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Seismic Assessment of RCS Moment Framesunder Near Fault Earthquakes

M. Gerami A. Kheyroddin F. Khorasani

Abstract In this research the seismic demand of RCS structures under the near-fault earthquakes is
investigated. For this purpose 5 RCSintermediate moment frames with 4, 7, 10, 15 and 20 stories and 5
spans (span length 5 and 7m) were designed. Then nonlinear dynamic analysis was performed on the
structures using the OpenSees software. Results show that the stories displacement under the near-fault
earthquakes is larger than the far-fault earthquakes so that with increase in the structure height the
difference between them decreases. In high rise structure with 7m length span, the drift-angle due to the
far-fault earthquake is greater than the near-fault earthquake.

Key Words RCS Moment Frame, Near Fault Earthquake, Far Fault Earthquake, Nonlinear Dynamic
Analysis, Span Length.
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Near Fault Records
Earthquake Date . R PGA PGV PGD !
Num name [yy-mm-dd] Station [Km] [dl [cmVsed] [em] Magnitude
1 .Ch!' 1444/4/Y TCUO51 \7a%} AR IAVAS 04/14 V/AY
Chi,Taiwan,
2 _Chi- 1444/4/7 TCU0S5 V| o | Ay | vy a\
Chi,Taiwan,
3 'mpe”"z")ﬁva”ey‘ 1AV4/N N0 | ElCentroAmay#7 | /e% | 8Y | Vane | gear “or
4 Erzican, turkey | V44Y/YNY 95 Erzincan L/YA VJEA VY/a0 Y&/va v\
5 LomaPrieta, VAA4/N/NA | Gilroy - Historic Bldg. | Y+/4Y AR ARVARY AY%At Ay
6 LomaPrieta, ARVSVARVAVA Gilroy Array #2 VV/eY /Yo Yo/ A/OE %\
) DWP 75 Sylmar-
ARCYFAVANY 0/\4 AL q0/+V YY/EY /74
7 Northridge Converter
8 Northridge ARSSFAVANYS DWP 74 Sylmar- o/Y0 OV V2 4/FA oY/¥o 114
Converter
9 K obe, Japan 1440/V/\1 Takatori \/&V +/10 \RA7AR2 YY/e YA
10 K obe,Japan, 1440/V/\1 KIMA +/A7 AR VV/AY \AAY 14
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Using the Finite Element Method in the Coupled Analysis of Earth Dams and Estimating
the Associated Pore Water Pressure

F. Kalateh F. Hosseinejad

Abstract A significant increase in pore water pressure during construction of earth dams may lead to
the hydraulic fracture of dam body in pounding. Thus having sufficient information about generation
pattern of excess pore water pressure inside the core is essential. In the present study, using finite
element method in coupled analysis of earth dams, excess pore water pressure and displacement values
are estimated during the construction of Daroongar dam by developed Fortran code, and the results were
compared with instrumentation data. Finally the actual amounts of horizontal and vertical permeability
coefficients were determined for the materials by regression analysis.

Key Words Earth Dam, Biot Equations, Coupled Analysis , Pore Water Pressure.
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Dynamic Response Analysis of Tall Buildingsunder Axial Force Effects

M. Mohammadnejad H. Haji kazemi

Abstract In this paper, weak form integral equations is presented for dynamic response analysis of tall
structures with variable stiffness and mass along the height under axial force. Through repetitive
integration, the governing differential equation is converted into its weak form integral equation. The tall
structure is modeled by a non-prismatic cantilever beam. By approximation of the mode shape function
by a power series, the integral equation is converted into a system of linear algebraic equations. The
natural frequencies of tall structure are calculated by determination of a non-trivial solution for system of
equations. The analysis results are compared by those obtained from SAP-2000 software and other
available references.

Key Words Tall Structure, Shear-Bending beam, Weak form integral equation, Axial force, Natural
frequency.
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Investigation the Different M ethods of Connecting GFRP Sheetsto Ductility and In-Plane
Behavor of Masonry Walls

M.R. Eftekhar M. Emami

Abstract One of the ways that is conventional in the last two decades for seismic improvement and
retrofit of concrete and masonry structures is using the various fiber reinforced polymers (FRP). Among
the most important issues in reinforcement of masonry walls by FRP composites, there is debonding of
FRP sheets from the surface of the wall. Therefore in the current study the effect of wall surface
preparation methods on the bearing capacity and ductility of masonry walls strengthened with FRP
sheets have been investigated specifically. While using alternative methods of surface preparation such as
grooving, holes and nailing, indices of strength and behavior of reinforced wall under alternative
methods of surface preparation have been studied. To achieve this aims, the number of 11 unreinforced
masonry walls was constructed in the laboratory. These results show ductility index for reinforcement
wall incrased 110 relative to unreinforced wall.

Key Words Masonry Wall, GFRP Composite, Alternative Methods of Surface Preparation, Debonding,
Diagonal Tensile Test.
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Experimental Investigation on the Effect of Geometry and Reinforced Floating Stone
Columns on Bearing Capacity

N. Mehrannia J. Nazariafshar F. Kalantary

Abstract Using stone column is an efficient method to increase bearing capacity of soft soils. In this
research, the bearing capacity of flouting stone columns in reinforced and unreinforced modes were
examined using large-scale laboratory tests. The stone columns used in this study are with 60mm
diameter with 200 and 350mm length and 80mm diameter with 400mm length. These columns are
reinforced with nonwoven geotextile. Results show that increasing in diameter and length of stone column
and using geotextile as encased stone column increased bearing capacity of stone column. Increasing the
diameter of stone column is more effective than increasing the length of stone column. In fact, it is better
to use stone column with excessive diameter and proper length (Iength to diameter ratio more than 5)
instead of excessive length and fewer diameters. By using geotextile encasement, stress concentration
ratio increased and so bearing capacity improved. Encasing stone column with excessive diameter is
mor e effective than excessive length.

Key Words Stone Column, Bearing Capacity, Geotextile, Reinforcing, Ground Improvement.
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I mprovement of Pareto Diagramsin Topology Optimization Using Unstructured
Polygonal Finite Element

M. Akbarzaghi B. Ahmadi-Nedushan

Abstract One of approaches in weight reduction of structures is introduction of gaps in the design
domain. This basic idea has led the formation of topology optimization algorithms. One of the problems
frequently seen in topology optimization problems using common elements such as sgquare or rectangular
elements is the checkerboard phenomenon. Generally speaking, any discretization scheme that can better
estimate the continuous design domain results in reducing the checkerboard phenomenon. In this article,
the unstructured polygonal finite elements are used for discretization of design domain. Two examples
corresponding to convex and nonconvex design domains are investigated and improved results and
Pareto charts are presented in comparison to results obtained from using the square elements. The
results demonstrate that using polygonal elements results in preventing the checkerboard phenomenon
and reduction of computation time.

