength obtained by the
friction-transfer and pull-off methods.

. The 90-day bond strength between polymer mortars

and the concrete substrate, on average, is more than
two times the bond strength of ordinary mortars.

. Increasing the amount of latex reduces the mortar

shrinkage, so that the 90-day shrinkage of modified
mortars containing 20% of polymer is, on average,
54% less than the shrinkage of ordinary mortars, which
prevents bond strength from dropping.
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Structures using Fully Analytical Sensitivity
Analysis
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1. Introduction

Since the resources available to human beings in nature
are limited, it is very important to use these resources as
efficiently as possible. In this respect, optimization which
can be simply defined as the process of searching for the
best, serves as a valuable tool. The main purpose of
engineering design is to find the best possible solution to
a specific problem, optimization is therefore at the very
heart of engineering.

In this regard, significant progress has been made in
the last three decades in the field of the shape optimization
of the structures. Shape optimization is a process in which
the optimal shape of a structure using a repetitive process
based on structural response analysis and sensitivity
calculation is obtained, which is raised in the Gradient-
Based optimization branch.

In most of the structural optimization approaches
analysis and sensitivities are carried out by using the
conventional finite element method. Due to the variations
of the problem geometry within the shape optimization
iterations, updating the computational model by several
remeshings is required that is quite time consuming and
computationally costly. As a remedy for this problem, the
NURBS-based isogeometric analysis method was
adopted that combines the Computer Aided Design
(CAD) and finite element techniques.

In this study, in the shape optimization of the
structures, the Method of Moving Asymptotes (MMA),
which is gradient-based, was employed and to calculate
the required sensitivities a fully analytical approach is
presented. To demonstrate the performance of the
suggested approach, various numerical examples are
solved.

2. NURBS Function

This section is devoted to the introduction of NURBS
functions and surfaces, followed by a brief description of
the method of isogeometric analysis in two-dimensional
problems. The NURBS surface is obtained from the linear
combination of the basic functions and the control points
as follows

NgE

Ry (1, P @

Sm.9) =i
i=1J

3. Shape Optimization

The purpose of shape optimization of the structure is to
find the geometry of the boundaries of the structure so that
the specific behavior of the structure is in the best
condition. Usually, the constraints could be geometrical
such as restrictions on the width or height of the structure
or behavioral such as restrictions on stresses,
displacements, and natural frequencies. According to
these explanations, an optimization problem can be
represented as follows

1l
-

[ Objective Function: min J(x,q(x))

h(x,q(x)) = 0, l=1,.., 2
Constraints: { gx(#x,q(x)) <0, k=1,.., ¢
L AP < a <2, =1,

4. Sensitivity Analysis

Sensitivity analysis means examining the degree of
dependence of the design on each influential parameter.
In most of the mathematical programming algorithms, to
find a search direction, sensitivity information is required.
The derivatives of the objective and constraint functions
with respect to the design variables are calculated using a
sensitivity analysis, which indicates the sensitivities of the
current design to small changes in the design variables.
The sensitivities can be computed by finite difference,
analytical or semi-analytical methods. In the analytical
methods used in this study, the values of the derivatives
from explicit functions are obtained according to the
problem design variables.

5. Results

To show the accuracy and efficiency of the proposed
method, an example is given to the shape optimization of
the inner hole boundaries of the plate with plane stress
conditions. This plate is subjected to biaxial stresses o, =
oy, =25 kN.m~! (Figure 1). The dimensions of the
structure discussed in this example are selected as x =
75m and y=25m, respectively. The material
parameters are the Young’s modulus E = 210 x 103GPa
and the Poisson ratio v = 0.3. This plate is subjected to
volume constraint V < V, in which V is the equation of
99% of the initial volume of the whole plate. The lower
bound, upper bound, and optimal values of the design
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variables are shown in Table 1. It is clear that the shape of
the hole boundary is close to the geometry of the circle.

