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1. Introduction

Pavements are the national capital of every country. A
good pavement should have a smooth driving surface,
withstand high traffic volumes, and sufficient resistance to
fatigue, cracking, and rutting. In order to increase the
resistance of pavements against destructive factors such as
fatigue, cracks caused by severe temperature changes, and
permanent deformation, additives are used to improve the
mechanical properties of asphalt pavement. Less tensile
strength of asphalt mixtures compared with their
compressive strength has given rise to the use fiber with
high tensile resistance as a solution to transfer the existing
tensile stresses in the mixture through fiber and also the
increase of absorbed strain energy during fatigue and
fracture process. The benefits of using fibers in asphalt
mixtures are increased tensile strength, fatigue resistance,
resistance against rutting, and improved moisture
susceptibility. Moreover, the addition of reclaimed asphalt
pavement (RAP) can significantly improve the resistance
to permanent deformation of asphalt mixtures. The
benefits of using RAP are reducing energy consumption
and greenhouse gas (GHG) emissions, reducing the
required new asphalt content (virgin binder), and
preserving nonrenewable natural resources such as virgin
aggregate and asphalt, reduction of waste production, and
reduction of landfill use.

This study uses the data obtained from the laboratory
results of the previous study that warm mix asphalt
modified with glass fibers and 0, 20, 40, and 50% recycled
asphalt pavement (RAP).

The rutting depth of the mixtures was determined by
multilayer perceptron neural network (MLP) and radial
basis function neural network (RBF), and the results were
compared. The post-compaction and rutting depth
prediction model agreed well with the experimental
results.

Post-compaction (PC) consolidation is defined as
deformation (mm) at 500 cycles. Rutting is also a
widespread failure mechanism observed in flexible asphalt

pavements. Usually, rutting is observed with longitudinal
depressions in the wheel path.

In a previous study, the measurement of rutting and
moisture sensitivity of warm asphalt mixtures and their
short-term aging characteristics in dry and wet test
conditions was carried out using the KNTU Wheel Track
test. The KNTU Wheel Track was developed in 2015 at
KN Toosi University of technology, which could build
asphalt concrete slabs in 260 mm width, 400 mm length,
and 50-100 mm thickness through rolling compaction,
which is the closest method to field compaction. Another
capability of this device is performing rutting test in dry
and wet conditions.

2. Method

2.1. Artificial neural networks

Artificial Neural Network (ANN) is a mathematical model
that tries to simulate the structure and functionalities of
biological neural networks. The neural network consists of
a large number of processing elements called neurons that
work together to solve a problem and transfer information
through synapses. The neuron is a basic unit of the nervous
system and a simple processing unit that receives and
processes the signal from other neurons. A network is
created between the neurons, and the network is trained by
the training algorithm (Figure 1). This study’s post-
compaction and rutting depth prediction was made with a
multilayer perceptron and radial basis function neural
network.
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Figure 1. Artificial neural network model

2.1.1. Multilayer Perceptron neural networks

Multilayer Perceptron has at least three layers: input layer,
hidden layer, and output layer. Multilayer perceptron has a
set of weights and biases that are adjusted to train the
neural network. The number of elements in the input layer
is actually the same number of input variables introduced
to the network. The hidden layer contains several neurons
that influence the behavior of the network. Determining
the number of hidden layers and neurons is the
responsibility of the user. He determines the optimal
number of layers and neurons by trial and error. The output
layer of the neural network also represents the output of
the problem that the network must predict.

2.1.2. Radial Basis Function neural networks

Radial Basis Function (RBF) neural network is another
type of feed-forward neural network that uses radial basis
functions as activation functions. RBF network consists of
three layers: input layer, hidden layer with radial basis
function as activation function, and output layer. The
output of an RBF network is a linear combination of
weighted radial basis functions. RBF networks are trained
faster than MLP networks and create better decision
boundaries. Although these networks require more
neurons than MLP networks, they can be trained in a
shorter time than the time required for MLP networks.

3. Conclusion

In this study, the data obtained from the laboratory results

in a previous study were analyzed by Multilayer

Perceptron Neural network (MLP) and Radial Basis

Neural network (RBF), and the results of these methods

were compared with each other. The results of this

research are as follows:

1. Prediction of post-compaction by MLP neural network
has a correlation coefficient of 0.999. The correlation
coefficient for RBF neural network is 0.995, and the
prediction of rutting depth by MLP neural network has
a correlation coefficient of 0.997. The RBF neural
network has a correlation coefficient of 0.945. MLP
neural network was more accurate in prediction.

2.

In order to further validate the model, additional data
that were never used during modeling were used. The
MLP neural network performed better for simulating
these data compared to the RBF neural network and
presented a lower error percentage.
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Developing a Prediction Model for Rutting Depth of Warm Mix Asphalt Mixture Using Neural Network
Mahsa Rouhi Fariman Sayyed Ali Hosseini Mansour Fakhri

Abstract Researchers and engineers are constantly working to improve the performance of asphalt pavements.
Pavements, as surfaces that are often loaded by heavy axles, must have sufficient resistance to fatigue, cracking and
rutting. In this paper, using the data obtained from the laboratory results of the previous study that warm mix asphalt
modified with glass fibers and 0, 20, 40 and 50% recycled asphalt pavement (RAP) were made to evaluate the resistance
of the mixture against rutting, rutting depth of the mixtures was determined by multilayer perceptron neural network
(MLP) and radial basis function neural network (RBF) and the results were compared with each other. The prediction
model of post compaction and rutting depth showed good agreement with the experimental results. To evaluate the
generalizability of the neural network using data that were not used during modeling, the multilayer perceptron neural
network (MLP) performed better than the radial basis function neural network (RBF).