Key Words Multi-objective topology optimization;pareto diagram; polygonal finite element; Lloyd's

algorithm; Voronoi diagrams.
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Development of an Analytical Method for Optimization of High Strength Self-Compacting
Concrete Mix Design Containing Fly Ash

A.R. Habibi H. Ahmadvand

Abstract self-compacting concrete is one of the most widely used concrete in the past two decades. The
objective of present study is to introduce a new method for high strength self-compacting concrete mix
design to both achieving maximum compressive strength and minimizing the cost of concrete. The
proposed method is an analytical method. In this method, using optimization concepts such as
Lagrangian function and Kuhn-Tucker conditions, and introducing a specific relationship to the
compressive strength of concrete, without the need for computer computations, and based on a
completely analytical method, provides optimal concrete mix design. The proposed method is a general
approach and is applicable to all types of concrete. Here, for the purpose of introducing, the method used
to high strength self-compacting concrete containing fly ash. An optimization model of the concrete mix
design is first developed accounting for effects of experimental results. Then, using an optimization
algorithm, optimal concrete mix design is obtained for the concrete with the strength under
consideration. Results showed that the proposed method can provide optimal mix design of high-strength
self-compacting concrete while water and cement amount are the minimum amounts required for self-
compacting concrete.

Key WordsMix Design, Self- Compacting Concrete, Optimization, Cost, Compressive Strength.
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The Effect of Lateral Load Pattern on Optimum L ocation of Qutrigger and Belt Trussin
Tall Buildings

B. Heidary GhobadiAski H. R. Tavakoli H. Hamidi R. Rahgozar

Abstract In this paper, the effect of rectangular, triangular and trapezoidal lateral loadings pattern on
the optimum location of outrigger and belt truss based on energy concept have been investigated. The
effect of outrigger-belt truss on shear core system response is modeled by a rotational spring at the
outrigger-belt truss location. Optimum location of this spring is obtained when energy absorbed by the
spring is maximized. Optimum location of outrigger and belt truss under the effect of three types of
lateral loadings pattern for structure with one, two, three and four outriggers and belt trusses is
calculated. Results obtained from the proposed method for 60 story tall building are compared to those
obtained using a standard finite element computer package. The approximate analyses are found to yield
reasonable results and give a fairly good indication of actual structure’'sresponse.

Key Words Lateral Loading Pattern, Optimum Location, Outrigger and Belt Truss, Tall Buildings,
Energy Criterion.
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Effect of Silica Fume and Nano Silica on Mechanical Properties of Fiber-Reinforced
Lightweight Concrete

S. H. Ghasemzadeh Mousavinejad Y. Ghorbani Shemshad sara

Abstract Lightweight concrete has significant importance due to its special features including weight
reduction of structures.This article aims to study the effect of silica fume (SF) and nano silica (Na) on
mechanical properties of fiber reinforced concrete containing lightweight scoria aggregates. S and Na
are replaced by different amounts of cement weight. The used amounts of Sedl and polypropylene fibers
having different length to diameter ratios are different. For this study, seventeen different lightweight
mixtures were made and tested for mechanical strengths, water absorption and density. Results show that
optimized replacement amount of S- and Na is 10% and 3%, respectively. Sed fiber in comparison
to Polypropylene fiber had better effect on mechanical characteristics of lightweight concrete.

Key Words Lightweight Scoria, Silica Fume, Nano Silica, Steel and Polypropylene Fibers, Mechanical
Properties.
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Results showed that the construction cost of concrete
in the final optimal design with the proposed method,
compared to the optimal design of the proposed
method using the information of the experimental

specimen results, 3.6 percent and compared to
optimum design based on the experimental specimen

results, 13 percent is decreased, respectively.

Table 1. Results of optimal mix design of the self-compacting concrete with compressive

strength of 60, 65 and 70 MPa

Compressive

Wate

Cement

Fly ash

Fine

Coarse Super Air- Cost
strength r kg/m? kg/m® | aggregate | aggregate plasticizer entraining (Rials)
(MPa) kg/m kg/m? kg/m?3 kg/m? admixture
3 kg/m?
60 150 350.87 88.6 634.71 959.83 8 0.06 949276
65 150 350.87 88.6 672.27 1016.64 8 0.06 954599
70 150 350.87 88.6 709 1072.23 8 0.06 959808




Journal of Ferdowsi Civil Engineering, Vol.31, No.2, 2018.

Development of an Analytical Method for
Optimization of High Strength Self-
Compacting Concrete Mix Design
Containing Fly Ash

A. R. Habibi! H. Ahmadvand?

1. Introduction
In the late 201" century a new generation of concrete

known as Self-Compacting Concrete (SCC), for the
purpose of achieving durable concrete structures, was
introduced by researchers. The researchers have been
performed various studies to optimize the design mix
of self-compacting concrete and the results have been
presented in recommendations and methods. Some
researchers have presented methods based on some
limitations.

In this study, in order to optimize the design mix
of self-compacting concrete containing fly ash, a new
analytical method was proposed. The proposed
method introduces a specia relationship between
compressive strength and mix design of concrete
based on mathematical concepts of optimization and
using validated experimental specimens results. The
important feature of the proposed method is the
relationship between the compressive strength that it
introduces as an exponential function with respect to
design variables. The exponentia relationship of the
concrete compressive strength, after constructing the
Lagrangian function and study of the Kant-Tuck
conditions, the optimization problem can be
completely analytical and solvable based on
mathematical relations. In other words, use of the
computer's methods is not needed. The proposed
method is a general approach and is applicable to all
types of concretes. In order to introduce this, this
method has been used for high strength self-
compacting concrete containing fly ash.

2. Optimization model of SCC

The purpose of optimization is minimizing the
objective function that it is defined based on design
variables, provided that the design constraints had to
be satisfied. In this study, the design variables are the
weight of components of concrete such as water (x,),
cement (x,), fly ash (x3), fine aggregate (x,), coarse
aggregate (xs), superplasticizer (x¢) and air-entraining
admixture (x,). The objective function is the cost of
concrete that it is formulated as follows:

min f(x) = ¢;x; + CX, + C3X3 + C4X4 + CsX5 +
CeXe T C7X7 )

According to the recommendations of the previous
researchers, design constraints have been identified
based on the important characteristics of fresh and
hardened self-compacting concrete. Thus, each
problem has fourteen design constraints. Here, in
order to optimization of mix design of the self-
compacting concrete based on proposed analytical
method, the compressive strength of concreteis one of
the main design constraints of the problem which is
formulated as Eq. (2):

— (04 [0 o [0 (04 [0 8 o
fou = kxq ¥1X,92%5%3%, %X 5% 6 %6 %, 47 %)

Where a, to a, and k are unknown coefficients
that they are determined from the processing of
experimental specimens results. For this purpose, the
results of several experimental studies have been used.

3. Case study

In order to demonstrate the efficiency of the proposed
method and validating the results, three numerical
examples have been considered for achieving optimal
mix design of self-compacting concrete. These
examples have the compressive strength of 60, 65 and
70 MPa. The optimization results in Table 1, showed
that in the minimum amount of water (150kg/m3),
while all of the design constraints are satisfied, the
lowest value of the objective functionis obtained. The
optimization results using the proposed analytical
method showed that, this can provide optimal ratios
for the mix design of high strength self-compacting
concrete containing fly ash, so that in acceptable
minimum amounts of water and cement the optimum
objective function is obtained.