6. Conclusion

In this paper, the shape optimization of the two-
dimensional structures using the isogeometric analysis
method based on NURBS basic functions was developed.
One of the most important advantages of this method over
conventional methods, which use the classical finite
element method, is the elimination of the finite element
mesh construction phase during the optimization process,
which is repeated at all steps. This case significantly
reduces the volume and cost of calculations. In this paper,
the analytical formulation is also used to calculate the
sensitivity, which is used in gradient-based optimization
algorithms, in shape optimization using the isogeometric
method. The analytical method in this study has been used
only for two-dimensional problems, but it can also be used
for three-dimensional problems.

Table 1. Variation of design variables in the plate with hole

Design Lower Upper Initial Optimal

variable bound bound value value
x4 -50 0 -25 -22.489
Xy -50 0 -18.75 -22.479
X3 -50 0 -6.25 -8.987
Yy 0 50 6.25 8.999
Vs 0 50 18.75 | 22.472
Va 0 50 25 22.483
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Figure 1. Shape optimization of the plate with hole
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Creep Behavior of SMA Mixtures with Slag
and Polyethylene Terephthalate
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Abolfazl Mohamadzadeh Moghaddam?®

Dariush Moazamit

1. Introduction

Disposal of steel slag as industrial waste and plastic
containers as municipal/domestic waste occupy a
significant portion of landfills that causes serious
environmental problems. Recently polymers have been
widely used as asphalt modifiers. However, the high cost
of polymer additive is the main disadvantage, which
limits its wide use for most road pavement construction.
With regard to the ever-increasing price of materials,
energy, and the scarcity of natural resources, it is
inevitable to recycle waste materials and to reuse them as
additives in asphalt mixtures.

2. Experimental program

This research focused on the laboratory performance
evaluation of Stone Mastic Asphalt (SMA) mixtures using
waste Polyethylene Terephthalate (PET) as an additive
and waste slag as the aggregate proportion. PET was
added in two forms (PET particles and PET fiber) and the
production process is illustrated in Figure 1. Electric Arc
Furnace (EAF) steel slag was used (75% of the coarse
proportion) that belongs to Isfahan and Mobarake Steel
manufacturing companies

In order to thoroughly investigate the impact of PET
modification, specimens with three percentages of PET
(3,5 and 7) in two forms (PET particles and PET fibers)
were prepared and dynamic creep tests were done at two
stress levels (100 kPa, 200 kPa), and two testing
temperatures (40°C, 50°C).

Experimental chart includes preparing lime control
samples (L), samples with 75% slag in the coarse
proportion (S), samples prepared by PET particles (P) and
PET fiber (P-F). In this respect, 5-P-F indicates samples
with 5 percent PET fiber.

3. Results

Strain profiles were modeled for all samples up to 10000
load cycles by the Zhou model in the MATLAB and
consequently they were compared in terms of induced
permanent strain, strain rates as well as the resulted
damage

3.1. Permanent strain. In all stress and temperature
combinations, lime samples produced the highest strain,
while slag sample with 5 percent PET fiber exhibited the
best performance with minimum accumulative permanent
strain after 10000 load cycles. Cumulative strain for

specimens modified with 5 percent PET fiber was the
lowest followed by 7 and 3 percent, respectively.

Based on the statistical analysis, the application of waste
materials has large impact on the induced strain. Modified
samples with 5 percent PET fiber (S-5P-F) caused 70
percent less permanent strain compared to the slag
samples.

3.2. Strain rate. Based on the obtained results, strain rate
is the highest for lime sample followed by slag sample. In
modified specimens, samples with 5 percent PET
exhibited significantly improved performance. In average

strain rate (strain per cycle (% )) was 1.02 %for the slag
sample and 0.3 £ for the S-5P-F (110% difference).

3.3. Relative damage analysis. As shown in Table 1,
based on relative damage analysis natural lime samples
were 1.2, 2.1, 2.0, and 2.5 times more damaging at
different stress and temperature combinations. Adding
PET in the form of fiber is more effective and exhibits the
lowest damage ratio. Moreover, in average S-5P-F sample
caused 70 percent less damage compared to the slag
samples. Considering artificial slag specimens as the
control sample, it was found that, in average, natural lime
samples were 2.0 times more damaging.