Keywords Recycle asphalt pavement, Rutting, Multilayer perceptron neural network, Radial basis function neural
network, Post compaction.
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1. Introduction

With the advancement of technology, the use of
mechanized tunnel boring machine (TBM) for excavating
underground spaces in urban environments have
drastically increased for a variety of reasons such as
creating little disturbance in urban traffic, high speed, and
safety in the excavation operations. One of the most
critical problems of mechanized tunnelling is the wear of
cutting tools. Soil abrasivity significantly reduces drilling
efficiency and increases the operating costs of urban
tunnels. The phenomenon of wear in the mechanized
excavation of tunnels consists of two types: primary wear
and secondary wear. The cutting tools are worn due to
direct contact with the soil in the first type, which is known
as primary wear or excavation wear. The second type,
known as secondary wear, includes the wear of the cutting
tools and parts that are indirectly involved with the soil.
Factors affecting wear include geological and geotechnical
factors, excavation machine characteristics, and
excavation parameters. One of the most important
geological features affecting the wear of cutting tools is
particle size distribution. The conducted studies show the
impact of soil particle size on soil abrasivity. There are
extensive studies on the abrasivity of rocks. However,
limited studies have been performed on the influence of
soil particle size distribution on tunnelling machine cutting
tools. Despite the wide range of methods and devices for
measuring soil abrasivity, so far, no standard and
comprehensive method for measuring soil abrasivity have
been presented. Considering the impact of some effective
parameters on the wear of cutting tools, a new laboratory
machine was constructed in this study to determine soil
abrasivity. Then, using eight different types of soil
granulation, the impact of soil particle size distribution and
density on the wear of the cutting tool was studied.
Moreover, using the Talbot curve, the wear values of
cutting tools in different particle sizes were compared.

2. A new laboratory machine for determining Soil
abrasivity

A new laboratory machine to determine soil abrasivity was

designed and built to match the laboratory conditions as
much as possible with the real conditions and the
mechanism of the tunnel boring machine. Among the
applications of this machine, we can mention the
evaluation and investigation of the abrasivity of soil
samples and the wear of cutting tools. Among the
advantages and exclusive features of this machine, the
following can be mentioned:

» Having a cutterhead similar to the TBM cutterhead with
the arrangement of central, middle, and peripheral
cutting tools;

« Continuous penetration of the cutterhead and, as a result,
the penetration of cutting tools into fresh soil;

* Ability to adjust the rotation speed of the cutterhead:;

* The possibility of adjusting the penetration speed of the
cutterhead in the soil;

» The possibility of adjusting the pressure behind the
cutterhead.

The various components of the new laboratory machine for

determining soil abrasivity include the inverter, motor,

shaft and cutterhead, excavation chamber, and air

compressor (Figure 1).

Figure 1. The new laboratory machine to determine soil
abrasivity

3. Materials and methods

The suitable soil for this research was provided from the
west of Tabriz city, from the excavation site of Line 5 of
Station 2 of Tabriz Metro. The second line of the Tabriz
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metro is about 22.4 kilometers long, and it is currently the
longest line of the rail network in Tabriz. This line includes
20 stations, which starts from Qaramalek in Tabriz and
ends in Basij Square. In the development plan of this line,
passing through Khavaran area and connecting to Tabriz-
Mianeh railway station is considered. The soil sample
provided from the desired location was granulated
according to the ASTM D 422-87 standard. In order to
investigate the impact of soil granulation parameters on the
amount of wear of cutting tools, tests were carried out in
eight different soil granulation. The graphs of changes in
the average percentage of wear and the weighted average
of wear on the cutting tools of the cutterhead according to
the changes of each parameter were plotted. In these tests,
the soil moisture content is 5%, the wet soil density is 1.7
grams per cubic centimeter, the rotation speed of the
cutterhead is 60 revolutions per minute, and the
penetration speed of the cutterhead in the soil is 2.5 mm.
in a minute and the test time is 40 minutes.

4. Results and discussion

Examining the graphs of the impacts of fine grain on the
amount of wear of cutting tools shows that in the absence
of fine grain, the amount of wear is close to zero (Figure
2). With a small increase in the percentage of fine grains
in the soil composition, the amount of wear increases with
a large slope, so that we reach the maximum wear of
cutting tools at a fine grain amount of 10%. After this
point, by increasing the amount of fine grain, the amount
of wear decreases with a small slope. The reason for this
type of behavior can be stated as follows: in order to keep
the coarse-grained particles of a type of soil together, a
minimal amount of fine particles is necessary so that these
particles are not able to move easily in front of cutting
tools. In other words, the role of fine grain in the amount
of wear is indirect. By observing the results related to the
impact of coarse grains on the amount of average wear, it
can be concluded that with the increase of coarse grains
from 70% to 90% in the soil composition, the amount of
abrasion increased with a low slope, but from the 90%
coarse grain, a sharp decrease in the amount of abrasions
is observed (Figure 3).

To further investigate the obtained results, the graphs
of eight types of soil granulation were compared with
Talbot's granulation curve at n=0.35 (soil granulation with
maximum density or packing). The results show that from
grain size 1 to 4, in the upper part of the Talbot curve, as
the curve of grain size approaches the maximum density
curve, the amount of average wear increases with a low
slope. By using the granulation curve of the fifth soil, it
can be seen that the percentage of fine grains is
approximately 10%, a critical point for the composition of
any soil. That is, by reducing the amount of fine grains
from this point onwards, the structure of the soil becomes
shaky and loose, and as a result, the wear greatly reduces.
Moreover, it is important that with the increase of the
amount of fine grain more than 10%, the amount of wear
decreases with a very small slope. The comparison of the
amount of wear on cutting tools with Talbot's granulation
curve shows that the maximum wear occurs in the
granulation according to Talbot's curve.

To investigate the impact of soil density on the wear of
cutting tools, fourth soil was selected and experiments
with densities of 1.6, 1.7, and 1.8 grams per cubic
centimeter were designed and performed.

