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Minister
Ministry of Local Government,
Rural Development &
Cooperatives
Government of the People's
Republic of Bangladesh

Message

I am pleased to warmly welcome all attendees of the Second International Conference
on Advances in Civil Infrastructure and Construction Materials (CICM). This
momentous event, scheduled at the Military Institute of Science and Technology
(MIST), Mirpur Cantonment, Dhaka, from 26th to 28th July 2023, marks a significant
milestone for the academic domain of Bangladesh.

In 2021, Bangladesh fulfilled all three criteria to graduate from the LDC category to a
developing country. The government has launched its second long-term plan
(Perspective Plan 2021-2041) where infrastructure development is one of the three
main focuses. It aims to develop infrastructure sustainably that will help achieve the
Sustainable Development Goals (SDG). It also aims to improve connectivity and
accessibility by developing transport infrastructure such as roads, highways, railways,
waterways, and airports. The present government of honourable Prime Minister
Sheikh Hasina has also fostered the vision of the Developed Country by 2041 and
Delta Plan 2100. Civil engineers are crucial in achieving these goals for the nation
and people. The evidence of their significant contributions is apparent through the
development of mega-structures like the Padma Bridge, Rooppur Nuclear Power
Plant, Payra Port, and Dhaka Metro Rail Project, and many more. Military Institute of
Science and Technology (MIST) is now one of the leading engineering institutes in
Bangladesh. It is devoted to imparting high-quality education and lifelong learning to
mass people and military students. MIST’s motto, “Technology for Advancement” is
achieved by developing world-standard classrooms, laboratory facilities and other
amenities for the students.

This conference would be an invaluable platform for sharing knowledge, exchanging
ideas, and fostering collaboration among civil engineers. 1 want to thank the
Honorable Prime Minister, Commandant of MIST, and Department of Civil
Engineering, MIST, for hosting this significant event.

o

Md. Tazul Islam, MP
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Message

| am happy to welcome all the participants to the 2" International Conference on
Advances in Civil Infrastructure and Construction Materials (CICM), which is being
held at Mirpur Cantonment, Dhaka from 26" to 28" July 2023. | whole heartedly
appreciate the initiative taken by the Department of Civil Engineering, Military
Institute of Science and Technology in organizing the conference, which is being
attended by a large number of eminent speakers and participants from different
countries across the globe.

Development of civil infrastructure is a prerequisite for the socio-economic
development of a country. Consequently, the demand for construction of modern civil
infrastructure is ever growing, particularly for a developing country like Bangladesh
which is undertaking many mega projects to transform to a developed country by
2041 to fulfill the father of the nation’s dream of a “Golden Bangladesh”. Civil
Engineers have a major role to play in the development of the country through
innovation and cutting-edge technologies. Advances in civil engineering technology
and improvement in cost effective construction materials can immensely benefit the
country both socially and economically.

Through this conference, an attempt has been made to bring researchers,
academicians, practicing engineers, consulting engineers, owners, and construction
managers, together on a single platform, to discuss various issues on advances in civil
engineering infrastructure and construction materials. | am sure that participants of
this conference will be immensely benefitted from the presentation by renowned
keynote and distinguished speakers and interactions with them.

I am confident that CICM 2023 will be a successful forum for professionals from all
over the world, enabling them to share their technical knowledge, views, and
experiences.

I wish CICM 2023 a grand success.

Dr. Ainun Nishat
Adviser and Professor Emeritus
Centre for Climate Change and Environment Research (C3ER)

BRAC University, Bangladesh
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Message

I am delighted to express my heartfelt gratitude to the Civil Engineering Department
of the Military Institute of Science and Technology (MIST) for organizing the
International Conference on Advances in Civil Infrastructure and Construction
Materials (CICM) for the 2" time at Mirpur Cantonment, Dhaka on 26-28 July 2023.
The Department of Civil Engineering, the pioneer department of MIST, stands out as
a beacon of knowledge and creativity, guiding students to a future full of limitless
possibilities since its inception in 1998.

Sustainable Development Goals (SDG) Number 9 incorporates resilient infrastructure,
sustainable industrialization, and innovation. Bangladesh government has
adopted Vision 2041 as a continuation of Digital Bangladesh Vision 2021, seeking to
take the nation to the development path. Through its steadfast commitment to
excellence, the Department of Civil Engineering is playing an important role in
producing highly qualified civil engineers at the forefront of sustainable infrastructure
development nationwide. Led by devoted faculty members, the department develops
individuals with technical capabilities and the vision and drive to improve the world.

I am overwhelmed to be informed that great scholars worldwide will present their
valuable contributions to this magnificent and prestigious conference. | am also
delighted that many international universities and professional organizations actively
support this event. | hope this conference will play an essential role in professional
expression and information exchange in the best manner possible. I express my
heartfelt gratitude to the speakers, participants, organizers, and volunteers.

| wish all the success of CICM-2023.

-
m\//

Brigadier General Md Wahidul Islam, SUP, ndc, psc
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SEISMIC RESILIENCE THROUGH A FRAME-SPINE SYSTEM WITH
FORCE-LIMITING CONNECTIONS

Larry FAHNESTOCK

Department of Civil and Environmental Engineering, University of Illinois Urbana-
Champaign