4. Conclusion

The effect of two waste materials including steel slag and
plastic containers (three percentages and two forms) were
investigated through creep performance test at four stress-
temperature combinations. Generally creep curves of lime
and slag control specimens developed faster than the
modified specimens, which implied that modified
samples had a better capability to resist creep. It was
found that cumulative permanent strain was the lowest for
specimens modified with 5 percent PET followed by 7 and
3 percent, respectively. Furthermore, adding PET in the
form of fiber is more effective. With the increase in stress
and temperature, differences between creep performance
of modified and unmodified samples were more prone.
Based on average damage ratios, slag samples with 5
percent PET fiber (S-5P-F) were 70 percent less
damaging.
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1. Crusher 2. Label separator 3. Hot washer 4. Floating 5. Centrifugal 6. Final product and
dryer, storage silo raw material for
PET fiberproduction
(@)

1. Drier 2. Extruder and 3. Spinning beam 4. Tensioning and 5. Feed screw 6. Final PET fiber
melt pipe cooling product

(b)
Figure 1: PET particles (a) and PET fiber (b) production process

Table 1. Linear relative damage for various samples
Creep Testing Conditions

Characteristics of Samples Strain@10000 Cycles Linear Relative Strain
(Stress, Temperature)
L 12073 1.19
S 10183 1.00
S-3P 7574 0.74
100 kPa, 40°C S-5P 5367 0.53
S-7P 6317 0.62
S-3P-F 6130 0.60
S-5P-F 3424 0.34
S-7P-F 4684 0.46
L 33625 2.14
S 15693 1.00
S-3P 12006 0.77
S-5P 7676 0.49
100 kPa, 50°C S-7P 9608 0.61
S-3P-F 8408 0.54
S-5P-F 4634 0.30
S-7P-F 6187 0.39
L 29928 1.96
S 15246 1.00
S-3P 11591 0.76
200 kPa, 40°C S-5P 7537 0.49
S-7P 9780 0.64
S-3P-F 8113 0.53
S-5P-F 4962 0.33
S-7P-F 6016 0.39
L 60977 2.51
S 24273 1.00
S-3P 18039 0.74
200 kPa, 50°C S-5P 11253 0.46
S-7P 14017 0.58
S-3P-F 10709 0.44
S-5P-F 5768 0.24

S-7P-F 7643 0.31
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Post-Earthquake Fire Performance of Tall

Special Steel Concentrically Braced Frames
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1. Introduction

Despite the post-earthquake fire potential as a source of
extensive damage on construction structures, that is not
considered a loading case in current seismic design
approaches. Hitherto limited researches have been done
on the global response of steel moment resisting frames
under post-earthquake fire but the response of
concentrically braced frames under fire loading has not
been studied yet.

In this paper, in order to provide an insight into the
effects of post-earthquake fire in steel structures, using
finite element simulation, the behavior of the special steel
concentrically braced frames exposed to this loading is
examined. Simulation of the structure under earthquake
load was performed using nonlinear time histories
analysis. By placing the post-earthquake structure as the
initial condition, the mechanical-thermal analysis was
carried out by applying the temperature-time diagram on
exposed elements. This analysis provides a realistic
representation of the expected seismic and fire demands.

2. Numerical simulation

Simulating post-earthquake fire scenarios requires the use
of multi-stage and sequential analysis. In this study, this
analysis consists of the following separate analysis steps
performed by the numerical finite element models,
developed using the commercial software ABAQUS. In
order to model material behavior, an elastic-perfectly
plastic material model was used for the steel. The
variation of strength and stiffness and other steel
specifications with variation of temperature was modeled
in accordance with the Eurocode.