The results obtained from the experiments showed that
the amount of wear of cutting tools increases with the
increase of soil density. By increasing the amount of soil
compaction and as a result of increasing the density of the
soil, the relative porosity of the soil reduces and the cutting
tools installed on the cutterhead collide with more particles
of soil during one round of rotation and practically
increases the average wear of the cutting tools.
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Figure 2. The impact of fine grain on the average wear
percentage of cutting tools
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Figure 3. The impact of fine grain on the average wear
percentage of cutting tools

5. Conclusion

The main conclusions drawn from this study are as

follows:

1. In the absence of fine grain, the amount of wear is
negligible and close to zero. With a slight increase in the
percentage of fine grains in the soil composition, the
amount of wear increases with a steep slope, so that in
the amount of fine grains of 10%, it reaches the
maximum wear of cutting tools with a value of 27.3%.
After this point, with the increase in the amount of fine
grain, the amount of abrasion decreases with a small
slope;

2. With the increase of coarse grains from 70% to 90% in
the soil composition, the amount of wear with a low
slope increased from 18.06% to 27.3%, but from 90%
coarse grains, observed a sharp decrease in the amount
of wear;

3. The highest amount of wear on cutting tools occurs in
soils with a grain size corresponding to the grain size
obtained from the Talbot curve. As far as the grain size
curve of the desired soil deviates from the Talbot curve,
the wear decreases.
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The Influence of Soil Particle Size Distribution on the Abrasion of
EPB Machine Cutting Tools

Mohammad Darbor Hamid Chakeri Taha Ansari

Abstract One of the most critical problems of mechanized tunnelling is the abrasion of cutting tools. Soil abrasivity
significantly reduces drilling efficiency and increases the operating costs of urban tunnels. There are extensive studies
on abrasivity of rocks. However, limited studies have been performed on the influence of soil particle size distribution on
tunnelling machine cutting tools. Despite the wide range of methods and devices for measuring soil abrasivity, so far, no
standard and comprehensive method for measuring soil abrasivity have been presented. In this study, considering the
effect of some effective parameters on the abrasion of cutting tools, a new laboratory machine to determine soil abrasivity
was constructed. Then, using 8 different types of soil granulation, the effect of soil particle size distribution and density
on cutting tool abrasion was studied. Also, using the Talbot curve, the abrasion values of cutting tools in different particle
sizes were compared. The results showed that the highest values of cutting tools abrasion occur in soils with particle sizes
according to the Talbot equation. As the soil granulation curve moves away from the Talbot curve, abrasivity decreases.
Also, the maximum abrasion of cutting tools occurs in the amount of fine aggregate of 10% with an average abrasion
percentage of 27.3%. By reducing the fine aggregate to values lower than 10%, the soil structure is disturbed and as a
result, the average abrasion percentage of cutting tools decreases from 27.3% in soil with 10% fine aggregate to 2.37%
in soil without fine aggregate. Also, by increasing soil density from 1.6 to 1.8, the average abrasion percentage of cutting
tools increases from 8.1% to 31.4%.

Keywords Mechanized excavation, Cutting tools, Soil abrasivity, Particle size distribution, Density.
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1. Introduction

The inverse method is an effective method for detecting
the intensity and source of pollutants. The identification of
contaminant sources has become increasingly important in
recent decades due to the importance of protecting water
resources. This study aimed to reconstruct the
concentration function of contaminants. Using the inverse
solution method, problems are solved in reverse time steps
and a general equation is obtained that can solve ordinary
differential equations. The return response of this equation
prevents the data from diverging. Three examples are
presented in this study to demonstrate the accuracy of
forward and backward group preserving schemes. No
study has been conducted so far regarding the method for
identifying the intensity function of a contaminant source
in surface water by using a backward group preserving
scheme (BGPS). Based on the research done to date, the
inverse solution of the pollutant transport equation in a
river with variable coefficients has been considered. Our
research involves solving the advection-dispersion
equation in one dimension and identifying the intensity
function of the contaminant source in the river using a
group-preserving scheme.

2. Materials and methods

This study addresses the direct and inverse problems of the
transport equation in the river through the use of the group
preserving scheme (GPS), which is based on the Lee
group. Through this method, the advection-dispersion
equation was solved directly and inversely. By knowing
the initial condition or boundary condition downstream,
the direct procedure can be calculated. The inverse model
works backward from the terminal condition, calculating
the river's concentration in the initial stage. Due to the lack
of actual data, in this study, the direct solution of the
pollution transport equation is used to obtain the terminal

condition. The one-dimensional
equation is as follows:

advection-dispersion

sza(Qc)+i(AD§)7AkC +AS (1)
ot OX OX OX
where C is the pollutant concentration, A is the flow

sectional area, Q is the discharge, D is the longitudinal
dispersion coefficient, t isthe time, x is the longitudinal
space coordinate, k is the first order decay coefficient,
and S is the source term.

In Figure 1, a null cone shows the solution domain in
Minkowski space. The dynamical system is clearly
constrained by its form. It can be said that this figure shows
the solution range of river concentrations in Minkowski
space.

Future Cone

State trajectory
in the space of C

{.,' - e

Past cone

Figure 1. Cone condition and Minkowski space

3. Results and discussion

In order to solve the pollution transfer equation directly
and inversely, two equations are obtained using the method
of lines and GPS.
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A forward and backward group preserving scheme was
evaluated through three examples. These three examples
demonstrate the accuracy of this method. To solve the
pollution transfer equation with variable coefficients, the
flow parameters must be calculated first. These parameters
are obtained by solving the flow equations and using
existing models. Based on real-world examples, flow
parameters, depth, speed, flow area, and other parameters
have been calculated using flow calculation models in
different parts of the river. Dispersion coefficients can also
be determined in different ways. The empirical formulas
were applied in this study.

In the first example, the goal was to evaluate the direct
method. In this way, the finite difference method was used
to verify the GPS validity after running the model with
boundary conditions, demonstrating its high compatibility.
A variety of statistical indicators were used to evaluate the
model. The very low MAE, RMSE, and MRE values,
along with an R?value close to 1, indicate high accuracy
and the full ratio between this method and fully implicit
finite difference methods. Table 1 shows the results.

Table 1. Statistical indexes of the first example

index value
MAE (kg/m®) 0.05

R2(%) 99.997
RMSE (kg/m?) 0.02
MRE(%) 0.23

An investigation of the application of the BGPS using
spatial profile is presented in the second example. As part
of the solution algorithm, the spatial profile is used as the
input to the direct model. Direct model results are used as
inputs to inverse models. When reconstructing the
pollutant intensity function, the inverse model is
evaluated. The input data of the inverse model (spatial
profile) were subjected to 5% to 15% of errors completely
randomly so that the impacts of these errors can be
observed. In this example, the MAE, RMSE, and MRE
statistical indices have small values that demonstrate the
superior accuracy of inverse methods. The high value of
R? indicates that the two methods match well, and even
these values show acceptable results when errors are
included. Despite errors, the pollutant pattern is well
reconstructed, and very acceptable results are obtained.
Table 2 shows the related results.

