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Masonry infill panels are regular in building construction
all over the world. They have considerable influences on
the seismic behavior of the frames, but they are normally
ignored in the analysis and designing phases. Research on
this subject has started in the 1950s and still is an attractive
topic for new experimental and analytical studies. Up
to now, many analytical models have been proposed to
consider effects of infills on the structures. However, few of
them consider both local and global influences of infills on
the surrounding frames.

In this study, a three strut model shown in Figure (1) has
been proposed to consider local and global influences of
the infill panels. For this purpose, a sensitivity analysis has
been carried out on many parameters including infill aspect
ratio, friction coefficient and relative stiffness of infill to the
frames. Finite element method (FEM) by Abaqus program
has been applied for the analyses, after being verified by two
experimental test results.

Comparison between numerical and experimental results
shows that the model estimates the local effects of infills and
element internal forces, with high accuracy, Figure (2).

The proposed three strut model is capable of considering
stiffness degradation, strength deterioration as well as
nonlinear hysteric behavior of masonry infilled frames,
Figure (3). The model considers local and global effects of
infill panels on the frame and thus can be applied in common
engineering structural analysis software.

Finally, it can be concluded that the proposed model is
capable of estimating both local and global influences of
infill panels with high accuracy and gives hysteresis behavior
of a masonry infilled steel frame precisely.

Keywords: Infilled steel frame, Connection rigidity, Vertical
load, Multi-bay infilled frame, Shotcrete
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Figure 1: Infill equivalent three strut model
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Figure 2: Beam moment distribution diagram of a model
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Design Response Spectra, Considering
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the Dynamic Interaction between Primary
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Mehrdad Sadeghzadeh Nazari

Secondary  Systems (Nonstructural Components)
are the mechanical, electrical, telecommunications, and
architectural systems as well as building contents connected
to the main supporting structural framework. These systems
are not considered as part of the load-bearing body of the
main structure; yet, they may experience considerable
seismic excitations. Tanks and chillers are examples of
industrial secondary systems on an oil platform. Fuel
piping in such facilities should remain operational in an
earthquake to prevent fire. Hospital equipment and devices
are other types of important secondary systems whose
steady and continuous operation is critical during and after
an earthquake event. The three major characteristics of these
systems are their high vulnerability, their ability to cause
damages (injuries and/or financial losses), and their ability
to hamper the overall performance of important structures.
Meanwhile, the economic losses due to damages to these
systems can significantly surpass those caused by the main
structure’s damages.

In this report, following the identification of various
parameters that affect the seismic responses of secondary
systems based on a comprehensive study of related theoretical
backgrounds and methodologies, the effect of each of the
influential parameters is quantitatively determined through
numerical modeling and analyses. For this purpose, seven
multi-story Special steel moment-resisting buildings with
4, 6, 8, 12, 16, 20, and 25 floors have been designed. The
frames have been numerically modeled and subjected to 8
Strong Ground Motions (SGMs) selected from worldwide
earthquake events. For each analysis, the frame floor response
has been monitored in order to obtain the corresponding
Floor Response Spectra (FRS). The effects of the variations
of secondary system dynamic characteristics like damping
ratio and mass, as well as the primary structure damping
ratio have been investigated. Moreover, the influence of the
primary system material nonlinearity and its shear-type or
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combined-flexural-and-shear behavior have been studied as
well as the dynamic interaction between the primary and the
secondary systems. The exact spectral responses have also
been compared to those proposed in three major seismic
design codes: The International Building Code (IBC), the
Eurocode 8, and the [ranian code of practice for seismic
resistant design of buildings (Standard No. 2800).

Results indicate that damping ratios of the primary
and the secondary systems, secondary-to-primary-system
mass ratio, dynamic interaction between the primary and
the secondary systems, nonlinear behavior of the primary
structure, and building floor rigidity are the key factors that
should be considered in the seismic analysis and design of
secondary systems. While taking them into account would
significantly help improve the accuracy of decisions, they
are often disregarded in studies and seismic design codes.
Following, a summary of the outcomes of this research
within the scope of the report assumptions will be presented.

Comparing the simplified seismic design spectral
responses proposed in the [nfernational Building Code
(IBC), the Eurocode 8, and the [ranian code of practice
for seismic resistant design of buildings to those obtained
through numerical analyses in this research revealed some
major shortcomings of these codes. The proposed codes
provisions are based upon the dominance of the fundamental
vibration mode of the primary structure, which can be
approximated by a linear distribution, in secondary system
responses. Based on this assumption, a term including a
linear distribution of floor acceleration response along
the building height is introduced to the design relations in
these codes. However, such an assumption holds true only
for secondary systems whose natural vibration periods are
close enough to that of the primary structure. Considering
the effect of higher vibration modes would change the floor
design acceleration distribution along the building height
into a modified nonlinear shape. In addition, not always does
the fundamental vibration mode of the primary structure
produce the highest spectral acceleration responses on every
floor; in many cases, resonance of the secondary system
with higher modes of the supporting structure could lead
to stronger acceleration responses. Therefore, this research
recommends that seismic design forces should be revised so
as not to depend merely on the fundamental vibration period
of the primary structure.

Keywords: Secondary system, Nonstructural component,
Nonlinear (inelastic) behavior, Dynamic interaction,
damping ratio, Floor flexibility, Seismic design code, Floor
Design Response Spectra (FDRS)
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New approaches in seismic design of structures are based
on adding to the flexibility and damping characteristics of the
system using seismic-isolator and energy-dissipater devices. In
this study, experimental studies have been conducted on two new
devices that can be used in such structural systems (a viscous
dashpot and an elastomeric isolator).

A new viscous damper in which the main body of the
device has been made of retractable steel bellows (developed
earlier in IIEES) is chosen for experimental studies. The
nominal force capacity of the dashpot is 500 KN and its
stroke is around =150 m. Experimental studies were
carried out to determine certain characteristics of the device
including displacement and velocity nonlinearities, internal
friction, axial stiffness (due to compressibility of fluid and
elasticity of bellows) and its sensitivity to the excitation
frequency. Figure (1) shows the device concept and the
dashpot specimen that was tested.

The study was based on using direct results from force
and displacement time histories of the device during various
types of harmonic excitations (in terms of frequency and
amplitude). Using the results of this experiment, some of the
main characteristics of the device such as internal friction
and its velocity nonlinearity have been identified. Later
an analytical model for the dashpot that is a combination
of Maxwell and Kelvin models is introduced to cover the
velocity nonlinearity and internal friction characteristics of
the device. According to the results of this experiment, the
dashpot has a constant internal friction at about 10 KN that
can be considered as a lock barrier switch for the device in
case of low amplitude vibrations in the structural system.
This level of internal friction can be easily enlarged to 50
KN using shrink fit operation on certain parts of the device
during manufacturing process. In addition, the results of the
experiment have shown a secondary type of internal friction
in the device that appears in terms of high velocity in the
system. The level of this friction force was about 50 KN
when the dashpot reaction has reached to 310 KN. This
feature was due to expanding of compressed oil camber and
rubbing its outer body to the covering metal jacket. This

=

[ITH]

uc:

unesco:

Category 2 Centre
under the auspices
of UNESCO

S0 9 Sulg it sl y5¥ g i colu g 21 b
%19 ol 49 5970 LOLAH

Aled ypaie
mansour(@jiiees.ac.ir o;lu wiigo ouSingsy ,Loiils

s140day] Y4025y JO Lvwwng .

oo LSl

SS B jeSmy Slhme o wha Jlpl 90 (Bpme 4 (Bedod )3
sloj) Phb (g slagty, )0 o ( Sy je¥snl Sy (e
Siolej] 8590 LT oo aislis (sladiges g oads ais1o 5 05,18 0 515" Lo L
&1l 6 L8, o 00 4385 56K g ;ST 0 (gl pmizrar . Cawl oo ool ] 8
e can glojle loj ) gruly ials o ol 5l eolasl a5 g oy ,5
el 0038 5 oy g0ae sl g,y 5l 50,

Jslte sloj ) ik (g slabs) 5o s95uy slo ST sl osliin
Gl gbsly o 1) saio Sliass glbanie 51 g0l o 9 ol
ool plaisl se5 a4 ol lanie ¢ canlin 0 Slae b (6510
6,8 es sdarin paz ;0  owwlie Sledbl 3925 ol b .Col
b S0 ol S8, s iyians 8 Ll o Shes ;5 30 gloyially
8 i1 i g o 8, e iy ol ol i S
Jose 3155 510 STkl 50 e s by 5 e s
30 Ol ol oegde s Sl opl Sl e 188,506
S hae (39,0 aale 0uiiS jgaste BIE (5 s Bllasil (alites sla HuilS )0
735 Ol 0950 515 0B e 9 jaihew (9900 mle G pApS1S
5 Db SRS (Job jome Cuz o (Sepe (S e 188
Slelllae ;5 05850 o STl (5,8, Sladasein (sl ) 50 pé
O Sl oy pai bl | aid 8y & e ST ] (59 e S aS
e (6,18, Joao o 5o a o ST cnl LS, Loads 53915
lal Sl Sl slaiges ols iz (0 ol oud 0dud XeS
Oy Slalllae ;o a5 150 m S yoss asalo b oals 488 (659200
Joe (V) IS o oolo 18 glas > R-JLMLQ)] Cod Og 0l b
Do oo olis |y ol oo ale diges Cruizeen g ST opl (50 Slos

Sl oo Jol> Gloj azs )l gl 5l asdndy plonl oliglojl 5o
ool i job 4 G alise  uilS 8 L;me}l). 3 Sl
Sl SKlasl aloz 51 310 )L, 10 S50 o yial b Lieil g 0yo S
e S yee Sys7me (v 5 S iimg e iliee glaaials y (]
28 )8 Al S (nl slp ools )88, Jae Gk cnl 5l b
Lld by (sepw (adpe 18, b JouSlo g (sl Joe Gadli Joe
adpdy bl Slislej] jo 0gd oo B A3l Slasl &l il o
Ve adgl cob Jl SKhasl gl s 5550 ST a5 0l jasie
592 Oy Wl o g Cancd ()15 )L 4 dtnly &S Cenl (g 5LS
o5 Ololi)l 30 e w90 (oo &5 > Sl 6T ol Gl (Slides
O b gy Wiy oo Slasl 59,0 cpl 0,5 1,8 colaiul o )g0 aials
5108 F1yem Sk 50,5 05 iy oo ) il e 55 e sl
ouds il 310 aS oo ylid Slioles! izmen (0SS @ Lyl Jlasl]

International Institute of Earthquake Engineering and Seismology



I P
unesco:

Category 2 Centre

RCECWA\
LT

under the auspices
of UNESCO

iast i[5 1

is considered a promising feature in the device and lead to
improve in its capacity amplitude and behavioral aspects.
Figure (2) compares the behavior of the dashpot using actual
test results and those from the analytical model.

Later, a seven story building that was equipped with above
mention viscous device were studied using numerical models.
According to the result of this study, adding to the frictional
characteristics of the device (internal and secondary friction)
can improve seismic performances of the structural system.

Also in this study, some experimental studies on a new
type of elastomeric seismic isolator have been conducted.
This device is called Hydraulic Isolator and was designed and
manufactured in another project. Hydraulic isolator is lighter
and less expensive than typical elastomeric isolators. They
are also capable of behaving as three dimensional isolators
needed for some industrial application. They can also be used
for custom made energy dissipation using different type of
viscous materials. Figure (3) shows the device concept and the
specimen that was tested.

This isolator is consisted of fiber reinforced natural
rubber in the form of thick shell connected to its metal caps.
In this experiment, the viscous materials is chosen as a clay
mixture. In this test, some of the defects that have been
detected in previous experiment were solved (leakage of
liquid in low amplitude of lateral deformation) and isolator
has reached to a new milestone in its capacity of carrying
vertical force and lateral deformation. A few changes have
been done on design and assemblage process of the device

for further investigation.

Keywords: Retractable viscous dashpot, Hydraulic isolator,
Seismic design
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Figure 2: Force-displacement and force-velocity behavior at 0.25 Hz excitation frequency

Figure 3: Hydraulic Elastomeric Isolator
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A New Methodology for Seismic Collapse
Risk Assessment of Mid-Rise
Concrete Buildings

Sassan Eshghi
Associate Professor, Structural Engineering Research Center
eshghi@iiees.ac.ir

Mazdak Zahedi

The lessons learned from past destructive earthquakes
in recent decades reveal that, mostly, human fatalities
and injuries during and after the earthquake are due to the
collapse of buildings. Therefore, collapse is the important
performance level of seismic risk assessment of these
buildings. This study presents a new method for the
collapse assessment of RC buildings. The new method
is proposed according to the basis of the modern seismic
guidelines (FEMA-P695 and FEMA-P2018). Through this
new method, seismic collapse risk assessment are carried
out for the existing mid-rise reinforced concrete buildings.
Some buildings containing 7-story and 10-story frames
were selected for demonstrating the proposed methodology.
These frames, named archetype, exhibit configuration of
identical buildings in urban areas in Iran. The archetype
buildings are selected in a way that flexural failure mode
under seismic loads would be dominant for them, as well as
the occurrence of other failure modes are assessed for them.
Several nonlinear analyses, under far-field records, were
performed to evaluate structural responses of this archetype.
All nonlinear analytical models were implemented in the
OpenSees (2016) structural analysis software. A simulation
model for the structural system and its components capable
of capturing flexural collapse modes are used. This model
comprises of a concentrated plasticity model that can detect
severe deterioration, which may result in sideway collapse.
Several parameters, as calibrated in FEMA-P695, are adopted
in this model. In this methodology, pushover analysis has
been performed up to collapse of the structure. Then, the
matrix of critical drifts (MCD) is extracted from pushover
analysis for an archetype RC building to distinguish between
the partial collapse of each story and the conventional
collapse detection through IDA curves. The matrix of critical
drifts (MCD) affects the collapse capacity of the reinforced
concrete buildings intensely. One of the ambiguities of IDA
curves is that the location of structure in which the maximum
of EPD (engineering demand parameter) occurred is not
identified. This ambiguity could limit the application of
IDA curves. The framework of this new methodology deal
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with the deficiency of IDA curves for collapse assessment of
structures. Also, the existing limitations and uncertainties of
this proposed methodology are summarized and discussed.
An attempt is made to achieve reliable results for the studied
archetype structures. The new method, as mentioned before,
has been conducted for two 7-story and 10-story archetype
sets. Each set has four archetypes. Archetype frames are all
engineered buildings constructed in urban areas in Iran’s
seismic prone area during the past 25 years. Whereas it
would be better if the shaking table tests were conducted
to assess seismic demands on stories, the experimental tests
are cost demanding and not beneficial for the simplified
method. Hence, the demands on the structures conducted
through IDA analyses. It is worth mentioning that the
primary advantage of this method is its simple model and
its simplicity to be used by practicing engineers. Therefore,
the proposed method would provide more safety in terms of
building collapse possibility. However, it can be acceptable
because of the destructive consequences of the probable
collapse. This method can mark ‘killer RC buildings’ in a
residential area. Adopting suitable policies of emergency
management requires detecting killer buildings essentially.
Thus, the first the casualties and the second, economic
loss will be decreased remarkably through retrofitting and
detecting or evacuating ‘killer buildings’.

In this study, seismic collapse assessments are conducted
for two 7-story and 10-story archetype sets and a low-rise of
damaged buildings set of Sar-e-Pole Zahab (earthquake in
Iran, 2017). The achievements of these study are categorized
into five sections as following below (A, B, C, D and E):

A. Seismic collapse assessment for three sets of residential
building in urban area:

A-1: Empirical analytical relations are calibrated through
full scale model on shaking table;

A-2: Setting uncertainties parameter of records for the
buildings, previously mentioned according to the Iranian
existing buildings;

A-3: Including uncertainties of buildings configurations and
proportioning of columns and beams for seismic collapse
assessment;

A-4: Verification of the new method through Sar-e-Pole
Zahab (2017) real earthquake for one set buildings.

B. Presenting a more accurate method for detecting collapse
state in residential buildings:

B-1: Determining of the Matrix of critical drifts as collapse
criteria;
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B-2: Taking into account of higher modes effects in Nonlinear
static Analysis;

B-3: Implementation of panel zone effect in analyses.

