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Investigating The Dynamic Buckling of A Column with Variable Section
and Viscous Damper under Intermittent Axial Load

Amir Hossein Taherkhani', Majid Amin Afshar?*

1. Structural Engineering, Department of Civil Engineering, Imam Khomeini International University, Qazvin, Iran.

Abstract Review History

The use of members with non-uniform cross-sections due to the reduction of the number of Received: May 23, 2023
materials and the weight of the structure is widely used in industrial structures and metal bridges. Revised: Oct 08, 2023
Buckling is one of the major problems engineers face in the design of axial compression Accepted: Feb 28, 2024
members (columns). For this reason, several researches have been conducted by researchers in

the field of column buckling. Most of the previous research is limited to investigating stability ~Keywords

and buckling in Non-prismatic elastic columns in the static state. During an earthquake, the Dynamic Buckling
structure is subjected to vertical and lateral earthquake loads. To evaluate the dynamic behavior  Dynamic Stability

of the structure during an earthquake, the stability and dynamic buckling of the column must be  gyckling Load Factor
evaluated. The effect of the earthquake's vertical load and the dynamic axial load has an effect on
the dynamic stability of the member in the form of the second-order effect of buckling. In this
article, the dynamic buckling of a column with a variable section and viscous damper under
alternating axial load is investigated in a comprehensive model. The alternating axial load effect
is assumed as a cosine function and the viscous damping effect at the end of the member is
assumed as a Dirac delta function. The changes in the moment of inertia along the length of the
column are considered in three modes: linear, cubic, and fourth-order changes. The constituent
differential equation includes column strain energy, second order effect of alternating axial load,
inertia per unit length of the column, and damping of a viscous damper. To solve the constitutive
equation, first the weak form of the governing differential equation is written. Lagrange
interpolation functions are used as the shape function and the Fourier function (proposed by
Bolotin) as the dynamic response of the equation. In the next step, the matrices of material
hardness, geometric hardness, and mass are extracted. After extracting the above matrices, the
eigenvalues (Buckling load factor, natural frequency) of the equation are checked. Muller root
finding technique is used by coding in MATLAB software to calculate eigenvalues. For accuracy
in calculations, the function of the form of the equation is checked by the Lagrange method with
the number of thirty terms. Also, finding the roots of the equation to calculate the eigenvalue is
done with a step of 0.05 using Mueller's method. The buckling load coefficient of the column is
evaluated for different values of the expansion coefficient and the damping percentage of the
viscous damper in different boundary conditions. The results show that the mentioned values
have a significant effect on the changes in the buckling load factor in terms of excitation
frequency and resonance frequency. Depending on the boundary conditions, increasing the
opening factor causes the diagram to move to the right or left side of the dimensionless excitation
frequency axis. Also, increasing the damping coefficient of the viscous damper causes the
diagram to move to the left side of the dimensionless excitation frequency axis. Dimensionless
parameters such as bar coefficient, excitation frequency, and opening coefficient have been used
to report the dynamic behavior of the set in all the tables and figures. The results of this research
can be generalized for the design of columns under periodic axial load. The results of this article
are verified and compared with previous research. There is an acceptable agreement between the
results of the present article and previous research.

Critical Load Capacity
Analysis EigenValue
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Fig. 1. A column with variable section and viscous damper under
alternating axial load
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Fig. 2. Changes of the moment of inertia along the section in
different cases
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New results Wang, Wang [2]
P, P B Boundary conditions
N=30 N=20 N=4 r
Linear variations of the moment of inertia

9.372 9.372 11.387 9.372 0.1
8.343 8.343 10.681 8.343 0.3 P-P
7.256 7.256 8.588 7.256 0.5
19.169 19.169 27.750 19.17 0.1
17.035 17.035 23.250 17.03 0.3 C-P
14.740 14.740 18.750 14.74 0.5
37.477 37.477 - - 0.1
33.373 33.373 - - 0.3 Cc-C
28.697 28.697 - - 0.5

0 0 44.78% - - Apax%

Cubic variations of the moment of inertia

8.436 8.436 10.211 8.436 0.1
5.840 5.840 6.799 5.840 0.3 P-P
3.628 3.628 3.937 3.628 0.5
17.252 17.252 23.803 17.252 0.1
11.923 11.923 14.434 11.923 0.3 C.p
7.362 7.362 8.437 7.362 0.5
1.336 1.336 1.387 1.336 0.5
33.729 33.729 - - 0.1
23.941 23.941 - - 0.3 Cc-C
14.349 14.349 - - 0.5

0 0 37.97% - - Apax%

Fourth order variations of the moment of inertia

7.994 7.994 9.650 7.994 0.1
4.836 4.836 5.503 4.836 0.3 P-P
2.467 2.467 2.629 2.467 0.5
16.354 16.354 22.075 16.354 0.1
9.983 9.983 11.596 9.983 0.3 C-pP
5.048 5.048 6.161 5.048 0.5
31.977 31.977 - - 0.1
19.345 19.345 - - 0.3 Cc-C
9.872 9.872 - - 0.5