4. Conclusion

In the optimization process of mix design of the self-
compacting concrete using proposed method, the most
important design constraints were compressive
strength and aso the volumetric ratio of water to
cementation materials. Also, inthe optimal mix design
of the high strength self-compacting concrete
containing fly ash, the optimum amount of water and
cement were obtained, the acceptable minimum
amount of them in the construction of self-compacting
concrete. In determining the reationship of
compressive strength, in order to achieve the desirable
and accurate results, the dispersion should be avoided
in the reference experimental specimens results.

" Corresponding Author, Department of Civil Engineering, Shahed University, Tehran, Iran.
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optimal tracing in multi objective topology for both
cases of uniform and unstructured meshes. In MBB
beam, the structure is optimized based on two
objective functions; compliance and volume. The
Pareto  front is displayed in  Fig. 2.

compliance

T,

",
-y

®
"l-l-..._._'

: ‘L;’ol'frac
Fig. 2. Optimal tracing the MBB beam with
unstructured polygonal elements

In order to compare and validate our results, the
obtained Pareto front is compared with the Pareto
front obtained from Suresh’s method with square
mesh and with the similar objective functions. Both
examples have been performed for MBB beam with
1200 elements for polygon mesh and 20 x 60 numbers
for square elements. Both Pareto graphs have been
plotted in Fig. 3 for comparison.

= 10 IR,
# e e

compliance
o
4

Volfrac
Fig. 3. Optimal comparison of Pareto MBB beam with
unstructured polygonal elements and squar e elements.

As it can be seen in Fig. 3, the results of topology
optimization with polygonal meshing is better that
obtained from square meshing. The obtained Pareto
graph  from  polygonal meshing method,
corresponding to Pareto frontier is placed under
Pareto graph obtained from the case of square
meshing.

In order to present the efficiency of our proposed
algorithms, run-time of MATLAB program are also
measured and presented in Table 1. This table also
displays the effects of number mesh elements for both
cases of square and unstructured polygonal elements
on the run time. As it can be seen, using unstructured
polygonal elements results in the reduction of
deployment time by more than one-third.

Table. 1. Comparison of the MATLAB run-time for
unstructured polygonal and sgquar e elements

Number of Unstructured square
elements polygonal elements elements
400 231 min 710 min
800 395 min 1231 min
1200 498 min 1497 min

4- Conclusion

To achieve the aim of decreasing structural weight,
many studies have been done by designers. One of the
proposed approaches in this case is to introduce gaps
in the structures. Application of meshing approach
with unstructured polygonal elements makes is
possible to model and mesh every type of structure.
Unstructured mesh is economical, because it results in
a serious reduction of the computational time.
Moreover, using the multi objective topology
optimization with unstructured mesh, would give a
better Pareto front and more accurate solutions, as
compared to those using the mesh square.
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Improvement of Pareto Diagramsin
Topology Optimization using
Unstructured Polygonal Finite Elements

M. Akbarzaghi! B. Ahmadi-Nedushan?

1-Introduction

One of the approaches in weight reduction of

structures is to introduce voids and gaps in the design

domain. This basic idea has led to the formation of
topology optimization algorithms. The main purpose
of structural topology optimization is to find the
optimized layout in a determined area to transfer the
applied loads to the boundary areas and support
locations. One of the problems frequently seen in
topology optimization using common elements such
as square or rectangular is the checkerboard
phenomenon. In this uniform meshing, it may often
happen that elements are connected to each other at
least by one node and this leads to create some more
restriction in flexibility of the final lay-out in the
optimization process. Generally speaking, any
discretization scheme that can better estimate the
continuous design domain, would result in reducing
the checkerboard phenomenon. A suitable solution to
prevent such unwanted problems is the application of
polygonal finite elements. Application of the
polygonal elements without applying any filtering
will solve the checkerboard phenomenon, the
polygonal elements are either not connected to each
other or are connected to each other by two nodes or

a side.

Unstructured polygonal elements are more useful
and practical in discretization of topology
optimization through providing more flexible
discretization of the complex domain. In order to form
the irregular polygonal meshes, Voronoi diagram is
generally used. The interesting feature of this method
is that the random surfaces with geometric isotropy,
are obtained by inserting the desired and fully
randomly points. Subsequently Lloyd's algorithm is
used to make the elements uniform. A polygonal mesh
is created using the set of random points in the domain
Q, as well as auxiliary points for approximation of the
boundary 0Q. Generally, the following method is
suggested for initial meshing:

1. The interior of domain €2, a set of random points,
is created with the considered numbers. This
point set is denoted by Pin.

2. To establish an appropriate approximation of the
boundary of a domain, the interior points should
be reflected about the edges of the domain. This
auxiliary points set is denoted by Paux.

3. The Voronoi diagram is constructed with point
set P= Paux U Pin.

4. A polygonal discretization of the domain is
created by the cells associated with the points.

Voronoi diagram arrangement is determined

completely by the generated points set. After that,

using Lloyd's repetition designs for constructing

polygonal meshes are obtained. The initial version of

Lloyd's algorithm is as follows:

1. Construct the Voronoi diagram linked with the
points

2. Compute the center of each cell

3. Replace the original point set by centroid points
set (center of mass) and go to step 1 except
convergence is reached.

In Lloyd's algorithm, the centroid of each part is

computed as follows, and it is replaced by the initial

points:

fvynn xp(x)dx
y=Y¥e 2 Y= —

foyna M)
From Lloyd’s algorithm that is shown in the following
equation, it is seen that the energy function is
decreased in consecutive iterations:

E(Pi+1! A) < E(Pi! A)

Fig. 1 shows the reduction of energy value function
due to the generated point deviation in various
repetitions.

energy

.
-

i et S W |

MNumber of le;d's algorithm in térms nfénergy

Fig. 1. Algorithm of energy reduction considering
repetition of Lloyd’salgorithm

It was seen that the main factor to generate the meshes
is to use Voronoi diagram in order to discrete the
domain. Lloyd’s method is applied to create uniform
seed distribution and subsequently to construct high
quality mesh.

3- Multi objective topology

In the multi objective optimization problems,
several objectives are optimized simultaneously.
There are various methods to solve the multi objective
problems. In this article, we used a method based on
the concept of topological sensitivity (Suresh, 2010)
for multi objective problems. The objective here is to
develop a simple and efficient method to directly trace
the Pareto-frontier for the two-objective topology
optimization problems. Programs are developed in
Matlab and a 450 line code was written for the
generating unstructured polygonal mesh and Pareto-

! Corresponding Author: Master of Structural engineering, civil engineering department, Yazd University.