Table 2. Statistical indexes of the second example

error/ index error error error error
0% 5% 10% 15%

MAE(kg/m®  0.19 0.38 0.59 077
R2(%) 99.62 9701  95.89 94.04
RMSE(kg/m®)  0.08 0.17 0.25 0.39

MRE(%) 3.54 6.39 8.75 12.56

As an example of the third model, the inputs to the
direct model are time series. The results from the direct
model are used as inputs to the inverse model. The purpose
of evaluating the inverse model is to reconstruct the
pollutant intensity function. A random error of 5 to 15
percent was applied to the input data in this example. The
MAE, RMSE, and MRE statistical indicators in this
example have small values, demonstrating the high
accuracy of the inverse method. The high R? value shows
good compatibility between the two methods. The increase
in MAE, RMSE, and MRE as well as the decrease in R?
demonstrate that the accuracy of inverse model has
decreased due to increase in error applied to the initial
condition. Table 3 shows the results.

Table 3. Statistical indexes of the third example

error error error error

error/ index 0% 50 10% 15%

MAE((kg/m?) 0.26 0.56 0.73 0.91
R2(%) 99.22 9514 94.81 92.09
RMSE(kg/m®)  0.11 0.24 0.31 0.45
MRE (%) 4.6 8.2 10.2 14.3

4. Conclusion

These examples demonstrate the high accuracy of the
BGPS plan in forming the pollution intensity function and
reconstructing the spatial profile. The model is also
capable of showing the spatial profile of the concentration
at different times. This is very useful for observing the
evolution and spatial changes of the concentration
distribution over time. Unlike other methods, this method
does not have problems such as selecting and optimizing
stability terms due to its numerical nature, which increases
its speed and reduces errors. Moreover, this method has the
advantage that there is no need to prepare data at a small
number of intervals along the river. This is considered an
extremely valuable benefit due to its complexity. The fast
speed and accuracy of this model, as well as the simplicity
of calculations, enable it to save time. As a limitation of
this method, it is not possible to reconstruct time series
data.
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Backward Solution (in-time) of the Pollution Transport Equation in River Using
Group Preserving Scheme

Amir Mohammad Saadat Mehdi Mazaheri Jamal Mohammad Vali Samani

Abstract Today, most of the surface water and groundwater resources are exposed to contamination by different
materials sewage. because most of the methods have been used to restore the pollution intensity function for groundwater,
representing a method to restore pollution intensity function in rivers with more complex flow conditions is considerable.
this research aim is to calculate the intensity function of the contamination source, by the numerical solution of group
preserving scheme, which has not been observed in other researches done so far. Group preserving scheme is an accurate
method to solve ill-posed problems. By implementing this method the one-dimensional advection-dispersion equation with
variable coefficients has been solved. The principle of the introduced backward solution method is that by solving the
dynamic systems in negative time steps, a general equation will be obtained, which can solve ordinary differential
equations. The responses of this equation will lead to convergence of the equation and prevent the divergence of the data.
three examples have been presented to show the accuracy of the forward and backward group preserving scheme, Firstly,
using direct solutions of the river, the intensity of pollution concentration in the river is calculated, and the implicit finite
difference method is applied to verify the accuracy of the direct solutions. In the direct method, the results of the two
models were compared with statistical indexes in order to demonstrate the conformity of the two models. In the next step,
by solving the backward group preserving scheme in two different examples, the concentration of pollutants upstream is
simulated. Following the simulation and verification of the inverse model by direct solution, statistical indexes are used
to evaluate the effectiveness of this method.

Keywords Numerical Solution, Reverse Method, Backward Group Preserving Scheme, Advection-dispersion Equation,
Numerical Method of Lines.
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1. Introduction

Previous studies on the effect of TMD to control the
vibrations of structures have generally been carried out for
specific parameters and installation positions of TMD
system. In this study, the impacts of mass and installation
height of TMD in controlling the crosswind and along-
wind vibrations of tall buildings were studied. The tall
building is modeled as a vertical cantilever beam with
masses concentrated at the nodes, and the response of the
structure is obtained in the frequency domain. The optimal
values of TMD were extracted for different mass ratios and
its height position. The top-floor acceleration of the
structure is considered as the objective function, and the
impact of various TMD parameters, including its mass
ratio and height position, on the efficiency of the system
was evaluated and discussed.

2. Analytical model and wind characteristics

The structural behavior of the building was modeled as a
multi-degree-of-freedom vertical beam with masses
concentrated at the nodes. The equation of motion of the
multi-degree-of-freedom system under dynamic loads is as
follows:

MX+CX+KX=F 1)

where, M, C and K are the mass, damping, and stiffness
matrices respectively, X is the vector of nodal
displacements, and F is the vector of external forces. The
stiffness matrix of the structure was calculated by
assembling the stiffness effect of the beam elements. To
reduce the volume of calculations, the rotational degrees
of freedom are compacted in translational displacements.
The mass matrix was determined by calculating the mass
of the structure at the nodes. The inherent damping matrix
of the structure was determined using the proportional
method and with the following formula:

C,=¢ Ag"

)
A =diag[2p,( o,

2p o, 2u.C o ]

where, ¢ is the matrix of mode shapes, and Y, & and ®
are the modal mass, damping and frequencies,
respectively. A is the diagonal matrix whose main diagonal
members are the modal damping.

The analytical model of the building equipped with a
TMD, for the case that TMD is installed at the upper level
of the structure, is shown in Figure 1. The TMD stiffness
and damping ratio parameters are tuned in a way to
optimally reduce the vibrations of the main structure. The
response of the structure was obtained using the random
vibration theory and frequency domain analysis. The
transfer matrix of the structure is determined based on
structural dynamic characteristics and the power spectral
density (PSD) matrices of the crosswind and along-wind
forces are computed using the common functions available
in previous studies.