FEMA P695 was used to perform nonlinear time-
history dynamic analysis to simulate the effects of
earthquake on structur. Five records were used in the
analyses according to the informations of FEMA P695.
Moreover, temperature—time diagrams were used to
simulate fire load in the numerical analyses. The EC

parametric fire diagram, shown in Figure 1, was used in
this study. The temperature of the exposed steel elements
was considered to be based on the assumption of uniform
temperature distribution across the section.
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Figure 1. EC parametric fire diagram

Different scenarios are implemented in this study as
it is not possible to determine where the fire occurs. The
assumed scenarios are fire occurrence on the (a) ground-
floor, (b) fourth-floor and (c) eight-floor. The considering
frame was unprotected, and fire applied to the through of
elements exposed to fire under the assumption that
fireproofing lacked or fireproofing spalled during the
seismic events. Moreover, for comparison, three fire
scenarios were applied directly to the structure without a
previous earthquake.

3. Numerical analysis

In this study, one case of designed steel braced frame in
NIST was selected to evaluate the performance of tall
braced frames exposed to the fire. This prototype was
designed to study their response to an event which may
cause progressive collapse. The building is designed for
moderate Seismic Design Category, which results in
SCBFs as defined in the AISC Seismic Provisions. The
plan views of the buildings are shown in Figure 2.

The prototype building was idealized using two-
dimensional plane frame models. The gravity loads are
divided into two parts. First, the gravity loads associated
with the braced frame are applied as distributed vertical
forces along the beams at each story level. Second, the
gravity loads associated with the interior gravity frames
per tributary area are applied as concentrated loads to the
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leaning columns at the corresponding story levels. The
representation of the gravity frames with the leaning
columns is needed to account for the P-A effects.

The structural performance of the frames under
earthquake is evaluated acording to ASCE 41-06. The
structural performance level of the steel braced frame
subjected to records introduced corresponded to CP.
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Figure 2. Plan layout for braced frame systems

The fire resistance of the structure to post-earthquake
fire (pef) and direct fire (df) based on different scenario
were persente. The fire resistance is defined as a time at
which the displacements, either globally or locally, go
beyond the chosen thresholds. The thresholds were
identified by curve of displacements versus time merging
towards the vertical asymptote by a 1% error.

To investigate the braces behavior, the history of the
internal axial forces developed in some heated braces for
a scenario under df load and pef load are extracted.
Moreover, the buckling load as well as the tensile capacity
of the braces are calculated according to AISC 340 05 and
illustrated in the diagrams.

4. Summary and conclusion

The following conclusion can be drawn from the analyses:

1. By comparing the results of post-earthquake fire
resistance under different records, it can be seen that,
there is no significant difference in their post-
earthquake fire resistance and the time of structural
fir resistance under post earthquake fire, regardless of
the record characteristi.

2. Examination of internal forces of the braces in the
event of a post-earthquake fire show that their

internal forces have exceeded their tensile and
compressive capacities due to the earthquake, and the
braces have deformed. Moreover, a comparative
investigation between the resistance of the braces
under high heat and the overall fire-resistance of the
structure shows that the fire resistance time of the
structure is proportional to the tensile failure time of
the heated braces at the end of the heated fire phase.
By examining the resistance time of structures under
post-earthquake fire and the resistance time of
structures under only fire load in different fire
scenarios it was observed that this time at lower
levels is much less than higher levels, because with
increasing gravity load at lower levels, the effect of
P-A was intensified. As a result, the post-earthquake
fire scenario in the lower floors can have the potential
for the risk of early structural damage.
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1. Introduction

Pipelines are used to transport oil, gas, and other
transferable materials. These structures inevitably cross the
coastal bed in coastal and marine areas. Given that there is
a possibility of coastal flows and waves in these areas, the
scour phenomenon occurs around pipelines. Due to the
complexity of the scour process in the vicinity of these
structures, many studies have been conducted by various
researchers on the behavior of scouring around submerged
pipelines. A review of past studies indicates that the
evaluation of scouring in the vicinity of submerged pipes is
of considerable importance. Also, the combination of
genetic algorithm (GA) and ANFIS has not been utilized to
simulate scouring around these structures so far. Therefore,
the main aim of the present study is to simulate the scour
depth in the vicinity of submerged pipes by the ANFIS-GA
meta-heuristic model. To this end, first the parameters
affecting the phenomenon are identified and then six
ANFIS-GA models are introduced. Then, by analyzing the
results of the mentioned models, the superior model is
introduced. Also, by conducting a sensitivity analysis, the
most effective input parameter is detected.