C. Determining the correlation between uncertainties and
detecting of collapse in studied buildings.

D. Comparison between calculated uncertainties of this
research and FEMA-P695 uncertainties.

E. Evaluation of annual collapse risk for studied buildings
of this study.
Some of the calculated results of this study are tabulated
and illustrated in Figure (1) and Table (1).

Keywords: Seismic collapse assessment, Reinforced-
concrete buildings, Nonlinear Dynamic Analysis (IDA),
Nonlinear static analysis, Matrix of Critical Drifts (MCD)
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Figure 1: Collapse probability curves (Approach #2): (a) 7-story frame; (b) 10-story frame

No.of

o 7 10
stories
1 :
2 3 . 3 -
Type 1 2 3 (revised) 1 2 3 1 (revised)
;1,‘,3. -0.4945 -0.2460 -0.4975 -0.2665 -0.8396 -0.5805 -0.8384 -0.4651
O 0.0821 02397 0.0982 0.1215 0.10094 0.2843 0.1236 0.1069
e -1.3682  -0.5352  -1.6039 -1.0448 -1.6206  -1.5808 -1.5470 -1.6690
a;,,w‘" 0.0420 02041 0.0297 0.0382 0.0646 0.1752 0.0555 00314
ué‘;g'}l 0.0461 0.0561 0.0477 0.0564 0.0553 0.0539 0.0494 0.0586
zél.gm 0.0233 0.0338 0.0185 0.0300 0.0228 0.0191 0.0201 00187
standard
deviation 0000042 0000073 0.000016 0.000060 0.000004 0000071 0.0000020 0.0000061
of CD'

Um: = mean; om: = standard deviation of x (x denotes S, with a log-normal distribution

evaluated according fo approach #1)
"= mean; om" = standard deviation of x (x denotes S, according to the approach #2)

CD" = collapse drift for approach #1; CD"" = collapse drift for approach #2

Table 1: Mean and standard deviation of collapse limit states for both methods from IDA curves
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Mohammad Mahdi Maddah

The urban construction have been developed in three
recent decades in Iran and the seismic risk is considerably
increased. The structural collapse is the major reason of
mortality, economic losses, and increasing the seismic risk
in the severe earthquakes. Therefore, the collapse can be
one of the most important problems of the seismic risk
management centers and the decision makers. Mid-rise
steel structures constitute a significant part of conventional
buildings in Iran. Moment resisting frames with intermediate
ductility (IMRFs), and ordinary concentrically braced
frames (OCBFs) with X configuration are two principle
seismic resisting systems which are widely used in the mid-
rise steel structures. Therefore, the seismic collapse risk
assessment of these types of structures has great importance.
In this research, a methodology is developed for the seismic
collapse risk assessment of these groups of structures. Also,
the effects of two important analytical modeling parameters
are investigated on their collapse risk.

Incremental dynamic analysis (IDA) is one of the most
accurate and reliable methods of seismic structural analysis
which has been widely used in the collapse assessment
process. However, this method needs a significant number of
nonlinear dynamic analysis to reach the collapse performance
level, which conducts it to a time-consuming with high
calculation cost method. In the proposed methodology, an
approximate pushover-based method is developed in order
to determine the collapse capacity of the structures. In this
process, a collapse prevention (CP) criterion is proposed to
be used in the pushover analysis, and the SPO2IDA program
is utilized to determine the collapse capacity. Furthermore,
a new modal pushover analysis is proposed to calculate the
displacement-based responses of the IMRFs up to the CP
performance level. This method is named optimized modal
pushover analysis (OMPA). In this presented methodology,
a novel approach is suggested to detect the collapse
prevention (CP) performance level in the IDA process
using the OMPA results. This approach is named pushover-
based IDA (P-IDA). Moreover, this research investigates
the effects of autoclaved aerated concrete (AAC) infill and
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the composite action of the concrete slab and steel beams
on the collapse risk parameters of the steel structures. In
this study, a series of mid-rise IMRFs and OCBFS are
designed according to Iranian seismic code and are used as
case studies. These frames are located on the stiff soil and
far from active faults in Tehran. Also, a series of collapsed
steel buildings in the Sarpol-e Zahab earthquake is selected
as case studies for implementation of the method. These
framed are two-dimensionally modeled condition by the
OpenSEES program.

The main results obtained from this study are presented below:

1) The proposed SPO2IDA-based methodology can
evaluate the collapse capacity of the IMRFs and OCBFs
by 4% to 7% and 8% to 10% errors, respectively. Also,
the proposed methodology can predict the collapse
risk of the mid-rise steel frames with high precision
(about 5% to 8% errors) and reasonable speed.

2) The OMPA procedure can accurately estimate the
displacement-based EDPs of the IMRFs in different
performance level (about 4% to 6% disparity). Also,
the results show that it is sufficient to consider only
two modes in utilizing the suggested pushover method.

3) The suggested collapse prevention criterion can detect
this performance level precisely. This criterion only
depends on the MDoF structural characteristics and is
related to occur severe failure in the structure.

4) The P-IDA approach is accurate enough to evaluate the
collapse capacity of the IMRFs. This method can limit
the required nonlinear dynamic analysis steps to 3 to
5, and can decrease the analysis time and calculation
costs by simplify the IDA process.

5) The composite action of the concrete slab and the steel
beams and panel zones increase the collapse risk of the steel
IMRFs and must be considered in the analytical modeling.

6) The AAC infill walls increase the collapse risk of the
IMRFs and should be considered in the collapse risk
assessment process. However, the AAC infill decreases
the collapse risk of the OCBFs.

7) The collapse assessment of two damaged buildings in
Sarpol-e Zahab earthquake shows that the approximate
collapse assessment methods could predict the collapse
of these buildings before earthquake occurrence.

Some of the investigation results are presented in the

following tables and figures.

Keywords: Seismic collapse probability assessment, Mid-
rise steel moment resisting frames, Intermediate ductility,
Collapse prevention level, Incremental Dynamic Analysis
(IDA), OpenSEES
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In seismic regions, highway bridges are usually designed
using capacity design principles by enforcing formation of
plastic hinges in the columns. The columns are expected
to undergo major inelastic deformations during severe
earthquakes, leading to significant residual drift. The
residual drift is one of the decisive seismic serviceability
parameters, and it defines whether a bridge can be used
after the earthquake or not. For example, after the Kobe
earthquake in 1995, more than 100 bridges with residual
drift of more than 1.75% had to be demolished, although
most of these bridges were sufficiently stable [1]. The
residual drift is also an important parameter for estimating
the post-earthquake resistance and the stability of the bridge
structure against aftershocks [2]. The effects of residual
drift on post-earthquake performance have led the scientific
communities to develop self-centering structural systems
with low residual drift and limited potential damage. In this
system, the bridge bends are constructed using precast cap-
beams and columns. The precast members are connected
to each other and to the foundation by unbounded tendons
as shown in Figure (1). The tendons and the superstructure
weight provide the self-centering forces for the bridge bend.
Internal or external energy dissipation devices are also
commonly used at the joints to absorb the seismic energy.

In this project, the seismic performance of a self-centering
system proposed by Guerrini et al. [3, 4] is compared with
the conventional system for three typical bridges in Iran.
An analytical model that simulates the rocking motion of a
self-centering system is first developed and validated by test
results. Then, typical bends of the three bridges are analyzed
as a conventional system and a self-centering system, and
the seismic performance of these two systems is compared
with each other.

An analytical model is developed for simulation of
rocking motion and the self-centering column tested by
Guerrini et al., Figure (2) is selected to verify the model. The
rocking motion is simulated by using a combination of gap
and nonlinear spring elements in order to model the mortar
bed underneath the column, Figure (3).

The hysteresis response of the test specimen is compared
with the results of the analysis in Figure (4). This figure
shows that the hysteresis curves of the analytical model are
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in good agreement with the test results.

Three different bridges with various span lengths
constructed in Iran are selected for this study. Typical
concrete bends of the three bridges are modeled and
analyzed once as a conventional system and once as a self-
centering system, and the seismic performance of these two
systems is compared with each other. Nonlinear response
history analyses are conducted for each bridge bend using
seven earthquake records. Figure (5) shows the typical
displacement responses of the two systems. As shown in
this figure, the residual displacement of the self-centering
system is very small, but the peak displacement is higher
compared to the conventional system. The residual drift
ratios in one of the bridges are shown in Figure (6). In the
conventional system, the residual drift ratio is between 0.9%
and 1.9% and the potential seismic damage would be severe.
The residual drift in self-centering system is less than 0.4%
and thus the potential damage would be negligible.

In this project, typical bends of three bridges in Iran
were modeled with the conventional system and the self-
centering system, and the seismic performance of these two
systems was compared. Seismic response of each system
was evaluated by nonlinear time history analyses using
seven earthquake records. The results of this study show that
the peak lateral drift in the self-centering system increases
significantly. However, due to the lack of displacement
sensitive non-structural items on highway bridges, the
increase in the peak drift is not expected to cause serious
problems. In this system, despite the increase in the peak
drift, the residual drift is greatly reduced. In some cases,
the residual drift ratios of the conventional system are more
than the critical level of 1.75%. In these cases, the potential
damage will be severe and based on previous experience, the
bridges need to be demolished. The residual displacement of
the self-centering system in all cases is less than 0.4 percent
and the potential damage is negligible. The significant
reduction of the residual displacement in the self-centering
system drastically reduces the repair costs and allows for
the operation of the bridge immediately after the earthquake.
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Structural Control is a new method to enhance the
behavior of structure. The performance of these systems
to reduce damage and improve the behavior of structures
in earthquakes is based on reducing the structural demand
and absorb the energy of earthquake in additive damping
system. Poor performance in earthquakes with seismic level
less than design basis earthquake is a defect in conventional
dampers. Since the dampers are considered for design basis
earthquake, they have the best performance in that seismic
level. However, if the structure is designed for a seismic
level less than DBE, the design will undergo acceptable
limit deformations. This defect in passive dampers is the
main reason for using multi-stage dampers, which makes
the structure to be able to absorb the energy of structure in
different seismic level. In a dual-stage system, the first fuse
works in the first seismic level and the second fuse remains
undamaged for better performance in high seismic levels.
This behavior is shown in Figure (1).

This study aimed to investigate a combined passive
damper, which is a combination of two friction and alloy
dampers in order to achieve an acceptable level in seismic
performance. The alloy damper has superelasticity according
to Figure (2).

The minimum damage level is expect to happen in the
damper because of using a shape memory alloy damper,
meanwhile in stronger earthquakes, the second fuse start
to work simultaneously with the first fuse and increase
the performance of the structure. The most advantage of
proposed damper in compare to other two-phase dampers
is that the first fuse remains undamaged in average level
earthquakes because of using shape memory alloy and
super-elasticity property which maintain the performance of
the structure in future earthquakes without needing repairs.
A two-stage performance is provided by horizontal slotted
hole. The schematic of the proposed design is shown in
Figure (3) and the multi-linear behavior of this system is
expected to be obtained as shown in Figure (4).

In order to ensure the correct operation of the proposed
damper, an experimental model is designed and evaluated
in the structural laboratory of IIEES, Figure (5). One of the
results of this test can be seen in Figure (6).

Moreover, the results obtained from the experiment
were matched to the model created in the opensees software
and a satisfactory adaptation was achieved. The desired
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performance for dual-stage dampers are achieved in all
laboratory tests and in all tests, 20% equivalent damping
coefficients are obtained. However, if unwanted friction
is not considered, the entire specimen have an acceptable
elastic behavior and remain undamaged. Finally, with the
parametric study and modeling of 15 different models of
FD-SMA2 damper, optimal damper was identified
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In this study, the base isolated liquid storage tanks
are considered. Common isolation systems horizontally
separate a structure from its base, Figure (1). The proposed
isolation system is vertically detached from the shell of the
tank shell, Figure (5). In order to isolate the rocking motion
of a tank, it is necessary to disconnect the tank shell from the
base plate and support it on vertical isolators. In this manner,
the base plate of the tank does not contribute to the rocking
motion and only isolation is required under the tank shell.
Eliminating the isolation of the tank base plate can eliminate
the need for a solid base for isolation of the entire base
plate. The number of isolation elements required decreases
significantly with respect to the common horizontal isolation
in which the total base area must be covered by isolation
elements. These differences can significantly reduce the cost
of implementation of base isolation in practice. Since the
base plate is not attached to the tank wall, the hydrodynamic
pressure at the base plate will not be transferred to the
foundation. Therefore, plastic rotations, which are a common
problem in conventional tanks, will not occur at the tank
wall-base plate connections and base plate rupture will be
avoided. Because the connection between the tank shell and
the base plate is detached in vertical shell isolation, leakage
can occur at the intersection. This problem can be solved
using a flexible membrane (such as synthetic membranes)
between the shell and the base plate. This prevents the
leakage of fluid from the tank and allows the wall to move
freely in the vertical direction. Figure (5) schematically
illustrates the vertical isolation system (VIS). A filling
replaceable material is placed between the soil and tank shell
to prevent horizontal movement but it permits the rocking
motion in tank shell wall. This filling material can be chosen
from Styrofoam material.

The seismic behavior of horizontally base isolated
tanks under various seismic excitations is investigated
and compared with corresponding tanks without isolation
system. For this purpose, the numerical simulation with
finite element model is used, Figure (2).

Numerical model is validated by comparing its results
with experimental measurements of sloshing wave height.
As can be seen in Figure (3), the numerical model can
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properly predict the time history of liquid motion observed
in experiment.

The verified numerical model has been used for parametric
study on real scale tanks. The results show that the isolation
of liquid tanks can significantly reduce the seismic responses
in terms of overturning moment or base shear forces, Figure
(4). However, it cannot affect the sloshing wave height
significantly.

In order to investigate the efficiency of the proposed
Vertically Isolating System (VIS) which is schematically
presented in Figure (5), the governing equations of dynamic
motion were extracted from a mechanical model of the
proposed system. Figure (6) and a comprehensive parametric
study was performed on a range of liquid storage tanks
geometry. The aspect ratios and the height of the liquid were
varied to cover most practical ranges. The results showed
that the proposed VIS can reduce the overturning moment up
to 90%, shown in Figure (7) which will seismically protect
the liquid tanks from failure, including shell buckling, under
strong ground shaking.

Keywords: Liquid tanks, Buckling in the shell, Vertically
isolating system, Horizontally isolating system, Mass-
Spring model, Numerical simulation
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Strengthening of Masonry-Infilled
Reinforced Concrete Frame Using
Prefabricated Engineered Cementitious
Composites Panels
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Fariborz Nateghi Elahi
Professor, Structural Engineering Research Center
nateghi@iiees.ac.ir

Ayub Dehghani, Mohammad Hossein Ahmadi

Masonry-Infilled frames, vulnerable under earthquakes, are
one of the most widely used in Iran. Thus, to mitigate their
vulnerability they should be evaluated under earthquakes
well. Although there are many experimental and analytical
studies on this matter, few studies work on masonry infill
walls. Also, representation of applicable and safe approach
of retrofit of buildings is needed due to new codes. In
strengthening of infills, composite materials are widely
used. In this research, Engineered Cementitious Composites
(ECCs), recently developed, are used to retrofit masonry-
infilled frames. There are many problems and challenges
in retrofit procurement. Therefore, using prefabricated
ECC panels in masonry-infilled frames is evaluated by
considering interaction of frames and panels as well as their
design and procurement. 8 different mixtures are proposed
to develop the tensile behavior of ECC and find the best
mixture. Then, 9 masonry panels are evaluated before and
after retrofit in diagonal-compression test to assess the
proposed connections. In the next step, 5 masonry-infilled
RC frames in 1:2 scale are tested under cyclic loading with
various conditions. Different ECC panels were used with
different thicknesses and connections and one sided or two
sided. Finally, finite element modeling is developed to be
used in analysis and design of these buildings before and
after retrofit using ECC materials. The results show that
the best mixture improved the tensile behavior of ECC
and using prefabricated ECC panels increase the strength
of masonry infilled RC frames 100% and the cumulative
energy dissipation about 175%.

