ISSN 2783-2805

) 59290 4 youiy SOl (S103 ) 3 hes 3!
Bigs Gb ops 40iTop b - OB iaw b
Sliok) ey y oo TBI-2017 _foxdlygiwd

435 b

Sl (ool desa = Olsly e = 315 sl Lo

3
Y
3
Es)
@
Y

YY oolatul b 1 Kon (S lge SLOB (Slo)y HLdy Soug
Ry Sl 5l o o I
b = glia JEL

Yo Sxbee » lagpl SW 9 WL s W
oo (665736 b OT S e 9 R (S
olas 56— UL Olss, — ead JLSIs

Vo b ojlw Jlbdow 638 Ji5 » 4303 Ok dudn 1
o&,&mﬁﬁ'@hflxo
e Lol —ails sl

qv ) s Jolw Sk cwd B AKHLIT altne
(S O b oS3l
a;l_}:lpdahm—Lﬁ.\lbwépm.\:.ﬂ—wld)@ﬁ;

st

o oo 4heT Ogiw g OVla  ARLLIT b))l
gz 90 9 Lgr e (HSlr SN L

Yo lad AL
\¥.¥ c}g‘.}‘l{




. '
Ity

ISSN: 2008-7454

/R

VR
&-’//’é/b’/aéb

LfLW‘ Lo jdase :)ﬁeé)nd
SRl Sk B T ge g e

Js.g_.:..a LS"WJJJA ol_<.j4\.> }l&:&' g’a’lad

Ol o pniligs 035 cgn pon 335 o820l ol

g IS e ) o8NS el

Ol pos pmndige 03 S cdgia oo g3 b ol K251 (Ll

Ecole des Ponts Paris tech st

Olas podige 03,5 chgn g oSSl ol

ol oo 0 aSCEls gl o ss b oS5 osla

Ol pos (pwdige 035 gt o gs b oKLl Ll

O 03,5 g o b o215 il

Olazstla g ol 0 dSCls 3l e o851 sl

Ol jas gudige 0 dSESls oS el gmis o831 oslzl

Ol pos ibign 03,5 g g0 3 oSS ol

S5 5ol 05,8 (pmdige s A5 (e S 5 o8NS sl
S5 5ol 05,8 pmdige s a5 ¢ pwyde S 5 o8NS sl
Olas pdige 03,5 chgn g2 oSSl ol

Ol jas gudige 0 dSEls oS sl gmis o K31 oslzul

Ol pos (puwige 03,5 g g3 3 olS21s Ll
University of Ryerson ol

L4 P SR
stol Lo jdems S5
EROS S-E

S osk A S5
L el S5

(e 2 gazme s S50
oedde el ol S

L e oo Ol S

(stAe S 5ERE 3 gazmn S
S5 edae Oy B S
6.)\.2» c)bM L,a.éj‘).v\ }2’55

u:«yL_SLJJMJ:SJ

M}Aﬁﬁiqﬁéﬁadw

Olaas fl.@)‘ :‘;p‘ Jh’.«'ﬁ‘g

.,\..A..lj;h v.’.'g.v-g_JL.GL, 69‘9" wible o.l.;...u @‘Jiw‘gﬁjﬁj

http://www.srlst.com Ssd o ales (ISC) 3l,ud 559555 r}.La ladkie albals js 4 50 -l
AIVWONNY L g Gdis — dgs w9353 o805 — e o dSiSls — w0 s —dgdael LS

COVYAAL P YY il o s civil-ferdowsi@um.ac.ir S5 xSl e hittp://civil-ferdowsi.um.ac.ir - cule O

.:\.@..il.ﬁ szj_é DK.\:.;\J Mbq\a- ;f\}:


https://civil-ferdowsi.um.ac.ir/mailto:civil-ferdowsi@um.ac.ir

Yy

Yo

Vo

v

R[N

o553 Lalgo Babo 0519 4037 (50 4k = B i b 39590 4 yokily SO L (5103 3 ;Khoe b 5
435 aidy Dbk S g5y ow TBI-2017

Gl Foalds dasms = Dl cmm = 315 O] Lad

R Sl 51y O 3l oalanl b 1Ko (S lgo SBOB (Slo)y HUd ) dgug
bl ani - nlisy SLal

il (S5 b OT (Sw i 9 o (S 8 Shos g g b SWI g WL sl 45T
olas 5l — ASLL Olps, — ead JUIs

oNigh aukald @ilo 51 gm0 b ol Jlddoy (G368 J 5 p A ) OLD Al I
albe el — ol sl

(S g b 0 (S 3ledy gy g JOlre (5 35k Cud b (AL LT axdline
Q_UJ! nl}:l,oésu,\w—@xbw‘;;v\ww—w\ 6)@(._3}5

Lgr 90 9 Mg (Hl (SINTHb Cov AdgF Gghe i VLT ARG LT b5,






Ferdowsi Civil Engineering, 38, 3, 2025. (1-22)

D

Ferdowsi Civil Engineering

7 \

= "(u“/ ‘;J .. . .
;-;iov;fi https://civil-ferdowsi.um.ac.ir Pavement
University of Iranian Engineering
Mashhad Concrete Assaciation of
Institute Iran

Seismic Performance Evaluation of Existing High-Rise Buildings with Special Reinforced
Concrete Frame-Core Systems According to TBI-2017 Guidelines under Long-Period

Earthquake Records”
Research Article

Nima Armion Nejad', Hossein Pahlavan?
DOI: 10.22067/jfcei.2025.90819.1330

, Mohammad Shamkhi Amiri?

1. Introduction

Traditional seismic design methods often underestimate
the deformation demands in damaged structural members.
As a result, performance-based seismic design - which
emphasizes "performance" rather than merely "strength" -
has attracted considerable interest. With increasing
building height comes a longer natural period, heightening
the risk of resonance and amplification effects that can
significantly intensify seismic forces.

Recent research classifies earthquakes with a
predominant period exceeding one second as long-period
earthquakes. Since high-rise buildings typically possess
natural periods greater than one second, they are
particularly susceptible to such seismic events. Alongside
amplitude and duration, the period of ground motion is a
key parameter in estimating potential structural damage.

This study presents a novel evaluation of the seismic
performance of a high-rise reinforced concrete building
designed based on prescriptive code requirements,
highlighting concerns about the seismic resilience of such
structures under long-period ground motions.

2. Building Specifications
The case study focuses on an existing 35-story reinforced
concrete high-rise building with an overall height of 212.2
meters. The structural system consists of a dual
configuration comprising reinforced concrete moment-
resisting frames and shear walls. The building was
originally designed in accordance with ACI 318-14 and the
4th Edition of Iran’s Standard 2800.

Key modeling assumptions and material properties are
as follows:
Seismic zone: Located in a region with high seismic
hazard.
Soil type: Classified as Type IlI.

Concrete compressive strength: 35 MPa for all beams,
columns, and shear walls throughout the building.
Reinforcement steel: Grade Alll with a yield strength of
400 MPa.