Email: Mahnaz.akbarzaghi@gmail.com

2 Associate Professor of civil Engineering, Civil engineering department, Yazd University.



N.Mehrannia - J.Nazari Afshar - F.Kalantary

Load(N)
0 2000 4000 6000

-5 4
-10 A
-15 A
-20 A
-25 A
-30
-35
-40 A
-45
-50

Clay

ESC6-20
ECS6-35
ESC8-40

Displacement(mm)

Fig 2. Load settlement variations of encased stone
columns

4- Conclusin

In this study, by the means of large-scal e experiments,
it was intended to measure the bearing capacity of
floating stone columns in two reinforced and
unreinforced states applying different lengths and

diameters. The following results were achieved:

1- The bearing capacity increased by using stone
columns, and the efficiency of the stone column
increased by an increase initslength and diameter.

2- While the samples OSC6-35 and ESC6-35 had a
greater length-to-diameter ratio in comparison
with similar samples with an 80-millimeter
diameter, they had less bearing capacity. Thus, it
isconsidered that an increasein the diameter of the
stone column is more effective than an increase in

its length.

3-

The lateral pressure around the stone column
increased by using geotextile encasement around
it; and this reinforcement prevented penetration of
the material of the stone column into the
surrounding soft clay. Moreover, the bearing
capacity increased.

The post-experiment observations demonstrated
that the failure of the stone column OSC6-20 was
due to being punched, and that of the stone
columns OSC6-35 and OSC8-40 was dueto lateral
expansion (bulging).
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Experimental Investigation on the Effect
of Geometry and Reinforced Floating
Stone Columns on Bearing Capacity

N.Mehranniat JNazari Afshar?
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1- Introduction

Using stone columnsis one of the most effective ways
to improvethe bearing capacity of soft soils. The stone
column increases the bearing capacity of soft soil,
decreases settlement, increases drainage and finally
demolishes the extra pore water pressure. Another
asset of this method is its feasibility in construction
and implementation. Van Impe pioneered the idea of
using geosynthetic encasement for increasing the
bearing capacity of stone columns. In fact, using
geotextile surrounding the stone column increases the
lateral pressure, and the geotextile prevents
penetration of gravel material of the stone columninto
soft soil, thus, the bearing capacity significantly
increases. Stone columns are divided into short and
long groups. Actually, the stone column is considered
to belongif itslength to diameter ratio is more than 5.
Practically, most stone columns are long. If the soft
layer is thin, the end of the stone column is placed on
the resistant layer; but in most projects, the height of
stone columns is not that much to reach the resistant
layer, so in most cases, the stone column isfloating. In
previous research studies, most stone columns were
placed on hard bed, and the impact of the floating
stone columns has been scarcely analyzed while stone
columns are implemented in a floating type in most
projects. Thus, in this study by the means of large-
scale experiments, it was intended to measure the
bearing capacity of floating stone columns in two
reinforced and unreinforced states having different
lengths and diameters. The lengths of stone columns
determined in a way that the impact of the
reinforcements on the two types of short and long
stone columns in the floating state would be possible
to be analyzed.

2- Experimental setup

In this research, alarge test chamber with dimension
of 90x 120x 120 centimeters was used as the main
reservoir. The loading system included the loading
frame, loading inducing system, loading plate and data
collection system. The data collection system included
a computer, data registration system, 2 devices for
measuring displacement and 2 load-cell devices.
Loading was based on displacement control and its
speed was selected as 1 millimeter/minute. The
loading plate was 20 centimeters in diameter and 3
centimeters in thickness and it was made of hardened
steel. All tests were done until the loading plate

completely subsided 50 millimeters. Seven large scale
experiments were carried out according to Table 1.

Table 1.Summary of experimental program

Test Description Test Name

_ Without stone column Clay
e i _| 05007
" tameer o 5omm ength | 055535
e e
s o lagh | £S5
et oo ssomm lengin | ESCE35

3- Results
According to Fig 1, by using stone columns OSC6-20
and OSC6-35, the bearing capacity in 50-millimeter
settlement increased 11 and 22 percent, respectively,
while the OSC8-40 sample showed a 38-percent
increase. The bearing capacity increased in case of
reinforcement of stone columns in a way that the
samples ESC6-20, ESC6-35 and ESC8-40 had a
respective increase in bearing capacity of 20, 38 and
69 percent in the state of 50-millimeter subsidence
(Fig.2). In fact, the lateral pressure around the stone
column increased by using geotextile encasement
around it; and this reinforcement prevented
penetration of the material of the stone column into the
surrounding soft clay. In the state of 50-millimeter
settlement, the percentage difference of increase in
bearing capacity in the samples OSC6-20, OSC6-35
and OSCB8-40 were 9, 11 and 31, respectively before
and after reinforcement. Thus, it is considered that
reinforcement of a stone column with a longer
diameter is more effective than that of one with a
longer length as the radial strain of the reinforcement
agent increases by an increase in the diameter of the
stone column.

Load(N)
0 1000 2000 3000 4000 5000

Clay

0SC6-20
0SC6-35
0SC8-40

Displacement(mm)
Db o b
(V2]

-50
Fig 1. Load settlement variations of ordinary stone
columns

! Ph.D Student ,Department of Civil Engineering, Tehran Science and Research Branch, Idamic Azad University, Tehran, Iran
2 Corresponding Author: Assistant Professor Department of Civil Engineering, Shahr-e-Qods Branch, Islamic Azad University,

Tehran, Iran
Email: j.nazariaf shar@qodsiau.ac.ir

3 Assistant Professor, K.N.Toosi University of Technology, Tehran, Iran



M.R. Eftekhar - M. Emami

As mentioned before, in this study the masonry
walls tested under diagonal compressive loading. In
order to do so, according to ASTM E 519 ( 2002), the
steel sectionscalled loading shoes, are constructed (see
Fig. 2(a)). The testing machine is composed of aload-
bearing frame, a vertical loading jack with a capacity
of 2500 kN, one two-parted shaft, and a hydraulic
system.

Rigid Beam

(b)
Fig.2 Test layout of diagonal compressive loading
on thewall: a) loading shoe b) L ocation of
load and displacement measuring tools

According to ASTM E519 ( 2002), in order to find
the value of shear stress, it is required to divide the
horizontal component of acting load by section's area

(Eg. 1)

s P cos@ 1
A
In which, Pistheload exerted onthewall isthe

angle between mortar band and horizon, and 4,, isthe
pure section area of the wall. According to ASTM
E519 ( 2002), the shear strain is ssimply acquirable as
follows:

AV + AH

g 2

In which, AV and AH are shortening in the
direction paralel to loading and extension in the
direction perpendicular to loading, respectively; also g
is gage length in the direction parallel to loading. Test
results of each masonry group are discussed in this
section in terms of maximum and ultimate bearing
capacity, ductility, the ability to dissipate energy,
failure type, and displacement capacity of tensile and
compressive diagonals related to the maximum and
ultimate loads.

3. Conclusion

Some important outcomes of diagonal compression

tests on the reinforced and unreinforced masonry

walls have been pointed out as follows:

e Two failure modes; sliding in horizontal bed joints
and diagona splitting; are the main failure modes
observed in unreinforced masonry walls.

¢ Bearing capacity of reinforced specimensis affected
by the occurred failure mode; as sliding mode of
failure yields much lower ultimate bearing capacity
compared to diagonal splitting mode.

e Using FRP as reinforcement would increse  the
bearing capacity of the specimens with sliding mode
of failure, considerably; however, it has no tangible
increase on bearing capacity of the specimens with
diagonal splitting failure mode.