- - 34.98% - - Apax%

Table 2. Values of dimensionless buckling load for a non-radius column with Linear, Cubic, fourth order variations of moment of inertia for
different boundary conditions
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Fig. 3. The diagram of the changes of the dimensionless dynamic
load coefficient according to the ratio of the excitation frequency
to the natural frequency of the first dimensionless mode
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Fig.4. Variations of the buckling load factor according to the frequency of excitation of a non-prismatic column (P — C) A) linear variations
of the moment of inertia, B) Cubic variations of the moment of inertia, C) Variations of the fourth order of the moment of inertia
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Fig.5. A) Variations of the buckling load factor according to the frequency of non-prismatic column (C-C) excitation A) linear changes in the
moment of inertia, B) Cubic changes in the moment of inertia, C) Fourth-order changes in the moment of inertia
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Abstract Review History
According to the World Health Organization report, Iran ranks 113th out of 175 countries Received: Mar 01, 2024
with an estimated rate of 20.5 deaths per 100,000 population due to crashes. Additionally, road Revised: Aug 10, 2024
crash injuries are considered one of the top five leading causes of mortality in the country. Due to  Accepted: Nov 25, 2024
the efficiency of intelligent methods, statistical models have attracted a lot of attention in safety

studies and crash analysis. Investigations show that few studies have been done regarding the Keywords
specific effects of time periods of the day on the crash severity. Moreover, in most conducted ~road safety
researches for modeling crash severity, statistical models have been utilized, and determining the  crash severity
relationships between severity and influential factors with these models is challenging due to the ordered probit
complex relationships between variables that vary in different time intervals throughout the day. . . .
In recent studies, road lighting conditions have been considered as an important parameter in the likelihood ratio test
frequency and severity of driving crashes. The lighting conditions, especially on rural roads, statistical analysis
depend on various factors such as drivers' visibility to perceive road geometry, traffic, and

roadside objects. The variables considered for analyzing crash severity include human factors,

weather conditions, primary causes of crashes, intersection control, land use, lighting conditions,

location of crash, time of crash (day, month, year, and hour), type and condition of road surface,

road markings, road repairs, collision type, and road geometry. Therefore, the purpose of this

research, while considering the interpretability of the Ordered Probit algorithm, is to investigate

the effect of the conditions of different times of the day and night on the crash severity with six

years data of Lushan-Qazvin rural freeway crahses. The Ordered Probit algorithm was

implemented and evaluated separately in four time periods to predict the effects of various

geometric, environmental and traffic factors on the severity of damage caused by crashes and the

likelihood ratio test was used to justify the models. The results obtained from the research not

only contribute to predicting preventive measures for crashes but also aid in reducing their

severity and analyzing the relationships between various factors. One of the stages in conducting

research on crash injuries involves identifying important factors affecting the severity of injuries.

The estimation results indicate that the levels of crash severity in different time intervals are

associated with various factors in different ways, and these differences cannot be discovered by

estimating only one general model. The present study has shown that by interpreting machine

learning algorithms, useful patterns can be extracted from a large volume of crash data and

analyze crash severity. The ordinal probit algorithm is one of the powerful tools for modeling

crash severity, which can demonstrate the complex relationship between input variables and

crash severity by providing statistics such as z-test and marginal effect in the model output. The

analysis results indicate that driver distraction during the morning, noon, evening, and night

periods, with coefficients of 1.33, 1.21, 1.25, and 0.98 respectively, is the most significant factor

contributing to the increased crashes severity on the studied road. Conversely, collisions with

fixed objects during the same periods, with coefficients of -0.58, -1.83, -1.24, and -0.75

respectively, have an inverse relationship with the crashes severity.
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Fig 1. Crash frequency by time of the day
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Noon Sunset Night Morning
Variables and description (10:00-15:00) (15:00-19:00) (19:00-6:00) (6:00-10:00)
mean Std.dev. _mean Std.dev. mean Std.dev. mean Std.dev
Injury severity
Fatal (1 if true; otherwise 0) 0.036 0.032 0.035 0.029
Injury (1 if true; otherwise 0) 0.124 0.15 0.156 0.122
Property Damage Only (1 if true; otherwise 0)  0.839 0.818 0.808 0.848
Driver info
Distraction (1 if true; otherwise 0) 0179 0383 0.18 0389 0.189 0.391 0.181 0.385
Road condition
Level terrain (1 if true; otherwise 0) 0.993 0.077 0.992 0.089 0.994 0.075 0.988 0.108
Mountainous terrain (1 if true; otherwise 0) 0.002 0.045 0.002 0.044 0.004 0.065 0.011 0.108
Crash location (1 if on roadway; otherwise 0) 0.90 0.299 0874 0331 0873 0.331 0.727 0.452
Crash location (1 if near Ghazvin; otherwise 0) 0.810 0.391 0.846 0.360 0.790 0.406 0.830 0.375
Crash location (1 if near Kuhin; otherwise 0) 0810 0391 0846 0360 0.789 0.407 0.830 0.375
Divided road (1 if true; otherwise 0) 0.802 0398 0.798 0401 0.793 0.404 0.815 0.387
Road marking (1 if broken line; otherwise 0) 0.702 0457 0.656 0475 0.664 0472 0.645 0.478
Non-residential land use (1 if true; otherwise 0) 0.792  0.405 0.77 0420 0.762 0425 0.773 0.418
Straight road (1 if true; otherwise 0) 0857 0349 0844 0362 0.828 0.806 0.806 0.395
Curve road (1 if true; otherwise 0) 0.142 0349 0.156 0362 0.171 0.193 0.193 0.395
Environmental factors
Sunny weather (1 if true; otherwise 0) 0839 0374 0812 0390 0.813 0.389 0.809 0.392
Snowy weather (1 if true; otherwise 0) 0.052 0.223 0.086 0.280 0.065 0.248 0.053 0.225
Road surface (1 if dry; otherwise 0) 0.841 0.365 0.83 0375 0.830 0.374 0.818 0.385
Road surface (1 if icy and snowy; otherwise 0) 0.050 0.219 0.064 0.244 0.045 0.209 0.086 0.280
Collision info
Fixed-object collision (1 if true; otherwise 0)  0.397 0489 0.262 0480 0.345 0475 0473 0.499
Collision with a vehicle (1 if true; otherwise 0) 0.309  0.457 0324 0446 0328 0469 0247 0431
Collisions with animals (1 if true; otherwise 0) 0.010 0.100 0.016 0.125 0.011 0.106 0.011  0.108
Roadway departure (1 if true; otherwise 0) 0.078 0.268 0.086 0.280 0.067 0.250 0.065 0.247
Vehicle rollover (1 if true; otherwise 0) 0134 0341 0154 0360 0.166 0372 0.175 0.380
Head-on (1 if true; otherwise 0) 0.134 0.361 0.15 0.367 0.140 0.247 0.163 0.369
Rear-end (1 if true; otherwise 0) 0.167 0372 0.176 0380 0.174 0379 0.127 0.334