Floor system: Two-way slab system with each story
modeled as a rigid diaphragm.
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Figl. Typical Floor Plan of the Modeled Structure

3. Modeling and Analysis

The initial analysis and design of the building are carried
out using linear spectral dynamic analysis, which enables
determination of member sizes and properties without the
need for nonlinear modeling at this stage. In tall buildings,
stiffness and strength are typically proportioned to
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implicitly meet the Immediate
performance objectives.

Subsequently, a Demand-to-Capacity Ratio (DCR)
analysis is conducted to verify force and deformation
demands. This step ensures that the structural components
comply with Collapse Prevention (CP) criteria when
subjected to Maximum Considered Earthquake (MCE)
level ground motions in the nonlinear dynamic analysis
phase.

Occupancy (10)

5. Results

The nonlinear dynamic analysis yielded the following key
findings regarding the building's seismic performance:
Interstory Drift: Drift values remained within acceptable
limits for all ground motions, except for the Chichi
earthquake in the Y direction. Compared to short-period
earthquakes, maximum drift increased by approximately
4% in the X direction and 52% in the Y direction under
long-period motions.

Residual Drift: Acceptance criteria for residual drift
were satisfied for all records. However, average residual
drift increased by 9% in the X direction and 33% in the Y
direction for long-period earthquakes.

Material Strains: No exceedance of Collapse
Prevention (CP) strain limits was observed. On average,
concrete compressive strains in shear walls increased by
approximately 83%, while reinforcement tensile strains
increased by 45% under long-period records.

Coupling Beams: Chord rotation of coupling beams
remained within CP performance limits, with an average
increase of 36% under long-period excitations.

Beam Behavior:

Plastic hinge Demand-to-Capacity Ratio (DCR) for
flexure (M3(DC)) remained below 1, indicating CP
compliance, with a 20% increase under long-period
records.

Shear DCR (V2(FC)) for beams exceeded 1, failing CP
criteria, with a 10% increase under long-period motions.
Column Behavior:

Axial-moment interaction DCR (P-M2-M3(DC)) for
column fibers stayed below 1, maintaining CP compliance,
with a 39% increase for long-period earthquakes.

Shear DCR (V2(FC)) for column plastic hinges exceeded
1 under short-period excitations but decreased by 32%
under long-period records.

Coupling Beam DCRs: Moment (M3(DC)) and shear
(V2(DC)) DCRs remained below 1, satisfying CP criteria,
with reductions of 21% and 10%, respectively, for long-
period earthquakes.

Shear Wall Performance:

Axial-moment DCR (P-M3(DC)) for shear wall fibers
and shear DCR (V2(FC)) at wall joints exceeded 1, failing
CP requirements. These values increased by 2% and 13%,
respectively, under long-period ground motions.

6. Conclusion

The findings of this study indicate that the seismic
response of reinforced concrete high-rise buildings with
dual systems becomes significantly more critical under
long-period earthquake ground motions, primarily due to
resonance effects, compared to short-period events.

The evaluated high-rise building, originally designed
based on prescriptive provisions of Iranian codes, does not
fully satisfy several performance acceptance criteria
outlined in TBI 2017. Key deficiencies were observed in
shear demands of beams, columns, and shear walls, as well
as in axial-moment interaction capacities of shear walls.

Although these observations are case-specific, they
underscore the gap between traditional code-based design
approaches and the more stringent expectations of
performance-based seismic design, particularly under
major seismic events as defined by TBI 2017.
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Evaluation of the Seismic Performance of Existing High-rise Buildings with a Special Reinforced
Concrete Frame-core System According to TBI1-2017 Guidelines under Long Period Earthquake
Records

N. A. Nejad H. Pahlavan M. Shamekhi Amiri

Abstract As the height of the building increases, the structural rotation increases and with the rotation time increases,
it can easily cause damage and cause serious damage to the rotating structures. For the important reason of the matter,
it is necessary to make a careful assessment before carrying out such phenomena.An existing reinforced concrete high-
rise building example with a number of floors of 35 floors in a soil area with high relative risk and type 111 with a special
reinforced concrete frame-core system designed in the 4th edition and ACI318-14 is completed in the 3D modeling
software ETABS V21. TBI 2017 guidelines Nonlinear dynamic analysis is performed and the performance acceptance
methods which are in some cases newer indicators compared to ASCE41-17 are implemented. This guideline, which is
specially made for tall buildings, considers a new and strict design for the design of these structures. Criteria that are
not present in the prescriptive regulations such as the Iranian Standard 2800. These include permanent drift control of
the structure and earthquake control at the MCE level.The results show that in the studied structure, machine drift and
permanent drift have increased by 52% and 33%, respectively, in earthquakes with a long period compared to
earthquakes with a short period. Also, the compressive strain of the concrete of the walls and the tensile strain of the
reinforcement of the shear wall have increased by 83% and 45%, respectively, under the same conditions.

Key words High-rise building, Long period earthquakes, Special reinforced concrete core-frame system, Seismic
erformance, ETABS V21 software.
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2 4.447 2 4.043
3 1.713 3 2.624
4 1.028 4 1.195
5 0.978 5 1.073
6 0.515 6 0.849
7 0.441 7 0.584
8 0.406 8 0.562
9 0.338 9 0.432
10 0.268 10 0.385
11 0.251 11 0.374
12 0.226 12 0.295
13 0.193 13 0.276
14 0.187 14 0.266
15 0.172 15 0.235
16 0.159 16 0.216
17 0.149 17 0.196
18 0.143 18 0.194
19 0.138 19 0.178
20 0.124 20 0.167
21 0.122 21 0.156
22 0.114 22 0.151
23 0.106 23 0.145
24 0.103 24 0.131
25 0.095 25 0.13
26 0.093 26 0.125
27 0.086 27 0.113
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1. Introduction
Following the Northridge earthquake (1994), many

moment connections in steel structures designed according
to the codes of the time suffered severe damage. Extensive
studies have been performed to develop new connections
with significant plastic behavior, such as: Reduced Beam
Section (RBS) connections and End-Plate connections.
However, the stringent design criteria for these
connections have raised doubts within the engineering
community regarding the widespread use of these systems.
Also, since the seismic performance of these connections
relies on the plastic rotation capacity of beam, repairing
damaged structures requires considerable effort and cost
after severe earthquakes.

To overcome these problems, energy dissipative
systems have been employed to control of damage in the
structures. Energy dissipative devices are installed on the
structure to increase damping, stiffness and strength. In
addition to desirable seismic performance of a structure,
ease of implementation and economic consideration are
other important parameters that that must be regarded. The
primary reason for using energy-dissipating devices in a
structure is to dissipate the input seismic energy, thus
minimizing damage to structural members. Metallic
dampers are the most widely used type of energy-
dissipating devices. The energy dissipation mechanism of
all metallic dampers is based on nonlinear deformations of
metallic materials, and they are generally employed to
improve the behavior of concentrically braced frames.