¢ Use of boring along with nailing method in mounting
FRP reinforcements would increase the ductility
factors of masonry walls; hence the ductility, energy
dissipation, and ultimate strain in these specimens
increased by 23, 43 and 27 percent, respectively, as
compared to the specimens reinforced without using
surface preparation methods.

¢ Use of grooving method with 4 mm width and 7 mm
depth on the wall surface to mount the GFRP
reinforcement as a substitution for surface
preparation methods is very effective in increasing
the ductility factors of the wall. As a result, the
obtained values for ductility, energy dissipation, and
ultimate strain were 21.3, 33, and 21.2 percent
greater than their peer values in the specimens
reinforced without surface preparation methods.

¢ Boring method of mounting FRP reinforcements, not
only results in increasing strength and ductility, but
also has much less environmental pollution effectsas
compared with other methods of surface
preparation.
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Investigation of Different Methods of
Connecting GFRP Sheetsto Ductility and In-
Plane Behavior of Masonry Walls

M.R. Eftekhar! M. Emami?

1. Introduction

Masonry has been used as structural system of many
constructions all around the world since ancient times;
thus, unreinforced masonry constructions, including
primeval and cultural buildings, are spread out in a
large number all over the world. The study of past
seismic occurrences proves the structural vulnerability
as well as high amount of casualties in this kind of
structures. As aload carrying member, masonry walls
have a highly important role in masonry buildings.
These walls are made of brick units and similar
materials (concrete blocks, rocks, and adobes), which
are known to have reasonable compressive bearing
capacity but not to act so well under shear or tension as
a result of their brittle manner in normal conditions.
Generally, thefailure mechanism of masonry wallscan
be classified in two categories called in-plane and out-
of-plane failures. Typical, failure modes of
unreinforced masonry walls under in-plane loadings
include the bed joint dliding, diagona splitting,
rocking or uplift along with crushing at toe. Failure
mechanism is strongly affected by wall dimension,
supporting condition and lateral and vertical loadings
aswell as properties of bricks and mortar.

Seismic rehabilitation of unreinforced masonry
wallsisfollowed by several methods including the use
of steel bracings, galvanized hexagona wire mesh,
shotcrete, concrete shear walls and mortar injection.
The fact is that typical methods of rehabilitation
usually result in lowering useful spaces of the building
and increasing the total mass as well as destroying the
structure facade; as a solution, the use of FRP in
seismic strengthening, negates most of the difficulties
associated with other methods. FRP composites are
used in the form of rebar, strapping, and sheets.

The studies signify the fact that the use of FRP as
reinforcement on masonry walls results in remarkable
increase of bearing capacity and ductility of the walls.
In addition, it is reported that the failure in masonry
walls reinforced with FRP under in-plane loading is a
bending failure (generally one-sided reinforced walls)
while the shear failure is related to FRP rupture or
debonding.

This study investigates the effects of various types
of GFRP plate mounting methods on stopping or
delaying the debonding issue. The surface preparation
work including boring, boring with nailing, and
grooving are the mounting methods used in this study.
According to the existing studies, amongst various
patterns of FRP reinforcements on masonry walls, the
diagonal type has been proved to yield better

responses; thus, such a pattern has been used in this
study on masonry panels. It is aso worthwhile to
mention that according to ASTM E 519 (2002), the
tests on masonry walls have been done by using
uniform loading (diagonal tension).

2. Experimental Procedure

In this study, 17 unreinforced masonry walls with -
870x870x100 mm dimensions have been constructed
and undergone the diagonal compressive loading. 11
masonry walls have been constructed and categorized
into 6 groups. Group one consists of 4 unreinforced
masonry wallswithout any external strengthening. The
outcomes of this group has been chosen as reference
responses for other groups to be compared with. In
every other five groups, one mounting method of FRP
reinforcement in diagonal pattern has been studied as
how it affects the bearing capacity and ductility of
masonry walls. Group two includes 2 masonry walls
reinforced with GFRP without surface preparation (by
using the wearing surface (WS) method). Group three
includes one masonry walls reinforced with GFRP by
using surface preparation method EBR. Group four
consists of 2 masonry walls reinforced using boring
method. The diameter and depth of the holes are 8 and
7 mm, respectively; and they are located in two rows
with 22 holes each. The longitudinal and latitudinal
distances between punched holes in the wall surface
are 50 and 40 mm, respectively. Each of the groups 5
and 6, consists of one masonry walls reinforced using
nailing (steel nails) and grooving installation
techniques. Width and depth of the groovs are 4 mm
and 7 mm, respectively. The general design of the
tested samples in this research are presented in Table
1 and Fig. 1.

\v‘/-%
&
e

©
Fig.1 Configurations of different retrofits: a) Boring
method (HM); b) Boring with Nailing (N); c)
Grooving Method (GM)
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equationsin C, :
P

Z[G(m, N+H (mr)+Hy(mr)]c =0

r=0
m=012,...P ©)
In which:
1
G(m,r) = —J’x”mKB(x)dx, H,(m,r) =
0
1x
Ijhl(x,s)s’xmdsdx
00
11
H,(m,r) = j j h, (x,S)s x"dsdx @)

00
The system of linear algebraic equations (6) may
be expressed in matrix notations as follows:

[Alpsaxpi [Clpiapa =[piapa ®
The only unknown parameter in the coefficients
matrix [A] isthe natural frequency of thetall building

Q). The natural frequencies are determined by
calculating a non-trivial solution for the resulting
system of equations. To do so, the determinant of the
coefficients matrix of the system has to be vanished.
The roots of the frequency equation are the natural
frequencies of thetall structure.

5- Numerical examples

In the following example, a 25-story tube-in-tube
structure aready examined in the literature is
investigated. The flexura stiffness of the outer and
inner  tubes are  (Kg) =352872x10° kN.m*and

(Kg), =7.5538x10°kN.m?,  respectively. The shear

stiffness, mass per unit length and building height are:

K =3.9888x10'kN, m—3385728%9 and H=75.9 m,
m

respectively. The first two natural frequencies are

calculated and compared with those in the literature.
Theresults are presented in Table 1.

Table 1: Comparison of first two frequencies of a 25-story
tube-in-tubetall building

Proposed Malekingjad and
Methods
method Rahgozar,2014
(R 3.7056 3.705
Q, 16.1326 16.127
Methods | Wang, '
1996.a Wang, 1996-b
O 3.462 3.461
Q, 21.525 19.239
Methods | Youlin, .
1984 (3) Youlin, 1984 (b)
(o} 3.157 3.279
Q, - 17.921

In order to investigate the effects of structural
parameters on the natural frequencies of the structure,
abasis structure with structural properties as.

Kg =2.61x10" kN-m?, Kg = 77.56x10° kN,

m = 681408 kg.s? / m?, H = 210 m,

is considered. The structural properties of the basis
structure are assumed to change between 1 through 3.
The effects of these changes on the natural frequencies
of the basis structure are calculated as
Q-0

bs

“bs’ denotes “basis structure’. The results are
presented in the Figs. (2)and (3).