Cmip
p Mo
TMD

—

Figure 1. The schematic configuration of the tall building
equipped with a TMD system installed at the top and its
analytical model
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3. Tall building characteristics and results

To see the impacts of TMD parameters in controlling the
wind-induce vibrations, an example of a tall building with
a height of 400 meters and square cross-section with plan
dimensions of 50 and 40 meters in the lower and upper
levels, respectively, is presented. The root-mean-square
(RMS) along-wind and crosswind acceleration of the
uncontrolled structure was 9.39 and 18.66 cm/s2,
respectively, which were beyond the occupant comfort
limit.

Figure 2 shows the reduction percentage of the
crosswind acceleration and displacement responses of the
upper level of the structure against the TMD mass. The
reduction in acceleration is greater than that of
displacement. For instance, for a 600-ton TMD, the
reduction of the crosswind acceleration and displacement
are 48% and 34%, respectively. Moreover, the control
performance of the TMD system increases with the
increase of the TMD mass. However, the slope of the
curves decreases with the increase of the TMD mass. This
shows that obtaining a greater response reduction requires
very massive TMDs.

0%

g

2

Response reduction
(1]

—— Acceleration

—a— Displacement

mﬁ i 1 Il 1 Il 1 ]
0 100 200 300 400 500 600
TMD mass(ton)

Figure 2. The variation of the crosswind acceleration and
displacement control of the structure versus the TMD mass

Figure 3 shows the variation of the percentage reduction of
the crosswind acceleration of the top-floor of the structure
for different values of the height of the TMD installation
location and the damper masses of 100, 300, and 500 tons.
According to this figure, the reduction of the acceleration
increases with the increase of the height of the TMD
installation location. The incremental ratio of the system
control is higher for lighter TMDs. For example, for 100,
300 and 500 ton TMDs, the reduction of the top-floor
crosswind acceleration, when the TMDs are installed at the
320 meter level, are 24.23%, 33.72%, and 38.56%,
respectively, and when the TMDs are installed on the top-
floor are 30.68%, 41.28%, and 45.81%.

54
50%
9 40%
=
RS
3 30% |
el
1
S q
2 20%
< ) —6—500 ton
Q
_r;u) 10% | —e—300 ton
g —2— 100 ton
g O% 1 1 1 1 1 1 1 ]

240 260 280 300 320 340 360 380 400
installation height of TMD

Figure 3. Variations in the reduction of lateral acceleration
of the upper level for changing the height of the installation
and different values of the TMD mass

4. Conclusion

For the tall building and assumed wind engineering
specifications, the crosswind response of the structure is
more than the along-wind vibrations. The crosswind
acceleration of the top-floor of the uncontrolled structure
is about 99% more than the along-wind acceleration.

2. For the 600 ton TMD system installed at the top floor,
the crosswind displacement and acceleration of the top-
floor were reduced by 34% and 48%, respectively,
compared to the uncontrolled state.

The results of investigating the impacts of the height
position of TMD showed that the reduction of the
structural response increases with the increase in the height
of the TMD installation location, and the incremental
amount of control is greater for lighter TMDs. For
example, for 100, 300, and 500 ton TMDs, the reduction
of the top-floor crosswind acceleration when the TMDs are
installed at the 320 meter level are 24.23%, 33.72% and
38.56%, respectively, and when the TMDs are installed on
the top-floor are 30.68%, 41.28%, and 45.81%.
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Investigation of the Effect of the Mass and Installation Height of TMD System on the Wind-
Induced Vibration Control of Tall Buildings

Nahmat Khodaie Hamed Teimouri

Abstract Tuned mass damper(TMD) is an efficient tool to control wind-induced vibrations of tall buildings. Previous
studies on the effect of TMD are generally limited to specific conditions. In the present study, the effect of the mass and
installation height of TMD on the wind-induced vibration control of tall buildings are investigated. An example of tall
building with the height 400 m and square variable cross section is presented. The analytical model of the building is
assumed as a multi-degrees-of-freedom vertical cantilever beam with the masses lumped at the nodes. The wind-induced
responses of the structure are computed using the frequency domain analysis and the random vibration method for a wide
range of studied parameters. The resultsindicated that the vibrations of the structure and TMD system decreases with
increasing the mass of theTMD. For instance, the 100 and 600-ton TMD installed at top-floor reduced the top-floor
crosswind acceleration by 31 and 48 percent, respectively. By increasing the installation height, the control effectiveness
.of the system increases, while the vibration of the TMD does not change considerablyFor a 300-ton TMD installed at
320 and 400 m heights, the crosswind acceleration reduced by 33.72 and 41.28 percent and the RMS displacement of the
TMD at these heights were 58.68 and 54.92 cm, respectively.

Keywords Tuned mass damper, Tall building, Wind-induced vibrations, Cross wind, Along-wind.
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1. Introduction

There are various methods to identify damage in different
conditions according to the importance of the structure,
severity of damage, and type of damage. In general,
structural damage detection methods can be divided into
two categories: destructive methods and non-destructive
methods. In destructive methods, which are often
accompanied by testing or sampling of the original
structure, the structure is changed and even in some cases
it cannot be used anymore. Therefore, these methods are
severely limited and as a result, in the field of damage
identification, non-destructive methods will be more
suitable option for continuous examination of the
structure’'s condition, identification of possible damages,
and safety evaluation.

Recent advances regarding computers, sensors, and
other electronic technologies have turned non-destructive
methods into effective, easy, and cost-effective methods
for damage detection. Non-destructive methods are also
divided into two categories: local and general damage
detection methods.

Welding quality control (as one of the methods of
making connections in steel buildings) has an important
position in identifying damage in steel structures. Among
the methods for detecting damage in welding, we can refer
to objective inspection, magnetic field, ultrasonic,
radiography, microwave, eddy current, thermal field, and
image processing.