Keywords: Infilled RC frames, Strengthening, Prefabricated
ECC panels, Micro modeling
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Evaluation of Progressive Collapse
Potential of a Steel Building Subjected to
Two Columns Failure After Earthquakes

Fariborz Nateghi Elahi
Professor, Structural Engineering Research Center
nateghi@iiees.ac.ir

Mehran Seyed Razzaghi, Niloofar Parsaei

Progressive collapse is a kind of failure in which the
collapse of one or several load bearing elements is ended
in partial or total collapse of structures. If earthquakes
induce progressive collapse, seismic and gravity loads
cause initial failure propagating to other parts of structures.
Therefore, seismic progressive collapse can occur in
structures regardless the number of stories. In this paper
the behavior of a one story steel building is studied to
investigate the effect of initial damaged column position on
the seismic progressive collapse. In this regard, the critical
position of damaged column has been identified first and
then, the effect of damaged column is studied. Accordingly,
nonlinear dynamic analysis has been used to obtain the
fragility curves of the structure and investigate its failure
probability. A damage index has also been used to validate
the results. Based on the results obtained in this research,
the initial failure of a middle column can increase the failure
probability of structures during earthquakes. Besides, among
the evaluated design parameters, the failure probability is
changed significantly in the columns in accordance with
their axial loads.

Keywords: Progressive damage, Steel framed buildings,
Probability, Column, Failure, Earthquake
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Seismic Risk Assessment of Lifeline
Networks Using Extreme Value Theory

Morteza Bastami
Associate Professor, Structural Engineering Research Center
m.bastami@iiees.ac.ir

Afshin Fallah, Shahin Borzoo

Lifeline networks are systems with a wide range of service
levels, that their optimal performance in extreme events
ensures the reduction of direct and indirect losses to the
society. The seismic assessment of lifeline networks is based
on two methods: user-defined scenarios and conventional
Monte Carlo simulation of earthquake scenarios. The
biggest criticism of the method of user-defined scenarios are
the selection of the number of scenarios and its magnitude
according to the change of the type and dimensions of the
desired network. In the face of a new network, the effect
of selecting the number and magnitude of scenarios on
the results of the seismic analysis of the desired network
is unclear and the user is insufficiently aware of the
consequences of his choosing.

In the simulation of seismic scenarios using simulation
methods such as Monte Carlo, a large number of scenarios
are generated for network analysis, which has a high
computational cost, and also many of them have low affect
intensity. Therefore, instead of using all scenarios, those
that are more important in network analysis must be used.
These scenarios are named as extreme scenarios with a
low probability of exceedance and large return period.
Therefore, in this study, the use of extreme value theory is
proposed to select extreme scenarios. This theory focuses on
observations with a low probability of exceedance and large
return periods. In the family of extreme values, there are two
common distributions: generalized extreme value (GEV)
distribution for maximum values of blocks with the same
time interval and the generalized Pareto distribution (GPD)
for values above a determined threshold. In this study, a novel
method to select extreme scenarios for seismic assessment
of lifeline networks is proposed. This method using the
selection of extreme scenarios reduces the computational
expenses of the seismic assessment of lifeline networks. The
proposed method is applied on a hypothetical example with
three bridges, two real networks with 26 and 77 bridges in
Tehran. This method is investigated using bridge damage
index and hazard curve. Results show the prosperity of the
proposed method to select extreme scenarios from 100000
simulated scenarios for the intended network. In a part of the
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proposed method, 24 ground- motion model using GPD and
Bayesian theory are developed and used. The use of GPD
distribution is based on studies performed in selecting the
appropriate distribution for ground-motion data.

The appropriate distribution of large intensities of
ground-motion is investigated and determined using the
extreme value theory. For this purpose, normal, lognormal
and GEV distributions are investigated. The results show by
using the GEV distribution, the root mean square error and
standard deviation of residuals are reduced about, 19% and
18%, respectively than lognormal distribution. Moreover, a
method to use block maxima in seismic data is presented.
Also, the ground motion model is used to evaluate the most
appropriate distribution for PGA data.

In the last section of the study, using logistic multinomial
models, the spatial correlation of damage probabilities
in lifeline networks is modeled and the extreme scenario
selection method is applied to a network of 77 bridges in
Tehran. In addition to the correlation in the intensities of
ground-motion, the cross-correlation of damage probabilities
of nodes of a lifeline network and cross-correlation between
five damage states (no damage, slight, moderate, extensive
and complete) in each node are considered. Using the
proposed extreme scenarios selection method, 68 extreme
scenarios are yielded (for 2475 return period).The results
are investigated in two different cases: correlated and
uncorrelated. The results show that the values of damage
probabilities are increased by about 19% at complete damage
state using damage correlation. Also, the values of damage
probabilities in moderate and extensive damage states are
reduced respectively, about 18% and 14%. In this study, the
extra daily traffic time (EDTT) is selected as a functional
parameter of the network. The EDTT values for all nodes
(each node to other nodes) are investigated. To select the
path between two nodes, the shortest path algorithm is used.
Based on the results, including damage correlation will
increase the EDTT in the network. The highest increase in
travel time in the correlated case than to the uncorrelated are
13.5% and 57%. Finally, the model of the spatial correlation
of damage probabilities using Monte Carlo scenarios is
applied to a network of 26 bridges in Tehran. The results
show including damage correlation will decrease the EDTT
in the network. Using two travel time models, the average of
the decrease in travel time in the correlated case than to the
uncorrelated are 53% and 71%, respectively.

Keywords: Risk Assessment, Lifeline Networks, Extreme
Value Theory
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Estimating Earthquake Intensity Measures
Considering Spatial Correlations for
Seismic Assessment of Lifeline Networks

Morteza Bastami
Associate Professor, Structural Engineering Research Center
m.bastami@iiees.ac.ir

Alireza Garakaninejad

Considering spatial correlation of multiple earthquake
intensity measures is of particular importance in loss
assessment of spatially distributed assets. Previous studies
have been shown that ignorance of the spatial correlation
of earthquake intensity measures causes significant impacts
on the results of seismic hazard and risk assessment of
spatially distributed systems. Although this subject has been
investigated in previous studies, the assumption of isotropy
is the main basis for existing studies. Considering the fact
that the assumption of isotropy is not valid in general, the
present study aims to investigate the assumption of isotropy
of intra-event residuals of peak ground velocity PGV and
peak ground displacement PGD. Moreover, this study
focuses on considering anisotropy on the modeling of the
multivariate random field of earthquake intensity measures.

In this study, the assumption of isotropy of intra-event
residuals of PGV and PGD is investigated implementing
a nonparametric statistical test. Using recorded data of
nine earthquake events, it is concluded that there is no
sufficient evidence to support the assumption of isotropy
and in general, the set of intra-event residuals of PGV and
PGD should be considered as the realization of anisotropic
random fields. Moreover, this study employs a non-separable
covariance model based on latent dimensions to investigate
anisotropic properties of spatial correlations and cross-
correlations of intra-event residuals of multiple earthquake
intensity measures (IMs). Two sets of IMs are considered
in the second stage of this study. The first set consists of
peak ground acceleration, velocity, and displacement values
and the second set consists of spectral accelerations at three
different periods. Data of ten earthquake events in California
and Japan are utilized in the second stage of the current study
to estimate the parameters of marginal and cross-covariance
models. Moreover, parameters of the covariance model of
regional site condition, which is considered as average shear
wave velocity of the top 30 meters of the soil profile (Vs30),
are obtained in order to investigate the effect of local sited
conditions on spatial correlations of IMs.

Investigations show that anisotropy properties of intra-
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event residuals of PGV and PGD are related to anisotropy
properties of site condition. In this regard, predictive
models are proposed based on obtained results in order to
simulate the correlated values of PGV and PGD considering
anisotropy. Moreover, using latent dimensions method,
it is shown that the maximum range and anisotropy ratio
of marginal and cross-covariance models of intra-event
residuals of IMs are correlated with those of Vs30 values.
Also, it is observed that the anisotropy direction of the
residuals of IMs is consistent with the anisotropy direction
of Vs30 values. Finally, predictive models are proposed to
obtain marginal and cross-covariance functions for different
sets of earthquake IMs considering anisotropy. Besides, the
effect of considering or ignorance of the anisotropy of spatial
correlations of earthquake IMs on the result of seismic risk
assessment and seismic resiliency assessment of spatially
distributed assets are investigated.

In the final step of this research, new deterministic
resilience metrics has been developed to overcome the
drawbacks of existing indices. Then using Bayesian
Network, the proposed resilience metrics are utilized along
with the proposed seismic hazard models in order to develop
a probabilistic resilience assessment methodology.

Keywords: Spatial correlation, Anisotropy, Seismic hazard
assessment, Latent dimensions, Resilience, Bayesian
Network
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Risk-Targeted Design Spectrum for Iran

Afshin Kalantari
Associate Professor, Structural Engineering Research Center
a.kalantari@iiees.ac.ir

Amirreza Taherian

Iran is located in a very high seismic zone. The current
national code of design of buildings referred as Standard
No. 2800 (STD-2800) employs the Design Basis Earthquake
(DBE) based on the uniform hazard philosophy. New
generations of seismic codes and related researches have used
a uniform risk philosophy instead, where the parameters are
defined in order to provide a tool for designing the buildings
with equal or at least harmonized collapse probability across
the country. In this project, a risk targeted seismic design
map has been developed for Iran. Seismic hazard model
developed by EMME14 project was used for this purpose. A
generic collapse fragility function was used, the parameters
of which, were selected based on sensitivity analyses.
Taking into account the seismic hazard model from EMME
14 project, the risk of collapse of the buildings in Iran were
calculated once for DBE values provided by STD-2800
and again with the DBE values resulted from the EMME
14 model. An acceptable risk level of 1% in 50 years were
considered then in order to estimate the map of distribution
of risk coefficients as well as map of collapse risk for the
buildings in the country. The results show a large dispersion
in the risk of collapse across the country in both cases.
Finally, the risk targeted seismic design map for the country
is presented.

Keywords: Building collapse assessment, Risk-targeted
design base, Seismic vulnerability, Seismic risk map
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Design and Construction of New
Electromagnetic Variable Friction Damper
for Semi-active Control of Structures

Mohammad Ghasem Vetr
Assistant Professor, Structural Engineering Research Center
vetr@iiees.ac.ir

Mohsen Tehranizadeh

In thisresearch, anew friction damper has been introduced
that has the ability to change its sliding force. The damper
uses magnetic force generators to create a force perpendicular
to the level required for friction. For this purpose, the design
and fabrication of a small-scale damper with a target force
of 1000 N was considered and by considering the magnetic
behavior of materials, computer modeling was used in
addition to verifying the analytical results. The behavior of
magnetic generators was also examined parametrically. In
order to change the force perpendicular to the surface of the
electric magnets, electronic circuits were used. The current
passing through them was changed from zero to 1.5 amps,
and the maximum power produced by the attenuator reached
about 1200 Nm. The electrical power required to generate
a maximum power capacity of 8.5 watts was measured.
Also, the response time of the power generators to current
changes was measured as a maximum of 56 milliseconds in
order to reach the maximum capacity and 68 milliseconds
to reset the damping force. In addition, it has been shown
that by using a constant current driver, the response time of
the damper can be increased to 9 milliseconds. The results
of this study showed that this type of power generators has
the ability to be used to control the semi-active structure.
Advantages such as simple mechanism, reasonable price,
accurate behavior, short and predictable response time,
relatively simple control, low energy requirements, stability
of behavior over time and being indigenous can use this type
of power generator justified in friction dampers.

Keywords: Semi active control, Electric magnetic, Magnetic
damper, Magnetic force
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More Accurate Simulation of Seismic
Performance of Water Network and its Effect
on Calculation of Hydraulic Stability Time
Based on Correction of Discharge Caused by
Pipe Cracks due to Earthquake Load

Mahmood Hosseini

Associate Professor, Structural Engineering Research Center
hosseini@iiees.ac.ir

Aram Soroushian, Abdolreza Astaraki, Mohammadreza Jalili

Lifelines are systems such as transportation systems,
energy transmission systems, and communication systems,
that are essential for human life and urban functions. Without
lifelines many large metropolitan areas will be paralyzed.
Lifeline systems are highly sensitive to natural disasters such
as earthquakes, floods, tsunamis, storms, and heavy snows.
Therefore, determining the current status of critical lifelines
and making them palpable is crucial for the country’s major
decision makers so that they can make the right, quick, and
economical decisions.

One of the most important lifelines in any city is the water
supply network. Damage to the urban water supply system
directly and indirectly causes lots of human and economic
damages to the community, including inadequate access to
safe drinking water and increased likelihood of contagious and
fatal diseases, inability to extinguish fires. Since the 1970s,
with the advent of urbanization and the transformation of cities
into metropolises, attention has been paid to vital lifelines,
including the water supply network. Initially, research on the
components of this network has involved the modeling of
various types of pipe failures, soil and pipe interactions, and
facial joints. But in the recent years, more attention has been
paid to the overall performance of the system.

In this research, different types of rectangular cracks in the
water network have been tested. The laboratory model was
prepared with five rectangular cracks with identical opening
cross-sectional area and six circular and square cracks with
variable opening cross-sectional area. Steel pipes were used
in these experiments. The influence of cross-sectional area,
pipe diameter, and aspect ratios of the rectangular cracks
was discussed. The results showed that, in high Reynolds
numbers, the pressure and Reynolds number have no effect
on the amount of discharge coefficient, and besides, for
low and moderate viscosities, the more the aspect ratio of
rectangular crack, the more is the discharge. In view of
the considerable number of tests, and after studying the
consistence of the results with the separate results reported
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in the literature, a relationship for the leakage coefficient
based on physical characteristics, including pipes diameters,
cracks’ cross sectional area and rectangular cracks’ aspect
ratio was presented. This relationship is important in that
the damaged water supply network can be investigated
independent from the hydraulic parameters.

Finally, the proposed empirical relation was used to
analyze the damaged network of Mashhad Zone 3 region.
Based on the region’s seismic parameters, six failures were
predicted for the investigated water network. An optimization
program was developed based on the genetic algorithm
and considering resiliency as the objective function, and
the locations of the fractures in the pipes was determined
by minimizing the objective function. Finally, the damaged
network was analyzed and the network status was determined.
The results of this research are summarized as follows:

1- Accuracy of the values of leakage coefficient and
leakage exponent allocated to failures are of considerable
importance in more detailed study of seismic vulnerability
of water network. In more detail, changes of about fifteen
percent in leakage coefficient can lead to changes up to
twenty-five percent in estimation of the pressure at the
water network nodes.

2- In calculations related to seismic vulnerability of water
networks, 0.64 and 0.5 are in general appropriate
values for the leakage coefficient and leakage exponent,
respectively.

3- With increasing in the aspect ratio of the rectangular
cracks on the steel pipes, the discharge increases, when
the viscosity is low or moderate. This is theoretically
explained.

4- An empirical relation for the discharge coefficient of
rectangular openings based on the physical parameters:
pipe diameter, opening area, and opening aspect ratio, is
presented.

5- Hydraulic Endurance Time (HET) parameter of the water
supply network is a new parameter that shows the seismic
vulnerability of water networks after the earthquake.

6- Installation of pressure reduced valves (PRV) is very
effective in increasing the networks HST. For increasing the
HST, however, the locations of PRV s may be considerably
more important compared to the number of PRVs.

Keywords: Water network, Leakage, Rectangular cracks,
Seismic performance, Hydraulic endurance time (HET),
Resiliency
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Cyclic Behavior Modelling of High Strength
Concrete Columns with Micro Silica

Abdolreza Sarvghad Moghadam
Associate Professor, Structural Engineering Research Center
moghadam@iiees.ac.ir

Abbasali Tasnimi, Ali Taheri

High strength concrete usually referred to as HSC in
the literature. The use of HSC has increased in developed
countries in the past three decades, due to economic benefits
in using it in such applications as tall buildings, bridges,
and oil-platforms. However, due to many ambiguities
related to the seismic performance of members made by
HSC, especially regarding their axial deformation capacity
and their ductility, its use in regions with high or very high
seismicity have been employed with caution and suffers
from many limitations. In Iran, as the industrial use of
HSC has been started recently, there are no comprehensive
research reported about the seismic performance of HSC.
Specifically, it has been emphasised in the literature that the
properties of the base material being used in the HSC have
an important effect on its performance. Therefore, a direct
use of the results obtained in other countries in Iran, due to
the differences in construction and building traditions which
can be misleading.

In the first phase of the present study, data related to
experimental investigations on columns made of HSC are
collected and a database of the physical properties of those
columns and the results of studies is established. Then, a
statistical investigation is carried out on the key parameters
affecting the ductile behaviour of the columns made of HSC.
In the second phase of this study, eight scaled columns are
constructed and tested in order to study their cyclic behaviour.
Important results are derived by processing the results of
the experimental study regarding the seismic behaviour of
columns made of HSC. Finally, in the last phase, a model is
developed to predict the nonlinear behaviour of this type of
columns.