%Diff =[ jxlOO'

6-Conclusion

The application of the weak form integral equations
for determining the natural frequencies of tall
structures with shear-flexural deformation has been
presented. The effect of structure weight on its natural
frequencies has been considered. Differences between
natural frequencies of proposed method and the ones
obtained in the literature were in acceptable ranges.
The results of numerical examples indicated that the
variations of the shear stiffness is more important for
thefirst mode, while variations of theflexural stiffness
is more important for higher modes of the vibration.
Also, the variations of the mass per unit length of the
structure has the same effect on all three modes. The
variations of the structure height hasthe most effect on
the third mode and it has the least effect on the first
mode of the vibration.
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Fig. 2. The effects of the flexural stiffness and shear stiffness
variationson the natural frequencies of the basis structure

——MOOEL =0 -MODET ——MODES

.
1 ]

a
i

——MOOEL — - WODEE— — OO

\ia P

% Diff

R

% Diff

& & B & & B & #

’.
—E

H/[H]es

™

Fig. 3. The effects of mass and height variations on the natural
frequencies of the basis structure
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Dynamic Response Analysis of Tall
BuildingsUnder Axial Force Effects

M. Mohammadnejad* H. Haji Kazemi?

1- Introduction

Analysis methods of tall buildingsinclude two general
fields, approximate methods and finite elements
methods. The finite element approach is based on
discrete model and has to solve thousands of linear
simultaneous eguations to give quantitative results in
detail. So, it isa powerful tool for analysis and design
at the detailed and final design stage of tall buildings.
It takes much more time for the modeling of a given
structure using finite elements. Approximate methods
are based on modelling of tall building by an
equivalent replacement beam (Fig. 1).

ML)

K3(x)=Fi(x)
m(x)

Kg@=GA(x)| |

OoO0oOoo0ooao

w(x,t)

AL N VN o
(a) (b) x”“’
Fig. 1. Approximate analysis method of a tall building
with shear-flexural stiffness under axial force, (a):
Original structure, (b): Equivalent replacement beam

Approximate methods give insight into
characteristics of free vibration. It is simple and
accurate enough that can be routinely used for the
preliminary stage of building design. In addition, to
investigate the influences of some structural
parameters on the static and dynamic characteristics of
global structures, it would be convenient to use the
analytical approximate method. In this paper, an
analytical approximate approach is presented for the
determination of the natural frequencies of tall
structures under variable axial forces. It has been
assumed that the structure has variable shear-bending
stiffnessand mass along the height. Through repetitive
integrations, the governing partia differential
equations are converted into weak form integral
equations. The mode shape function is approximated
by apower series. Substitution of the power seriesinto
weak form integral equations results in a system of
linear algebraic equations. The natural frequencies are
determined by calculation of the non-trivial solution
for the resulting system of equations.

2- Conversion of the governing equation into weak
form
Accounting for total potential energy of the system

and applying Hamilton's principle, the governing
equation of the motion for equivalent beamisgiven as
follows:

d 2 d d 5 d

&[H KS(X)&W(X)]Jr&[H N(x)&w(x)]

——dzz [KB(x)d—zzw(x)] +OPH'MX)W(X)=0 (1)
dx dx

In which Kg(x),Kg(x),w(x),N(x),m(x),Q,H
are: shear dtiffness, bending stiffness, mode shape
function, axial force function, mass per unit length,
natural frequency and height of the structure,
respectively. The weak form of the governing
differential equation is obtained by four times
repetitive integration from Eq. (1). The result is as
follows:

Thl(x,s)w(s)ds— Kg(X)W(x) = %x3 +%x2

+Cx+C, 2

3- Boundary conditions

C (i-1.,.4 @€ the integration constants which can be

calculated using the boundary conditions of the tall
building. The boundary conditions are as follows:

x=0 w(0)=0,3—v)\:(0):0,
x=1 —H%K (x)iw(x)—HZN(x)iw(x)
B S dx dx

2 ©)

+%{KB(X);—2W(X)} =0,
d2

x=1 KB(X)dX—ZW(X) =0

Using the boundary conditions (3), the weak form
integral equation of the governing equation is obtained
asfollows:

X 1
jhl(x,s)w(s)ds+jh2 (x,s)w()ds-Kg(x)w(x) =0 (4)
0 0

4- Calculation of the natural frequency
Inthe Eq. (4), the mode shape function of the vibration

IS approximated by the following power series:
P
wW(X) = Zcrxr (5)
r=0

Eqg. (5) isintroduced into integral equation (4) and
both sides of Eq. (4) are multiplied by X" and

integrated subsequently with respect to X between 0
and 1. This results in a system of linear algebraic

1 Corresponding Author: PhD student, Department of Civil Engineering, Ferdowsi University of Mashhad-International

Campus.
Email:civil.persian@gmail.com

2 Professor, Department of Civil Engineering, Ferdowsi University of Mashhad.
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0.5 and B = 0.5. By applying incremental method and
assuming linear soil behavior, coupled equations in
matrix form will be as follows:

[Mlnis + 5 B8 enles —AE0[Qlry {{Ai‘in}}
BiAL[QY" S+ AtO[k,lneq | ({ADn}
{{fl}m = (Y + [Qlsa BudAt — [kl a (T }AL+ g{ﬁn}ArZ}
s — {230 — [H1{Po3AL — [Qlnsa {tin AL

(19)

By eliminating expressions of acceleration

(inertial forces) from the governing equations and

ignoring the compressibility of the fluid and solid

particles, quasi-static equations are obtained; which
are often used in consolidation problems.

[kl nis [Qln+1 {{Au}} (20)
[Q]Tn+1 _Ate[kc]n+1 {Ap}
— {{f}n+1 - {f}n}
At[kc]{p}e

4- Case study

Daroongar dam is an earth dam with a vertical clay
core. Material properties of the dam body and its
foundation are listed in Table 1. Due to the high length
of the crest, calculations are done in plane strain
condition for the highest dam cross section (cross
section-a7, fig. 1 ). To simplify the calculations, three-
dimensional effect of dam body is neglected.
Construction of the dam is modeled in 10 layers in
total duration of 28 months. For this purpose, model
with fixed grid is considered, the weight of each layer
assumed to be zero before construction and its actual
weight is applied after construction. Dewatering of the
reservoir is taken place 10 months after the end of
construction.

Table 1. Material propertiesof Daroongar dam.

Material type Core Shell Foundation
Drainage undrained drained drained
conditions
E(kPa) 22300 | 40000 17000
9 0.25 0.2 0.3
ky(m/s) 10e-9 10e-6 10e-9
k,(m/s) 10e-9 10e-6 10e-9
ps(kg/m*) 2000 2100 1900
pr(kg/m*) 1000 1000 1000
K¢(Pa) 2.1e9 2.1e9 2.1e9
K (Pa) 1.0e20 1.0e20 1.0e20

Fig. 1. The 7-a crass section of the Daroongar dam and its
instrumentation

5- Conclusion

1. All diagrams of pore water pressure and
displacements were ascending which is logical
with respect to the increased embankment level
and increased overhead.