Defects that may appear in the appearance of the
welding include the following: 1) Lack of Fusion (LOF);
2) Lack of Penetration (LOP); 3) Porosity; 4) Undercut; 5)
Slag Inclusion; 6) Overlap; 7) Spatter; 8) Cracks.

2. Materials and methods

The Internet can be the largest source for providing images
as software data, but because the more the number of
images in the database the more accurate the software will
be, other sources have been used to prepare images. These
sources are technical and professional education centers
and schools. Defects in these samples are identified by
experienced weld inspectors before they are used in

machine learning. For the proper use of captured images,
the images that are given as input to the software are pre-
processed by the user and modified in terms of framing. In
this research, 52 photos of spatter class, 56 slag inclusion
impurities, 104 undercuts, and 80 cracks were included for
the database which are actually balanced data. Validating
the model with usual factors is considered valid.
Moreover, pre-processing was done on the images that
automatically detects the weld area through deep learning.
In addition to the mentioned cases, the data augmentation
method can be a suitable approach to generate more
training data. In this way, they enhance the samples
through a number of random transformations that produce
acceptable images. The model deals with more aspects of
the data and generalizes better.

This research designs a program using image
processing and artificial intelligence methods that can
accurately detect and identify welding defects. Python
programming language and OpenCV framework are used
for image processing, Keras library is used to build and
implement deep neural network, and Tensor platform is
used for to detect and predict defects.

Convolutional neural networks (CNN) are very similar
to artificial neural networks. The neural network takes all
the training data in the input layer. It then passes the data
through the hidden layers and changes the values based on
the weight of each node. Finally, it returns its value in the
output layer. Convolutional neural network is a special
type of neural network with multiple layers. It processes
data that has a grid arrangement and then extracts
important features. A big advantage of using CNN is that
you don't need to do many processing steps on the images.

3. Results and discussion

Figure 1 and 2 show the accuracy and cost in the training
process, where the horizontal axis represents the number
of training steps (dimensionless). Moreover, the vertical
axis in Figure 1 shows the cost of training and in Figure 2
the accuracy of training. The vertical axes are scaled from
zero to one. Examining Figure 1 and 2 shows that the
system did not suffer from overfitting in the training phase.
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The input images apply changes so that the program can
process it. Then the model is trained to analyze and process
the image and by extracting the features of the image,
predict the percentage belonging to each of the classes.

Training and Validation loss

08l ® Taining loss
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051

Figure 1. The cost of training compared to the increase of
training steps

Training and Validation accuracy
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- yalidation acc

070

065
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4
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Figure 2. Validation compared to increasing training steps

4. Conclusion

This research proposed a method that can be used for

detecting welding defects with the help of a machine and

without the need for skilled inspectors. For using this
method, it is enough to give the digital image of the tested
weld to the software and conclude the health status of the
weld. If the weld has several defects at the same time, the
software expresses the contribution of each of the defects
as a percentage. In order to validate the method and ensure
the effectiveness of the software, several samples of
defective welding images in which the amount of each type
of welding defect was determined by expert welding
inspectors were given to the machine, and the machine
detected each defect with at least 85% accuracy.

According to the results of this research and the
examples that were evaluated by this method, the
following advantages can be considered for the proposed
method:

- The use of this method and software can greatly reduce
the need for skilled welding inspectors to detect
external defects;

- The use of machines can significantly reduce human error
in detecting external defects and even identify
secondary defects;

- By using the proposed method, the time required to check
welding defects with a large number is significantly
reduced.
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Identification of Apparent Welding Defects Using Computer Vision Based on Deep Learning

Mussa Mahmoudi Soroush Ghaderi Faezeh Mahmoudi

Abstract One of the welding controls in health monitoring of structures is to visually control the appearance of welding
defects (cracks, Spatter, Overlap, Lack of Fusion). Currently, according to regulations, the appearance quality of welding
is controlled by an inspector visually. The accuracy of work in this method depends on the skill level of the inspector. Non
using of equipment and technology leads to a high error in identifying visual defects. In this research, a method is
proposed to be able to more accurately identify the appearance of welding defects with the help of imaging using machine
vision based on deep learning. Convolutional network is used for deep learning to extract features from the image. The
results show that the proposed method can identify welding defects with an acceptable accuracy (over 85%). Also, the
results show that by using the proposed method, welding defects are evaluated more quickly compared to the traditional
method.

Keywords appearance welding defects, Convolutional Neural Network, image processing, deep learning, computer
vision.
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1. Introuduction

Recycled concrete aggregates have the most abundance
compared to other recycled aggregates. In this research, by
using recycled concrete aggregates instead of natural
aggregates, the mechanical properties of this type of
concrete were investigated. Reviewing previous studies
showed that most of the studies have focused on the
percentage of coarse aggregate replacement, moisture
content of recycled aggregate, mechanical properties,
efficiency, shrinkage, water-to-cement ratio in Recycled
Aggregate Concrete (RAC) samples. In most of the
studies, the properties of fresh and hardened concrete
containing recycled concrete aggregates have been
conducted and little research has been done on the
replacement of recycled concrete aggregates. Moreover,
no special work has been done on RAC energy absorption.
The innovation of this research is that three groups of RAC
samples were made with the replacement of recycled
concrete fine aggregate, the replacement of recycled
concrete coarse aggregate and the simultaneous
replacement of recycled concrete fine aggregate and coarse
aggregate instead of natural aggregates in amounts of 0,
15, 30 and 45%. To compensate for the loss of mechanical
properties of RAC, amounts of 7.5% and 15% of
microsilica were substituted for cement. Energy
absorption parameter of recycled samples was investigated
in addition to the mechanical properties of compressive
strength, tensile strength, and bending strength.

2. Laboratory program

2.1. Recycle

For the recycle of aggregate materials, 20x20x20 cm
concrete samples available in the concrete laboratories of
Khorram Abad city with a grade of 400 kg/m3 were used.
These samples were crushed using a stone crusher and in
sizes fine and coarse particles were separated and finally
in the university laboratory and with their granulation by
performing a sieve test, were sieved into sand sizes, and
used.