Abstract. Seismic resilience, or post-earthquake functionality, requires protection of a
building and its contents and occupants, particularly for an essential facility, such as a
hospital. Ongoing collaborative research by an international team is investigating a new
system to provide enhanced seismic performance and continuity of building operation
using practical structural components, including (1) flexible steel moment frames, (2)
stiff steel elastic spines and (3) force-limiting connections (FLC) that connect the
frames to the spines. This Frame-Spine-FLC System aims to economically control
building response and prevent damaging levels of story drift and floor acceleration. The
moment frames serve as the economical primary element of the system to resist a
significant proportion of the lateral load, dissipate energy through controlled nonlinear
response and provide persistent positive lateral stiffness. The spines distribute response
evenly over the height of the building and prevent story mechanisms, and the FLC
reduce higher-mode effects and provides supplemental energy dissipation. The Frame-
Spine-FLC System development is focusing on new construction, but it also has the
potential for use in seismic retrofit of deficient existing buildings. This presentation
provides an overview of the ongoing research project, including a description of full-
scale shake-table testing that was conducted for a building with the Frame-Spine-FLC
System, which represents a hospital facility and includes realistic nonstructural
components and medical equipment. The story drift control and floor acceleration
reduction demonstrated through full-scale experiments illustrate the viability of the new
system and provide a foundation for further development and application.
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RISK, RESILIENCE AND SUSTAINABILITY OF CIVIL INFRASTRUCTURE
UNDER SINGLE AND MULTIPLE HAZARDS IN A LIFE-CYCLE
OPTIMIZATION FRAMEWORK

Dan M. FRANGOPOL

Department of Civil and Environmental Engineering, ATLSS Center, Lehigh
University, Bethlehem, PA 18015-4729, USA

Abstract. Decisions regarding design, assessment and maintenance of civil
infrastructure should be supported by an integrated risk-, resilience- and sustainability-
based life-cycle multi-objective optimization framework by considering, among other
factors, the likelihood of successful performance and the total expected cost accrued
over their entire life. The primary objective of this keynote lecture is to present a life-
cycle multi-objective optimization framework for risk-, resilience- and sustainability-
informed decision making for civil infrastructure under lifetime hazards including
corrosion, earthquake, and climate change. Several important performance indicators
such as risk, resilience, and sustainability necessary to be implemented in the design,
assessment and maintenance of civil infrastructure under single and multiple hazards
are introduced. Bridges and bridge transportation networks are used to illustrate the
application of the proposed life-cycle optimization framework.
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E-DEFENSE SHAKE-TABLE TESTS AND CORRELATIVE ANALYSES ON
FULL-SCALE 5-STORY BUILDINGS WITH/WITHOUT DAMPERS

Kazuhiko KASAI

Tokyo Institute of Technology, Japan

Abstract. The E-Defense shaking table facility completed in 2005 is the largest
earthquake simulator capable of subjecting full-scale structures to the strongest
earthquakes recorded in the world. The writer was given an opportunity to play a
leading role in three test projects on different types of steel buildings using the E-
Defense (2006-2011). Many researchers from Japan and US participated in the projects
to study: 1) collapse of a conventional 4-story structure; 2) performance of innovative
3-sytory rocking structures with dampers, and; 3) response-control effectiveness for the
5-story structures with 4 different dampers available in the market, respectively. This
presentation focuses on the third project, which was the most extensive involving the
largest group of researchers and largest amount of response data. The full-scale 5-story
building in Fig. 1 was tested repeatedly, inserting and replacing each of 4 damper
inserting., 12 steel dampers, 12 nonlinear viscous dampers, 12 oil dampers, and 12
viscoelastic dampers. The building without dampers were also tested after the above
series. The objective was to validate response-control technologies that were
increasingly adopted for major Japanese buildings without being attested by a major
earthquake. As aimed at during design, the four types of dampers lead to similar and
well-controlled peak responses of the buildings at the 100%-scaled JR Takatori station
ground motion, one of the most severe motions recorded during the 1995 Kobe
earthquake. As was also expected, under the smaller levels of Takatori ground motions,
different dampers showed different control effects. The project demonstrated
significant merit of value-added design using dampers. Extensive data were extremely
valuable to the professional and academic communities, validating design, analysis, and
evaluation methods. The number of sensors of about 1,400 reached practical limit and
schedule of test was considerably pressing for the amount of data handled. The future
challenging issue is to obtain much more data, significantly enhancing the data
acquisition scheme, maximizing outcome of the realistic, rare, and expensive tests.
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CHRISTCHURCH POST-EARTHQUAKE RECOVERY

Gregory MACRAE

University of Canterbury, Christchurch, New Zealand

Abstract. The 2010-2011 Canterbury Earthquakes caused significant damage
especially in the city of Christchurch. As a result, much of the infrastructure — vertical
and horizontal - is being replaced. The presentation describes: the construction culture
and laws before the earthquakes which shaped the recovery of the city; the damage
itself; and changes/development to codes/guidelines. A description of types of structure
constructed in the recovery is provided, and reasons for the selection of these structural
systems is discussed. Societal aspects of the recovery are considered by examining the
changes in organizations and people. Opinions are provided about what worked well
and what could have been done better.

Keywords: Canterbury, Earthquake, Organizations, Recovery, Rebuild
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ROLE OF ENGINEER'S CORPS OF BANGLADESH ARMY IN DIFFERENT
MEGA INFRASTRUCTURE PROJECTS

Abu Syeed Md MASUD

Member, Panel of Experts, Padma Bridge Rail Link Project (PBRLP)

Abstract. The role of the Engineer's Corps of the Bangladesh Army in mega
infrastructure projects has evolved significantly over the past four decades. Initially
tasked with road and highway works in the Chittagong Hill Tracts, the Corps employed
Engineering Construction Battalions from the Special Works Organization (SWO).
With technological advancements, the SWO and ECB expanded, and now two brigades
in Dhaka and Chittagong have increased numbers of ECB battalions. From 2006, the
Corps took the lead in constructing flyovers, highways, and multidimensional projects.
They became a trusted partner for ministries involved in mega structure development,
collaborating with the Construction Supervision Consultancy Group (CSC) on projects
such as the Padma Multipurpose Bridge and Padma Bridge Rail Link. The Corps,
equipped with efficient officers and soldiers, embraces new technologies and
innovations. Additionally, the Bangladesh Army has its own design team from the
Military Engineering of Science and Technology (MIST). Notable projects include
Chimbok-Thanchi Road, Bridge on Thanchi River, Hatirjheel Project, Jolshiri Abason
Project, Multi Loop Flyover, Meghna and Gumti Bridges, Padma Bridge, and Padma
Bridge Rail Link. The Corps' contributions have not only made the country proud but
also elevated its civil engineering capacity.
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TOWARDS BUILDING RESILIENCE THROUGH RECONNAISSANCE:
ARTIFICIAL INTELLIGENCE APPROACHES FOR STRUCTURAL HEALTH
MONITORING