2. Finite-Element (FE) modeling
In this section, details of modeling of FE specimens in
Abaqus software are presented. A 3D solid element

(C3D8R) 8-node linear brick element with reduced
integration was employed for meshing of the specimens
additionally, the fineness of the mesh was investigated to
determine an optimal mesh that provides accurate results
with reduced computational time. The steel material was
modeled based on the von Mises yield criterion and
kinematic hardening. Steel with a yield stress of 305 MPa
and an ultimate stress of 480 MPa was used for the
specimens. Furthermore, a bilinear stress-strain curve for
the steel was defined with an elastic modulus of 210 GPa
and a Poisson’s ratio of 0.3. The specimens were analyzed
using General Static Analysis.

3. Results and discussion

Fig. 1 shows the cyclic response of the numerical models.
The obtained results indicate that the proposed damper
exhibits a stable hysteresis curve without any strength or
stiffness degradation, which it can be used as a ductile
fuse. Also, Fig. 1 compares the hysteresis curves of the
proposed damper with those of a conventional ring
damper. As shown, the proposed damper developed fuller
hysteresis loops than the traditional ring damper. It should
be noted that the asymmetric behavior of the damper in
tensile region is due to its difference behavior under
tension and compression. The ring damper behavior can be
considered similar to a column, where its tensile capacity
exceeds its compressive capacity.
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Fig. 1. Hysteresis curve of the proposed damper.

This study introduces a novel ring damper to enhance the
performance of Concentrically Braced Frames (CBFs).
The proposed damper offers ease of fabrication and post-
earthquake replacement. First, an experimental model of
the ring damper was validated in ABAQUS software to
verify its numerical accuracy. Subsequently, a parametric
study was conducted on the proposed damper, and its
behavior was compared with that of a conventional ring
damper. Finally, a numerical investigation was performed
to evaluate the impact of the proposed damper on CBFs.
The main conclusions are as follows:

1.

The proposed damper exhibits stable hysteresis
curves with no stiffness or strength degradation.
Compared to the conventional ring damper, it
develops fuller hysteresis loops, resulting in an
average 3.7-fold increase in energy
dissipation and 4.3-fold improvement in stiffness.
As expected, the diagonal brace model
demonstrated poor performance under compressive
loads due to brace buckling. In contrast, the braced
frame equipped with the proposed damper
exhibited symmetric tensile-compressive behavior,
significantly enhancing the hysteresis response of
the concentrically braced system.

The proposed damper improves the energy
dissipation capacity of the concentrically braced
frame by approximately 28%. Analysis of the Von
Mises stress criterion revealed that most brace
elements remained elastic, while damage was
concentrated in the damper plates. This confirms
that the damper acts as a structural fuse.
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Enhancing The Seismic Behavior of Concentrically Braced Frames Using An Innovative
Steel Ring Damper
Yashar Bakhshayesh Fereshteh Emami

Abstract Although concentric braces have high stiffness and strength, they develop undesirable energy dissipation
capacity and ductility due to the bracing member buckling under cyclic loading. Using steel dampers is one of the
appropriate methods to improve the braces behavior. Therefore, in this paper, an innovative steel ring damper is
introduced with the aim of improving the performance of conventional ring dampers. In order to study the behavior of
the proposed damper, first the verification of the experimental specimen was performed, and then the hysteretic
behavior of the proposed damper was investigated using Abaqus software. The hysteresis curve results demonstrate that
the proposed damper has a stable and symmetric hysteresis curve without stiffness and strength degradation. Therefore,
it can be used as a ductile member. Also, in comparison with the conventional ring damper, the energy dissipation and
stiffness of the proposed damper are on average 3.7 and 4.3 times greater, respectively. To overcome the disadvantages
of concentric braces, the proposed damper was installed on the diagonal brace. The results indicate that the proposed
damper, with its stable and symmetric hysteretic behavior, has enhanced the hysteresis curve of the concentric braces
and can play a role of a structural fuse due to the concentration of most of the damage. Finally, a nonlinear time-
history analysis was conducted to compare the concentrically braced frame with and without a damper. The results
show that the proposed damper can decrease the maximum base shear about 94% on average. Also, adding the
proposed damper to the concentrically braced frame decreases the story drift of some stories.

Key Words Concentrically Braced Frame, Steel Damper, Hysteretic Behavior, Cyclic Analysis.
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33 (kgf) Sen goslee B | (KOR) solenin ST 4 some | Kon islee OB | 215 (%)
Imperial Valley 32156 1431 95/55
Kobe 60767 5012 91/75
Loma Prieta 46132 2101 95/45
Landers 57257 3665 93/59
Kocaeli 42715 1265 97/04
Northridge 19422 623 96/79
Manjil 19851 1324 94/34
Average 39757 2174 94/93
b A CB b B ante 0
93 (KOS sslen B | (KOD ol STn s peme Ko sslen B | oS (%)
Imperial Valley 35296 3282 90/70
Kobe 83646 9094 89/13
Loma Prieta 54675 4280 92/17
Landers 85231 12940 84/82
Kocaeli 49280 6159 87/50
Northridge 34033 5504 83/83
Manjil 34267 3852 88/76
Average 53775 444 88/13
GB T OB L O i Sl # Jsas
355 | San sk slge 8 Slgdng Sl 0 e | Sen lolee B i (%)
(m) (m)
Imperial Valley 0,027 0/0184 -31/85
Kobe 0/098 0/17 +73/47
Loma Prieta 0/045 0/0355 -21/11
Landers 0/11 0/1405 +27/73
Kocaeli 0/0305 0/0286 -6/23
Northridge 0/0125 0/0166 +32/80
Manijil 0/0127 0/0137 +7/87
Average 0/048 0/0605 +11/81
il A bl O s Sl V Jor
REp | Ses sdipslge B (M) | ol ST & sme | Sem sslen b8 (M) [ s (%)
Imperial Valley 0/0408 0/0394 -3/43
Kobe 0/1995 0/1954 -2/06
Loma Prieta 0/0792 0/0603 -23/86
Landers 0/1613 0/3125 +93/74
Kocaeli 0/0729 0/1085 +48/83
Northridge 0/051 0/0923 +80/98
Manjil 0/0459 0/056 +22/01
Average 0/093 0/123 +30/89
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1. Introduction

The energy crisis and shortage of raw materials have
forced researchers in this field to think of solutions for the
optimal use of energy and raw materials. In the
construction industry, one of the most widely used
materials is cement, which consumes a lot of energy to
produce. One of the ways to save energy in the
construction industry is to replace cement with materials
such as pozzolans with hydraulic properties and secondary
cementitious properties. In addition, the use of pozzolans
also improves many of the engineering properties and
durability of hardened concrete and saves on the
consumption of raw materials such as lime, which is used
in large quantities in cement production. The increasing
need for cement and its application in different regions,
which must have unique properties, and saving energy
consumption, necessitates the investigation and research
into additives and their replacement with cement.