2.2. Material

The cement used in this research is Portland cement type
Il and two different types of aggregate including one type
Natural Aggregate (NA) and one type Aggregate Recycled
from Recycle Aggregate (RA) with grade 400 were used.
These aggregates were prepared with the same grading.
Moreover, microsilica was used in the production of Azna
factory in Lorestan province. Carboxylate super
plasticizers were also used in all mixing designs.

The amount of water absorption for NA and RA was
4.16% and 8.76%, respectively. The increase in water
absorption of RA compared to NA is reasonable due to the
mortar attached to the surface of these aggregates.
Moreovr, the resistance of natural and recycled materials
against wear and impact was determined and compared
using the Los Angeles Test. The abrasion rate for NA and
RA was 23.11 and 28.54%, respectively. This indicates
that RA has shown a lower abrasion resistance than NA,
which is reasonable considering the porous structure of RA
and the mortar attached to their surface.

2.3. Mixing design

The variables of these mixing designs include the
percentage of replacing sand, sand and NA sand with
RCA, in the form of 0%, 15%, 30%, and 45%, as well as
microsilica of 7.5% and 15%. The ratio of water to cement
and the amount of super plasticizers were constant for all
mixing plans and were considered equal to 0.42 and 4.2
kg/m3, respectively. A total of 21 mixing plans were
designed for this research.

2.4. Samples

The compression samples made in this research are cubic
and have dimensions 10x10x10 cm. In this experiment,
cubic samples were made in 21 mixing designs. Three
samples were made for each mixing design, and a total of
63 samples were made for this test. The samples were
subjected to compressive tests using a 2000 kN digital
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concrete breaker jack with a loading speed of 0.3 MPa/s
according to ASTM C39 standard.

The Brazilian tensile strength test was performed
according to the ASTM C496 standard with a loading rate
of 0.05 MPa/s. The test was performed using a digital
testing machine with a capacity of 2000 kN. This test was
performed on 21 cylindrical samples with a diameter of
100 mm and a height of 200 mm, and the samples were
made in 21 mixing designs and 3 samples for each mixing
design.

Prismatic beams with dimensions of 6x8x32 cm
according to ASTM C1609 standard were used to make
bending samples in this research. Three samples were
made for 21 designs of mixing prismatic beams. The three-
point bending test was performed with a jack device with
a capacity of 2000 kN. The displacement of the middle of
the span was measured with a LVDT with a length of 150
mm.

3. Multivariate optimization

Using the results obtained from the experiments, an
optimization method was studied to select the most
appropriate  mixing design in terms of mechanical
properties (compressive, tensile, and bending resistances)
and the amount of energy absorption. An optimization
method basically consists of a performance function for
decision making. The overall desirability of the mixing
plans is shown in descending order in Figure 1. Among the
recycled mixing designs that have the highest amount of
overall desirability, the mixing designs contain 30%
recycled sand with 7.5% microsilica, 45% recycled sand
with 7.5% microsilica, 15% sand recycled with 7.5%
microsilica, and 15% recycled sand with 15% microsilica
are seen. It is interesting that the two recent designs with
15% recycled sand and 15% recycled sand, one with 7.5%
microsilica and the other with 15% microsilica, have
obtained similar results in terms of desirability.

N50-50 R0-0 M7.5 : o0
N20-50 R30-0 M7.5 068

0.54

N50-5 R0-45 M7.5 L0
N35-50 R15-0 M15 d43
041
N50-20 RO-30 M15 041

0.39

N5-50 R45-0 M15 0.39
0.36'
N50-50 R0O-0 M15 0 i
.27
N5-5 R45-45 M7.5 018

0.18
N50-5 R0-45 M15 ) gélé
N50-35 RO-15 M15 [~ o1

N50-35 R0O-15 M7.5 | o0

0.00 0.50 1.00
Overall Desirability

Figure 1. The overall desirability of mixing plans in
descending order

4. Results and discussion

By using 0, 15, 30 and 45% of recycled aggregates instead
of natural aggregates and using microsilica in different
percentages of 7.5% and 15% and super plasticizers in the
mixing designs, the following results were obtained
regarding the mechanical strength of concrete:

- Adding microsilica of 7.5% and 15% to the samples
with natural aggregate increased the compressive
strength by 163% and 29%, respectively;

- In the samples with 7.5% microsilica, with the increase
in the replacement percentage of recycled sand or
recycled sand or recycled sand, the energy absorption has
an increasing trend; but in the samples with 15%
microsilica, with the increase in the replacement
percentage of recycled sand or recycled sand or recycled
sand, the amount of energy absorption showed a
decreasing trend. In other words, energy absorption
decreases with increasing amount of microsilica;

- Among all the mixing designs, the best mixing design in
terms of compressive strength is the design containing
5.7% microsilica and 15% recycled sand, in terms of
tensile strength, is the design containing 5.7%
microsilica and 45% recycled sand, in terms of bending
strength, is the design containing 7.5% microsilica and
30% recycled sand, in terms of energy absorption, is the
design containing 15% microsilica and 15% recycled
sand were identified.
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Evaluation of Mechanical Properties of Concrete by Replacing Natural Aggregates with Fine
and Coarse Recycled Aggregates
Avref Sarhanghi Fereydoon Omidinasab Ahmad Dalvand

Abstract Recycled concrete aggregates are one of the types of recycled aggregates that have the most abundance
compared to other recycled aggregates. In this research, by using the replacement of recycled concrete aggregates
instead of natural aggregates, the mechanical properties of this type of concrete have been investigated. The replacement
of natural aggregates with recycled aggregates was done in four percentages of 0, 15, 30 and 45, and this replacement
was done both independently (i.e. sand or gravel separately) and simultaneously (both sand and gravel together).
According to the use of 50% sand and 50% sand in the reference mixing plan and by replacing the percentages with
coarse and fine recycled concrete aggregates, 21 mixing plans were used. The ratio of water to cement was kept constant
in all mixing plans and was considered equal to 0.42. To compensate for the decrease in strength due to the replacement
of recycled aggregates, micro silica in different percentages of 7.5 and 15 and super plasticizers were used in the mixing
designs. By performing various tests, the mechanical properties of concrete samples were investigated. The results
showed that the best mixing design in terms of compressive strength is the design containing 7.5% micro silica and 15%
recycled sand, in terms of tensile strength, the design containing 7.5% micro silica and 45% recycled sand, in terms of
flexural strength, the design containing 7.5% micro silica and 30% recycled sand, the plan containing 15% micro silica
and 15% recycled sand was determined. By examining the mechanical properties of concrete samples, it was determined
that the recycled mixing plans contain 15%, 30% recycled gravel and 45% recycled sand with 7.5% microsilica, as well
as the mixing plan of 15% recycled sand with 15% microsilica. , among the recycled mixing plans, they had the highest
amount of overall utility.