Khalid M. MOSALAM

Director of the Pacific Earthquake Engineering Research (PEER) Center, University of
California, Berkeley, CA, USA
mosalam@berkeley.edu

Abstract. Natural hazards, that have been occurring in various forms, frequencies, and
intensities are unavoidable. However, developing resilient built environment to these
natural hazards is achievable. Among multiple ways of achieving community
resilience, the Structural Extreme Events Reconnaissance (StEER) Network focuses on
“Building Resilience through Reconnaissance.” This approach uses data and
observations after natural hazards to make a difference directly on the affected
communities, to guide related research, and to inform policy, rather than the regular
sequential cycle of these aspects. For data collection, a worldwide trend is the
expansion of sensor installation on different elements of the built environment. The
acquired big vibration and vision datasets from continuous monitoring and
reconnaissance efforts are used to study the response of structures (e.g., buildings and
bridges) and ultimately improve design code provisions and practices. The effective
and accurate collection and use of data rely on advances in Structural Health
Monitoring (SHM) to improve sustainability and resilience of cities and communities.
This paper focuses on the activities of the StEER Network and two frameworks that use
different modalities of data for achieving resilience using SHM and reconnaissance: (1)
The establishment of the “Bridge Rapid Assessment Center for Extreme Events
(BRACE2)” for real-time and near real time vibration-based SHM and operational
decision making of instrumented bridges, and (2) The development of a hierarchical
database, namely, “PEER Hub ImagNet” (¢-Net) for integrating multi-task deep
learning mechanisms for vision-based SHM using images.

Keywords: Deep Learning, Natural hazards, Structural Health Monitoring.
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AN INNOVATIVE STEEL BRACED FRAME SYSTEM FOR CONTROLLED
SELF-CENTERING ELASTIC SEISMIC RESPONSE OF LOW-RISE STEEL
BUILDING STRUCTURES

Robert TREMBLAY

Dept. of Civil, Geological and Mining Engineering, Polytechnique Montreal, Montreal,
QC, Canada
robert.tremblay@polymtl.ca

Abstract. The paper introduces an innovative steel braced frame system that designed
and detailed and to exhibit an elastic self-centering hysteretic response to achieve
damage-free seismic response for low-rise building structures. The system is
implemented in the first storey of buildings such that all seismic induced deformations
intentionally in the first-storey to achieve a seismic response to be offered by base
isolation systems. The proposed system is described together with a design approach
based on the single-mode analysis method that is now widely adopted for base isolation
systems. The system is applied for two- to four-storey office buildings located in the
high seismicity region of Vancouver, British Columbia, Canada, where the seismic
hazard is contributed by shallow crutal, deep-in-slab, and interface subduction
earthquakes. Nonlinear response history analysis is performed under site representative
ground motion records to verify the seismic performance of the proposed system.

Keywords: Steel building structures, braced steel frames, self-centering response,
energy dissipation, residual deformations.
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COLD-FORMED STAINLESS STEEL DOUBLE SHEAR BOLTED
CONNECTIONS IN FIRE

Yancheng CAI' and Ben YOUNG?"

!Department of Construction and Quality Management, Hong Kong Metropolitan
University, Hong Kong, China
yccai@hkmu.edu.hk
2Department of Civil and Environmental Engineering, The Hong Kong Polytechnic
University, Hong Kong, China
ben.young@polyu.edu.hk
*Corresponding Author

Abstract. Currently, there is no design rule on cold-formed stainless steel bolted
connections in fire condition. A total of 44 double shear bolted connection specimens
with three different grades of stainless steel was tested in this study, where 28
specimens were tested by steady state test method and 16 specimens were tested by
transient state test method. The three different grades of stainless steel are austenitic
stainless steel EN 1.4301 (AISI 304) and EN 1.4571 (AISI 316Ti having small amount
of titanium) as well as lean duplex stainless steel EN 1.4162 (AISI S32101). The
connection specimens were assembled by two bolts that arranged perpendicular to the
loading direction. Bearing failure and net section tension failure modes were observed
in the connection tests. The test results were compared with the nominal strengths
calculated from the design rules in the American Specification and European Codes for
stainless steel structures at ambient temperature, where the nominal strengths of the
connections calculated by using the material properties at elevated temperatures. It is
shown that the codified strength predictions of the stainless-steel double shear bolted
connections are generally conservative at elevated temperatures. The connection
strengths decrease as the temperature increases in the similar manner for the steady
state tests and the transient state tests. It is also found that the stainless-steel type EN
1.4571 generally has better resistance than the stainless steel types EN 1.4301 and EN
1.4162 for double shear bolted connections at elevated temperatures.

Keywords: Bolted connection, cold-formed stainless steel, failure modes, fire
condition, steady state test, transient state test.
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FUTURE INFRASTRUCTURES FOR THE PEOPLE BY THE
PROFESSIONALS CRAFTED BY THE EDUCATORS

AFM Saiful AMIN®?

!Chairman, Board of Accreditation for Engineering and Technical Education, The
Institution of Engineers, Bangladesh
2Department of Civil Engineering, Bangladesh University of Engineering and
Technology

Abstract. Bangladesh needs to keep its economy rising with sustainable growth. A
healthy economy brings further opportunities for development. The power of
development comes from the continuity achieved from sustainability. As the national
growth crystallizes, increases in the scale of megaprojects will necessitate mega
infrastructure. Success is rooted in education and professional development so that the
best practices followed elsewhere can be better sieved into future development in
Bangladesh when current professionals and the future generation of engineers run the
show. Our education system foresees a paradigm shift in which future engineers trained
for sustainable development goals not only acquire competencies for creative learning
and thinking, complex problem-solving, interdisciplinary and international cooperation
and ethical attitudes but also take an academic, technical, knowledge-focused path to a
broader interdisciplinary approach to updated learning. The education system will see a
shift from a teacher-centric focus to one more student-centered and problem-based.
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OPTIMIZATION OF MULTIPLE TUNED MASS DAMPER PARAMETERS
USING EVOLUTIONARY OPERATION ALGORITHM CONSIDERING SOIL-
STRUCTURE INTERACTION

Raquib AHSAN?, Jannatun NAHAR! and Bushra ISLAM?