In the past, natural pozzolan was used in cement and
concrete products. Today, mineral additives have also
found a special place in the concrete industry, and a part of
the concrete or cement materials that are consumed
contains natural and synthetic pozzolan. Our country also
has a high potential for the production of pozzolanic
concrete, with its natural pozzolan resources and the
production of synthetic pozzolans. The development of
this  important industry  requires comprehensive
cooperation between industries and researchers. The
concrete industry depends on Portland cement as a binding
material. The production of Portland cement is
accompanied by problems such as the consumption of
limestone, the consumption of fossil fuels, the relatively
high cost of production, the increase in carbon dioxide
production, and environmental pollution. In view of these
issues, scientists are looking for an alternative to cement to
reduce cement consumption and improve the mechanical
properties and durability of concrete. These alternative
materials include natural and synthetic pozzolans. Many

properties of concrete are improved by the use of
pozzolanic materials. Some of these effects are due to
physical properties, including particle size and shape, and
others are due to chemical interactions of the pozzolan
with cement. The behavior of fresh concrete and the degree
of hydration of Portland cement can be considered
physical properties that depend on the size of the pozzolan
particles. The strength and permeability of hardened
concrete, resistance to thermal cracking, alkali reaction of
the aggregates, and sulfate damage are important
properties that result from the chemical interactions of the
pozzolan with cement.

2. Research method

In this study, polypropylene fibers with amounts of (0, 1,
3 and 5 percent) and bagasse ash with amounts of (0, 10,
20, 30, 40 and 50 percent) were used to replace the weight
percentage of cement and superplasticizer was used at the
rate of 2.5 percent of binder (cementitious materials). Also,
the strength and durability of green concrete containing the
above additives were investigated at the ages of 28 and 90
days. According to the assumptions, a total of 100 samples
were made and subjected to compressive strength, flexural
strength, water absorption and permeability tests. First, the
amount of material used in each design is calculated and
measured and then the design development begins. Dry
materials; sand and cement are added to the mixer and
mixed for 1 minute. Then water is slowly added to the
mixer and the materials are mixed for another 4 minutes.
Immediately after the work was completed, the slump test
was performed and the results were recorded. At all stages,
sampling was performed according to the ASTM C31
standard. The concrete molds were first lubricated with
appropriate mold oil, and after the concrete was mixed, the
concrete was poured into the molds in 3 stages and
compacted. To evaluate the mechanical properties and
durability of different green concrete designs, after making
the concrete and performing tests related to fresh concrete,

* Manuscript received 2025 March 10, Revised 2025 April 6, accepted 2025 May 17.
! Corresponding author: Assistant Professor, Department of Civil Engineering, Isf.C., Islamic Azad University, Isfahan, Iran. Email:

danialnasr@iau.ac.ir

2 Assistant Professor, Faculty of Civil Engineering, University of Science and Technology of Mazandaran, Behshahr, Iran.
3 MSc. Student, Department of Civil Engineering, Isf.C., Islamic Azad University, Isfahan, Iran.



https://civil-ferdowsi.um.ac.ir/article_46757.html?lang=en
https://civil-ferdowsi.um.ac.ir/
https://doi.org/10.22067/jfcei.2025.92575.1351
https://orcid.org/0000-0002-3262-1202

Danial Nasr, Rezvan Babagoli, Nader Dahaghin

46

cubic samples with dimensions of 10x10x10 cm3 were
made to test the compressive strength and water absorption
percentage, rectangular samples with dimensions of
50%10x10 cm3 to test the flexural strength, and cylindrical
samples with dimensions of 20x10 cm2 to test the
permeability. Figure 5 shows the concrete samples after
being made in the knowledge-based laboratory and
transferred to the laboratory of Isfahan Islamic Azad
University.

3. Conclusion

The compressive strength test of the samples after curing
under standard conditions was evaluated using a hydraulic
jack at a constant speed of 0.3 MPa/s. In general, if
polypropylene fibers and bagasse ash are used in green
concrete simultaneously, the design (CP3B20), i.e. adding
3% polypropylene fibers and 20% bagasse ash, can have
the best performance in terms of compressive strength
among the tested designs. The flexural strength test of the
samples after curing under standard conditions was
evaluated using a hydraulic jack at a constant speed of 0.9
MPa/s. In general, if polypropylene fibers and bagasse ash
are used in green concrete simultaneously, the design
(CP3B20), i.e. adding 3% polypropylene fibers and 20%
bagasse ash, can have the best performance in terms of
flexural strength among the tested designs.

To evaluate water absorption, dry weight and wet
weight with dry surface (SSD) of the samples were
measured. In general, if polypropylene fibers and bagasse
ash are used in green concrete simultaneously, the design
(CP3B20), i.e. adding 3% polypropylene fibers and 20%
bagasse ash, can have the best performance in terms of
water absorption among the tested designs.

The test to determine the chloride ion penetration by
the (RCPT) method was carried out at the age of 90 days
according to the standard. In general, if polypropylene
fibers and bagasse ash are used in green concrete
simultaneously, the design (CP3B20), i.e. adding 3%
polypropylene fibers and 20% bagasse ash, can have the
best performance in terms of permeability among the
tested designs.




(FO-VE) NFeF oF PA o 33 5 Oy puoiligo

|
, 7 i N
l h (g0 Ul 108 wkigo @

&_//fé,”-'/j;} https://civil-ferdowsi.um.ac.ir/ R

ol Olnl sl

Tonblo 6 7L b OT (A 9 R (S 3 ,5ee 5 9 Sk S 9 L s T
95 Jlae
O slas st “)QKL{L. O, D a5 JLls
DOI: 10.22067/jfcei.2025.92575.1351
G5l 5 Do g 30 o3 00 5 Fo X0 Yo b oo olin b olST oS 5 Aoy @ 5 1 e) oo ppolio U ooy o b U Gl s i ol oo OSaSE
WSS g s i V0 5 A e 3 G sla 2058 sl o pla 5 Conslin piea A wslil il Slga o3 VO Do 45 oS Ol
olis Cosléo o i sl Ensemble .S Jbe s LightGBM CatBoost folis pile (5,830 (sladlo 3, )5 oy o 0 it sy ol imas
@ o L ST s A UL eslizad] Sy 53 45 3ls OL ockel s 4y mlii apls ol ulST 5 G 4 loe 3 2ot
w0 ol Censlin Bl 1 ) 5,Slos iy Ll o oSl 2eSt Aoy Vo s s (Ao G oy ¥ 03558 ing (CP3B20) b ila s &g
oA e Ceaslie pln 3 JSLLISe 1K/ Olie 0 et Canslin s ISUlblSo TV Olin 0 ol = b (L5 o plio uln s SSLLISo FI/Y Olie
Sl 02 sl Olis & (Speli3adi 5 o3 0 Olyes 0 sl = b o e ol o A /8 Ol s T ol SIS 0 Olpn 0 Lol
She 280 =0AD Usles R? L Ensemble Jto 45" 5b 0L sl AL 423l losl 350 Slam b Ol 3 e sS FIFE Olo 40 ol = b (0 p i3 s

oo o Ub/JPJA_/;JL/[}”JJ MPa ’,"—',FO}MPQ Foee—1,00 W;J‘L;RMSEJ4W g_",.,d_ﬂ.d:n Lf/j’ ',‘?T’J Lg/y[.w_? g_"»ﬂ_;[l:d