Table 1. Statistical analysis of the input and output variables of the proposed method to separate day and night time periods on the studied road
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Morning Night Sunset Noon
Noon  10144/83 (df=16) 93/62 (df=22) 6174/93 (df=19) 0
Sunset  292/38 (df=16)  19/04 (df=22) 0 22/03 (df=21)
Night 4459/65 (df=16) 0 3063/10 (df=19) 36/18 (df=21)

Morning  4459/5 (df=16)  26/17 (df=22)  238/58 (df=19)  21/06 (df=21)

Table 2. Transferability test comparing the four models
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Marginal effects

Variable Coefficient  Std.Error Z-value -
PDO Injury Fatal
Level terrain 5.781736 191.4746 0.03 -1.00307  0.66685 0.336216
Mountainous terrain 2.636185 432.5434 0.01 -0.45735  0.30405 0.153298
Roadway crash location -0.87517 0.222969 -3.93  0.151832 -0.10094 -0.05089
Ghazvin crash location 0.085518 0.221208 0.39 -0.01484  0.009863 0.004973
Divided road -0.23755 0.213824 -1.11  0.041211 -0.0274  -0.01381
Broken line marking 0.101561 0.229517 0.44 -0.01762 0.011714 0.005906
Non-residential land use 0.088319 0.307861 0.29 -0.01532  0.010187 0.005136
Sunny weather -0.22352 0.367139 -0.61  0.038778 -0.02578 -0.013
Snowy weather 1.741827 0.794918 2.19 -0.30219  0.200898  0.10129
Dry road surface -0.03261 0.388817 -0.08  0.005657 -0.00376 -0.0019
Icy and snowy road surface -1.77013 0.826067 -2.14  0.307098 -0.20416 -0.10294
Driver distraction 1.326082 0.179487 7.39 -0.23006  0.152947 0.077113
Straight road 0.264018 0.244417 1.08 -0.0458  0.030451 0.015353
Fixed-object collision -0.57891 0.293078 -1.98  0.100435 -0.06677 -0.03366
Collision with a vehicle -0.49095 0.299237 -1.64  0.085173 -0.05662 -0.02855
Collisions with animals -4.32189 169.0745 -0.03  0.749798 -0.49847 -0.25132
Roadway departure -0.13782 0.35872 -0.38  0.023911 -0.0159  -0.00801
Vehicle rollover -0.38519 0.328679 -1.17  0.066825 -0.04443  -0.0224
Head-on collision -0.06072 0.331216 -0.18  0.010535  -0.007 -0.00353
Rear-end collision -0.53636 0.29619 -1.81  0.093052 -0.06186 -0.03119
Model statistics
I 5.954704 191.4753
Uy 7.026608 191.4754
Log likelihood at convergence -196.169
Log likelihood ratio index (p2) 0.2426
Number of observations 491

Table 3. The results of crash severity modeling by ordered probit method at noon (10:00 to 15:00)
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Abstract

Among the various factors that affect evaporation, both climatic indicators and hydrological
indicators, such as the hydrological connectivity of a particular region, play significant roles.
With advancements in remote sensing technology, satellite image data can now be utilized to
monitor the evaporation of lakes. In this particular research, the focus is on investigating the
climatic factors that impact evaporation in the Chaah Nimeh reservoirs situated in the Sistan and
Baluchistan province of Iran. Initially, the water surface temperature is estimated using Landsat 8
images through the Split window method. Subsequently, meteorological data, including Net
radiation, Wind speed, and Air pressure, are obtained from the nearest meteorological synoptic
station in close proximity to the Chaah Nimeh location. These meteorological data, along with
the water surface temperature data derived from Landsat 8 images, are then inputted into the PM
FAO 56 equation. This formula is recognized as one of the most reliable relationships for
calculating lake evaporation. Furthermore, the environmental conditions of the region are
examined by assessing the hydrological connectivity. This examination provides insights into the
region's conductivity for water and sediment transfer and is determined by indicators such as
flow length and topographic wetness index. The values of these indicators are obtained from a
Digital elevation model satellite image and processed using image processing software. To
estimate the contribution of each environmental element to evaporation values, machine learning
methods are employed. The available data is categorized in two ways: one classification is based
on the wind of 120 days periods and no wind in the region, while the other classification
considers periods of Flood discharge periods or high inflow and Water storage periods or low
inflow. By utilizing the available data machine learning techniques can be applied to determine
the impact of each environmental element on evaporation. This operation is done with the help of
Garson's method, which assigns a percentage value to each parameter based on the weights
assigned to each parameter in the neural network, which is known as the percentage of relative
importance.The higher the percentage of relative importance, the greater the effect of that
measure on evaporation. Results highlight the significant influence of the topographic wetness
and flow length indices on evaporation, especially during flood discharge periods where their
impact is 5% higher than in water storage periods. Additionally, meteorological indices have a
10% greater effect during windy conditions, with wind speed being notably more influential
during the wind of 120 days period. This research underlines the importance of integrating
meteorological and hydrological data for comprehensive water resource management and
suggests the potential of using similar approaches in other regions and under different climatic
conditions, paving the way for future studies in water conservation and management strategies in
response to global environmental changes.
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of the meteorological station (Yellow square)
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Table 1. The maximum, minimum, average, standard deviation,
and coefficient of variation for each parameter employed
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and (TWI) on the evaporation values in percentage, in two ranges
of FDPs and WSPs
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Fig. 4. Part (a) the average of wind speed values (m/s) from 2013 to
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to Chaah Nimeh to the total volume of the lakes on a monthly basis
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Abstract