This research showed that well confined columns made of
HSC can exhibit ductile behaviour. It is also shown that they
have a more reliable behaviour in Immediate Occupancy
(I0) and damage control performance range compared to
other performance levels.

Keywords: High Strength Concrete (HSC), Ductility,
Reinforced concrete column, Nonlinear model
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Seismic Behavior and Mechanism of Load
Transfer in the Connection of Studded
Steel Coupling Beam to RC Shear Walls

Abdolreza Sarvghad Moghadam, Abbasali Tasnimi
Associate Professor, Structural Engineering Research Center
moghadam@iiees.ac.ir
Professor, Structural Engineering Research Center
tasnimi@iiees.ac.ir

Mohamadali Nahviniya

Nowadays, the concrete coupled walls are effective
lateral resistance system for medium to the high-rise
buildings in seismic prone areas. The proper stiffness,
resistance and reducing the moment of individual walls are
among the interesting features of this system. Great energy
absorption through hinges over total height of building is the
main advantage of this system. Steel coupling beam (SCB)
has higher energy absorption and less limits regarding
the depth of section comparing with reinforced concrete
coupling beam. Despite the benefits of SCB, usage of this
option has limitations as well. Gaps and cracks in the face
of connection reduces the stiffness of the system and thus
reducing the coupling ratio. Damages in the connection
due to cycle loading usually has been severe as reported
by previous studies. On the other hand, in practical cases,
required embedment length of SCB into the walls is long
which makes constructional challenges especially when
special boundary reinforcement is needed.

Steel studs are commonly used in composite members
to transfer load between steel and concrete. However, the
performance of studs in the connection of the coupling beam
is not properly understood. In this research, performance of
studs is investigated through experimental and numerical
methods. The results indicate that studs tolerate shear and
bending forces rather than axial loads. On the other hand,
studs function in the connection increases the capacity
of bending moment of the connection rather than shear.
Based on damage observation, a concrete pry-out failure
in the connection was detected. Regarding this failure, a
mechanism of load transfer is added and a model is proposed
in order to predict the strength of the connection considering
the function of the studs.

Generally, two methods for cycle loading are used to
simulate seismic loads on coupling beams. The first method
is half assemble (half length of the coupling beam and one
of the coupled walls) and the second method includes both
coupled walls and full-length of coupling beam called total
assemble. The latter method has more conformation to the
real boundary conditions of coupled walls. A numerical
study shows that half assemble method has conservative
results in comparison with the results of the total assemble

U)&w%;wu%‘f)‘#@/:. olLingy

(B

International Institute of
Earthquake Engineering and Seismology

w599 50 go¥g Nl 303 Cud yb g slo o LS,
Jlail (solgnin O 32 Sl 3 hawo (o3

o (lawlie (padioadg puw Lo Jlase
moghadam@iiees.ac.ir o;lu  wiigo 0ouSingsy ,Leiils
tasnimi@iiees.ac.ir ojlu wdigo ouSingss oliw/

Sl ol 5 S5 Glan S (S den lajles alale o394l
Cgee by $Pei) b Gble )0 adpeaidy U vy lpleisla
slgpe J3ls XU als (B cuglis icmlin SBw 05 g0
St sla s )0 (g es Jolie S5 Bk 5l (655l D32 g wen
75 e Sl a able b (ol coje plasle el U5 5o
pae 9 i S ph SO ol 655 @de S0 s 4 958w
CZge (S et S & Cod O] Fee (ogaS 53 (s Cudgase
oolatwl .ol yiol8l aan gla,les alels jo ol 05 15 4 sl onls
swl 55 olacosgaze slils (o] Gl ey an3S cnl
s oy Jlail (g 1l carge Jlail azg 0 S5 S
Ygoro (o 3)lpe 10 098 00 et la)lpd (Shon 420 S
nl a5 035 3by (Shp sl )3 3V wies 15 LS 990 (g8 Jobo
Al joaS gloj g 4y tauiS oo obml s o olacgsgiow gaoge
V58 lageals a5l 5l 5j 0 plell oy (o255 5,13k, T L]
oolaiwl 5 50 058 ¢ 30 odims Jlail flgieas (S o Lacl jo ml) jgboa
S & e 5 JLail o lageelS (al o Shee (S S (o0 )2
sl ot lulis

Sloyr b ohp )lps 4 ooV dnen 5 Jlail (Gdod cnl 5o
ol 483 (o 9)90 o006 9 (RRLT b & Eels JLa]
b o 45T 5 Lt ooYsh clagealS a5 ol asls lis mls
DS oo B et g by o b Cod Wil e S5y
e Syl Cosl coge (Jlail )0 lagalS 5 Shee winl 2 ogdle
oA Ao > YO U iy y0 900,000 U (Jlasl & sl (59,0 Jlil)
G 53Le,T el fs a5 claigas a5 Consl 03l (Lt i ! gl
4>l )0 g3g9ome sl (2l Sl ooy Jlail 4l o 0hg (o850
ol amb o JBlas a5 ol onds slgiiog 14 sl azils L]
D9 ooliiul bawgle (25,0 (5,105 55,

Sope & G g Ojled Jf elie o1 el L sladigel
o a5 (goae Clalllas ;o a5 Cunlonds oLl (i (0,0l CSCS
o o0l axwgs Jlail yo b JE! o 53050 ¢ 3 6551 oyl ool 3o

Cudybo 50 FolS 09,8 51 yages Blod (sl (ko Joo G o olasl 2
o b cle )50 Joo ol sl oals slpriny 5 Jlasl o5
Aol i Gmli;;guﬂ lediges pioran g (51358 pl o Gmli;;guﬂ
50 bawls S8 3 Jlai ol e ge oS Conlosls las Jow ol ool

CawlS Jlasl jo 15 5L 0,50 (g8 Job 5l oo o Ve b Jlas]



7 unesco: N/

International Institute of Category 2 Centre * Research Center on Earthquake
= | " under the auspices Risk Management and Resilience
Earthquake Engineering and Seismology of UNESCO o for West and Central Asia

method, particularly when it comes to the deformation alls zls a5 s oo Hlid Gdow (pl )0 gode dslllas yizen

capacity and ductiity s allaktln lagaly Job5 alobe by, guls b anlie )3 4o
Eroge ol GrNISS g (Slhgo cudib e 0 o 4 wilaiils
Keywords: Coupled walls, Steel coupling beam, Cyclic ol 009y 3 S pdi

loading, Seismic resistance system, Headed studs

“_;la\_;’»)_? ‘_g)k'\f)b‘ “53&55 Lo 55 diad GL“)‘}.’.Q 4.5"\"‘15 6‘&03‘3
C‘*‘K SYlas) o) alelw

Rotation (rad)

-0.12 -0.08 -0.04 0 0.04 0.08 0.12 -0.12 -0.08 -0.04 0.00 0.04 0.08 0.12
350 R R . N N .
300 | 1 —F
R - o ;-/'
& 7]
=z S {/ Chart Area|
4,150 ==
- ftp—
8 7
5 o =
o=
:a‘ mhor. Rebar yielding (SG9)
s aweh yielding (SG2)
w2
®ver, Rebar yielding (SG4)
-300 # ver. Rebar yielding (SG6)
+stud yielding (SG13)
450 -
-45 -30 -15 0 15 30 45
Displacement (mm) Displacement (mm)

International Institute of Earthquake Engineering and Seismology

s140d2Yy] Y4025y JO Livwung



i i RCECWA\
i i g 111
unesco:. \—/

Category 2 Centre !

under the auspices
of UNESCO

iast i[5 1

Time Delay Effect on Seismic Performance
of Active Structural Control Systems
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Behrooz Rajabi

A successful design of a structure is a design that in addition
to providing safety and stability of the structure, guarantees
the expected performance of the structure and its important
equipment and protects them from all kinds of possible damages
may cause during seismic excitations. Hence, we need a smart
system built in any structure to be activated during any extra
loading when structural responses pass the safe limits. Structural
control can do this.

Today, due to technological advances in new instruments,
and also the development of regulations and guidelines for
employing passive control systems such as isolators and
dampers, it has become a common tool in buildings and
bridges. But the introduction of intelligent systems in human
life and the expansion of its influence in all aspects of our
life, continuous to lead some ingenuous engineers to apply
more and more intelligent active systems in structures. These
systems have proven their value in many industries, including
the automotive and aircraft industries, over the years. But
because of the kind of expectations that exist in the construction
industry (such as: always stand by over the years, the need for
high energy consumption at the time of operation when all
conventional systems go out of circuit, moving or accelerating
much heavy floors, delays in responding to the instantaneous
needs of structures during unexpected events), until the
general application of these systems, many challenges must be
addressed.

One of the most basic limitations for active structure control
systems is the existence of time delays in its performance,
which includes measuring structural responses, processing the
measured data and calculating the control forces to be applied
to the structure, sending commands to actuators, and finally the
time required for the actuators to respond and apply control
forces to the structure. Existence of time delay can greatly
decrease high performance of the active control system, and
also may cause structural instability.

Many researchers have tried to identify the source of time
delays and use special computational processes to overcome that
part related to the software processing. In this study, exposure
to time delays is examined in two stages. Initially, for a typical
structure equipped with an active control system, the sensitivity
to time delays is evaluated, recognizing when the performance
of the control system is poor and when an instability may occur.
This is the limit of time delay and named the critical time delay.
In the next step, the sensitivity of the critical time delay with
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respect to the structural characteristics and excitation loads is
investigated.

In the second stage, it tries to reduce the sensitivity of the
system by increasing the damping in order to solve this problem.
Extensive analysis shows that increasing the damping of the
structural system despite the presence of time delay in the control
loop, not only greatly reduces the responses of the structure, but
also greatly improves the structural stability margins. In other
words, increasing the damping of the structure has enabled the
structural system to withstand subsequent delays in the active
control system without disturbing its performance.

Keywords: Structural vibration, Active structural control,
Seismic excitations, Time delay, Structural instability,
Seismic performance
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Study of the Confinement of the Reinforced
High-Strength Concrete Columns with
Hexagonal Chicken Wire

Morteza Bastami
Associate Professor, Structural Engineering Research Center
m.bastami@iiees.ac.ir

Seyed Ahmad Mousavi

In recent years, High-Strength Concrete (HSC) has
significantly drawn engineer attention to implement it
in construction of bridges and high-raised buildings. This
is because it has more compressive strength in comparison
with ordinary concrete and lead to less use of reinforced bars
in structural elements.

Although compression strain related to maximum
strength in HSC is higher than the normal concrete, its
ductility decreases by increasing the strength. Therefore,
HSC has a brittle behavior which leads to sudden failure
during the loading. Providing ductility in structural elements
like columns is requisite in seismic design of structures since
it increases the energy absorption during the earthquake.
In columns constructed by HSC, ductility is improved by
increasing the confinement of core concrete using transverse
bars. On the other hand, by enhancing the volumetric ratio
of reinforcement bars in structural elements the construction
process become harder, as little space provided for equipment
for fabrication. Self-Consolidating concrete (SCC) is a
great way to solve this problem because it is highly flow
able, and no segregating concrete can spread into place, fill
the formwork, and encapsulate the reinforcement without
any mechanical consolidation. Several methods have
been proposed to improve the ductility of the concrete by
providing confinement for core concrete. In this study, we
investigated the effect of Hexagonal Chicken Wire (HCW)
on ductility of reinforced concrete columns which wrapped
around the concrete core and lateral ties.

In the experimental program, eight double-ended RC
column specimens that were reinforced laterally with various
volumetric ratios of ties for three level of ductility have been
tested. The confinement of column specimens was enhanced
by warping double HCW around the ties. They were tested
under lateral cyclic displacements and uniform axial load.
The results are compared in terms of ultimate capacity,
axial displacement, lateral displacement, ductility, energy
absorption and crack propagation. The main objective of
this study is to evaluate the effect of the HCW on seismic
performance of HSC RC columns.

Ductility of the structural elements is requisite in design of
structures in seismic regions and using confining HCW is one of
the best ways to enhance ductility and energy absorption of the
RC columns; because it is cheaper and easier to be fabricated
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increases the number of cracks and decreases their depth in
specimens, it prevents the sudden collapse of the members and
improves their ductility. HCW raises the ultimate deformation
capacity by restraining rebars to buckle and confining the core
concrete. So, more residual capacity has been anticipated for
this type of columns after earthquake events.

Tests have been conducted under deformation-control
cyclic loading. Following major results have been obtained:

- Implementation of HCW enhances the ductility and energy
absorption of columns in all specimens.

- Strength of columns which have been confined by HCW
has not significantly changed compared with non-confined
specimens.

- In specimens which HCW have been wrapped around the
lateral ties, since more cracks were propagated along the
samples in plastic hinge area, much portion of the concrete
is contributed in failure of the columns and more energy
has been absorbed by the specimens while the depths of
the cracks have been decreased.

- HCW prevents sudden failure of the specimens by enclosing
the longitudinal bars and damaged core concrete. So more
deformation could be applied to the specimens and this is
a considerable merit of the use of HCW to improve the
performance level of buildings.

- In confined specimens with HCW, the numbers of loading
cycles have been enhanced, so the energy absorbed by
the specimens increased. Moreover, HCW confined the
core of the columns and prevent the abrupt failure of the
specimens in the final steps of loading.

- Once the plastic hinges have been formed, the HCW
stretched and prevented the buckling of the longitudinal
rebars. So it can be concluded that HCW mostly acts after
the yielding point.

- With regard to the construction costs, HCW only increases
2% of the cost to the construction in comparison to non-
confined samples. So it could be concluded that HCW
is an appropriate approach to improve the ductility
and performance of the RC columns and it also can be
proposed as an economical option for retrofitting of the
exciting RC elements.

- The use of HCW improves the performance of the structure
at the level of collapse prevention and this leads to
reduction in human and economic losses in earthquakes.

Following figures show fabrication of RC columns
confined by HCW, test setup and Hysteresis for specimens.

Keywords: High-strength concrete, Hexagonal chicken
wire, Self-consolidating concrete, RC column, Ductility,
Confinement, Energy dissipation
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Figure 1: Fabrication of RC columns confined by HCW
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Figure 2: Test Setup
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Development of Seismic Fragility Functions
for Typical Highway Bridges in Iran

Akbar Vasseghi
Associate Professor, Structural Engineering Research Center
vasseghi@iiees.ac.ir

Aram Soroushian,
Mohammad Khanmohammadi, Arash Taghinia

Fragility functions were developed for typical highway
bridges in Iran. The decks of such bridges are integrally
connected to bridge bents. The recent experimental studies
carried out on typical Iranian multi-column bents indicated
major damage at the cap beam-column joint under cyclic
loading, Figure (1).

Tests results also demonstrated that the exterior joints
were more vulnerable than interior joints. In this study, the
nonlinear behavior of the exterior and interior joints was
modeled with zero length rotational springs with backbone
curves and the Ibarra-Krawinkler Pinching (IKP) model,
Figure (2).

The parameters for the backbone curves and the IPK
model were proposed based on the experimental data.
The analytical models simulating the test specimens were
verified with experimental results as shown in Figure (3).

Seismic demand of the cap beam-column joints was
considered as an engineering demand parameter (EDP)
for development of fragility functions. Three main types
of bridge deck including concrete slab-girder, simple
slab, and void slab with various configurations relevant
to number of span, construction date, column shape and
abutment types were analyzed using OpenSees software.
Nonlinear incremental dynamic analyses were performed
for the development of the fragility functions assuming a
probabilistic log-normal distribution. Fragility parameters
(A:mean, E&:dispersion) were evaluated at four damage
levels for each type of bridges. The fragility parameters for
each bridge type are listed in Tables (1-3). Type of bridge
in these tables is labeled based on number of spans (2, 3,
4), construction date (A: old, B: New), column section (C:
circle, O: oval), and abutment type (D: diaphragm, S: seat).

Keywords: Fragility function, Cap beam-column joint,
Exterior and interior joints, Backbone curve, Incremental
dynamic analysis
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Table 1: Fragility parameters for concrete slab and girder bridge

iy i S Ao X .