LR (:Ub ¢J<.::L<A CM}U.A ‘uﬂx&b g,<?A|J~a BEEY) uwlrdjjgcﬂ Jj e gSv\glr 6&03'5
Investigating the Strength and Durability of Green Concrete Containing Bagasse Ash and
Polypropylene Fibers

Danial Nasr Rezvan Babagoli Nader Dahaghin

Abstract Concrete is considered as a composite building material and is widely used in structures, so its mechanical
properties and durability are always of interest to civil engineers. Various pozzolanic materials such as microsilica, fly
ash and other industrial slags have been used in various researches to improve concrete properties and also reduce
cement consumption in order to reduce costs, reduce energy and reduce environmental pollutants caused by cement
production. has been In this research, specifically, from bagasse ash with the aim of reducing the environmental pollution
caused by the production of cement through the emission of carbon dioxide gas and from polypropylene fibers with the
aim of reducing shrinkage and also controlling deep and surface cracks in The final volume of concrete after hardening
was used to improve the mechanical properties and durability of the concrete mixture. For this purpose of the research,
polypropylene fibers with amounts (0, 1, 3 and 5%) and bagasse ash with amounts (0, 10, 20, 30, 40 and 50%) replaced
the weight percentage of cement and super lubricant to 2.5% binder (cement material) was used. Also, the strength and
durability of green concrete containing the above additives at the ages of 28 and 90 days were investigated. According
to the assumptions, a total of 100 samples were made and tested for compressive strength, bending strength, water
absorption and permeability. The obtained results showed that if polypropylene fibers and bagasse ash are used in green
concrete at the same time, the design (CP3B20) i.e. adding 3% polypropylene fibers and 20% bagasse ash can be the
best performance. in terms of compressive strength of 41.7 MPa against the compressive strength of the Shahid design of
32 MPa, bending strength of 14.9 MPa against the bending strength of the Shahid design of 5 MPa, water absorption at
the rate of 0.9% in It has 5 percent water absorption of the control design and 320 coulomb permeability compared to
the control design permeability of 3149 coulombs among the tested designs.

Key words Green Concrete, Polypropylene Fibers, Bagasse Ash, Resistance, Durability.
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1. Introduction

The increasing vulnerability of high-rise structures in
seismically active regions highlights the urgent need for
advanced control systems to mitigate their dynamic
responses. In recent years, semi-active seismic control
systems have emerged as a promising solution for
enhancing the seismic resilience of structures. Among the
various damping devices developed for this purpose,
Tuned Liquid Dampers (TLDs) have attracted particular
interest due to their simple configuration, cost-
effectiveness, and ease of tuning. A TLD can
simultaneously function as a water storage tank and a
vibration mitigation device. The structural vibrations are
dissipated through several mechanisms, including wave
breaking, fluid—tank wall friction, curved flow paths, and
hydrodynamic pressure variations inside the tank. To
further improve their performance and enable semi-active
control, researchers have proposed several modifications
to traditional TLDs—such as incorporating baffles,
perforated plates, and rotating baffles within the tank.
These enhancements significantly increase the damping
efficiency and broaden the operational frequency range of
the system. This study investigates the effect of Peak
Ground Acceleration (PGA) variations on the performance
of a fuzzy-controlled Tuned Liquid Damper. A single-
degree-of-freedom (SDOF) structure equipped with the
proposed semi-active TLD is analyzed under a
comprehensive set of earthquake ground motions,
including pulse-like near-fault, non-pulse near-fault, and
far-fault records. The fuzzy logic controller dynamically
adjusts the baffle angle within the tank in real time to
achieve optimal energy dissipation. A total of 30
earthquake records—comprising 10 pulse-type near-fault,
10 non-pulse near-fault, and 10 far-fault events—are used
to assess the system’s performance. The results provide
valuable insights into the effectiveness and adaptability of
the fuzzy-controlled TLD under different seismic intensity
levels, demonstrating its potential as a reliable and
efficient semi-active vibration control device for modern

structures.

2. Methodology

In this study, the influence of earthquake intensity on the
performance of semi-active structural control systems
equipped with Tuned Liquid Damper with Variable
Baffles (VBTLD) was investigated by comparing two
control strategies: fuzzy logic control and linear optimal
control. To this end, a simplified single-degree-of-freedom
(SDOF) model was simulated under earthquake
excitations with varying intensity levels corresponding to
0.1-0.9 g peak ground acceleration (PGA). The structure,
characterized by a stiffness of 14,000 N/m and a mass of
300 kg, was considered as a prototype model to evaluate
the performance of a fuzzy-controlled VBTLD. A
schematic layout of the damper configuration is presented
in Figure 1.

Figure 1. View of the Tuned Liquid Damper with Variable
Baffles.

The comparative analysis between the fuzzy logic
control and linear optimal control approaches was carried
out to assess the efficiency of each method in reducing the
structural seismic response. In this study, all baffles were
assumed to rotate simultaneously within a defined angular
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range. The proposed VBTLD consists of four baffles
arranged in two rows, with adjustable angles ranging from
0°to 90°. In the fully open position (0°), the baffles impose
no obstruction to fluid motion, whereas in the fully closed
configuration (90°), the tank is divided into three equal
compartments. It should be noted that, consistent with
previous studies, all baffles were rotated simultaneously,
and eleven discrete baffle angles (ranging from 0° to 90°
with 9° increments) were considered to evaluate the
damper’s performance. The system was subjected to a set
of 30 earthquake ground motions, including 10 far-fault,
10 near-fault, and 10 pulse-type near-fault records. The
structural responses under the two control strategies were
then analyzed and compared to provide a comprehensive
understanding of the semi-active TLD system’s
effectiveness under different seismic intensities.

3. Fuzzy Controller

In this study, fuzzy logic was used to evaluate how
earthquake intensity affects the performance of adjustable-
baffle tuned liquid dampers (TLDs) in controlling
structural vibrations. Fuzzy control systems are
particularly useful for this purpose because they can
effectively model the complex and nonlinear behavior of
mechanical systems such as liquid dampers, making them
a powerful tool for intelligent vibration control. In the
proposed control framework, the physical input
parameters—namely  structural  displacement  and
velocity—are expressed as linguistic variables such as
“small displacement” and “high velocity.” Based on a

predefined set of fuzzy rules, the controller determines the
appropriate baffle angle of the damper. In essence, the
fuzzy system acts as an intelligent controller that
continuously adjusts the baffle angles to minimize the
building’s vibration response. To implement the
controller, triangular membership functions were defined
for both input and output variables: eight for the inputs and
six for the outputs. These functions represent how strongly
each physical parameter corresponds to its linguistic
category. To achieve precise control of the system, a total
of 64 fuzzy rules were developed based on the
relationships between the system’s input and output
variables. These rules, expressed in the standard “IF—
THEN” format and summarized in Table 1, model the
system’s behavior under various operating conditions.