A double-layer grid has a complex behavior due to a large number of elements and a
particular type of joints; hence, structural identification of this type of structure is an important
issue, which refers to the determination of natural frequencies, mode shapes, and damping ratios.
These results are necessary to complete the structural health monitoring, finite element model
updating and damage detection. Due to the limitations of input-output methods, modal
parameters of civil engineering structures such as bridges, dams, tall buildings, and double layer
grids are determined mainly by output-only modal identification. In this work, physical model of
a ball jointed double-layer grid with dimensions of 2.8 m at 2.8 m, which is supported on four
steel pipes in four corners was made in the laboratory. The grid consists of 32 members
connected together with 13 balls, each having ten threaded holes at different angles. each
member consists of a middle pipe and connecting parts including conical piece, sleeve and high
strength bolt at both ends of the pipe. The middle pipe has the nominal length, diameter and
thickness of 120 cm, 7.64 cm and 0.35 cm, respectively. The horizontal center to center distance
of adjacent balls in each layer of the grid is 1.414 m and the total height of the structure includes
the column length (1.3 m) and the distance between the top and bottom layers (1 m), which is
equal to 2.3 m in total. The approximate weight of the structure is 3532 N. All the members and
the balls used in the grid are identical. After all the members of the grid have been assembled, the
bolt at each joint is tightened in a series of steps by twisting the corresponding sleeve. Exciting
the grid, its acceleration response was measured. The modal parameters were obtained using four
output-only modal identification techniques; namely enhanced frequency decomposition
(EFDD), curve-fit frequency domain decomposition (CFDD), data-driven stochastic subspace
identification (SSI-DD) and covariance-driven stochastic subspace identification (SSI-Cov). Two
types of excitations were used in output-only modal tests, namely direct and indirect excitations.
Since the modal parameters obtained via input-output modal analysis have less uncertainty
compared to the output-only modal analysis techniques, an input-output modal test was also
performed and the results are considered as reference values. The results showed that the natural
frequencies and mode shapes of the double-layer grid were estimated with a high accuracy via
the four methods. The greatest relative difference between the natural frequencies belonged to the
second mode and equaled 2.07%. The dispersion of estimated damping was much higher
compared to natural frequencies and mode shapes. Among the 4 methods, SSI-Cov had the least
error in damping estimation of the double-layer grid. The values of estimated modal damping
ratios were relatively low (fraction of 1%). The mean relative error of the identified parameters
showed that the time-domain methods estimated the damping ratios with less error; While the
frequency-domain methods identified natural frequencies and mode shapes with higher accuracy.
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CFDD
Mode EFDD CFDD
Number Direct Indirect Direct Indirect
1 7.92 7.92 7.92 7.94
2 8.00 8.13 8.00 8.14
3 12.73 12.75 12.73 12.75
4 71.40 71.37 71.30 71.37
5 77.02 77.75 77.02 77.13
6 78.43 78.32 78.43 78.30
7 101.05 101.00 101.00 101.00
Table 1. Natural frequencies (Hz) of the gird identified via EFDD
and CFDD
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CFDD , EFDD
Mode EFDD CFDD
Number Direct Indirect Direct Indirect
1 0.55 0.48 0.59 1.10
2 0.36 0.46 0.36 0.38
3 0.31 0.31 0.29 0.34
4 0.17 0.17 0.17 0.16
5 0.18 0.21 0.19 0.10
6 0.12 0.16 0.13 0.12
7 0.05 0.05 0.08 0.05
Table 2. Damping ratios (%) of the gird identified via EFDD and
CFDD
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Mode Direct Indirect

Standard Standard
Number  Average Deviation Average Deviation

1 7.94 0.02 7.93 0.01

2 8.07 0.09 8.14 0.01

3 12.75 0.02 12.75 0.00

4 72.08 0.84 71.34 0.05

5 77.63 0.70 77.27 0.32

6 79.13 0.82 78.38 0.09

7 101.06 0.06 101.05 0.06

Table 5. The averages of natural frequencies (Hz) as well as their
standard deviations for both types of loading
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Mode Direct Indirect

Standard Standard
Number  Average Deviation Average Deviation

1 0.55 0.03 0.62 0.32

2 0.37 0.01 0.36 0.08

3 0.28 0.03 0.32 0.04

4 0.17 0.01 0.18 0.01

5 0.16 0.03 0.15 0.05

6 0.12 0.01 0.13 0.02

7 0.06 0.01 0.07 0.02

Table 6. The averages of damping ratios (%) as well as their
standard deviations for both types of loading
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SSI-Cov ;DD
Mode SSI-DD SSI-Cov