2. Physical model
In the present study, the experimental values measured by

Moncada and Aguirre (1999) are used to model the scour
depth around submerged pipes using the ANFIS-GA
method. Their laboratory model consists of a rectangular
horizontal channel in which submerged pipes are placed
near the sedimentary bed. The length, width, and height of
the canal are 8.3, 0.5 and 0.5 meters, respectively. In the
laboratory study, they used four tubes with different
diameters and sediments with two different diameters. They
performed 90 experiments in different hydraulic and

geometric conditions. Figure 1 shows the scour in the
vicinity of the submerged pipes near the sedimentary bed.

Inlet -

depth — Submerged "D~
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Figure 1. Layout of scour around horizontal submerged pipes

3. Numerical model

ANFIS has a wide range of applications and is divided based
on the type of inferential operations on the If-Then rule into
two categories including Mamdani fuzzy models, TSK
fuzzy models (Takagi-Sugeno and Tsukamamoto fuzzy
models). The TSK method uses simple linear or fixed
functions, while the Mamdani method uses fuzzy
membership functions. Due to the high accuracy and
relatively small TSK model, the current study uses the fuzzy
Takagi-Sugno conclusion. The Sugeno fuzzy model works
to develop a fuzzy system in order to create fuzzy rules
according to the input-output data set.

The Genetic Algorithm is one of the most well-known
types of evolutionary algorithms starting the search with a
population through random initial solutions. When the
ultimate criteria are not met, it is produced with the help of
genetic operators such as crossover, mutation, and selection
of new populations. With each repetition of these three
genetic operators, a generation is created. Primary
populations are defined as strings and describe each strand
as a chromosome. In the crossover operator, the genes of the
two parents are combined to form two new offsprings. In the
mutation operator, a sudden change in the gene occurs. In
the selection operator, the populations are evaluated using
the fitness function. Populations with less fitness are
removed and populations are driven to optimal responses.
Population selection methods for the application of genetic
operators are divided into three categories: actual selection,
tournament-based selection, and selection based on the
roulette wheel. In the roulette wheel-based selection
method, a fitness criterion is used to select each member of
the population, so that in each string the value of the
objective function is considered. Based on the values of the
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objective function in each iteration, a specific fit is achieved
for each string. The fit number is equal to the ratio of the
value of the objective function of that population to the sum
of objective functions of the population, which is also called
the probability of survival of each population. Thus, after
several generations, the genetic algorithm gradually
becomes convergent towards the optimal answer. The
termination criterion of the algorithm is to repeat a certain
number of repetitions, which are determined by the user
before the start of the algorithm.

4. Conclusion

In this study, by combining the ANFIS model and the
Genetic Algorithm, a meta-heuristic model (ANFIS-GA)
was developed to predict the scour depth near the
submerged pipes. Then, the effective parameters on the
scour depth were identified. Also, in order to examine the
accuracy of the numerical models and their validation, the
Monte Carlo simulation and k-fold cross validation method
with k=6 were utilized, respectively. By evaluating the
results of the mentioned numerical models, the superior
hybrid model was introduced. This model accurately
predicted scouring values. The superior model predicted
scouring values in terms of all input parameters. For
example, the values of RMSE and MAPE are equal to 0.079
and 9.571, respectively. Moreover, approximately 91% of
the values modeled by the superior model had an error rate
of less than 20%. Then, to identify the effective parameter,
the effect of each of these parameters was removed
separately for the next models and their accuracy was
evaluated. Finally, the distance between the pipe and the
sedimentary bed before scour to the pipe diameter was
identified as the most influencing parameter.
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1. Introduction

According to the related literature, increased velocity
approaching has been reported as the most important
factor in decreasing discharge capacity in piano key weirs.