4. Conclusion

This study investigates the effect of peak ground
acceleration (PGA) variations on the performance of semi-
active seismic control systems. A single-degree-of-
freedom (SDOF) structure was modeled in MATLAB to
simulate its dynamic behavior under different earthquake
excitations. For near-fault pulse-type earthquakes, the
fuzzy  control  system  demonstrated  significant
effectiveness. The peak displacement was reduced by
approximately 20% at a PGA of 0.99. Moreover, RMS
acceleration improved by around 15%, indicating the
system’s ability to adapt to the characteristic 1-2 Hz
velocity pulses of these earthquakes.

Table 1. Fuzzy rule base for control system design.

Stouctural Structural Velocity
Displacement VL NL NM N3 45 Ui L VL
NVL 1 EL EL VL g 5 VL L
ML EL EL EL L M 5 L VL
M L L M g g 5 g L
NS L M 3 Vs V3 3 M L
B3 L M g Vs V3 5 M L
3% L 3 3 3 3 M L VL
jul L L g M L EL EL L
ML EL VL 3 3 VL EL EL L
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Figure 2. Effect of Peak Ground Acceleration Variations on the R4 Parameter under
Near-Fault Pulse-Type Earthquakes

In near-fault non-pulse earthquakes, moderate
improvements of 5-10% were observed due to their
broader frequency content. For far-fault earthquakes,
displacement reductions ranged from 2-5%. The fuzzy
controller’s performance increased with higher PGA
levels. Improvements were modest at low intensities but
became substantial at higher intensities. Overall, the fuzzy
system outperformed both linear optimal and passive
control strategies in reducing structural dynamic
responses, particularly structural acceleration. These
improvements were evident in both peak and RMS values
of displacement and acceleration. Reduced acceleration
not only enhances structural safety but also improves
occupant comfort.

A key feature of the designed fuzzy controller is its
ability to reduce acceleration continuously throughout the
excitation period, not just at peak points. This capability
arises from the adaptive nature of the fuzzy system, which
optimizes the damping coefficient online according to the
nonlinear behavior of the structure using fuzzy logic rules.
In contrast, linear optimal control is limited under variable
dynamic conditions due to its dependence on an accurate
structural model, the need to solve complex equations, and
computational delays. Figure 3 illustrates the overall
superiority of fuzzy control over passive control in
reducing peak acceleration. For earthquake records such as
Montenegro and Duzce, Turkey, the fuzzy controller
achieved noticeably higher peak roof acceleration
reductions than passive control (approximately 4-5.5%
and 2—-4%, respectively). This improvement is attributed to
the favorable alignment between the dominant pulse
frequencies of these earthquakes and the optimal
performance range of the adjustable-baffle TLD and its
fuzzy rules. These records feature distinct velocity or

displacement pulses, which the fuzzy system can
effectively respond to. For records such as Cape
Mendocino and Kobe, Japan, improvements ranged from
0.5% to 2%. The smaller gains are likely due to variations
in frequency content, pulse duration, or pulse shape, which
make it more challenging for the fuzzy controller to
achieve optimal performance compared to the previously
mentioned records.

The analysis of the results indicates that employing a
fuzzy-controlled Tuned Liquid Damper (TLD) leads to a
significant reduction in the dynamic responses of both
displacement and acceleration for most earthquake
records, compared to linear optimal and passive control
strategies. As the peak ground acceleration (PGA)
increases from 0.1g to 0.9¢, the performance of the fuzzy
control system steadily improves. Within the PGA range
of 0.6g to 0.9g, reductions of up to 10% in peak roof
displacement and up to 5% in RMS acceleration were
observed. For far-fault earthquakes, the fuzzy controller
generally outperformed linear optimal control. For
instance, analysis of RMS roof acceleration showed
reductions of up to 5%. RMS base shear results also
revealed, in some long-duration records such as Landers
(40 s), reductions in base shear RMS ranging from an
average of 3.14% to a maximum of 4.88%. In scenarios
requiring rapid structural response, such as near-fault
pulse-type earthquakes (e.g., Cauca Valley), the fuzzy
control system achieved a 20% reduction in peak
displacement, whereas computational delays limited the
performance of linear optimal control. For near-fault non-
pulse earthquakes, the improvement of fuzzy control
compared to linear optimal control was more moderate,
ranging from 5-10%. Overall, fuzzy-controlled VBTLD
systems are effective across all types of earthquakes,
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although the magnitude of improvement varies with
earthquake characteristics. The best performance was
observed in near-fault pulse-type events.

In general, fuzzy-controlled VBTLD systems offer
significant advantages for seismic protection, particularly
in regions prone to strong near-fault pulse earthquakes.
The PGA-dependent performance makes them a suitable
option for high-risk areas. Nevertheless, the development
of hybrid control systems could help overcome current
limitations. Future research should focus on optimizing
fuzzy rules for a wider range of seismic scenarios and
investigating hybrid configurations to enhance overall
seismic resilience. These findings represent an important
step toward the development of adaptive seismic
protection technologies for structural engineering
applications.
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Peak Ground Acceleration’s Impact on Semi-Active Fuzzy Control Using Adjustable Liquid Damper

Javad Hashemi HamedEnayati

Abstract Tall buildings in seismic regions require efficient control systems to mitigate severe dynamic responses induced
by earthquakes. Adjustable baffle tuned liquid dampers, as a semi-active control system, have been proposed to reduce
these responses. However, conventional passive or linear optimal control systems may not perform optimally under all
seismic scenarios. Hence, developing adaptive systems such as fuzzy control with real-time self-adjusting capability is
essential. This study evaluates the performance of fuzzy control compared to passive and linear quadratic regulator
(LOR) control methods on a single-degree-of-freedom structure equipped with a liquid damper under various seismic
excitations (far-field, near-fault, and near-fault pulse) with peak ground accelerations ranging from 0.1 to 0.9 g, using
twelve performance indices. The results indicate that the fuzzy control system performs particularly well in near-fault
pulse earthquakes (e.g., the Kocaeli earthquake), achieving approximately a 20% reduction in roof displacement.
Moreover, as earthquake intensity increases, the system’s effectiveness improves, significantly reducing structural
vibrations. In far-field earthquakes, fuzzy control generally matched or outperformed other methods, with an average
reduction of 2-5% in certain indices. However, some near-fault earthquakes exhibited slight increases in displacement
and spectral response due to the nonlinear nature of ground motions in such events. Additionally, in specific cases,
adaptive errors in the fuzzy control system led to inferior performance compared to LOR control.