2. At the higher levels, the results were more affected
by the amount of horizontal permeability.

3. The final amount of horizontal and vertical
permeability of the core materials were obtained
by regression analysis as follows:
Kx =2x10e-11 (m / sec), Ky=1x10e-11(m/sec)

4. The amount of generated pore water pressure and
its increase rate inside the core were depending on
embankment level and distance from filters. So
that at a certain level, the maximum amount of
pore water pressure was in the middle part of the
core and it was reduced at the periphery, this is
completely consistent with reality.

5. On average, the results of dynamic analysis were
obtained 20 percent more than the quasi-static one.
At the end of construction, the maximum amount
of generated pore water pressures in the quasi-
static analysis differed 13 to 14 percent from
instrument data, and in dynamic analysis, the
results were 30 to 35 percent more than the
instrumentation.

6. If the speed of construction of the embankment is
high, dynamic equations must be used in analysis;
and the results of quasi-static analysis will be
acceptable only if the embankment speed is slow
enough. Therefore, by considering the more
number of layers and fairly long construction time,
the construction of the dam can be analyzed by
quasi-static equations.
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Coupled Analysis of Earth Dams and
Estimating the Associated Pore Water
Pressure Using Finite Element Method

F. Kalateh! F. Hosseinejad?*

1- Introduction

A significant increase in pore water pressure during
construction of earth dams may lead to the hydraulic
fracture of dam body in pounding. Thus, having
sufficient information about generation pattern of
excess pore water pressure inside the core is essential.
During the construction of earth dams, increased
overheads caused by increased thickness of the
embankment leads to the displacement of dam body
and its foundation, as its increase rate is dependent on
the permeability of materials. On the other hand, the
high speed of the embankment construction is one of
the factors that increase the pore water pressure inside
the core. So, the interaction between fluid and soil
skeleton should be considered in the analysis of dam
construction. In the present study, dynamic and qusi-
static form of Biot coupled equations were used to
analyze the staged construction of earth dams by finite
element method. So, construction of Daroongar dam
was modeled in ten layers and obtained results of
excess pore water pressure and displacements by
coupled dynamic and qusi-static Biot equations were
compared with instrumentation data. Finally, the
actual amounts of horizontal and vertical permeability
coefficients were determined for the materials by
regression analysis.

2- Materials & Methods

For the analysis of saturated porous media, Biot
proposed both equilibrium and continuity equations
can be solved together. In his theory the governing
equations of saturated porous media with a single
fluid phase, generally water, are formulated as
follows:

oijj + ply —pb; =0 (1

Where b; is the body force per unit mass, Kjjis the
dynamic permeability, p, is the fluid density and p is
the density of total composite, defined by

p=mnp,+(1-n)pg 3)

Where n denoting the porosity, p the density of
solid particles and C is the combined compressibility
of fluid and solid phases as it can be ~ presented by

. n (Q-n “4)

= k_f k.

Egs. (1) and (2) form the u-p formulation, which
must be solved in a coupled manner. These equations
involve two variables: u and p.

3-Numerical solution of gover ning equations

The finite element method has been used to solve the
governing equations of (1) and (2). Spatial
discretization of equations has been done by Galerkin
method. In this study functions of first and second
order are used for pressure and displacement,
respectively. Discrete form of governing equations
are derived as follows:

[MI{EE} + [k ) (T} — [Q1{5} (5)
= {f(l)}
[QI (i} + [k 1{p} + [S1{p} (6)

- (1)

Where 4 and p are nodal displacement and pore
pressure vectors, respectively. M, K, Q, S, and k. are
mass, stiffness, coupling, compressibility, and
permeability matrixes, respectively. f() and f@are
the nodal force vectors. They are expressed as
follows:

M1 = [@y7on ao %)
lkm] = f [B]"[D][B]dQ ®)
(01 = [ (817 W71do ©)
[ke] = f [B,]" [][B,]d (10)
[s] =fN”(kif+1_sn)Np do (1)
) = f(Nu)pr o (12)
+ f (N¥)TEdr
f& = f (NP)TVT (kS p,b)dQ (13)

+ f (NP)TGdr
In order to complete numerical solution, time
integration of equations (5) and (6) are needed. In this
study, Generalized Newmark time integration scheme
has been used. By applying the GN22 method to soil
displacement and GN11 to the pressure, parameters of
acceleration, velocity, displacement, pore pressure

change and the pore pressure at time t"*1 will be as
follows;
ﬁn+1 = ﬁn + Aﬁn (14)
U4y = Up + UpAt + B, Aliy At (15)
. 1. 1
Tpyq = Uy + Uy At + EﬁnAtz (16)
1 .,
+ ) BzAunAt
ﬁn+1 = ﬁn + Aﬁn . (17)
Pn+1 = Pn + Dot + BAP,At (18)

Parameters of B, , B,and B are in the range of 0 to
1 . For unconditional stability it is required B,,f, =

! Assistant Professor , Civil Engineering Department, University of Tabriz, Tabriz, Iran,fkalateh@tabrizu.ac.ir
2 Corresponding Author:* Ph.D. Student, Civil Engineering Department, University of Tabriz, Tabriz, Iran.
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Table. 1 Characteristics of near fault accelerograms used in this study