Key words Recycled aggregate, natural aggregate, flexural strength, compressive strength, tensile strength.
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) ) Compressive Strength (MPa)

No. Mix Design
Specimen 1 Specimen 2 Specimen 3 Mean
1 N50-50 R0-0 M7.5 79.4 74.3 59.8 71.17
2 N35-50 R15-0 M7.5 78.6 76.5 81.5 78.87
3 N50-35 R0-15 M7.5 51.3 68.6 41.1 53.67
4 N35-35 R15-15 M7.5 54.3 51.8 63.7 56.60
5 N20-50 R30-0 M7.5 43.9 55.9 72.1 57.30
6 N50-20 R0-30 M7.5 43.2 47.1 56.2 48.83
7 N20-20 R30-30 M7.5 52.3 27.2 51.6 43.70
8 N5-50 R45-0 M7.5 55.0 42.0 18.6 38.53
9 N50-5 R0-45 M7.5 42.3 25.6 56.2 41.37
10 N5-5 R45-45 M7.5 46.8 40.9 57.4 48.37
11 N50-50 R0-0 M15 11.2 33.6 60.2 35.00
12 N35-50 R15-0 M15 40.2 40.5 46.5 42.40
13 N50-35 RO-15 M15 27.0 31.6 27.9 28.83
14 N35-35 R15-15 M15 61.7 46.3 69.0 59.00
15 N20-50 R30-0 M15 43.2 46.1 445 44.60
16 N50-20 R0-30 M15 51.9 56.3 62.2 56.80
17 N20-20 R30-30 M15 32.1 38.1 275 32.57
18 N5-50 R45-0 M15 48.6 52.3 29.4 43.43
19 N50-5 R0-45 M15 42.6 44.1 61.8 49.50
20 N5-5 R45-45 M15 16.4 24.6 22.0 21.00
21 N50-50 R0-0 MO 32.6 15.3 33.3 27.07
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. . Tensile Strength (MPa)

No. Mix Design Specimen1 | Specimen?2 | Specimen 3 Mean
1 N50-50 R0-0 M7.5 7.00 3.99 3.11 4.70
2 N35-50 R15-0 M7.5 5.05 3.39 4.27 4.24
3 N50-35 R0-15 M7.5 4.08 3.45 4.24 3.92
4 N35-35 R15-15 M7.5 4.33 4.27 3.68 4.09
5 N20-50 R30-0 M7.5 4.33 3.49 4.99 4.27
6 N50-20 R0-30 M7.5 3.67 3.36 4.05 3.69
7 N20-20 R30-30 M7.5 3.67 3.74 4.71 4.04
8 N5-50 R45-0 M7.5 5.49 4.52 3.64 4.55
9 N50-5 R0-45 M7.5 3.33 3.80 5.67 4.26
10 N5-5 R45-45 M7.5 3.17 2.73 3.92 3.28
11 N50-50 R0-0 M15 3.96 3.36 2.89 3.40
12 N35-50 R15-0 M15 4.21 4.98 4.11 4.43
13 N50-35 R0-15 M15 4.58 3.64 4.49 4.24
14 N35-35 R15-15 M15 3.05 3.49 2.92 3.15
15 N20-50 R30-0 M15 4.43 3.86 3.80 4.03
16 N50-20 R0-30 M15 4.65 3.14 3.05 3.61
17 N20-20 R30-30 M15 2.61 4.40 2.92 3.31
18 N5-50 R45-0 M15 3.30 4.27 3.55 3.71
19 N50-5 R0-45 M15 2.86 4.05 2.61 3.17
20 N5-5 R45-45 M15 3.49 2.92 3.01 3.14
21 N50-50 R0-0 MO 4.49 3.01 2.76 3.42
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. . Flexural Strength (MPa)

No. Mix Design Specimen 1 | Specimen?2 | Specimen3 | Mean
1 N50-50 R0-0 M7.5 6.5 7.52 9.26 7.76
2 N35-50 R15-0 M7.5 8.36 6.49 7.24 7.36
3 N50-35 R0-15 M7.5 5.01 6.31 4.59 5.30
4 N35-35 R15-15 M7.5 5.83 5.08 6.56 5.82
5 N20-50 R30-0 M7.5 8.10 6.62 7.93 7.55
6 N50-20 R0-30 M7.5 5.15 7.61 7.24 6.66
7 N20-20 R30-30 M7.5 6.46 5.21 6.31 5.99
8 N5-50 R45-0 M7.5 8.23 5.88 7.55 7.22
9 N50-5 R0-45 M7.5 8.07 8.56 5.16 7.26
10 N5-5 R45-45 M7.5 5.55 6.42 5.32 5.76
11 N50-50 R0-0 M15 8.46 5.52 6.78 6.92
12 N35-50 R15-0 M15 6.13 5.03 7.27 6.14
13 N50-35 R0-15 M15 4.95 5.77 5.27 5.33
14 N35-35 R15-15 M15 7.58 4,73 7.63 6.64
15 N20-50 R30-0 M15 7.16 6.09 7.22 6.82
16 N50-20 R0-30 M15 5.74 6.70 7.06 6.5
17 N20-20 R30-30 M15 7.36 5.93 5.30 6.19
18 N5-50 R45-0 M15 6.10 6.13 7.63 6.62
19 N50-5 R0-45 M15 5.82 6.80 7.34 6.65
20 N5-5 R45-45 M15 5.84 5.31 5.40 5.51
21 N50-50 R0-0 MO 9.04 8.98 7.68 8.56
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