Average State of Damage
Dispersion Complete Extensive Moderate Slight Bridge Number of
e . " . N £ N . N type Span
0.78 0.78 1.17 0.78 0.85 0.78 0.55 | 0.78 | 0.25 2ACD
0.8 0.79 1.5 0.79 1.2 0.79 0.85 0.84 | 0.44 2BCD
0.84 0.85 1.5 0.79 1.02 0.85 0.88 | 0.85 | 0.54 2A0D
0.78 0.78 0.76 0.78 0.57 0.78 0.38 | 0.78 | 0.19 2ACS )
0.83 0.80 1.3 0.80 0.98 0.85 0.77 | 0.85 ] 0.53 2BOS
0.85 0.85 1.27 0.85 0.95 0.85 0.74 | 0.85 | 0.46 2A0S
0.80 0.80 0.98 0.80 0.77 0.80 0.56 | 0.80 | 0.24 2BCS
0.72 0.70 2.8 0.70 1.90 0.7 0.95 | 0.80 | 0.69 2BOD
0.99 0.99 0.73 0.99 0.53 0.99 0.33 | 0.99 | 0.15 3ACD
0.98 0.98 0.96 0.98 0.72 0.98 0.50 | 0.98 | 0.18 3BCD
0.82 0.80 0.83 0.80 0.65 0.8 0.47 | 0.87 | 0.23 3A0D
0.89 0.87 0.56 0.87 0.43 0.9 0.30 | 0.90 | 0.15 3ACS 3
0.83 0.82 0.66 0.82 0.53 0.82 0.40 | 0.87 | 0.23 3BOS
0.85 0.84 0.63 0.84 0.49 0.84 0.36 | 0.87 | 0.18 3A0S
0.87 0.87 0.58 0.87 0.46 0.87 0.34 | 0.87 | 0.23 3BCS
0.89 0.89 0.94 0.89 0.73 0.89 0.53 | 0.89 | 0.26 3BOD
0.83 0.83 0.43 0.83 0.32 0.83 0.23 | 0.83 | 0.15 4ACD
0.84 0.83 0.46 0.83 0.39 0.83 0.29 | 0.87 | 0.17 4BCD
0.91 0.95 0.80 0.95 0.66 0.92 0.45 | 0.83 | 0.26 4A0D
0.83 0.83 0.41 0.83 0.31 0.83 0.21 0.83 | 0.13 4ACS 4
0.83 0.88 0.88 0.8 0.70 0.80 0.55 | 0.85 ] 0.29 4BOS
0.91 0.91 0.71 0.91 0.61 0.91 0.44 | 091 | 0.27 4A08S
0.72 0.72 0.44 0.72 0.37 0.72 0.30 | 0.72 | 0.22 4BCS
0.82 0.82 1.35 0.82 1.13 0.82 090 | 0.82 | 0.50 4BOD
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Table 2: Fragility parameters for concrete slab bridge

Average State of Damage
Dispersion Complete Extensive Moderate Slight Bridge | Number of
type Span
g* g A § A § A § A
1.04 0.88 1.68 0.95 1.05 1.13 0.52 1.20 0.18 2sACD
1.09 0.92 2.30 1.00 1.77 1.15 1.05 1.30 0.19 2sBCD
0.74 0.68 1.90 0.68 1.25 0.68 0.92 0.89 0.50 2sAOD
0.75 0.69 0.43 0.69 0.29 0.69 0.17 0.92 0.10 2sACS 2
0.99 1.05 1.15 1.10 0.78 0.90 0.58 0.90 0.34 2sBOS
1.02 1.01 1.15 1.10 0.78 1.00 0.53 0.95 0.27 2sA0S
0.74 0.69 0.56 0.69 0.43 0.69 0.28 0.86 0.11 2sBCS
0.82 0.82 1.99 0.82 1.60 0.82 1.20 0.82 0.90 2sBOD
0.99 0.83 1.16 0.85 0.73 1.15 0.36 1.15 0.13 3sACD
1.08 0.95 1.50 1.06 1.10 1.08 0.70 1.24 0.14 3sBCD
0.83 0.8 1.25 0.80 0.90 0.83 0.66 0.90 0.25 3sAOD
0.73 0.67 0.49 0.67 0.33 0.67 0.20 0.92 0.11 3sACS 3
0.74 0.75 1.05 0.75 0.78 0.75 0.55 0.70 0.28 3sBOS
0.89 0.87 0.93 0.87 0.72 0.90 0.49 0.95 0.25 3sAOS
0.71 0.59 0.62 0.59 0.48 0.59 0.31 0.84 0.13 3sBCS
1.19 1.19 2.50 1.19 1.70 1.19 1.05 1.19 0.42 3sBOD
0.84 0.76 1.00 0.76 0.67 0.85 0.38 0.97 0.18 4sACD
0.84 0.77 1.3 0.77 1.00 0.84 0.65 0.96 0.20 4sBCD
0.83 0.80 1.25 0.80 0.90 0.83 0.66 0.90 0.25 4sAOD
0.80 0.74 0.52 0.74 0.34 0.74 0.20 0.98 0.11 4sACS 4
0.60 0.60 1.16 0.60 0.93 0.60 0.69 0.60 0.41 4sBOS
0.83 0.85 1.10 0.85 0.83 0.83 0.59 0.80 0.30 4sA0OS
0.74 0.71 0.66 0.71 0.51 0.71 0.34 0.84 0.14 4sBCS
0.90 0.90 2.29 0.90 1.58 0.90 0.93 0.90 0.37 4sBOD
NG (82, Maint) i F o F
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Table 3: Fragility parameters for concrete void slab bridge

Earthquake Engineering and Seismology
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International Institute of

Average State of Damage
Dispersion Complete Extensive Moderate Slight Bridge type Number of
& g a2 | & 3 & 2 & Span
0.80 0.73 1.20 0.73 0.85 0.79 0.52 0.96 0.30 2vACD
0.79 0.69 1.49 0.69 1.19 0.8 0.79 0.99 0.31 2vBCD
0.89 0.80 1.35 0.80 1.10 0.95 0.75 0.99 0.39 2vAOD
0.73 0.69 0.39 0.69 0.26 0.69 0.16 0.82 0.10 2vACS )
0.83 0.85 1.12 0.85 0.90 0.80 0.65 0.80 0.39 2vBOS
0.83 0.85 1.07 0.85 0.85 0.80 0.60 0.80 0.35 2vAOS
0.74 0.70 0.51 0.70 0.39 0.70 0.26 0.87 0.11 2vBCS
0.88 0.88 1.70 0.88 1.20 0.88 1.00 0.88 0.50 2vBOD
0.97 0.80 0.84 0.82 0.53 1.13 0.35 1.13 0.14 3vACD
0.88 0.87 1.05 0.87 0.80 0.87 0.52 1.1 0.17 3vBCD
0.83 0.80 1.25 0.80 0.90 0.87 0.63 0.85 0.26 3vAOD
0.75 0.68 0.43 0.68 0.28 0.68 0.17 0.95 0.10 3vACS 3
0.66 0.66 0.98 0.66 0.78 0.66 0.56 0.66 0.32 3vBOS
0.86 0.86 0.98 0.86 0.76 0.86 0.53 0.86 0.28 3vAOS
0.72 0.64 0.54 0.64 0.41 0.64 0.27 0.95 0.10 3vBCS
0.93 0.93 1.50 0.93 1.20 0.93 0.82 0.93 0.54 3vBOD
0.75 0.67 0.80 0.67 0.56 0.74 0.34 0.91 0.19 4vACD
0.71 0.65 0.99 0.65 0.78 0.70 0.52 0.89 0.20 4vBCD
0.77 0.72 0.82 0.72 0.67 0.80 0.50 0.85 0.28 4vAOD
0.71 0.68 0.45 0.68 0.30 0.68 0.18 0.80 0.12 4vACS 4
0.71 1.09 0.69 0.89 0.69 0.80 0.61 0.80 0.39 4vBOS
0.81 0.80 0.96 0.80 0.73 0.80 0.53 0.80 0.31 4vAOS
0.72 0.67 0.59 0.67 0.45 0.67 0.30 0.87 0.13 4vBCS
0.86 0.86 0.94 0.86 0.80 0.86 0.65 0.87 0.48 4vBOD
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Assessment of the Sufficiency and
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Proposed Time Step for Nonlinear
Structural Dynamic Analysis

Aram Soroushian
Assistant Professor, Structural Engineering Research Center
a.soroushian@iiees.ac.ir

The actual behavior of structural systems subjected to
severe earthquakes is dynamic and nonlinear. Time history
analysis using a step-by-step direct time integration method
and an iterative method for nonlinear solution is the most
powerful method to analyze the initial value problems
defining the dynamic nonlinear behavior of structural
systems, especially when the external load is because of a
severe earthquake. After discretization in space by methods
such as finite or boundary elements, the ordinary initial value
problem defining the above-mentioned nonlinear dynamic
behavior can be expressed as:

Mii+f =1 ()
u(t =0)=u,
u(t=0)=u,
£ 0 =0) =1,

Q<0

0<t<t,,

(1)

In Eq. (1), M is the mass matrix, u is the vector of unknown
displacements, f;, is the vector of unknown internal forces,

f (t) is the vector of external forces, ¢ implies the independent

variable (time), ¢, is the time duration of the dynamic
behavior, each top dot implies once differentiation with respect
to time, and ‘0’ as a right subscript implies that the argument

is at its initial condition, i.e. the status at # =0. As implied
above, together with an iterative method for nonlinear solution,
time integration defines the most versatile approach for
analyzing Eq. (1), and the parameter with most effectiveness
on the results of this analysis, especially on the accuracy of the
response, the analysis run-time, and the computational effort, is
the integration step. The broadly accepted relation suggesting a
value for the integration step is as follows:

At = Min(Atcr,T, fAz]
v4

10 When the behavior is linear
100

1000 When the behavior is nonlinear and involved in impact

2

7= When the behavior is nonlinear but not involved in impact

where, At is the upper-bound to preserve numerical stability,
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as well as consistency, 7 is the smallest period with notable
contribution in the target response, and ,A¢ implies the step

at which the external forces (the f (t) in Eq. (1)) is digitized.

This study has shown through various numerical tests,
that the results of Eq. (2) can be insufficient and unnecessary
for the accuracy of the target response. The numerical
observations are compared with the scattered data reported
in the literature. In view of the consistency between the
tests and the existing data, the phenomenon is studied
theoretically and its reason is explained. In brief, though
the main parameter affecting the results of analysis of Eq.
(1) is the integration step, for nonlinear analyses, there are
other contributors, with considerable effects, as well; e.g. the
tolerance of nonlinear iterations.

The consequence of studying the existing nonlinearity
using an iterative nonlinear solution method is nonlinearity
residuals at the integration stations where nonlinearity
is detected. This is regardless, of using implicit/explicit,
single-/multi-step, single-/multi-stage unconditionally/
conditionally stable . . . integration method, the method
used for nonlinear solution, and the tolerance of the iterative
nonlinear solution. Therefore, at the steps after the detection
of nonlinearity, the computed response is under the influence
of the problem’s actual parameters, the characteristic of the
time integration specifically the integration step, and also the
nonlinearity residual at the last step. As aresult, Eq. (2) cannot
be correct because of not considering all the influencers in
the accuracy of the response. The incorrectness can appear
as insufficiency or lack of necessity of the integration step
for the accuracy of the target response. The reason is the fact
that the two sources of error originated in time integration
and iterative nonlinear solution are independent. Still, for
problems with the nonlinearity of the piece-wisely linear
type, when the time step is sufficiently small, the effect of
the residuals disappear, and more accuracy is obtainable
for the target response, when using smaller integration
steps. The “sufficiently small” in the previous sentence
however depends on the problem and potentially even on
the integration method.

Considering the explanation above, a good way to
use Eq. (2) for assigning an appropriate value to At is to
pay attention to the comments in structural dynamics and
numerical analysis of ordinary initial value problems,
regarding repetition of the analyses with smaller steps, and
comparing the computed responses till convergence of the
responses. This is somehow materialized in the analysis
procedure presented for nonlinear response history analysis
in the seismic code of New Zealand, NZS 1170.5:2004. The
procedure can to some extent guarantee the sufficiency, but
cannot guarantee the necessity, of the integration step, for
the response accuracy. This can be explained on the basis
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of convergence of responses obtained from analyses carried
out with sufficiently small steps, and the ending steps of the
analysis procedure presented in NZS 1170.5:2004.

In view of the importance of response history analysis
in structural engineering, earthquake engineering, and many
other fields, and that time integration is the only versatile
method for analyzing nonlinear dynamic behaviors,
the results of this research are very important. Several
suggestions have therefore been made to continue the
research, especially towards more appropriate step selection
criteria in seismic regulations.

Keywords: Nonlinear response history analysis, Accuracy
of the target response, Analysis speed, Step-by-step direct
time integration, Seismic code of New Zealand
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Seismic Behavior of Reentering Steel
Shear Wall

Abdolreza Sarvghad Moghadam
Associate Professor, Structural Engineering Research Center
moghadam@iiees.ac.ir

Behrokh Hosseini Hashemi, Soror Arjomand

Self-Centering Steel Plate Shear Walls (SC-SPSW) are a
new generation of seismic resisting frames which recently
introduced into structural engineering world. The primary
concept of SC-SPSW is based on implementing steel plate
shear walls as an energy dissipating system paired with
post tensioned strands as a self-centering system in the
structures. Steel plate shear walls absorb the seismic lateral
load, concentrating the likely damage within themselves in
order to make the main structural elements such as beam and
column, remain almost undamaged and post tension strands
bring the structure back to its pre earthquake position to
eliminate or reduce residual drift after an earthquake. This
project presents a numerical simulation of self-centering
steel plate shear wall based on strip model proposed by AISC
Steel Design Guide 20 and attempts to modify the method to
more accurately match with experimental results. According
to this study, it is found that compression resistance of
shear wall strips, realistic pinching behavior and energy
dissipation of bolts in post tensioned connections are key
aspects to develop a reliable simulation of a self-centering
frames with steel plate shear walls and neglecting either
of these issues, could disturb evaluation of self-centering
capability and dissipated energy in the frame. In addition,
deterioration in shear wall material due to web plate tearing
needs to be considered in the modeling to achieve more
realistic assessment of ultimate stiffness and strength of the
system upon significant seismic loads.

In addition, collapse potential, seismic performance and
the impact of aspect ratio on the seismic parameters of SC-
SPSWs were studied in this project. Nine archetypes selected
for this study which are 5, 7 and 10 story structures with
three aspect ratio of 0.8, 1.5 and 2.5 for SC-SPSW frames in
order to examine the impact of aspect ratio on the SC-SPSW
behavior. The results of archetypes design suggest that the
SC-SPSW frames with panel aspect ratio of 1.5 have less
weight in comparison with the other archetypes.

Besides, nonlinear static and incremental dynamic
analysis results of the archetypes demonstrate that the
seismic performance criterion of FEMA P695 could be
passed in the archetypes with aspect ratio of 1.5 and the
other archetypes need to be redesigned with less R-factor.
It could be concluded that best aspect ratio for SC-SPSW
panel is around 1.5 which results in lower structural weight
and better seismic performance.
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Design of Mass Isolated Systems Based on
Stability Margin and Recurrent
Switching Technique

Mansour Ziyaeifar
Associate Professor, Structural Engineering Research Center
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Mohammad Boojari

The purpose of this research was to increase the efficiency
of mass isolated structures by increasing their flexibility and
damping characteristics. In the mass isolation approach,
the structure is divided into two stiff and soft substructures
where the lateral displacement of the soft substructure is
controlled by the stiff one with the help of energy dissipaters
located between them. In the first step of this work, the goal
was to increase the flexibility of the soft substructure without
stability problems by controlling its lateral displacement
using stiff substructure. In the next step, in order to improve
the performance of the structure and reduce its seismic
responses, the idea of recurrent switching is used to reduce
the level lateral forces on the structural system. Further, by
transferring the induced vibrational effects on the system to
the higher modes of the structure, seismic responses of the
system have been reduced.

Increase in the flexibility of soft substructure is
dependent on ensuring its lateral stability in mass isolated
structures. Assuming the possibility of restriction in
lateral displacements for mass subsystem through the
stiff substructure, the required stability of mass subsystem
can be provided. This causes increase in flexibility of the
soft substructure to a level much higher than conventional
structures. In this study, the stability margin of soft
substructure has been investigated through a series of push
over analyses by taking into account the effects of restriction
in its lateral displacement through stiff substructure. In this
approach, analytical relationships have been proposed to
relate flexibility of the structure to its stability margin while
its lateral deformation is restricted by a stiff subsystem.