Near Fault Records

Date . R PGA PGV PGD .
NO. Earthquake name Station Magnitude
q [yy-mm-dd] [Km] | [q] | [cmseq] | [om] | "%
1 Chi-Chi,Taiwan, 1999.9.30 TCUO51 766 | 0.20 41.2 59.19 7.62
2 Chi-Chi,Taiwan, 1999.9.30 TCUO055 6.36 | 0.21 36.87 22.02 7.62
3 Imperial Valley-06 1979.10.15 El Centro Array #7 0.56 | 042 79.15 40.83 6.53
4 Erzican, turkey 1992.3.13 95 Erzincan 438 | 0.48 72.95 24.79 6.69
5 LomaPrieta, 1989.10.18 Gilroy - Historic Bldg. 1097 | 0.26 31.37 6.42 6.93
6 LomaPrieta, 1989.10.18 Gilroy Array #2 11.07 | 0.35 35.10 8.54 6.93
7 Northridge 1994.1.17 DWP 75 Sylmar-Converter 519 | 0.64 95.07 33.43 6.69
8 Northridge 1994.1.17 DWP 74 Sylmar-Converter 535 | 0.71 109.38 | 52.35 6.69
9 Kobe, Japan 1995.1.16 Takatori 1.47 | 0.65 117.14 | 33.06 6.9
10 K obe,Japan, 1995.1.16 KIMA 096 | 0.71 77.83 18.87 6.9
Table. 2 Characteristics of far fault accelerograms used in this study
Far Fault Records
Date . PGA PGV PGD .
NO. Earthquake name Station R[Km Magnitude
A [yy-mm-dd] Kl | g | emiseq) | [em | M2
1 Manjil, Iran 1990.6.20 Tonekabun 93.62 0.11 14.43 4.83 7.37
2 Manjil,Iran, 1990.6.20 Qazvin 49.97 0.13 10.89 3.36 7.37
3 Chi-Chi, Taiwan, 1999.9.20 CHY 065 83.43 0.10 13.66 8.10 7.62
4 Chi-Chi, Taiwan, 1999.9.20 TAP095 109.01 0.13 19.93 9.04 7.62
5 K obe,Japan, 1995.1.16 HIK 95.72 0.14 14.81 2.31 6.9
6 Tabas,Iran, 1978.9.16 Ferdows 91.14 0.10 7.08 7.18 7.35
7 Northridge, 1994.1.17 Featherly Park - Maint 82.32 0.10 6.58 0.66 6.69
8 Loma Prieta 1989.10.18 SF Intern. Airport 58.65 0.28 24.52 4.8 6.93
9 Loma Prieta 1989.10.18 Oakland - Title & Trust 72.20 0.20 27.61 5.94 6.93
10 Loma Prieta 10801018 | OKland-OuterHabor | 7456 | 028 | 4186 | 96 6.93
Drift Angle Coefficient Drift Angle Coefficient
RCS-Near Fault/Far Fault Records-Span 7m RCS-Near Fault/Far Fault Records-Span Sm
1 1 1
o 2
%0.8 Ty :;:'_)'J ah J
D 0.6 {-{ =5k nosose = 0.6 ar®
_E RCS-155t E I
5 Jla s o A £ 04 T v #
~ A = - =+ RCS78t |
0.2 1 0.2 { ———— RECS-10St
a RCS-155t § X
0 | A : ; 0 .....‘..I.. chlzos[ I 'Y I I
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(Near/Far) Drfit Angle (Near/Far) Drift Angle
Fig. 1 Theratio of story drift angle caused by near fault Fig. 2 Theratio of story drift angle caused by near fault
recordsto far fault recordsfor 7-meter span structures. recordsto far fault recordsfor 5-m eter span structures.
= Capacity Curve: RCS 15 Story-Span 5m & Tm = Capacity Curve: RCS 10 Story-Span 5Sm & Tm
E 40 Z 30
PEL | oeprmmme——— | F.fpan Sm PR '
30 31 S Span 7m o ! Span 5Sm
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Fig. 3: Capacity curve of RCS 15 story

Fig. 4 Capacity curve of RCS 10 story
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Seismic Assessment of RCS M oment
Framesunder Near Fault
Earthquakes

M.Gerami¥*  A.Kheyroddin? F.Khorasani®

1- Introduction

The RCS composite moment frame systems began to
gain popularity in both the United States and Japan in
the late 1970's and early 1980's. In the United States,
this system came about as an attractive modification
of traditional steel moment frames for mid-to high-rise
buildings in relatively low seismic zone. In Japan,
RCS composite systems were devel oped as alternative
to low-rise for supplies of reinforced concrete frames
of low rise reinforced concrete moment framesin high
seismic zones. The aim of this was to take advantage
of the long-span capabilities of steel beams to provide
column-free spaces for low-rise office buildings and
retail stores. Due to the complex problems such as
time and money for reinforcement beams for concrete
buildings and buckling and weight of the column and
difficulty of work at high elevation, and also the need
for strength in the construction and installation of steel
buildings, in the early 80's, the idea of hybrid
structures (CFT, RCS, SRC, etc.) was developed in
order to optimize the use of materials. Due to the use
of reinforced concrete columns and steel beams in
these frames, the properties of steel and concrete
intervene in these dtructures, in the case of
compressive strength of concrete in the columns and
the tensile strength of steel beam to be used in order to
reduce the cross-section of members and thus lower
the weight of the building and reduce construction
costs. By reducing structural weight, the force on
foundations reduces and as a result low thickness and
less weight for foundations will be achieved. The use
of concrete in the columns due to high compressive
strength of concrete along with steel beams give the
best behavior because of high tensile strength steel.

2- Research Method

In this research, the seismic demand of composite
RCS structures under near fault earthquakes is
investigated with respect to far fault earthquakes. For
this purpose, 5 composite RCS intermediate moment
resisting frames with 4, 7, 10, 15 and 20 storiesand 5
spans were designed and then nonlinear dynamic
analysis was performed on the structures using the
OpenSees software. Then 10 far fault and 10 near
fault accel erographs were used respectively according
to Tables 1 and 2. All used accelerograms that have
been received from the site of Peer, had a view to soil
type of Il on the basis of regulations seismic design
of Iran (2800) or dirt Class of D based on the
classification guidelines of FEMA. To draw thewhole
reactionary response, the software of SeismoSignal
was used and all accelerograms before scaling had
their equal maximum with acceleration (PGA). In
order to perform nonlinear dynamic analysis on

intended frames, the OpenSees software was used and
the results of story displacement, drift angle and story
shear have been provided in the full paper (Figures 1
and 2). Selected records were applied to the models
and finaly the decision has been made among the
obtained responses. For scaling, the accelerograms
method was used for scaling of the Fourth Edition
2800 guideline. In order to investigate RCS frames
capacity, nonlinear static analysis with the triangle
pattern was used and the results for the structures of
10 and 15 stories have been presented. The target
displacement was calculated using the publication of
360 for determined frames. Range of Immediate
Occupancy Level (10), Life Safety Level (LS) and the
Collapse Prevention Level (CP) have been shown
according to FEMA356. According to Figures 3 and
4, it can be understood that by increasing the span, the
capacity of composite frame has increased which
demonstrates the advantage of long steel beamsin the
bays opening. By increasing span, ductility of
composite frame has decreased.

3- Conclusion

e Displacement and drift angle of structures with a
span of 5 meters under near-fault records was more
than that of far fault records. In fact, due to higher
energy input to the structure as a result of near fault
earthquakes in all discussed structures, displacement
caused by near fault earthquakes was more than the
displacement caused by far fault earthquakes.

¢ By increasing in the number of stories, displacement
differences and the drift angle due to near and far
records reduced.

e Base shear of 5 meters span structures under near-
fault records was more than the base shear under far
fault records and by increasing the number of stories,
the difference was reduced.

e By increasing span length in low-rise structures
near-fault earthquake governed and in high-rise
structures far fault earthquake dominated. In fact, by
increasing span length, the far fault earthquake effect
was more in high rise structures.

¢ By increasing span length, base shears differences
caused by near and far earthquakes decreases.

e In al structures with a 5-meter span, drift angle
results from near fault were more than drift angle
results caused by the far fault. However, the high-rise
structures with 7-meter spans, drift angle in the upper
and lower stories caused by the far fault were greater
than the drift angle results from near fault.

e In the span of 7 meters, displacement of tal
structures due to far fault earthquakes was more than
near fault earthquakes.

e Story shear of lower and upper stories in high-rise
structures with 7-meters span caused by far fault
records was more than near fault.

By increasing span length, the total capacity of the
composite frame has increased, which indicated the
advantage of steel beamsin long-span.

*Corresponding Author: Associate Professor, Earthquake Engineering, Department of Civil Engineering, Semnan University.
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3 M Sc student of Earthquake Engineering, Semnan University.
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