Number Direct Indirect Direct Indirect
1 7.97 7.93 7.95 7.93
2 8.18 8.13 8.08 8.14
3 12.76 12.75 12.76 12.75
4 72.79 71.36 72.82 71.27
5 78.28 77.08 78.18 77.11
6 79.98 78.40 79.68 78.50
7 101.14 101.10 101.04 101.10

Table 3. Natural frequencies (Hz) of the gird identified via SSI-
DD and SSI-Cov
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SSI-Cov , DD
Mode SSI-DD SSI-Cov
Number Direct Indirect Direct Indirect
1 0.51 0.47 0.55 0.43
2 0.37 0.30 0.38 0.30
3 0.23 0.36 0.27 0.27
4 0.19 0.19 0.16 0.18
5 0.15 0.16 0.13 0.12
6 0.11 0.11 0.10 0.11
7 0.06 0.09 0.06 0.08

Table 4. Damping ratios (%) of the gird identified via SSI-DD
and SSI-Cov
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Time Domain Frequency Domain
Mode Standard Standard
Number  Average Deviation Average Deviation
1 7.95 0.02 7.93 0.01
2 8.13 0.04 8.07 0.08
3 12.76 0.01 12.74 0.01
4 72.06 0.86 71.36 0.04
5 77.66 0.66 77.23 0.35
6 79.14 0.81 78.37 0.07
7 101.10 0.04 101.01 0.02

Table 7. The averages of natural frequencies (Hz) as well as their
standard deviations for both time and frequency methods
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Time Domain Frequency Domain

Mode

Standard Standard
Number  Average Deviation Average Deviation
1 0.68 0.28 0.49 0.05
2 0.39 0.05 0.34 0.04
3 0.31 0.02 0.28 0.06
4 0.17 0.01 0.18 0.01
5 0.17 0.05 0.14 0.02
6 0.13 0.02 0.11 0.01
7 0.06 0.02 0.07 0.02

Table 8. The averages of damping ratios (%) as well as their
standard deviations for both time and frequency methods
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Fig. 7. (a): A sample of Frequency Response Function (FRF) of the grid, (b): their correlation function
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(1) s 513851 5 L

Mode Number EFDD CFDD SSI-DD SSI-Cov

1 -0.13 -0.13 0.5 0.25
2 0.38 0.38 2.63 1.38
3 0.16 0.16 0.39 0.39
4 -0.24 -0.38 1.70 1.75
5 -0.23 -0.23 1.40 1.27
6 -0.31 -0.31 1.67 1.28
7 0.05 0.00 0.14 0.04

Table 10. The relative difference between natural frequences
estimated via output-only identification methods and base values
in direct-typed loading
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(1) s o 5IAS 5L 55 L

Mode Number EFDD CFDD SSI-DD SSI-Cov

1 -0.13 0.13 0.00 0.00
2 2.01 2.13 2.01 2.13
3 0.31 0.31 0.31 0.31
4 -0.28 -0.28 -0.29 -0.42
5 0.71 -0.09 -0.16 -0.12
6 -0.44 -0.47 -0.34 -0.22
7 0.00 0.00 0.10 0.10

Table 11. The relative difference between natural frequences
estimated via output-only identification methods and base values
in indirect-typed loading
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Mode Number EFDD CFDD SSI-DD SSI-Cov

1 -11.30 -4.84 -17.7 -11.29
2 -10.00 -10.00 -7.50 -5.00
3 0.00 -6.45 -25.8 -12.9
4 21.43 21.43 35.71 14.29
5 38.46  46.15 15.38 0.00

6 7143 85.71 57.14 42.86
7 -16.70  33.33 0.00 0.00

Table 12. The relative difference between damping ratios
estimated via output-only identification methods and base values
in direct-typed loading

oY

ME’ scope ,15-5le = SaS 4y 63,5 Jage oo

5 b SLadils & by s () s el a8 S il [54]
3 S o3 Ghlesl 3)5e 4¥ 3 ad Uil 550V ol e o
o=l Gldae LAs ol o S50 dlge L )
4S5 b as s VS‘&M okl Cowdas e palie (Jsar

CM»:‘/'/?\‘ ﬁ\ﬁ}azﬁ d}‘)y@.laff&‘ﬁx)uln JM

A dlage Mo ) 5l 4l pluld s & Jgdr

Mode Natural Frequency Damping Ratio
Number (H2) (%)
1 7.93 0.62
2 7.97 0.40
3 12.71 0.31
4 71.57 0.14
5 77.20 0.13
6 78.67 0.07
7 101.00 0.06

Table 9. The identification results of the grid using input-output
modal analysis
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Fig. 10. Damping ratios identified via various methods in indirect-
typed loading
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s (581
Mode Number EFDD CFDD SSI-DD SSI-Cov
1 0.87 0.89 0.86 0.88
2 0.88 0.89 0.87 0.88
3 0.99 0.99 0.99 0.99
4 0.99 0.98 0.97 0.99
5 0.91 0.90 0.89 0.87
6 0.93 0.93 0.95 0.89
7 0.89 0.90 0.87 0.89

Table 14. The MAC values between output-only identification
methods and base values in direct-typed loading

! Modal Assurance Criterion

oY

(1) it SIS s Le

Mode Number EFDD CFDD SSI-DD SSI-Cov
1 -22.60 77.42 -24.20 -30.65
2 15.00 -5.00 -25.00 -25.00
3 0.00 9.68 16.13 -12.90
4 21.43 14.29 35.71 28.57
5 61.54 -23.08 23.08 -7.69
6 128.6 71.43 57.14 57.14
7 -16.70 -16.67 50.00 33.33