Key words Peak ground acceleration, Fuzzy control, Structural dynamic response, Adjustable liquid damper, Semi-
active control.
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1- Introduction

Over the past few decades, construction on loose and
problematic soils has posed significant challenges for
geotechnical engineers. Among the methods to improve
these soils, stone columns are notable, involving the
replacement of weak soil portions with granular columns.
This research investigates the enhancement of loose clay
beds of classes CL and CH using sand columns.
Unreinforced soil samples and those improved with a
group of seven stone columns (30 mm diameter, arranged
in a triangular pattern) were tested using a large-scale
direct shear apparatus. Equivalent shear strength
parameters were determined, and bearing capacity values
were calculated. The shear tests employed the Fast
method.

The effects of variables such as the type of surrounding
soil, the number of layers in stone column construction,
and the orientation of the limited stone columns (apex/base
in triangular arrangement) on shear strength parameters
and bearing capacity were evaluated. Results indicated that
improving clay soils with stone columns significantly
increased the bearing capacity of loose soils. The
experimental findings showed that the execution method
of stone columns greatly influences their load-bearing
capacity. Moreover, improving CL clay soil with stone
columns enhanced the bearing capacity more effectively
than CH clay soil, indicating higher efficiency of this
method in stiffer clay soils.

2- Materials and Methods

The clay subsoil consisted of two types as shown in Figure
1 of soft clay (USCS CL and CH) and a sandy soil for
columns. The soil was prepared at optimum moisture and
compacted in a 304x304x151 mm shear box. Table 1 lists
the properties of the materials. Seven sand columns (30
mm diameter each) were installed in a triangular pattern in
the clay matrix. Column construction varied from 1 to 3
lift layers to control uniformity of compaction.

3- Results and Discussion

Soft, problematic clays pose significant challenges for
construction due to low strength and high compressibility.
One effective improvement method is the employ stone
columns, which replace weak clay with compacted
granular columns. Stone columns increase lateral
confinement, bearing capacity, and accelerate
consolidation of saturated clays. This study examines how
groups of stone columns affect the undrained bearing
capacity of soft clay beds (USCS CL and CH). Large-scale
direct shear tests were conducted on unreinforced clay
samples and samples improved with triangular groups of
seven stone columns. The tests evaluated equivalent shear
strength parameters and bearing capacity.
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Figure 1: Particle Size Distribution Graph of soils in the
study
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Table 1: Properties of materials

Classification® | wopt Vdmax Gs w PI | PL | LL |Materials
gr/cm3
CH 19.42 1.571 | 2.78 | 16449 | 27 | 24 | 51 | Clay#1
CL 15.56 1.632 | 272 | 1251 | 12| 19 | 31 | Clay#2
SM 11.62 1.81 2.66 | 954 | - | NPL | - Sand

* according to Unified soil classification system
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Figure 2: Variation of a) Internal Friction and b) Equivalent
cohesion of reinforced and unrein forced bed using stone
column

The large scale direct shear tests showed that stone
columns significantly increased peak shear strength of the
clay. Regardless of normal stress or humber of column
layers, all improved samples achieved higher peak shear
stress than the corresponding untreated clay as shown in
Figure 2 and 3. Increasing the number of column lifts
produced higher shear strength due to better lateral
confinement. Orientation also had a notable effect: loading
from the triangular apex produced higher shear strength
than loading from the base.

Equivalent undrained shear parameters (cohesion c'
and friction angle @) were computed from the shear tests
as shown in Figure 2. Both parameters increased in the
column-improved samples relative to the native clay,
especially in CL soil. The bearing capacity calculated
using these parameters showed improvements of up to
571% in CL soil and 245% in CH soil (Figure 3).
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Figure 3: Variation of calculated bearing capacity based on
internal friction and cohesion derived from direct shear
tests

4- Conclusions

Group arrangements of stone columns can dramatically
enhance the undrained strength and bearing capacity of
soft clays. The improvement was much greater for CL clay
than CH clay due to its higher stiffness and confining
effect. Uniform construction with multiple layers resulted
in better compaction and higher strength. These results
confirm the effectiveness of properly-installed stone
column groups for soft clay improvement.
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Laboratory Investigation of the Equivalent Bearing Capacity of Clay Bed Improved with Stone
Columns

Karim Bahari Amineh Seyyed Mohammad Ali Sadreddini  Mohammad Hadi Alizadeh Elizei

Abstract Over the past few decades, construction on loose and problematic soils has posed significant challenges for
geotechnical engineers. Among the methods to improve these soils, stone columns are notable, involving the replacement
of weak soil portions with granular columns. This research investigates the enhancement of loose clay beds of classes CL
and CH using sand columns. Unreinforced soil samples and those improved with a group of seven stone columns (30 mm
diameter, arranged in a triangular pattern) were tested using a large-scale direct shear apparatus. Equivalent shear
strength parameters were determined, and bearing capacity values were calculated. The shear tests employed the Fast
method. The effects of variables such as the type of surrounding soil, the number of layers in stone column construction,
and the orientation of the limited stone columns (apex/base in triangular arrangement) on shear strength parameters and
bearing capacity were evaluated. Results indicated that improving clay soils with stone columns significantly increased
the bearing capacity of loose soils. The experimental findings showed that the execution method of stone columns greatly
influences their load-bearing capacity. Moreover, improving CL clay soil with stone columns enhanced the bearing
capacity more effectively than CH clay soil, indicating higher efficiency of this method in stiffer clay soils.

Key words Clayey bed, Sand column, Large-scale direct shear Test, Shear strength parameters, Bearing capacity.
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CH -2L-Tip Tip 2

CH -3L-Tip 3
CH

CH -1L-Base 1

CH -2L- Base Base 2

CH -3L- Base 3

*SM Soil Column with 70 mm diameter and Triangle arrangement,
**Surrounding soil has been prepared with optimum moisture content
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1. Introduction

The joints located at the corner of the building and at the
intersection of two seismic resistance systems have a
transverse beam. The presence of the transverse beam has
exposed the substructure of the joint to three-dimensional
and asymmetric conditions. During earthquake, the corner
beam-column joints are affected by bidirectional loading.
A significant part of the seismic performance of the main
direction of the frame is affected by the loading in the
orthogonal direction and bidirectional interactions in the
joint area. The interactions created in the strain-rupture
plane of the joint area and the bending cracks formed in
both beams due to the transverse beam loading lead to a
history of damage and capacity deterioration when the
required ductility is achieved in the direction of the main
beam. This situation, along with other issues such as low
confinement and severe changes in the column axial force
due to the overturning moment, reminds us of the critical
conditions and importance of the seismic requirements of
corner joints.