!Bangladesh University of Engineering and Technology
2University of Texas at Austin
raquibahsan@ce.buet.ac.bd; jannatunnahar.buet.ra@gmail.com;
bushrabuet@gmail.com

Abstract. Vibration control is important for structures subjected to dynamic loadings
like earthquakes and wind. It is necessary to keep structural response within the
acceptable limit and achieve the desired performance of structures. Among different
structural control techniques, the Tuned Mass Damper (TMD) is an efficient option
because of its simple principle and more straightforward implementation on existing
buildings with comparatively modest rehabilitation. Appropriate selection of damper
parameters is required for the structural system to perform efficiently against seismic
loading. TMD parameters depend on period lengthening and increased damping due to
soil-structure interaction. In the present study, a methodology has been developed to
optimize Multiple Tuned Mass Damper (MTMD) parameters considering soil-structure
interaction. A global optimization algorithm named Evolutionary Operation (EVOP)
has been applied for optimization. A generalized equation of motion has been proposed
for building frames with any number of stories associated with any number of Tuned
Mass Damper (TMD) at different story levels subjected to seismic excitation. A
computer program has been developed in C++ to perform a time-history analysis of the
Structure-TMD system and has been linked with EVOP for optimizing TMD
parameters. The optimization criterion is defined as the minimization of top
displacement or inter-story drift. Soil-Pile interaction has been modeled using the Thin
Layered Element Method (TLEM) for different soil-pile systems. Following the
substructure method, soil-pile interaction has been incorporated into the superstructure,
and optimization has been performed. The results show that excluding the SSI effects
in the optimization overestimates the TMD’s performance.

Keywords: Multiple Tuned Mass Damper (MTMD), Evolutionary Operations (EVOP),
Soil-Structure Interaction (SSI), Thin Layered Element Method (TLEM)
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CORROSION-INDUCED PERFORMANCE DEGRADATION OF BRIDGES -
FROM MATERIAL TO THE INFRASTRUCTURE LEVEL

Swagata Banerjee BASU

IIT Bombay, India

Gradual deterioration of RC bridges due to chloride-induced corrosion is of concern for
bridge durability, safety, and life-cycle performance under natural hazards. With the
aim to quantify performance degradation of highway bridges along life-cycle,
numerical analyses are performed to simulate chloride-induced corrosion and rust
formation on steel rebars embedded in RC bridge piers having early-age surface cracks.
For this purpose, a finite element analysis (FEA) framework integrating
physiochemical and electrochemical processes of rebar corrosion with random
generation of early-age cracks is developed to predict temporal progression of
corrosion pit along the length and periphery of rebars in bridge piers. Outcome of the
corrosion analysis is implemented in three-dimensional finite-element (FE) model of a
representative bridge to estimate its capacity deterioration as time progresses.
Nonlinear time-history analyses at various degraded states of the bridge are performed
under a suitable suite of seismic ground motions to quantify time-dependent variations
in bridge seismic performance. Obtained results are used to estimate life-cycle seismic
resilience of the bridge, which is observed to reduce gradually with the progression of
bridge deterioration.

Further, uncertainties arising from random natures of chloride diffusion parameters and
material properties, temporal variations of atmospheric variables, and random patterns
of early age cracks are studied to capture the variability in seismic performance and
risk of bridge piers. Research outcome revealed that randomly distributed early-age
cracks on pier surface accelerate the corrosion phenomenon resulting in lower seismic
resilience of the bridge when compared to uniform pier corrosion (without surface
cracks). In cases when spatial randomness of chloride concentration around bridge
piers is considered in conjunction with early-age surface cracks, life-cycle seismic
resilience of bridges becomes at its lowest level among all possible considered
scenarios. Overall, the research outcome signifies the strong influences of early-age
cracks in induction and propagation of pitting corrosion in RC bridge piers and
elaborates the importance of considering randomness in corrosion process while
predicting seismic performance of aging bridges in a life-cycle context.

Keywords: RC bridges, corrosion, life cycle resilience, FE modelling, uncertainty,
seismic analysis
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EXPERIMENTAL VALIDATION OF LIFE-CYCLE-ORIENTED
COMPUTATIONAL METHODS FOR STRUCTURAL ANALYSIS OF
CONCRETE BRIDGES UNDER CORROSION

Mattia ANGHILERI and Fabio BIONDINI

Dept. of Civil and Environmental Engineering, Politecnico di Milano, Milan, Italy
mattia.anghileri@polimi.it, fabio.biondini@polimi.it

Abstract. Life-cycle-oriented design, assessment, maintenance, and management of
deteriorating structures and infrastructural facilities, such as bridges, should rely on
structural analysis frameworks capable to account for time-variant structural
performance. However, although life-cycle models are well established for some of the
most detrimental damage processes, such as corrosion and fatigue, robust validation
and accurate calibration are difficult tasks because of the limited availability of
information about long-term performance of in-service structures. Gathering data from
both inspection of existing structures and experimental tests is therefore of essence for
a successful implementation in practice of life-cycle methods. This lecture is motivated
by these needs and provides a contribution on computational modeling and
experimental validation of nonlinear finite element analysis of reinforced concrete (RC)
and prestressed concrete (PC) structures, with emphasis on life-cycle assessment of
bridges under corrosion. Structural modeling is developed with different levels of
complexity based on RC/PC beam finite elements accounting for the nonlinear stress-
strain constitutive laws of the materials, i.e. concrete, reinforcing steel, and prestressing
steel, and bi-dimensional finite elements for plane stress analysis formulated in
accordance with the Modified Compression Field Theory. The proposed models are
validated on the results of experimental tests on corroded RC beams available in
literature, as well as on the outcomes of an ongoing extensive experimental campaign
within the BRIDGE|50 research project aimed at investigating the residual structural
performance of a decommissioned 50-year-old PC bridge.
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INVESTIGATION OF PRESTRESSED CONCRETE BRIDGE GIRDERS
UNDER OVERHEIGHT VEHICLE COLLISIONS