In the next step, the idea of the recurrent switching is
used to reduce seismic induced lateral forces to the structure
in mass isolated system. In this method, the level of dashpot
forces connecting the two sybsystems is continually cuts off
and connects in a certain level of frequency.

In the last part of this research, it has been tried to switch
the force flow between the two subsystems in the range of
the natural periods of higher modes of the system. This has
been done to transfer earthquake input energy to higher
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modes of the structure in order to use their inherent damping
for reducing seismic forces on the structure.

According to the results this study, in an example for
a 7-story mass isolated building, its stability margin with
a restricted drift limit of 2% (for collapse prevention) was
arranged to be within the acceptable range of engineering
practices. In this case, the flexibility of the mass subsystem
in quite higher than a typical 7-story buildings (7;=3.9 Sec.).
Considering recurrent switching technique, it was shown that
by rapid switching in the level of transferring force between
the two subsystems, the level of lateral displacement in the
stiff substructure has been reduced to about 25% less than
that compared with the case of using normal force flow
between them.

Later, it was shown in the same example by switching
the force flow in the frequency range of the higher modes
of the structure, the level of force transferring to the stiff
substructure has been reduced by about 10% with respect to
the previous case without affecting the response of the soft
substructure. Also according to these results, in this case the
displacement of stiff substructure has been reduced by more
than 35% compared with the case where normal force flow
between the two subsystems was used.

In this study, a method for designing flexible structures
with restricted lateral displacement has been introduced. At
the end, using the idea of recurrent switching and seismic
energy transfer to the higher modes of the system seismic
performances of the mass isolated structures were improved.

Keywords: Mass isolation, Structural stability, Structural
control, Semi-active systems, Logical algorithm, Skyhook
algorithm, Recurrent switching, Energy transfer to higher
modes

unesco:

Category 2 Centre
under the auspices
of UNESCO

oolaul Jﬁ‘..\.uo | LY MZS% Sgd> by ‘) Cew o)L....').:) ulia).u.u
b axdlas 3 90 allas ;o a5 0 oals lis anlsl )5 ols LalS s ST, |
Glroge uilS 3 b cenlie chanly (sla 31500 50 9505 Gl Jog g alad
ey ojbw ) gl (eowd Jaax b w0l 5 (glo )%y co 3l YL
Cyero ol ails 4...]5‘ Gm)lS)S la).ﬁ‘ 5..\:‘ S 15% Sgd> ‘5.....%[5
3 eolainl Jolae cdlo a4y s 35% 51 ien Corws o5l 5 0oy
L pdydlas! slaojln ohb slp obg) lal jo (guisd pl ;o
9 LSAMJ[S)S ‘n]ml OAJ‘ )l oolaiul L B 3% 4\3|)‘ Sgdoto ulia).u.u
59 9 9 00ld dgups slo ) S il o ol slageuly (5390 (55,3l Jla]
el Gy bojle sloj ) sla b mals sl 5 g, uled

bl S8 ol syl (02 (ilulan i 1 guulS” glaelg

ST S gl 98 e o8l (Jlibanss 7S ol
@390 5551 JUl (55 2l

International Institute of Earthquake Engineering and Seismology

s140day] Y4025y JO Lvwwng



i i RCECWA\
i i g 111
unesco:. \—/

Category 2 Centre !

under the auspices
of UNESCO

fest and Central

iast i[5 1

Damage Detection in Three-Dimensional
Frames by Use of Rotational Components
of Mode Shapes

Omid Bahar
Associate Professor, Structural Engineering Research Center
omidbahar@jiees.ac.ir

Zahra Torang

Damage in structural elements causes obvious changes in
their physical properties such as stiffness and damping. These
changes affect the stiffness and damping matrices of whole
building so its mode shapes change. Therefore, mode shapes
of existing building are widely used in damage detection
methods. This paper focused on considering the importance
of using some rotational/translational components of the
mode shapes to detect damages in structural frames. In
order to analysis the frames and update them, an automatic
iterative model updating program is developed in MATLAB
software which works with OpenSees for conducting finite
element analysis. The iterative program evaluates a set of
objective functions in each step and tries to optimize them
by means of nonlinear least square method. Objective
functions are defined based on combination of two criteria
of these four items: comparison between frequencies and/or
mode shapes of two situations, the modal assurance criteria
(MAC), and the modal flexibility matrices. In order to verify
the effectiveness of the developed program, some three-
dimensional steel structures are modeled and evaluated. It
has been considered that these frames suffered damages
which are defined by different scenarios for each of them.
Actually, in this study damages are defined by reduction in
elements’ stiffness. Mode shape components and natural
frequencies of damaged structures are the only needed input
data for the program. In order to investigate the influence
of rotational components in model updating, frames have
been analyzed with three types of data in each scenario, all
translational/ or rotational components, and all components
of mode shapes. Extensive analyses show that among
employed objective function, the one which compares mode
shapes is the most successful one in damage detection. The
findings indicated that the translational components of mode
shapes are not capable of detecting damages accurately. It
can be concluded that using rotational data leads to more
precise results in determining both locations of damage and
their intensities. Real data which are extracted from existing
building always are polluted by noises due to human or
machine faults or sometimes errors in numerical methods
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lead to inexact input data. Since the data which has been
employed in this study are exact numerical data, to consider
the effects of these errors, analytical modal data has been
polluted by some noises. Surprisingly, the results show
that even with noisy data, the proposed method can detect
damages precisely. Since measuring rotational components
of mode shapes still is not very convenient, modal dynamic
expansion technique is applied to generate rotational
components from measured translational ones. The findings
indicated that the developed model updating program is
really efficient in damage detection even with generated data
and considering noise effects. Moreover, methods which use
rotational components of mode shapes can predict damage’s
location and its intensity more precisely than the ones which
only work with translational data. At the end, experimental
data that has been extracted from a full-scale model of a steel
frame are used to detect damaged elements and the intensity
of their damage, that the results were acceptable.

The purpose of the current study was to determine the
influence of rotational components of mode shapes in
enhancing the accuracy of damage detection analysis. This
paper has two main parts where the first parts focused on
introduction of'a new algorithm that uses optimization method
in an iterative manner with an objective function for model
updating. This program has been developed in MATLAB
that uses OpenSees as its finite element analysis engine.
Two three-dimensional steel frames have been analyzed and
the results confirmed that this algorithm can precisely detect
damages in different scenarios. Also, the results show that
using rotational components of mode shapes is a great help
for damage detection. The most obvious finding to emerge
from this study is that, when only rotational or both rotational
and translational components of mode shapes are employed
in composition of objective function, damages’ location
can be detected more accurately and reported intensity of
damages are very closer to the actual ones. Since in most
of the experimental cases measuring rotational components
is not convenient, the second part of the study uses a data
expansion method to produce the rotational components
of mode shapes. In order to generate the unmeasured
component of mode shapes, Kammer expansion method
has been used in an iterative manner where in each stage
the updated model’s mode shapes have been used for data
expansion in experimental case. Two mentioned frames have
been investigated and only their translational components
of mode shape have been measured. By expanding modal
data to generate rotational components and using them
in model updating algorithm, damaged elements have
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been detected and the severity of their damage have been
estimated accurately. Actually, almost all damaged elements
are detected and some minor false damages are reported in
undamaged elements. It is clear that in damage detection,
overestimation of damages or reporting false damage in
undamaged elements puts the plan in the safe side.

Generally speaking, investigating all analyses results in
this research, it can be concluded that when the developed
model updating program works with rotational components
of mode shapes, the outcomes are more precise in comparison
to using only translational components.

Besides, analysis confirmed that even in cases that data
is contaminated with noise, results are acceptable. Although
the study has successfully demonstrated that using rotational
components of mode shapes is efficient in model updating,
it has certain limitations. For instance, only two frames
have been investigated here, and for generalization more
analysis on different frames is needed. This study provided
an appropriate program for model updating and damage
detection of existing structure by use of experimental data.
Besides, these findings enhanced our understanding of the
role of rotational degree of freedom in health monitoring
and proved the efficiency of used expansion method in
generating valid rotational data. To extend our research, we
intend to analyze more complicated structures, with the hope
that these planned tests can confirm our findings.

Keywords: Model updating method; Iterative optimization
method; Damage detection method; Rotational DOFs;
translational DOFs; Modal dynamic expansion method
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Development of an Analytical and
Experimental Model to Estimate Human
Casualty Due to the Collapse of Non-
Engineering Buildings in an Earthquake

il .

Morteza Bastami
Associate Professor, Structural Engineering Research Center
m.bastami@iiees.ac.ir

Asad Mavalizadeh, Mohammadreza Soghrat

In this research, the collapse process of masonry
structures under earthquake is simulated in three dimensions
by the combined methods of finite elements and discrete
elements. The discrete elements method is a numerical
analysis method that determines the position and location
of each element at any moment by solving the equations of
motion. In this method, a masonry structure is modeled by
a set of separate components (i.e. bricks) that are connected
by virtual springs and dampers. First, the validity of this
method is verified by results of experiment on a laboratory
sample. Then, we modelled a masonry building under
different earthquakes and evaluated the damage caused to
the structure by a damage index.

We presented the damage caused to the internal parts by a
score, named w-score 1 criterion and the injuries caused to the
human body through falling of structural components by the
casualty criteria provided in biomechanics and automotive
engineering. In the last stage of this method, relationships
between the intensity of the earthquake, structural damage,
damage to internal parts and casualties are determined and
compared. The above steps are presented in the form of
following chapters:

Inchapter 1, thereis areview of the past statistics regarding
the amount of casualties caused by masonry buildings, and
then the vulnerability of these buildings in the country’s
past earthquakes has been examined, and according to the
field visits, the different states of damage of this building
has been discussed. In chapter 2, the following topics are
discussed: tricks of modeling masonry structures, methods
of analyzing structures of masonry buildings, including
continuous and discrete methods that includes rigid body
and spring method, discontinuous deformation method, non-
smooth contact dynamics method, extended distinct element
method, combined finite-discrete element method, method
of limit analysis models and applied element method. In the
following, LS-DYNA software is introduced and techniques
of crack formation including undetermined crack techniques
and predetermined crack techniques are discussed. In
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chapter 3, steps of making a model for a masonry building
is explained and choosing the appropriate parameters, as
well as the method of verifying the results based on the
laboratory results, are given in detail. Verifications have been
done with the results of static and dynamic tests. Chapter
4 discusses the factors affecting the amount of casualties
in an earthquake including variables related to residents,
seismic variables, variables related to the building, the level
of awareness and preparedness of the people, and conditions
of searching for people under the destroyed building in the
earthquake and rescuing them, as well as first medical aids.
Then, the criteria for measuring building damage, including
the damage index and the damage to the interior parts (i.e.
infills) are discussed. In the next section, the criteria for
measuring human injuries caused by structural damage due
to an earthquake are stated, and the criteria for measuring
injuries to the head area, the criteria for measuring skull
fractures, casualties caused by a direct impact on the chest,
casualties caused by chest compression, pelvic area injury
criteria, abdominal area injuries and arm and leg area injury
criteria, have been discussed. At the end of this chapter, a
method is developed to establish a relationship between the
collapse of masonry structures and losses caused by it is
explained by presenting a numerical example. This method
includes the following four steps:

First step: Choosing a building model and analyzing its

collapse under earthquake load;

Second step: Calculate the amount and level of damage

to the building;

Third step: Calculation of parameters related to casualties;

Fourth step: Calculating the probability of casualties due

to failure and loss criteria.

For example, Figure (1) shows a correlation between
probability of casualties due to skull fracture and W-Score.

In chapter 5, an empirical relationship based on data from
the dual Ahar-Varzaqan earthquakes occurred on 11 August
2012 at 16:53 (Iran standard time) in East Azerbaijan province
of Iran is developed. The two earthquakes measured 6.3 and
6.4 on the moment magnitude scale with the second quake
occurring 11 minutes after the first. Local reports estimated
at least 306 deaths, although official reports stated 229, with
more than 3000 injured. Most casualties occurred in rural and
mountainous areas. The fatalities from the Ahar-Varzaqan
earthquakes have been analyzed and a model is proposed
for estimation of fatalities. The model correlates the fatality
count and intensity measures or distance parameters. The
peak ground acceleration (PGA) in the village was selected
as the intensity measure; thus, the recorded or predicted PGA
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in the locations suffering fatalities was required. Available
ground motion prediction equations (GMPEs) were first
used. Because the GMPEs did not fit the recorded data, a
simple GMPE was developed using the equation best fitted
to the recorded data. The correlations between the number of
fatalities and the PGA or distance from epicenter to village
were assessed by gender. The results show that the number of
fatalities has a stronger relationship with PGA than distance.

Keywords: Analytical model, Human casualty, Collapse,
masonry buildings, Experimental relationship, Earthquake
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of Concrete Filled Steel Battened Columns
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Mehrdad Zare Dastjerdian

Steel battened columns have been widely used in some
countries such as I.R Iran in last decades. Such elements may
have been applied in many existing buildings with saddle
connections (having low rigidity) or some structures which
are in lack of sufficient lateral systems. In past earthquakes,
severe failure under lateral actions was observed in residential
and industrial buildings with such structural system. They
experienced intensive shear failure especially in columns
near staircases or close to infills. Based on previous studies
and observations, this type of column is more vulnerable
in loadings perpendicular to their sections’ web, where the
battens (in shear) or their welding may fails. Many retrofitting/
repairing methods have been proposed including adding some
steel plates to the columns in order to change them into box.
These methods are not only expensive and hard but also did
not strengthen the columns at their connections with beams.
Therefore, this project has focused on a new innovative
method; filling the battened columns with concrete, which has
already been applied for steel tubes.

The present study has three main parts: first, the literature
on battened columns and the obtained experiences, especially
in previous earthquakes are reviewed. In the second step, an
experimental and analytical program has been carried out
on seven specimens, in which axial load level and batten
spacing intervals were considered as the key variables. In
each test, a single batted column specimen is tested under
cyclic lateral displacement protocol when it has constant
axial load. The results depicts that concrete filled battened
columns can provide a stable cyclic response with enhanced
lateral strength, higher dissipated energy and ductility,
in comparison with similar hollow one. The average
improvement in the lateral strength and energy dissipation
were recorded as about 30% and 300%, respectively.
Furthermore, it is shown that capacity modification factor
of a concrete-filled specimen was up to 47% higher than that
of the similar hollow one. The filled battened columns are
categorized in ductile or semi-ductile elements, specified in
ASCE 41-17. Their modification factors for LS performance
level are between 2 and 2.5. The study on concrete filled
battened columns has been improved by finite element
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analyses, after being verified by experimental results. In this
stage, influences of batten section distances, axial load, etc.,
are studied. Regarding that filling with concrete improves
mechanical properties of the specimens, especially the
ductility and strength. This method is highly recommended
to strengthen fragile hollow battened columns. Test setup of
the specimens is shown in Figure (1).

During the testing, axial load is applied firstly, then lateral
load, based on a loading protocol, is applied. Failure modes
of the regular and filled battened specimens are completely
different, as shown in Figure (2). Their load-displacement
behavior is also different which is shown in Figure (1). Based
on this figure, the filled specimen has higher strength and
greater ductility. Figures (2 and 3) are for specimens having
batten plate distance of 35 cm and with axial load of 0.15
Py, where Py is the maximum compression strength of the
sections.

In the last part of the study, behavior of the filled battened
columns is experimentally studied in %2 scale braced frames.
The loading condition of these specimens is very similar to a
real building columns, in which the axial load of the columns
are varied by lateral displacements. The results show that the
filled battened columns, contrary to hollow battened one, not
only had no local buckling or strength downfall up to 6% drift,
but also raise the lateral strength up to 20%. Figure (4) shows
two braced frame specimens, with regular battened column and
with filled one, as well as their load-displacement behavior.

Consequently and based on the experimental and
analytical results of the present study, filling the battened
columns with concrete can be applied in existing buildings
having such elements as robust rehabilitation.