Table 13. The relative difference between damping ratios
estimated via output-only identification methods and base values
in indirect-typed loading

Sl 350 S8 5 b el 4 Cornd gl o0 S
Gedkd plull SAS| (ol 6 VL nkas pe (Sax 2
5 omln glrage Gold b ol 25 (Gnte S 2l
L i Bdas Lm0 s Sl it SO o8 g5 50
e s el s 4 L S el b Ble s (5 sbee
e S Ul O Ll s jls o illas [56] 5 [55]
At ol glalles sp s Mo 4 Lgim s 2 0oLl
G0 3l e S VL Gl slasse 3 o s 4
Ll s 82000
e e gla g, odd gl Sl slie
Sl ISt s by e (IN-OUL) 25 553505 ) 5
osls QL (V0) 5 () sla IS5 s 5 5 4 it 28 5 el
35 200 gl @l e ST e Sl ps el ol
el 35 ISk g 5

.19).1]« Jl)}.ﬁMmggudjj)‘a“&bu‘j_lﬂ)bw QJS.-:

s (5O1ISL 4
0.7
06 1
E\c/ 0.5
% 04 | = EFDD
‘fﬂ CFDD
03 SSIDD
g 0.2 4 SSI-Cov
u In-Out
0.1 I I I
1 alin
1 2 3 4 5 6 7
Mode Number

Fig. 9. Damping ratios identified via various methods in direct-
typed loading
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Fig. 11. The MAC diagram between identified mode shapes by
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Mode Number EFDD CFDD SSI-DD SSI-Cov
1 0.86 0.87 0.85 0.87
2 0.87 0.88 0.86 0.86
3 0.97 0.99 0.99 0.98
4 0.99 0.98 0.98 0.99
5 0.89 0.89 0.90 0.88
6 0.90 0.92 0.93 0.89
7 0.89 0.89 0.87 0.88

Table 15. The MAC values between output-only identification
methods and base values in indirect-typed loading
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Parameter _ EFIZ_)D_ _ CFIZ_)D_ _ SSI-!DD_ _ SSI-(_:ov_
direct indirect direct indirect direct indirect direct indirect

Natural Frequency 0.21 0.56 0.23 0.49 1.21 0.46 0.91 0.47
Damping Ratio 24.18 37.97 29.7 31.08 22.76 33.04 12.33 27.9
MAC 0.92 0.91 0.93 0.92 0.91 0.91 0.91 0.91

Table 16. The average relative error of natural frequencies and damping ratios as well as MAC values identified via various methods and the
corresponding base values
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Abstract

When bridges undergo inelastic deformations in near-fault earthquakes, they mostly do not
return to the original vertical direction and undergo significant residual deformations. Even
though these bridges have not collapsed, they are mostly not any more functional in the
immediate aftermath of the ground shaking and generally deemed irreparable. These relatively
large residual displacements observed in damaged bridges by near-fault strong ground motions
jeopardize the operability of the bridge after the seismic event partly due to the introduction of
the additional moments in the columns induced by the offset of vertical gravity loads. Therefore,
it is of great significance to be able to accurately predict the demand and capacity of residual
drifts for bridges exposed to near-field ground motions for decision-making about their
serviceability upon a major seismic event. In this research, on the contrary to the design code
requirements and the previous studies, an analytical model is proposed which can account for the
bridge pier properties and the ground motion characteristics. The proposed model takes the
variation in the stiffness and strength of the bridge pier which is proportional to the incurred
damages in different earthquake shaking levels into account in order for the prediction of
permanent drift capacity.
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Fig. 1. The bridge pier status: (a) normal condition (b) after the ground shaking, and (c) after applying the live load.
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Fig. 2. The equivalent reduced stiffness based on ductility
demand.
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Fig. 4. Plastic hinge properties change including strength and stiffness reduction of the bridge pier after the primary ground shaking.
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Fig. 6. The time history of the displacement bridge pier with an
aspect ratio of 8 at 0.5g and 1.0g level of shaking.
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Fig. 11. Variation of rotational demand of the pier with an aspect
ratio of 8 in different levels of Los Gatos ground motion and
comparison with a rotational capacity of the section.
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Fig. 10. Variation of the ultimate rotation demand of the bridge with
an aspect ratio of 8 in different levels of Los Gatos ground shaking
and comparison with the rotational capacity of the section.
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Abstract Review History

Steel shear walls have been used in various buildings as a system to resist lateral loads. The Received: Mar 18, 2024
special advantage of this type of wall is its good malleability, high initial hardness, and high Revised: Aug 12, 2024
energy consumption power. But due to its special geometry, the steel shear wall undergoes Accepted: Nov 20, 2024
buckling in the elastic range. To prevent steel sheet buckling in steel shear walls, there are two

general solutions: using metal stiffeners or using concrete cover that is connected to steel sheet Keywords

through shears. Based on this research, a solution has been proposed to improve the seismic composite shear wall
performance of modern steel-concrete composite shear walls. The composite steel shear wall is a  T-shaped steel stiffener
modern lateral bearing system consisting of a steel sheet with a reinforced concrete cover, which  ~oncrete stiffener