Haitham ABDELMALEK!?, Mohanad ABDULAZEEZ?, Ahmed IBRAHIM?, and
Mohamed ELGAWADY#

1.2.4 Missouri University of Science and Technology, USA
3 University of Idaho
haan57@mst.edu; mma548@mst.edu; aibrahim@uidaho.edu; elgawadym@mst.edu
*Corresponding Author

Abstract. Prestressed Concrete Bridge Girders (PCBG) are susceptible to damage
when exposed to over height vehicle collisions. This paper presents high-fidelity finite
element models developed using LS-DYNA software. Thirteen models were validated
against experimental data from the literature. The validated models were then
implemented to perform a parametric study investigating the key factors affecting the
dynamic response of PCBG under vehicle collisions, including vehicle speed and mass,
girder span, and girder type. The response of each girder was quantified in terms of
impact force time histories. The study revealed that relying solely on metrics such as
peak impact force, kinetic energy, momentum, and impact speed is insufficient for
accurate girder dynamic response representation. While the collision time is a critical
factor that needs to be incorporated. Thus, the most critical factor can represent
uniquely the dynamic response of prestressed girders is impact impulse. The results of
this study can assist in the quantification of the dynamic demand and the development
of design guidelines that will enhance the safety and resilience of prestressed bridge
structures.

Keywords: Prestressed concrete, Bridge girder, Finite element, LS-DYNA, Vehicle
collision, Resilience, Impact
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DESIGNING RESILIENT STRUCTURES AND COMPONENTS UNDER
EXTREME LOADING CONDITIONS
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$Manhattan College, New York City, USA

shahriar.quayyum@manhattan.edu
“Thornton Tomasetti, Washinton DC, USA
DSchweizer@thorntontomasetti.com
®Idaho National Laboratory, Idaho Falls, USA
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*Corresponding Author

Abstract. Enhancing the resilience of structures and components under extreme
loading conditions remains a significant challenge. This presentation will demonstrate
several seismic resilience enhancement techniques for steel building moment
connections. The first enhancement technique involves reducing the strength of steel
over specified regions of the beam flanges by exposing the regions to high temperatures
followed by slow cooling. This technique promotes the development of the beam
plastic hinge away from the welded joint. The second technique involves relocating the
bolts of an 8-bolt extended end plate connection to distribute bolt forces uniformly,
thereby avoiding bolt and end plate failures. The third technique involves a new shear
tab design and bolt arrangement of welded unreinforced flange bolted-web connections
to more effectively transfer stress from the beam web to the column flange. The fourth
seismic resilience enhancement technique involves stiffening the beam web within the
plastic hinge region to delay the onset of local web and flange buckling resulting in the
delay of strength degradation. Finally, ongoing research on enhancing the resilience of
compact heat exchangers for next-generation very high-temperature reactors will be
presented. The presentation will demonstrate how systematic experimental studies and
rigorous simulation modeling facilitate the design of resilient structures and
components.

Keywords: seismic resilience, welded steel connections, heat-treated beam sections,
extended end plate connection, beam web stiffening, compact heat exchanger,
constitutive modeling.
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LARGE-DEFORMATION FINITE ELEMENT MODELLING OF A
LANDSLIDE IN LACUSTRINE/MARINE CLAY DEPOSITS
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Abstract. Large deformation and strain localization are two major issues in many
geotechnical problems. However, in typical engineering practice, large-deformation
analyses are not performed for these problems; instead, idealized or empirical
approaches are often used. For example, a large-scale landslide generally occurs by
progressive formation of failure planes where extremely large shear strains develop,
and the failed soil blocks might displace several hundred meters. The commonly used
limit equilibrium (LE) methods cannot explain this process. Physical modelling of such
landslides, even in a centrifuge, cannot be done properly because the failure process is
affected by debris flow, which cannot be modelled within the limited space. In this
paper, a large deformation finite element (FE) modelling technique in the Eulerian
framework is discussed. FE analyses are performed to simulate a landslide that
occurred in lacustrine/marine clay deposits in Northern Peninsula, Newfoundland and
Labrador, Canada. Although the complex processes of triggering the landslide and soil
behaviour could not be modelled accurately, the simulations using the undrained
behaviour of soil provide failure patterns similar to that observed in the field.

Keywords: Large deformation, Finite element modelling, Progressive landslide,
Lacustrine/Marine Clay.
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NEW SEISMIC DESIGN PROVISIONS IN BNBC-2020: A QUICK APPRAISAL

Tahmeed M. AL-HUSSAINI

Bangladesh University of Engineering and Technology, Dhaka, Bangladesh
htahmeed@yahoo.com

Abstract. The updated Bangladesh national building code (legally enacted as BNBC-
2020) contains new seismic design provisions including a new seismic zoning map
dividing the country into four seismic zones with seismic zone coefficients varying
from 0.12 to 0.36. This paper briefly explains the salient features and significance of
these provisions which were finalized way back in 2010. Since then there have been
new developments and new research in the field of seismological research and
earthquake engineering. A general appraisal is done on some of the important code
provisions related to consideration of seismic loads through brief comparison with
other building codes and research publications both new and old. Several seismic
hazard assessment studies, both probabilistic and deterministic, have been conducted
for Bangladesh adopting different procedures. Particular reference will also be made to
a recent publication indicating the possibility of a mega earthquake (magnitude 8.2 to
9.0) deep inside Bangladesh. Bangladesh is located at a complex seismo-tectonic
regime close to the plate boundaries of Indian plate and Eurasian plate in the north as
well as plate boundaries of Indian plate and Burmese sub-plate in the east. It is
emphasized that it is indeed a great challenge to conduct seismic hazard assessment of
Bangladesh and several years of coordinated seismological research work needs to be
carried out for a realistic assessment.