Keywords: Battened columns, Concrete core, Ductility,
Dissipated energy, Earthquake, Cyclic loading
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Investigation on Dynamic Transfer
Functions to Estimate Internal Strains
Imposed on Rectangular Cross-Section

Underground Structures Due to Shear Wave
Free Field Motions

Omid Bahar
Associate Professor, Structural Engineering Research Center
omidbahar@iiees.ac.ir

Meysam Ramezani

Model up dating technique is defined as the process
of modif ying the parameters value in the finite-element
model of a structure such that the updated model more
correctl y describes the dynamic properties obtained from
an experimental structure. In this project, a promising and
efficient method is presented based on finite element model
updatin g and focusing on the type and method of data
extraction . According to this method, the dynamic parameters
of the damaged structure such as translational and rotational
mode shapes and frequency of the structure are extracted.
Next, the finite-element model is updated using improved
metaheu ristic algorithms. During this process, structural
damage identification is carried out indirectly. In fact, by
identifying healthy elements and removing them from the
search space, the location and severity of the damage in other
elements are more accurately estimated. In order to evaluate
the per formance of the proposed method, the damage
identifications for a simple beam and two determinate
and indeterminate truss are numerically investigated, and
a simple beam is also experimentally studied as shown in
Figures (1 to 4).

The results show that the rotational mode shapes extracted
by the innovative method of this dissertation provide
valuable information that enables this method to identify the
location and severity of damage with high accuracy using
the first mode information. Then, the ASCE benchmark
structure and two other 10 and 12-story 3D structures are
studied in order to evaluate the proposed methodology in 3D
structures with incomplete modal shapes.

Anotherelementthat can affect the dynamic characteristics
of the structure is the connections, which are mostly ignored.
In order to evaluate the efficiency of the proposed method
in determining the stiffness and fixity factor of connections,
experimental tests are performed on a cantilever beam with
welded seat angle connection, two cantilever columns with
bolted angle connection, and a single-bay single-story frame
with bolted angle connections as shown in Figures (5 to 7).

To compare and evaluate the accuracy of stiffness and
fixity factors obtained by this method, the stiffness of the
connections is also obtained through static loading method.
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The results show that the structural properties obtained by
this method are highly accurate and this method can replace
traditional and costly methods.

Keywords: Indirect damage detection, Connection stiffness,
Rotational mode shapes, Improved genetic algorithm,
Improved differential evolution algorithm, Model updating
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Passive Control of an Arch Steel Bridge
Under Severe Moving Loads and Strong
Ground Motions with Vertical Components

Omid Bahar
Associate Professor, Structural Engineering Research Center
omidbahar@iiees.ac.ir

Mohammadreza Kazerunian, Mohammad Banan

Bridges are the most important structures of road and
rail routes, which always have aesthetic and load-bearing
concerns for structural and architectural designers; issues
such as magnificent design, correct transfer of different
static and dynamic loads, fatigue problem caused by service
loads, and control of deformations, especially during severe
earthquake motions. The construction and development of
the road and railway network of any country is considered
as its progress criterion, which allocates an important
part of its annual budget every year. The majority of the
world’s population lives in seismic areas that experience
a major earthquake at least once every year. Therefore, in
these countries, the maintenance and management system
of bridges, including the inspection network, as well as the
maintenance and repair of bridge structures, has a very high
priority.

In past events, observations show that in earthquake-
affected areas, bridges and roads have suffered localized or
extensive damage, and sometimes they have been completely
destroyed. In such cases, it is very important that the bridges
perform their serviceability in order to help people to
access the earthquake affected areas. This is especially very
important in the early hours of an earthquake, when the access
of emergency forces to the area for crisis management, rapid
treatment of injured people, taking people out of debris,
collecting corpses and most importantly preventing from the
spread of infectious diseases, in order to reduce the loss of
life in that area.

Preservation and maintenance of road infrastructures, and
their continuous repair and improvement is one of the most
important budget challenges of many industrialized and
semi-industrialized countries. The use of basic separation
systems is one of the relatively new solutions that researchers
and engineers have provided to meet this important and
comprehensive need. But lack of proper attention to the
correct principles of design and fail in paying full attention to
the real behavior of new and complex systems will result in
many problems, so that the minimum risk is the occurrence
of damage or even the fall of the bridge deck.

In addition to this issue, one of the important incoming
loads on bridges that can have a significant effect on their
performance over time is moving loads. In some cases, the
continuous passing vehicles over the bridges and the variety
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of incoming loads cause the bridges to be damaged much
earlier than the end of their useful life. This issue in itself has
reduced the capacity and efficiency of the bridge structure,
which can lead to serious damage and even destruction of
the bridge due to natural events such as strong winds and
earthquakes. For this reason, it is necessary to pay special
attention to structural damage, ensure optimal performance
and not reduce the capacity of the bridge structure during
maintenance management. If such cases are observed, a
specific plan for the improvement and strengthening of the
bridge must be developed and implemented. Also reliable,
efficient and affordable methods should be used as much as
possible.

This research is focused on the practical application
of basic separator systems in engineering and industrial
applications, with the aim of showing the detailed design and
modeling steps. Nonlinear dynamic time-history responses
under different conditions have been investigated, and it
has been tried to accurately discuss the challenges faced by
design engineers in selecting various types of base isolation
systems against seismic loads and also moving loads. Two
types of base isolation systems for an arched steel bridge
are investigated: lead rubber Bearing (LRB) and friction
pendulum system (FPS). The results show that the properly
designed system to improve the seismic performance of the
bridge may be completely different from the best vibration
control system caused by moving loads.

Keywords: Arch steel bridge, Passive control, Base
isolation, Nonlinear time history analysis, Moving loads,
Vertical ground motion
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A New Finite Element Model Updating
Method Using Combination of
Direct and Iterative Method

il .

Omid Bahar
Associate Professor, Structural Engineering Research Center
omidbahar@jiiees.ac.ir

Mehdi Delpazir, Behzad Rahimi

To evaluate the real behavior of a structural system against
possible future events, using a detailed analytical model is
needed. This model is usually built based on the characteristics
and features of the structure and their materials. But for building
a correct analytical model for a structure, an engineer should
know many detailed information about structural configuration,
real model of members’ connection, and real or nominal
material characteristics. These information cannot necessarily
accessible and so reaching to a suitable model structure as a
representative of seismic performance against possible events,
may not be possible. In many engineering problems, making
sure that the analytical model is correct is a necessary part of
structural analysis and design activities. Of course, very little
importance has been given to this issue so far. As a solution for
the modification of dynamic models, the method of updating
the analytical model using laboratory information is a powerful
method for correcting the analytical finite element models that
is widely used today.

Model Updating aims to change or modify some
characteristics of the analytical model of a structure in such
a way that the updated model shows the real behavior of
that structure. In this way, the dynamic characteristics of the
analytical model should be in good agreement with the values
obtained from measured responses of the real structure during
a proper tuned vibration tests. These characteristics include the
following:

1. Modification of the geometry, configuration, or behavior
of connections;

2. Modification of the numerical values defined for
structural or material characteristics; and

3. Modification of structural support conditions and its
transfer parameters.

In this research, the evaluation of three powerful methods
was considered and finally a new method based on cyclic
modification of structural parameters was proposed. The first
method is based on the algorithm presented by Wu and Lee in
2006. The second method is presented by Yang and Chen in
2009. And the third method is the method proposed by Ho, Li
and Wang in 2007 under the title of cross model cross mode,
named CMCM. The last two methods belong to the group of
direct methods. One of these methods was used to identify
the structural parameters of the ASCE benchmark steel model
building, whose analytical model was developed based on
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laboratory measurements. The considered model structure is a
four-story building for which various patterns of damage can
be defined. In this research, change in member stiffness are
considered as a measure of damage parameters that may occur
in structural members. It is assumed that information of the
dynamic modal characteristics of one or more first modes of the
structure is available through vibration testing.

Evaluation of results show that these methods cannot well
captured the case of 3D structures especially when damages
are scattered during whole structure. Therefore, in this
research activity, a method has been proposed to determine
the real stiffness matrix of the structure using the information
of the first few modes of the structure which can be obtained
by conducting dynamic tests on the real structure. It uses the
advantages of both direct and iterative methods and does
overcome their disadvantages. Also, in the proposed method,
by using the obtained coefficients to modify the stiffness matrix,
it is possible to estimate the damage position and severity of the
structural members with high accuracy.

Keywords: Structural matrix modification, Model updating,
direct and iterative methods, ASCE benchmark building,
Structural damage detection, Dynamic nonlinear time history
analysis
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Evaluation of the Mechanical Properties
of Polymer Concrete Under Monotonic and
Cyclic Loadings Used in Polymer
Concrete Pipes

Morteza Bastami
Associate Professor, Structural Engineering Research Center
m.bastami@iiees.ac.ir

Morteza Abbasnejad Fard, Seyyed Abdolreza Hashemi

The use of polymer concrete (PC) in construction requires
the development of an accurate stress-strain relationship
which can accurately predict the mechanical properties of
PC. Given that no constitutive equation for cyclic loading of
unsaturated polyester PC (UPPC) is available in the literature,
the goal of the current research has been to propose a rational
analytical model for estimating the mechanical characteristics
of UPPC under tensile and compressive loading.
Compressive and tensile cyclic and monotonic tests were
performed on specimens which had been cured for 28 days
and the average monotonic stress-strain curve was obtained
for the monotonic tests. The average maximum stress and
strain were determined for both the compressive and tensile
tests and the elastic modulus and energy absorption capacity
were computed and compared with the values for normal
concrete (NC) and high strength concrete (HSC) materials.
Analytical models for the monotonic and skeleton curves
for both tensile and compressive tests have been provided,
and the proposed models were compared to experimental
findings and other research results for validation. Stress-
strain relationships have been proposed for the unloading
and reloading paths and were compared with the cyclic test
results. The ultimate stress and strain for the UPPC were
three and five times higher, respectively, than for the NC
in tension testing. The ultimate strain for UPPC was almost
150% greater than the final strain of HSC in compression.
Under compressive loading, the UPPC absorbed to 2.33 and
5.3 times more energy, respectively, than the HSC and NC.
The results showed that the skeleton curves agreed well with
the monotonic curves for the compressive and tensile tests.
All of the proposed models agreed well with the available
experimental data and previous study results.

The other object of this study was to investigate the
effect of sulfuric acid on the mechanical characteristics of
unsaturated polyester PC (UPPC), which is the common type
of acidic solution that exists in sewer pipelines. Therefore,
45 cubic specimens were fabricated and cured for 28 days.
Thirty specimens were immersed in 5%vol and 15%vol of
sulfuric acid, and uniaxial compressive tests were conducted
in intervals of 7, 28, 56, 84, and 180 days. Moreover,
monotonic and cyclic tests were performed on cylindrical
and dumbbell-shaped specimens for compressive and tensile
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tests, respectively, to describe the stress-strain curves of
UPPC specimens exposed to a sulfuric acid environment for
180 days. The elastic modulus, energy absorption capacity,
and stiffness degradation ratio were computed and compared
with the corresponding values for controlling specimens as
well as normal concrete (NC) and high strength concrete
(HSC) materials. Results indicated that the maximum
decreases of the compressive and tensile strength were
observed in those specimens which immersed in 15%vol
of sulfuric acid; these reductions were 33% (70 MPa) and
21% (8 MPa), respectively, compared to the controlling
specimens. Although the specimens in 15% sulfuric acid
showed the most reductions in maximum strength and peak
strain when compared to those in 5% sulfuric acid, they
still have significantly higher compressive strength, tensile
strength, energy absorption ratio, and energy dissipation
than the NC and HSC results. The average envelope curves
of compressive and tensile cyclic tests for controlling
specimens and those specimens which submerged in 5% and
15% acid were depicted. Comparison between the envelope
curves and monotonic results indicated that the envelope
curves traced the monotonic stress-strain responses very
well. Also, appropriate stress-strain relationships were
proposed for tension and compression for specimens
exposed to sulfuric acid.

In the final section of this study, the effect of dip angle
and pipe diameter was investigated during the finite element
analysis of buried segmented Polymer Concrete subjected
to fault displacement. The ABAQUS software was used to
create a detailed pipeline model. The structural response and
damage failure performance of the pipe barrels and joints
were examined and discussed. The results revealed that as
the fault’s displacement increased, the rotation angle of the
middle pipe enhanced (pipe number 9). As the dip angle
increases, the relative displacement of middle pipe increases
due to the enhancement of the vertical displacement of the
pipes. Increasing the pipe diameter reduces pipe rotation
caused by damage to the pipe body. The equivalent bending
moment at the occurrence of the first failure was calculated
in respect to the fault angles and the pipe diameters. Due
to the increase of the elastic modulus of the section and the
occurrence of more strains in pipes with a larger diameter,
the highest bending moments were observed in these pipes.

Keywords: Unsaturated polyester polymer concrete
(UPPC), Chemical resistance, Monotonic and cyclic tests,
Constitutive equation, Energy dissipation, Buried Pipelines,
Fault dislocation
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Development of Physical Vulnerability, Risk
and Resilience Model of Electricity Grid
Network Subjected to Earthquake (Case

Study: Qom Power Grid Network)

Mohsen Ghafory-Ashtiany
Professor, Structural Engineering Research Center
ashtiany@iiees.ac.ir

Babak Mansouri, Morteza Bastami, Mahban Arghavani

Resilience analysis of power grids requires their
performance assessment during threatening hazards.
However, the diverse connections among various constituent
components make studying power grids’ network behavior
complicated. This study aims to present a practical framework
with appropriate computational speed and acceptable
accuracy in estimating the seismic physical performance of
power grids, such that both electrical and earthquake experts
can easily use it. The framework has provided a performance
indicator by implementing the system’s component-based
analysis in the network-based graph model. This indicator
has been calculated based on distinguishing the components
under power service, failed components by direct physical
damage, and failed components by indirect physical damage
from each other (network-based). The proposed indicator
has also considered the physical capacity lost/remaining
in both under-service and out-of-service components
(component-based). Consequently, it can distinguish among
the network components beyond the binary classification of
performance and failure. In other words, while maintaining
the positive features of binary connectivity analysis, higher
accuracy has been obtained for a preliminary estimation of
the system’s physical performance. The variety of seismic
scenarios for the selected case study provided the possibility
of examining and comparing different network performance
states in three levels: physical blackout, physical outage,
and no physical interruption. The practical functionality of
the indicator, verified by a prototype graph, and the merits
such as higher accuracy than commonly used connectivity
analysis, simplicity, and rapidity make it a user-friendly
method in interdisciplinary studies of electricity and
earthquake engineering.

Keywords: Power transmission grid, Earthquake, Resilience,

Recovery, Physical vulnerability, Performance indicator,
Physical outage/blackout, Direct/Indirect outage
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Investigating the Behavior of Non Structural
Components in the Bam Earthquake

Mahmood Hosseini
Associate Professor, Structural Engineering Research Center
hosseini@iiees.ac.ir

Mohammad Javad Jabbarzadeh

Regarding the importance of nonstructural elements in
the vulnerability of buildings and their seismic safety level,
on one hand, and the extensive damage to some of these
elements in the 26 December 2003 Bam earthquake, on the
other, this report first reviews briefly the particular features
of nonstructural elements in Iranian buildings, and then
presents the results of a thorough survey of their behavior and
the damage they sustained in the city of Bam. Finally, based
on the results of this survey, some recommendations are
made that will be useful for modification of the “Guidelines
for the Seismic Retrofit of Existing Buildings,” which is the
only official reference on this topic used currently in Iran.

Architectural features in buildings in Iran differ significantly
from those in seismically active developed countries, and are
the most problematic group among the nonstructural elements
in Iran. The particular features of this group are:

* Heavy weight;
* Low inherent integrity;
» Weak connection to supporting structure.

Examples of architectural components having all
the above characteristics are external walls and internal
separating walls and partitions made of massive brick
masonry, as well as stone facade or cladding, particularly
the 3-cm brick finishing of the external walls. Internal
veneer, such as ceramic tiles, and internal walls and ceiling
finishings are examples of components that have the second
and the third characteristics. The top wall and the parapet
cornices are components that have the first and the third
characteristics. Finally, window frames are components that
have the third characteristic in Iranian buildings.

This group of nonstructural elements can be considered
as the second problematic group because they have various
manufacturing standards, and they are mostly installed without
any specific standard. In fact, most of the major mechanical
and electrical equipment, such as Heating, Ventilating, Air
Conditioning facilities (HVAC), are imported from abroad.
In many cases, equipment comes from northern European
countries, which are not earthquake prone, and consequently
do not have any specific seismic provisions. Furthermore,
although these countries usually have high installation
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standards, the installation in [ran is done mostly by non-experts

who do not follow the installation instructions properly, and

therefore, even if the equipment is from a seismically-active
country and has the required installation instructions, those
measures usually are not actually implemented.