is connected to the sheet from one side or both sides by clips. In the composite steel shear wall,
the reinforced concrete cover, by restraining the steel sheet and preventing its buckling, increases
the shear capacity of the steel shear wall to the point of yielding in shearing inside the plate
instead of tension in the direction of the tensile field. The composite steel shear wall, while
increasing the shear capacity of the system, increases the resistance of the panel against
destructive factors such as corrosion, fire, impact, explosion, and other cases and causes a
reduction of more than 25 to 50 percent in the consumption of steel in medium and large
buildings. In the new composite steel shear wall system, a distance is created between the
concrete cover and the boundary beams and columns. Tests on conventional and modern
composite steel shear walls show that the modern system has little damage compared to the
conventional system. From nonlinear static analysis using the finite element method and with the
help of ABAQUS software, the influence of the geometric characteristics of steel stiffeners on
the seismic performance of the modern steel-concrete composite shear wall has been
investigated. After modeling the steel-concrete composite shear wall and validating the numerical
model with laboratory results, the effect of parameters such as the number of stiffeners, the type
of arrangement, including vertical, horizontal, diagonal, and combined, on the maximum bearing
capacity of the composite shear wall, ductility coefficient, additional strength, energy
consumption, compressive damage of the concrete hardener, and failure modes have been
investigated. The results of this research show that the use of T-shaped steel stiffeners and their
arrangement have a significant effect on the bearing capacity of steel-concrete composite shear
walls and cause the overall buckling of the steel sheet to become local buckling between the
stiffeners. The use of diagonal stiffeners increases the capacity of steel shear walls by 25%. The
ductility factor and added strength factor of the steel frame with diagonal stiffeners are about 26
and 124% higher than the ductility factor and added strength factor of the base sample without
the use of stiffeners, respectively. The use of diagonal stiffeners in composite shear walls
compared to composite shear walls without steel stiffeners increases energy consumption by
about 18%. The use of T-shaped steel diagonal stiffeners in composite shear walls compared to
composite shear walls without steel stiffeners causes a significant reduction in the damage and
failure of the concrete stiffener.

finite element method
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Fig. 1. (a) Laboratory sample of composite shear wall; (b) Geometry of steel composite shear wall with conventional and modern concrete
coating, taking into account the distance between the concrete coating and the investigated boundary elements (c) Different components of a
steel-concrete composite shear wall [7].
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. Pre-cast R/C wall . . .
Steel Plate Thickness Thickness of Conc. Wall _Rebar Dia._Rebar Spacing Wall Bolts Dia. Beam Section Column Section

4.8 76 10 100 13 W12x26 W12x120

Table 1. Dimensions of laboratory composite [7] shear wall components (mm)
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Poisson's ratio  Elastic modulus (MPa)

Tensile strength (MPa)

compressive strength (MPa)

0.17 24.900

2.6 28

Table 2. Characteristics of concrete used [7]
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Poisson’s ratio Modulus of elasticity (MPa)

Yielding stress (MPa)

Ultimate stress (MPa) components

0.3 200000 345 500 Beams and columns
0.3 140000 248 370 Steel Plates and stiffeners Rebars
0.3 200000 623 823 Bolts

Table 3. Characteristics of used steel [7]
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Fig. 2. (a) Geometric specifications, boundary conditions, and applied
loading on the steel frame with steel stiffeners; (b) An example of the
meshed model of the steel frame without stiffeners equipped with a
new composite shear wall provided by the researcher
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Strategies Models Type and number of stiffeners Max Load (kN) Improve (%)
- CSPSW-NS - - - 2810 Basic Model

CSPSW-0V1H 1 - 2924 4.01
()] CSPSW-0V2H 2 - - 2974 5.84
CSPSW-0V3H 3 - - 3004 6.90
CSPSW-1VOH - 1 - 2898 3.13

(U)) CSPSW-2VOH - 2 - 2954 5.12
CSPSW-3VOH - 3 - 2978 5.98
CSPSW-1V1H 1 1 - 2970 5.70
CSPSW-1V2H 2 1 - 3023 7.58
CSPSW-1V3H 3 1 - 3059 8.86
CSPSW-2V1H 1 2 - 3026 7.69

mn CSPSW-2V2H 2 2 - 3091 10
CSPSW-2V3H 3 2 - 3059 8.86
CSPSW-3V1H 1 3 - 3067 9.14
CSPSW-3V2H 2 3 - 3142 11.81
CSPSW-3V3H 3 3 - 3188 13.45
CSPSW-1D - - 1 3336 18.71
v CSPSW-2D - - 2 3297 17.33
CSPSW-3D - - 3 3516 25.12
(V) CSPSW-1D1V1H 1 1 1 3426 21.92

Table 4. Geometric parameters and maximum load capacity of parametric models
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Strategies Models Yielding Ultimate Ductility Over strength
Py (KN) Ay (mm) Ppa (KN)  Apax (Mm) 2 Aggs Q