Keywords: Building code, seismic zoning map, seismic zone coefficients, seismic
design provisions, seismic hazard assessment.
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SUPERELASTIC SMAS FOR IMPROVED SEISMIC PERFORMANCE OF
CONCRETE STRUCTURES

Dan PALERMO

Department of Civil Engineering, York University, Canada

Abstract. Over the past two decades, research on retrofit methodologies and new
construction that incorporate Shape Memory Alloys (SMASs) as the main structural
material has intensified. This was in direct response to several major earthquakes over
this time, which highlighted that while structures may not collapse and satisfy the life-
safety performance criteria prescribed in building codes, the damage is often to the
extent that demolition is the only viable alternative. Based on these observations,
research on structural resilience with self-centering as a focal point began to emerge as
an important criterion for the performance of structures. This provided the foundation
to explore other materials not commonly considered in structural engineering, with
SMAs coming to the forefront as a promising alternative. This paper will provide a
review of both experimental and numerical research that has been conducted over the
past 15 years on the implementation of Superelastic (SE) SMAs in retrofit applications
or as part of structural components in new concrete construction. Specifically,
retrofitting applications have included: diagonal, tension only SMA braces to retrofit
deficient squat shear walls; and a proposed SMA buckling restrained brace to retrofit
deficient concrete frame structures or to strengthen new concrete frame buildings. For
new construction, the focus has been on slender concrete shear walls given their
popularity in North America as the main seismic force resisting system. One of the
criteria in the construction of these walls has been to limit the usage of SE-SMA
internally within the boundary zone of the plastic hinge region, while the remainder of
the reinforcement detailing consisted of traditional deformed steel reinforcement.
Complementary to this work has been the performance of the walls after repairing,
where the repair incorporated either Self-Consolidating Concrete (SCC) or Engineered
Cementitious Composite (ECC) as a replacement for the heavily damaged concrete in
the plastic hinge region. While the SCC provides an efficient choice to repair local
areas in a structural component, ECC is viewed as an emerging option to complement
sections that are reinforced with SMA bars. ECC is characterized by higher tensile
strength and significantly greater tensile ductility relative to normal concrete, resulting
in improved damage control which complements the self-centering phenomenon of SE-
SMA. This paper will also include preliminary numerical modelling that has been
conducted on the slender shear walls and concrete frame buildings to illustrate the
impact of SMAs on the response at full-scale.
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CYCLIC STRESS-STRAIN MODEL FOR CIRCULAR CONCRETE-FILLED
STEEL TUBULAR COLUMNS
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Abstract. Concrete-filled steel tubular (CFT) columns are becoming more widely used
because of their superior strength and ductility. Another benefit of CFT is that it
eliminates the need for formwork during construction. The accurate behavior of
concrete under compressive cyclic loading is particularly important for the seismic-
resistant design of structures, as the tensile strength of concrete is often neglected in the
design of steel-concrete composite structures. In the present study, a confinement
model for cyclic compression has been proposed which can predict the behavior of
concrete confined in a circular CFT column. The proposed model is inspired by the
previous models of cyclic axial compression developed for concrete confined either
with steel reinforcement ties or with fiber-reinforced polymer (FRP). The main
components of the cyclic model, i.e., the envelope curve and the loading-unloading
curves, are suitably modified to accurately represent the behavior of concrete in a CFT
column. In addition to the concrete strength, steel tube strength, and tube diameter-to-
thickness ratio, the proposed model also considers the effect of the length-to-depth ratio
of the CFT column. Further, the proposed model has been validated with the
experimental results and can reasonably predict the peak as well as post-peak behavior.

Keywords: Buckling, Confinement Model, Cyclic Compression, Slenderness Ratio,
Steel-Concrete Composite.
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A NOVEL METHOD FOR DESIGN OF HIGH PERFORMANCE CONCRETE
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Abstract. Proper design of HPC is very important for specific project and applications.
In this study, the seven-batch factorial design was used to correlate the Portland
cement-slag— fly ash ternary compositions with different properties of concrete
mixtures. In Changsha subway project, it is requested that C30 concrete should satisfy
compressive strength larger than 38MPa, cracking time less than 28d, expansion from
alkali-aggregate reaction less than 0.1%, chloride migration coefficient less than 5.0 X
10-12m2/s, electrical resistance larger than 25000 ohm, and carbonation depth less than
6.5mm. When the factorial design method was applied, an area satisfied all the above
requirements could be acquired.

Keywords: High performance concrete; performance-based design; ternary factorial
design; Changsha subway; durability
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TOWARDS EARTHQUAKE RESILIENCE: USING SUPERELASTIC SMA
FOR HIGH-PERFORMANCE SEISMIC-RESISTANT BRACED FRAMES