In the present study, using experimental specimens, the
seismic performance of the joint substructure in the main
direction under the influence of bidirectional loading with
ratios of 100:50 and 100:100 was creatively evaluated. The
presence of seismic and non-seismic details at two normal
and extreme levels has led to a complete understanding of
the behavior of the substructure under the influence of
bidirectional loading. Several parameters such as cyclic
response, failure mode, force capacity, strength decay,
stiffness, dissipated energy and damage index were
investigated. The effect of loading and damage caused in
the orthogonal direction of the frame on the joint
performance in the main direction becomes important.
Also, an innovative upper limit of bidirectional loading is
followed using a reciprocating jack. In the present study,
three types of corner joints with seismic and non-seismic
details are first evaluated under unidirectional loading.
Then, in three other similar specimens, loading in the
principal direction is initiated when the loading on the
transverse beam has been partially applied. Finally, in

three final similar specimens, loading in the principal
direction is initiated when the loading on the transverse
beam has been fully applied. Thus, the damage history
during loading in the orthogonal direction is evaluated in
the principal direction of the frame.

2. Experimental program

The three-dimensional joint substructure under study is
shown in Figure 1. The fabricated reinforced concrete
corner joints have a transverse beam extending to the
bending inflection point. Corner joint C1, with seismic
code ACI318-19 criteria and details, was considered as a
standard example. The non-seismic corner joints, in terms
of seismic weaknesses, were followed at two levels,
normal and acute. At the normal level, the stirrups of
column in the joint area are not extended, C2, and at the
acute level, in addition to the lack of extension of the
stirrups of column in the joint area, the longitudinal beam
reinforcements in the joint area are not sufficiently
restrained, C3.
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Fig. 1. Schematic of the beam-column corner joint along
with the distances of the contra flexure points and the
principal directions.
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According to Figure 2, the column was set up horizontally
and the actuator head was applied at the bending point of
the beam in a lateral and articulated manner with the ability
to change the slope. As can be seen in Figure 3, in all tests,
the beam in question is placed vertically for load
application and the perpendicular beam remains
horizontal. In two-way loading, the transverse beam is first
placed vertically and after the transverse beam is loaded,
the specimen is rotated to place the main beam in the
actuator jack location.

3. Experimental results
The force-displacement envelope curves of all specimens

are shown in Figure 4. The corner joint with seismic details
under unidirectional loading due to the confinement of the
transverse beam (without damage history), the force
interactions between the two perpendicular beams in the
joint area, and the strain hardening of the steel, in response
to the maximum tolerable force, resulted in a 12% increase
in the joint force capacity response compared to the
predicted bending capacity of the beam. In addition, after
a relative displacement of 4.5%, due to the dominance of
the shear failure of the joint area over the full realization
of the bending failure mechanism in the beam, the force
response decreased. Overall, according to the ACI 374.1
standard, the level of expectations for acceptance of the
specimen was passed. The present specimen under limited
bidirectional loading was able to change the failure
mechanism from the combined bending mechanism of the
beam-shear joint with the dominance of brittle shear
failure to the desired bending mechanism in the beam
compared to the unidirectional loading condition. It also

performed 50% better in cyclic strength degradation than
Cl-UL and Ci1-Full BL based on 3.5% relative
displacement. Under severe bidirectional loading,
compared to when loading was applied in one direction,
there was a 24% reduction in the maximum force response,
a 55% reduction in initial stiffness, a 40% reduction in
effective stiffness at 1.75% relative displacement, a 30%
reduction in ductility, and a 33% reduction in energy
dissipation capacity.

In the conventional seismically vulnerable corner joint
(C2) under unidirectional loading until the maximum force
was reached, the behavior of the specimen was similar to
that of the C1-UL specimen. The weakness of the shear
strength in the joint area (along with the presence of the
transverse beam) caused a severe drop in force with
continued loading. Under limited bidirectional loading,
due to the lack of consideration of seismic details and the
concentration of damage in the joint area under the
influence of bidirectional loading, the joint behavior has
deviated from the elastic and integral state to such an
extent that the longitudinal bars of the buried beam in the
joint area have slipped. However, after 4.5% relative
displacement, the rate of force loss and capacity
deterioration of the specimen was lower than that of the
one-way loading condition.

In the acute seismically vulnerable corner joint (C3)
under limited bidirectional loading, it was observed that
bidirectional loading had a destructive effect on the
continuity ~ between  the  shortened longitudinal
reinforcement of the beam and the concrete in the joint
area.
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Fig. 2. Overview of test setup.
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Based on the damage index, Figure 5, on average for all
three specimens C1, C2, and C3, at least 20% of the
desired relative displacement value to enter the irreparable
and severe damage ranges has been reduced due to severe
bidirectional loading

4. Conclusions

Based on the results obtained; by applying half of the
required ductility of the main direction in the orthogonal
direction, the seismic performance of the frame in the main
direction changes due to the entry of the corner joint area
space into bidirectional interactions. On average, in the
joints under study under limited bidirectional loading, the
maximum tolerable force of the specimen decreases by
10% compared to the unidirectional loading. If the
bidirectional loading is applied in equal proportions in the
two orthogonal directions, not only does it reduce the force
capacity of the corner joints by 32% on average, but also
the initial stiffness of the specimen, the effective stiffness
at relative displacement by 1.75%, the energy dissipation
capacity and the ductility decrease by 54%, 40%, 35% and
23% compared to the unidirectional loading condition,
respectively.
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Experimental investigation of Corner RC Beam-Column Joints Subjected to Unidirectional and
Bidirectional Lateral Loading

S Ahmad Nezami Ahmad Shooshtari Jalil Shafaei

Abstract The most important aspect of the stability of reinforced-concrete (RC) buildings against lateral movements
caused by earthquakes is maintaining the elastic behavior of the joint area. Therefore, the most important task in the
seismic resistant system of the moment frame is the beam-column joints. In the moment frame system, corner joints
are affected by bi-directional loading during earthquake. In this research, the seismic behavior of the corner joint
substructure under the influence of bi-directional loading is evaluated experimentally. The studied asymmetrical
joints include three categories: 1-with seismic details according to the ACI318-19 standard, 2-without seismic details,
due to the absence of transverse reinforcement in the joint area and 3- Has second-class weakness and also insufficient
bond length of the beam bottom bars in the joint area. By applying half of the demand ductility of the primary
direction in the orthogonal direction, the seismic performance of the frame in the primary direction changes due to
the entry of the corner joint area space into bidirectional interactions. On average, in the joints under the studied
joints under limited bidirectional loading, the maximum force that can be tolerated by the specimen is reduced by
10% compared to the unidirectional loading. If the bidirectional loading is applied in equal proportions in two
orthogonal directions, not only does it reduce the force capacity of the corner joints by an average of 32%, but also
the initial stiffness of the specimen, the effective stiffness in drift by 1.75%, the energy dissipation capacity and the
ductility are reduced by 54%, 40%, 35% and 23%, respectively, compared to the unidirectional loading condition.

Key words Beam-Column Joints, Reinforced Concrete Structures, Bidirectional Lateral Loading, Corner Joint,
Experimental Evaluation.
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