This group of nonstructural elements also has some
differences from those in other seismic countries, particularly
the United States. These differences are as follows:

* Elements either are or they contain fragile objects,
particularly in the case of a house’s internal ornaments;

* Elements are mostly heavy and are installed as hanging
objects from the ceilings in many parts of the building.
These two features have cultural roots. For example, it is

an Iranian tradition to have several old glass or ceramic jars

or other similar objects and big, heavy chandeliers in almost
all rooms, particularly in luxury houses.

The earthquake hit the city of Bam, the town of Baravat,
and several surrounding villages in Kerman province,
destroying more than 70% of the buildings in the stricken
area, and causing extensive nonstructural damage to the
buildings that remained structurally intact. The observed
cases of nonstructural damage were mainly architectural.
There was also some damage related to building contents,
and a few cases of damage to electrical or mechanical
components. In the main body of this report, the damage to
nonstructural elements is reviewed.

It can be concluded that:

* Almost all of the nonstructural elements in the existing
buildings of the country are vulnerable when subjected to
earthquakes;

e Infill walls and staircases are the most vulnerable
architectural elements;

» Weakness of connections and lack of integrity are known
to be the main causes of almost all nonstructural damage
in Bam city. This fact should be taken into consideration
both in the retrofit of existing buildings and in the design
and construction of new ones;

* To prevent breakage of glass in buildings, either it should
be a resistant type, laminated or similar, or the glass sheets
should have some kind of very soft and thick strip around
them to accommodate the relative movement between the
glass sheets and their frames;

* The use of lightweight materials and integrated sheet
veneers should be encouraged in the country. This will be
a very effective way of reducing the seismic vulnerability
of these nonstructural elements.

Keywords: Iranian buildings, Architectural components,
Mechanical and electrical elements, Building content
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Analytical-Technical and Economic
Evaluation of Seismic Retrofit Techniques
for an Existing Highway Bridge
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Seyyed Reza Khavari

The seismic vulnerability of an existing two span
reinforced concrete slab bridge with round columns as piers
was studied for making decision about its retrofit design,
and after realizing that it is highly vulnerable, three different
techniques were proposed for its seismic retrofit, and were
compared with both technical and cost aspects. First, the
bridge design was checked by the seismic provisions of
American Association of State Highway and Transportation
Officials (AASHTO), showing that the bridge is seismically
weak in bending resistance and particularly shear resistance
of its piers’ columns. Next, a push over analysis (POA) was
performed, for which the target displacement was calculated
by shear-displacement relationship at the center of gravity of
the bridge deck. The rotations of plastic hinges in columns,
obtained by POA were compared with the FEMA 356
acceptance levels, which confirmed the high vulnerability of
the bridge. Finally, three various retrofit designs, including:
1) adding the strength and stiffness of pier columns by R/C
jackets, 2) adding some steel diagonal elements in both
lateral and longitudinal directions, and 3) fixing the deck to
abutments connections in lateral direction to make it possible
to use the abutment walls as shear walls, were considered
and checked by POA as well as Nonlinear Time History
Analyses (NLTHA), through applying the three-component
accelerograms of a set of selected appropriate earthquakes.

The bridge was modeled using the CSI Bridge software
assuming the average values for mechanical properties of
concrete as well as steel bars. The bridge specifications
for POA and NLTHA were defined according FEMA 356
regulations according to the AASHTO design spectra.
Several selected three-component accelerograms, with the
peak ground acceleration values compatible with the level
of seismic hazard in the site, and the frequency contents
compatible with the conditions of the bridge site soil, were
used for NLTHA. Seismic excitations were applied with
various incident angles to make sure that the maximum
seismic responses of the bridge are obtained. The response
values considered for comparison of the proposed retrofit
techniques included shear force and bending moment in the
bridge piers and abutments, resulting in maximum combined
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stress, and also the relative displacement of the bridge deck
in both longitudinal and lateral directions, in order to check
if collision occurs between deck and abutments of the bridge.

The analyses results obtained by both POA and NLTHA
on both original and retrofitted models of the bridge show
that:

e The existing bridge in its current condition is highly
vulnerable against the probable earthquakes in the
region;

e All three proposed retrofit methods are technically
acceptable, however, the third method, namely
fixing the deck to abutments connections in lateral
direction to make it possible to use the abutment
walls as shear walls, seems to be practically and
economically more feasible;

e Jtshould be noted that in this study the soil-structure-
interaction (SSI) was not taken into consideration,
and for more reliable results it is recommended to
consider SSI in seismic analysis as well;

e |t should also be notified that in this study the
effect of corrosion of the steel reinforcing bars was
not taken into consideration, and therefore, it is
recommended to repeat the corresponding analyses
with reduced values of the cross-sectional areas of
steel reinforcing bars for taking the corrosion effect
into account;

e Finally, it is notified that, since in this study there
were no sampling possibility of the bridge concrete
and steel materials for testing, and obtaining their
mechanical properties, only some average values
were used. However, it is highly recommended to
conduct the required test on the materials and use
more realistic values in the corresponding analysis.

Keywords: Reinforced concrete bridges, Flexural and shear
strengths, Pushover and nonlinear time history analyses,
Retrofitting techniques, Jacketing
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Fragility Functions for the Common
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Professor, Structural Engineering Research Center
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Afshin Kalantari, Zarin Karimzadeh

One of the main components for the development of
regional seismic risk models is the fragility functions for
common building types. Due to the differences between
the national design codes, construction practices, and
construction materials, it is necessary to develop specific
fragility functions for the common building types which are
constructed in each region. One of the existing challenges
is the lack of classified, reliable, and cogent local seismic
fragility functions for common buildings in Iran. For this
reason, the present study is devoted to fill this essential
gap. Therefore, at the first step, a comprehensive study was
performed on the existing building types in the country.
Finally, the Iranian common buildings are classified into 35
categories regarding material, lateral-load-resisting system,
age, height, and seismic design level. Also, by conducting
comprehensive studies on all previously performed
researches in the country, structural and dynamic parameters
have been collected for buildings in each class. This
information was used to compute a large set of backbone
curves for Iranian buildings taxonomy. In the next steps,
a large set of ground motion records were selected. Non-
linear time-history analyses were performed on the generic
backbone curve for each type of buildings, and the structural
responses were used to derive fragility functions for building
classes. Then, nearly three hundred appropriate fragility
functions were generated for Iranian common buildings
considering both record-to-record and building-to-building
response variability using cloud analysis. Based on the
existing empirical data from past earthquakes in the country,
the validation of the resulting fragility functions was carried
out. The resulted fragility functions can be utilized in seismic
risk assessment studies in the country.

Keywords Earthquake, Iran, Iranian buildings, Taxonomy,
Fragility functions, Seismic risk

=

[ITH]

uc:

unesco .
Category 2 Centre .
under the auspices U
of UNESCO

Slelid by (gl (Fglad — o (TS @il g A gi
Ol 99 Jglwio

ashtiany@iiees.ac.ir ojlo  wdigo 0uSingsy sliw/

03303 55 (39 33 (8 yNS Cymita]

30 b (ghs,) <Koy Alllan 3e305,) (gt 35T 55 ajgyd

5 Ol Cape 4 SaS (sly A3l 5l G20 Sl 5 Shlus rass
ot coriails 3] S SD sl a5y P R
05 Aoy At gshaw plp yo kpletslo o &)l g9y Jletol (o)
Slasletlos gloj ) i) a4 (SO ol 5l sl bl e
ol 050 dalgr SIS (alie sladl ) £48y pliin adhaie S 39250
|y i e S 5 syl el S, iS5 e adly o ales
a5 sl 115" sl ol sl o pecmtie R
Srdycam] o3| e 45 (syeb 4 ls A g8y 5l am g L
i 3§ arsin3 Loyl osad alacr 1 5o (55 lye 55 5l
Sy 2l Gln 0 pF ooyl B ooliiul 3590 Gl S pae s yael
izl o, tas Julos JUS s a5 ol N
oS i Glpen clis | Wil gpdicnal Ol s A3 (Bpme 5
ooz Lo &y (rizman g Ll ol Slsl g azgi b (g0 sleslozl
Uil e 5o Gl n e a8l SgSn Lé{'T 2 Gk Sl
aislos caliseo (glodisS axlllan voy ool SRR
o0 ot a1 15 iyl oo el 3 S5
Lodaml po pole g 0 W o)l loj ) Sy b))l w8 50
S (o 9 ez g Olnl 5o 0ud pll Lo e Slalllae 4 (IS
od (raadina a4 arg b sl 1 So ye y0 a8, IS 4 ganatas
S, E SN i la 039" e b dKzagy M o
Ol 53 d9zse (plivs) 5 s slileisle Gl aela ouliiaiss
1555 55 Jghiie sleiloztlo ont iyl oliddisf o aul ond 4l
YO 4 cole cuasS g elis)] o ilr p)b plas @llas 93 ool
ol slodal ] oy iglis Sl oan oI R,
o o (I iagen el il SR B
Sllesslo ann sl gelz oo (51050 sl 5 (SFaSs @S
Slr rdyml 5 (SaLSE mly drwg S)5p0 el 0 Jglate
st ol g 10 agdsa ol lbul RS/ BE
ol 5 Johiie (sleilazilus (sl aale it
ol oals wBly y SliSle 465 gl SoiSs alg drwgi 4
D)l @bl Sy 3l (SSD wlg anwg Cax (Ghagh cnl o
b dal 45 el iy ad o0t oolial (DBELA) sloals (glice
285 D )go (el SlES Shen (59, 2 00 S Slilllas plx]
Qw%o@.o; &9z Slalllas ool 5l el g slo soie ¢ygiS
ol Ll Sletle 45 6l slisyee Slosle 5 (Sl
drwg S slojlu g (Seeliys Slasin ol 1 cslsl jo .cosl oays F

International Institute of Earthquake Engineering and Seismology

s140day] Y4025y JO Lvwwng



criagt T AN .

4/}/)@“4%}5“&‘“4/)/)‘5‘[[““/ olLin 9%

unesco :
Category 2 Centre .
under the auspices .
of UNESCO

&
I

(B

International Institute of
Earthquake Engineering and Seismology

50 Sl oas solaiul gleisle 455 10 gl eges Cud )b sl i
Sloslatul b g el oo Clsesl alyly sbos 165, 5l crale SOL aay al> 1o
 (NLTHA) a5 o il a5 sl ko 0,55, sl Sy
by g 0ol plonil Sl 638 50 g (ages Cod )b sla e s,
3 o ol o loads ailre glaizls 4555 o gl lojle slo
(Y0 )5 g ;M) 0slS 5 JUT 5l oolionl b (SousSls a6 Y- -
Al o 10 Cawl 00l 00ls daxwgs ol pl yo Jolaie Slaisle sloaiss ol
Arwgl (SOuSs wolgs aS el 0ol ooy yLis cglawslin plxl b 50 5
sy g48g 5l Jol> o> slacsls b cyimgh ol jo oals ools
0dd 0318 dxwgl  SauSs milgi laile He5 cdllas ol pl o ey

05 0oliial )9S (gloj ) Sy ) Slalllan 5 55 oo

byl (Sl mily (wlidaisS (gloj ) S, tgudS sdojlg

6}-’~\J=-~j



2N\

International Institute of
Earthquake Engineering and Seismology

Vulnerability Study of Gas Transmission
Pipelines Subjected to Landslides
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Ebrahim Haghshenas, Soheil Hemmati

Natural gas transmission pipelines have a vital role in
human life, and thus they are classified as lifelines. These
lines are susceptible to failures when they cross potential
landslide regions. Such failures have substantial economic
and environmental consequences and usually result in
significant service interruptions. Since landslides in Iran
are classified as very high-risk natural hazards, which have
caused catastrophic damages in recent years, and also the
extensive network of gas pipelines in this country, the
possibility of damage to gas pipelines due to landslides is
inevitable. During a landslide, the active length of the pipe
is highly stressed, and it is prone to failure. The vulnerability
of the gas transmission lines in areas prone to landslides
should be investigated according to the influential factors,
and also, the length of the pipeline affected by the landslide
is unknown. The active length is considered a protected
length, and in order to reduce the risk of pipe rupture, the
construction of bents, joints, and equipment should be
avoided within this length. Thus, an accurate estimate of this
length is essential in the design process. This research aims
to investigate the vulnerability of gas transmission pipelines
in landslide-prone areas, provide fragility curves based on
landslide displacement, and suggest solutions to increase
pipelines’ reliability.

Therefore, nonlinear static analyses were carried out
to evaluate the response of the pipelines under landslide-
induced ground displacements. The finite element analyses
are performed using the Ansys software platform. The pipe
is modeled by nonlinear pipe elements, and the pipe-soil
interaction is modeled by Winkler springs. Buried pipes
with diameters of 12, 20, 30, and 48 inches under various
internal pressure in two different soils are analyzed. The
effects of pipe wall thickness and steel grade on the pipeline
vulnerability were also evaluated.

The results of the analyses indicate that the anchor length
increases with increasing pipe diameter. The soil properties
also significantly affect the anchor length, but the internal
pressure has only a marginal effect on the anchor length. The
relevant equation of the anchor length provided by the PRCI
guidelines is about 35% less than that obtained from the
analyses. A more accurate equation for the anchor length is
proposed in this study. Moreover, based on the results of the
analyses, landslide fragility functions were developed for the
pipelines at the operation (OP) and pressure integrity (PI)
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limit states. The results indicate that pipeline vulnerability
decreases significantly as the pipe diameter increases. For
a specific pipe diameter laid in soft soil, the vulnerability
increases with increasing landslide width up to a threshold
width where the effect of the landslide width becomes
negligible. Landslide width does not have significant effect
on pipelines laid in hard soil. In addition, the pipeline in
hard soil is more vulnerable than in soft soil. Moreover,
internal pressure is found to have no significant effect on the
vulnerability of various pipelines. The results also show that
the risk of pipeline failure can be reduced significantly by
increasing the pipe wall thickness and using a higher-grade
steel material in the potential landslide regions.

Keywords: Gas transmission pipelines, Landslide, Active
length, Vulnerability, Fragility curve
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Improve the Seismic Behavior of
Connections in Pre-fabricated Concrete
Structures with Side Plates

Mohammad Ghasem Vetr
Assistant Professor, Structural Engineering Research Center
vetr@iiees.ac.ir

In order to improve the performance of welded bending
joints after the Northridge earthquake, various joints were
proposed. The Side Plate Connection (SPC) system is one
of these technologies introduced by the Sideplate Systems
Inc. company (1998). By using the new geometry, the direct
connection of the beam to the column is eliminated, and there
is no more concern about the brittleness of the penetration
weld of the beam-to-column connection and the weakness
of the joint panel zone that occurs in common connections.
The side plate connection is more suitable than its other
competitors, namely the other ductile connections proposed
after the Northridge earthquake, both in terms of behavior
and cost of construction, Figures (1 and 2).

Connection idea with full-depth SPC side plates was
presented in 1998 by Houghton, D.L.. In this connection,
the plastic joint of the beam is formed in a place far from
the the column face. Due to the geometry of the connection,
many problems such as the tearing off of the column flange,
the triaxial stresses of the beam-to-column flanges welding
and the buckling of the panel zone area are solved. This
connection causes the plastic joint to move away from the
joint, and the structure that has this connection must have
the ability endure the nonlinear displacement resulting from
lateral forces, which is provided under a parameter called
plasticity. Due to the high ductility of the connection with
the side plates, this connection is able to provide a behavior
factor greater than 8 for the structure. Also, this connection
will be able to withstand the drift of the AISC.

The most important issue in the pre-fabricated industry,
especially in earthquake-prone areas, is the design and
construction of connections that withstand various forces and
movements caused by vertical loads, cyclic loads, forces caused
by drop, shrinkage and creep, temperature changes and periodic
lateral forces such as wind and earthquakes, Figures (3 and 4).

The purpose of this research is to use various types of steel
joints with SPC side plates in the connection of prefabricated
concrete beams and columns, which should be designed in
such a way that plastic concrete joints are formed only at the
ends of the concrete beams of seismic, Figures (3 and 4).
Seismic

Keywords: Concrete Structures, behavior,

Connections, Pre-fabricated, Side plates
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