Songye ZHU
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Abstract. Traditional seismic design philosophy attempts to concentrate permanent
damage in selected “sacrificial” regions after earthquakes. However, damaged
buildings are often demolished after earthquakes because too large residual
deformation makes repair economically unviable. As a high-performance metallic
material, superelastic shape memory alloys (SMAs) are appealing to the earthquake
engineering community because their flag-shaped hysteresis can minimize post-
earthquake residual deformation and enhance structural repairability. This presentation
will highlight the research on seismic applications of superelastic SMAs, with a focus
on seismic performance, seismic design, and life-cycle cost of self-centering braced
frames. The results show superelastic SMAs can provide a promising solution to high-
performance resilient structural systems.
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SEISMIC PERFORMANCE EVALUATION OF STAINLESS STEEL FRAMES
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Abstract. The application of stainless steel in construction industries is increasing for
its environmental and mechanical advantages such as corrosion resistance, pleasant in
appearance, higher ductility, and low maintenance cost. The stress-strain curve of
stainless steel is different from that of ordinary carbon steel. Stainless steel specially,
Austenitic and Duplex grade exhibit higher strain hardening and ductility compared to
that of carbon steel. The currently available design guidelines for stainless steel such as
SEI/ASCE-8-02, AS/NZS 4673, and EN, 1993-1-4 generally supplement or modify the
equivalent carbon steel provisions. However, none of these codes accommodated the
advantages of stainless steel in seismic performance. Currently, values of response
modification factor (R) recommended for carbon steel frames are being used for
stainless steel structures, which undermines the benefits of stainless steel and makes the
design more conservative. To incorporate the advantageous properties of stainless steel,
determination of R values for stainless steel frames is necessary. Here, the seismic
performance of different stainless steel frames such as Moment Resisting Frames
(MRF) and Concentrically Braced Frames (CBF) was investigated. To evaluate the
response of stainless steel frames, the performance of individual member such as beam,
column and bracing under cyclic loading was evaluated. Later, behaviours of individual
members were used in pushover analysis of frames. The study showed that the uses of
stainless steel enhance the seismic performance of steel frames. It is also observed that
the R values recommended in code may be increased for stainless steel frames.

Keywords: Stainless Steel, seismic performance, response modification factor,
moment resisting frame, concentrically braced frame.
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SMART METHOD OF FRP LAMINATES FOR SHEAR STRENGTHENING OF
RC BEAM: RESEARCH TO PRACTICE

Md Ashraful ALAM
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Abstract. Externally bonded method of Carbon Fibre Reinforced Polymer (CFRP)
laminate has been widely used for shear strengthening of reinforced concrete beam.
Because of low bond strength of concrete, CFRP laminate used to debond at concrete-
adhesive interface with lower strain as compared to its ultimate strain. The laminate
could also debond with concrete cover seperation after yielding of internal shear
reinforcement because of strain incompatibility behaviour between elastic stiff nature
of CFRP laminate and plastic deformation of steel shear reinforcement. Interfacial
debonding could be eliminated through appropriate design of laminate with simple
mechanical embedded connector anchor system, however, cover seperation failure
could not be eliminated through anchor systems rather than replacing of CFRP with
elastic soft FRP material. In this regard, natural Jute Fibre Reinforced Polymer (JFRP)
laminate would have huge potentiality. The main aim of the research was to present
guidelines for shear strengthening of RC beam using CFRP and JFRP laminates with
embedded connector anchor systems. The parameters of guidelines had been analyzed
through experimental investigations on shear strengthened RC beams. Results showed
that the cross sectional area of CFRP and JFRP laminates obtained from the design
guidelines enhanced the maximum shear capacities of strengthened beams. Both CFRP
and JFRP laminates strengthened beams had almost similar shear failure loads, failed
after yielding of shear and flexural reinforcements without debonding of laminates. The
presented design guidelines could be used in practice for shear strengthening of
existing RC structures.

Keywords: CFRP and JFRP laminates, externally bonded, shear strengthening, design,
embedded bar anchor
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AXIAL, SHEAR, AND BENDING RESISTANCE OF PRETENSIONED SPUN
PRECAST CONCRETE (SPC) PILE
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Abstract. Pretensioned Spun Precast concrete (SPC) pile has become a popular
solution for deep foundation systems for its easier installation, higher bearing capacity,
and overall cost-effectiveness. They are manufactured by pretensioned prestressing
technique and are often formed by utilizing centrifugal force with an autoclave curing
process. Though SPC piles have been widely used in China, Japan, Malaysia, and India
for the last three decades, their commercial application is quite new in Bangladesh.
Recently, Bangladesh Machine Tools Factory (BMTF) launched a large-scale SPC pile
manufacturing plant. To ensure production quality and code compliance, they have
started a research collaboration with the Civil Engineering Department of MIST. In this
research program, the axial, shear, and bending resistance of SPC piles have been
investigated for reclaimed areas of Dhaka. Primarily, pile load tests were conducted on
the actual ground of the Jolshiri area to investigate the axial bearing capacity of SPC
piles. After conducting strength tests for concrete cores and strands used in the actual
pile, they were also tested at the laboratory under eccentric loading conditions to
understand the structural capacity. Subsequently, the research program has been
extended to examine the shear and bending resistance of SPC piles through the
experimental four-point loading tests. A series of 3D finite element (FE) models have
been developed to simulate the actual test conditions. The numerical results obtained
through the FE analysis are validated with the experimental investigation and both
results are compared with existing codes and guidelines. A parameter dependency
study was also performed to understand the influence of spiral spacings, longitudinal
strands, concrete grade, strand orientation, and thickness-to-diameter ratio on the shear
and bending resistance of SPC piles. The outcomes of this research are expected to
offer useful technical information for the axial, shear, and flexural design of SPC pile
that will demonstrate its practical application for the deep foundations in the soft
grounds.

Keywords: SPC Pile, Axial, Shear Capacity, Flexural Capacity, Pile Load Test, Finite
Element Analysis
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Abstract. The Chattogram City Corporation area is dominated by hilly terrain and
vulnerable to slope erosion and sediment loss due to rapid urbanization. The use of
vetiver grass in this terrain is very effective in minimizing soil loss and increasing
resistance against slope erosion. This study focuses on quantifying hill slope erosion
and the effects of sedimentation in city drainage systems for both bare and vegetated
conditions. Three vetiver-planted and one bare-slope plots were developed in the core
area of the city at Tigerpass Hill. The average texture of all four hill plots was silty-
loam (CL-ML), with low organic matter and an average slope angle of 34.80. After
vetiver grass plantation in the developed plots, an average of 5% to 20% canopy
coverage at different locations of an individual vetiver plot was noticed at the age of 66
to 74 days. Vetiver root networks developed within the age of 69 days in the dispersive
surface soil zone exhibited a positive impact on slope erosion reduction. Sediment yield
in three vetiver slope plots decreased significantly in the last observation year (2021),
from the highest 73t/ha in Plot 3 to as low as 12 t/ha in Plot 4, albeit average rain
increased 2 to 10 times that of the initial observation year (2019). In the first year
(2019), for an average of 13.11% vetiver root coverage within surface soil, the average
sediment yield on vegetated slopes was 62.67t/ha. In the third year (2021), average root
coverage reached 43.93%, and average sediment yield dropped to 17.67t/ha. That
means after a period of two years for an average 3.35 times increment of root coverage,
the average sediment yield declined to 3.4 times from the initial condition, even though
a 2.4 times monthly rainfall increment took place in the last year (2021). In order to
arrest sediment at the source, 27 silt traps with an average total volume of 70,000
m? were planned to be installed by the city development authority. The use of vetiver
on hilly slopes reduced sediment to a manageable quantity within the planned volume
of silt traps. Thereby, sediment transport to the city drainage system and subsequent
deposition are expected to be minimal, which would not cause congestion in the city’s
primary drainage system. Vetiver may effectively influence the urban drainage system
surrounded by hilly areas with reliable performance and economy without involving
common engineering structural measures.