- CSPSW-0VOH 14715 33.25 2810 210.45 281.74 8.47 1.90
CSPSW-0V1H 1685.6 32.08 2924 210.02 281.16 8.76 1.73
0] CSPSW-0V2H 2018.2 35.92 2974 181.32 242.74  6.75 1.47
CSPSW-0V3H 1820.1 33.73 3004 230.1 265.00 7.85 1.65
CSPSW-1V0OH 1955.3 40.04 2989 139.9 157.01  3.89 1.53
) CSPSW-2VOH 2107.6 25.61 2954 137.7 152.07 5.94 1.40
CSPSW-3VOH 2100.4 25.89 2978 141.9 161.05 6.22 1.42
CSPSW-1V1H 920.3 33.86 2970 200.6 25110 741 3.22
CSPSW-1V2H 924.7 32.78 3023 198.9 24750 7.55 3.27
CSPSW-1V3H 929.4 37.07 3059 198.9 238.00 6.42 3.29
CSPSW-2V1H 1667.8 21.71 3026 148.00 185.14 8.53 1.81
(Ub) CSPSW-2V2H 1685.3 31.54 3091 180.65 235.13 7.45 1.83
CSPSW-2V3H 1857.6 20.33 3059 110.57 16340 8.04 1.65
CSPSW-3V1H 1990.3 30.25 3067 107.56 188.90 6.24 1.54
CSPSW-3V2H 1371.2 20.78 3142 115.13 151.70 7.30 2.29
CSPSW-3V3H 1476.3 25.64 3188 135.03 177.10 6.90 2.16
CSPSW-1D 1598.4 18.05 3336 120.29 160.00 8.86 2.09
(1v) CSPSW-2D 1478.2 29.41 3297 211.76 249.54 8.48 2.30
CSPSW-3D 14435 24.68 3516 217.63 264.27 10.70 244
V) CSPSW-1D1V1H 806.8 31.04 3426 210.16 290.01 9.34 4.25

Table 5. The effect of geometrical parameters on the plasticity factor and the added strength of the investigated models
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Strategies Models Energ;(/'gﬁfr:%matlon Improve (%)
- CSPSW-NS 3550 Basic Model
CSPSW-0V1H 3784 6.6
() CSPSW-0V2H 3763 6
CSPSW-0V3H 3727 5
CSPSW-1V0OH 3798 7
() CSPSW-2V0OH 3852 8.5
CSPSW-3V0OH 3742 5.4
CSPSW-1V1H 3834 8
CSPSW-1V2H 3855 8.6
CSPSW-1V3H 3905 10
CSPSW-2V1H 3823 7.7
D) CSPSW-2V2H 3798 7
CSPSW-2V3H 3816 7.5
CSPSW-3V1H 3919 104
CSPSW-3V2H 3930 10.7
CSPSW-3V3H 3940 11
CSPSW-1D 4072 14.7
(v) CSPSW-2D 4082 15
CSPSW-3D 4189 18
V) CSPSW-1D1V1H 4047 14

Table 6. Percentage improvement of energy consumption of
numerical models compared to the base model
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Fig 14. Cyclic diagram of a number of numerical models
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Fig. 15. Concrete compressive damage modes for parametric study from cyclic loading analyses
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Abstract Review History

The solidification/stabilization of bentonite and heavy metals is among the conventional Received: Mar 29, 2024
methods in geo-environmental projects. Among the various methods used for the Revised: Jun 01, 2024
solidification/stabilization process, cement-based systems are widely used due to their relatively Accepted: Jul 10, 2024
low cost, availability, and environmental compatibility. The efficiency of

solidification/stabilization technology can be improved through certain modifications. The Keywords
objective of this paper is to determine the effect of substituting calcium carbonate on improving Calcium Carbonate
the solidification/stabilization process of bentonite and heavy metals towards reducing cement Stabilization/Solidification
consumption. Cement
_ To ac_hlevg this goal, sampl_es of bentonite contalnln_g 100 cmol/kg-soil congept_ratlon o_f_lead Contaminant Retention
nitrate with different compositions of cement and calcium carbonate were solidified/stabilized.
To determine the appropriate concentration of added contamination to the soil, a series of tests TCLP ]
for heavy metal retention using the soil suspension equilibrium method, based on EPA standards, Bentonite
has been conducted. These tests were performed on bentonite suspensions at heavy metal lead
concentrations ranging from 0 to 250 cmol/kg-soil. The mechanism of contaminant retention was
evaluated through XRD, TCLP, pH, and UCS tests. In this study, the amount of immobility of
heavy metals after stabilization and solidification process using the Toxicity Characteristic
Leaching Procedure (TCLP) based on EPA-1311 method has been evaluated. In the first stage of
the aforementioned experiment, the solidified/stabilized contaminated sample was adjusted to pH
8.2 with a 0.1 molar hydrochloric acid solution and prepared as a suspension with an S:W ratio
(solid:water) of 1:20. All suspensions were continuously shaken for 18 hours using a mechanical
shaker, and after measuring the pH of the samples and centrifuging them, the liquid phase was
separated and the contaminant concentration was measured using a GBC932 AB Plus atomic
absorption spectrophotometer. Unconfined compressive strength (UCS) can be used as a criterion
for assessing hydration reaction progress. In this study, samples were subjected to curing for 7
and 28 days in a closed system and placed in a humid chamber at 23 degrees Celsius and 95%
humidity according to ASTM D1633-17 standard, with a uniform density of 1.85 g/cm? for
testing unconfined compressive strength. Furthermore, X-ray diffraction (XRD) analysis was
utilized to investigate the microstructure of the samples and the progress of the cement hydration
process and its interaction with contaminated clay minerals.
According to the results of this study, replacing 15% calcium carbonate instead of cement
preserves the necessary conditions for the establishment of stabilization and solidification
mechanisms. For instance, for a sample containing 1.4% optimum moisture, the desorption
amount of lead ions in the TCLP test is equal to 2 milligrams per liter, and the uniaxial resistance
of the sample is equal to 1.45 MPa, meeting both EPA standards. In fact, the achieved results
indicate that substituting up to 15% calcium carbonate instead of ordinary Portland cement not
only reduces cement consumption but also improves the contaminant retention capability in the
cementitious solidification process. The reason for the improvement in these conditions is
attributed to the simultaneous role of calcium carbonate filling and nucleation alongside the
increase in the range of carbonate compound sedimentation.
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Table 1. Some of the geotechnical and geoenvironmental eng.
properties of bentonite
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