Different types of piano key weir geometry, positive
effect of installing the nose at upstream attic, elevation of
crest height using shield walls, and the semicircular shape
of the crest keys have been confirmed to improve the
performance of the piano key weirs. In the year 2012, in
order to understand the effect of dimensionless
geometrical parameters by performing several correlation
analyzes, the coefficient of discharge coefficient in free
flow and submerged flow conditions on the piano weir
crest was calculated. It has been reported that in the case
of high discharge experiments, the role of the outlet keys
is an influencing factor on the hydraulic efficiency of
piano key weirs. The comparison of the significance of
the ratio of crest length to width (L/W) and weir height
(P), has showed that the discharge efficiency of a standard
rectangular piano key weir by trapping its geometry of 2
to 15% has improved. Also, the effect of trapezoidal piano
key weir height on the discharge coefficient was less than
the standard rectangular model. Many scholars by
simulating three-dimensional hydraulic flow in three
geometry models of piano key weirs, showed that in
addition to improving the discharge coefficient in
trapezoidal geometry relative to the model rectangular
and labyrinth, lateral crest have a significant impact on the
hydraulic performance of this type of weir.

The study tried to improve discharge capacity and
increase the threshold of submergence of piano key weirs
in high water heads. Therefore, the effect of zigzagging of
the lateral crest profile of these weirs with the aim of
decreasing the approaching velocities and increasing the
secondary currents (flow deflection) in the crest was
investigated.

2. Materials and Methods

Tests were performed in a rectangular channel 10 m long,
0.3 m wide and 0.5 m high, with a slope of 0.0012 at the
Hydraulic Models Laboratory of Ferdowsi University of
Mashhad.

Physical modeling of the two forms was made of standard
piano key weir profile (Type A) and zigzag crest with 2.5
shift and made of 1mm thick galvanized steel sheet. The
zigzag crest shape of the piano key weir was designed
with a sinusoidal height of 5 mm. During the lateral crest,

a maximum of 9 zigzags are modeled with full sinusoidal
function (Figure 1).

H

3.5cm 26.25cm 2.75cm

Figure 1. View of Type A Piano Key Weir and Geometric
Properties of the Zigzag Crest

In order to increase the accuracy of measurement of
hydraulic flow parameters, an accelerometer (ADV) was
used. For the ease of analyzing the results, simultaneous
impact of 19 parameters on the experimental results was
investigated by performing dimensional analysis on the
affective variables and obtaining the dimensionless ratios
presented in Equation 1. It should be noted that in this
study, Pie-Buckingham method was used to perform
dimensional analysis.
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3. Results and Discussion

The results show that zigzagging of the lateral crest profile
of the piano key weirs causes asymmetric jets and much
weaker impacts on the outlet keys and increases the
transverse and upward velocities by 22 and 16 percent,
respectively. The flow in the crest elevation range
reinforces secondary currents upstream of the weir.
Hence, by incorporating a more effective length of the
lateral crest, it increases the deflection and suction current
to the outlet keys than the standard crest. Therefore, with
the increase in energy loss (increase in water level drop in
range (B)), an 11% decrease in the values of the
approaching component velocity occurred at the inlet
keys. Also, the values of turbulence intensity upstream of
the weir over the channel wall and the two flanks of the
outlet keys have their maximum values. | have to say;
With the zigzagging of the lateral crest profile, the
magnitude of turbulence is on average 15% higher than
the standard piano key overflow form.

H
Cd :f E,

4. Conclusion

Examination of hydraulic flow characteristics indicates
that the zigzag form is effective on the flow rate
coefficient of the piano key weir. Under these conditions,
the maximum discharge coefficient occurs at a lower ratio
but at a higher numerical value, with the average
discharge coefficient increasing by 10% (Figure 2).
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Figure 2. Flow coefficient changes with relative head change of
water over weir

Finally, it is worth mentioning that the proposed crest
form increases the local submergence limit and improves
the discharge transfer efficiency of piano key weir Type-
A outlet keys.
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