Keyword: Soil erosion; sediment drop; vetiver; rainfall intensities, silt trap, sediment
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Abstract. Highway bridges, as the lifeline structures, should be safe against extreme
hazard, e.g., earthquakes and should also be functional after the event due to emergency
needs. Seismic fragility assessment is widely used for pre-earthquake hazard
management planning and post-earthquake damage and loss assessment. For the
deveopment of fragility curves nonlinear dynamic time history analyses are usually
performed which is computionally very expensive. As a results, seismic fragility curves
for civil structures are generally depeloped from the resluts of dynamic analyses using
limited number of ground motion records. To overcome this issue, generative
adversarial networks (GANS), an approach to generative modeling using deep learning
methods, and an upsupervised learning task of machine learning, can be used to
generate synthetic analysis data with the results of limited analyses of structures. The
present study deals with fast seismic fragility assessment of multispan reinforced
concrete curved highway bridge with the use of synthetic analyses data generated by
GAN:Ss. Limited number of incremental dynamic analyses (IDA) were performed using
selected far field earthquake ground motion records. Displacement ductility demand of
piers and shear strain of bearings were considered as engineering demand parameters
for the development of component fragilities for four selected damage states. Bridge
system fragilities generated with response data from IDA and synthetic data from
GANSs are represented for comparison. The outcome of the present study shows that
the data from GANs can be useful for fast seismic fragility assessment of structures
with limited analyses data which will be computationally efficient.

Keywords: Seismic fragility, reinforced concrete bridge, machine learning, artificial
neural networks, generative adversarial network.
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SHAPE MEMORY ALLOYS FOR MULTI-HAZARD RESILIENCY OF
HIGHWAY BRIDGES

AHM Muntasir BILLAH

University of Calgary, Calgary, AB, Canada
muntasir.billah@ucalgary.ca

Abstract. Reinforced concrete (RC) bridges are currently designed to withstand severe
natural and man-made hazard without collapse, but damage of concrete and yielding of
reinforcing steel bars are allowed. Excessive damage increases downtime, and
sometimes the structure is beyond the repair stage and must be replaced. In recent
years, shape memory alloy (SMA) rebars have been widely employed to improve the
performance of concrete structures and reduce their permanent deformations, especially
when subjected to seismic and extreme loads. Although the effectiveness of SMA as
reinforcement in seismic resistant design is well documented, performance of SMA-RC
bridges under various multi-hazard scenario is not well understood. To investigate the
resiliency of RC bridges against multi-hazard scenarios, this paper discusses the
performance of SMA-RC bridges under three extreme loading scenarios such as
earthquake, vehicle collisions, and extreme wave loads. This study will present the
details of the vehicle collision and wave load simulation in finite element environment.
The results will be compared with conventional Steel-RC bridges under similar loading
conditions. The outcomes of this study will aid in understanding the advantages of
SMA as longitudinal reinforcement for improving the multihazard resiliency of
highway bridges.

Keywords: Shape memory alloys, highway bridges, multi-hazard, resiliency.
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INFLUENCE OF FIRE RESILIENCE REQUIREMENT ON THE
SUSTAINABILITY OF CONCRETE SLABS
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Abstract. Concrete is one of the most widely used construction materials, with cement
being a key component. However, cement production is associated with a significant
carbon footprint. To address this issue, there is a growing demand to partially replace
cement with less carbon-intensive binders to create sustainable concrete structures. The
chemical composition of these new binders changes the fire resilience requirement of
sustainable concrete, which affects the design of concrete slabs. Consequently, changes
in concrete volume and cement quantity are expected in the construction of sustainable
concrete slabs. This study aimed to investigate how the changes in fire resilience
requirements influenced the changes in concrete volume and cement requirements for
slab construction. The study involved designing numerous concrete slabs with different
spans, loads, and durability conditions as per standard, focusing on minimizing the slab
thickness. The slabs were then redesigned to meet various fire resilience requirements,
and the changes in concrete volume and cement content were compared with the
standard design. The study's findings indicated that changes in fire resilience
requirements significantly affected concrete slab design, leading to adjustments in
concrete volume and cement quantity. Therefore, the study highlighted the importance
of considering fire resilience in the design and construction of sustainable concrete
structures with implications for the cement industry and construction sector, which are
significant contributors to global carbon emissions.

Keywords: Fire resilience, sustainable concrete, slab design, carbon reduction.
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CLIMATE RESILIENT DESIGN OF CIVIL INFRASTRUCTURAL SYSTEMS

Subhrajit DUTTA

Department of Civil Engineering, National Institute of Technology Silchar, India

Abstract. Climate change poses significant challenges to the resilience and
functionality of civil infrastructural systems, which are critical for supporting societal
needs and economic development. The concept of climate resilient design has emerged
as one of the crucial approaches to mitigate the impact of climate change on
infrastructure and enhance their adaptive capacity. This talk provides an overview of
climate resilient design principles and their application in civil infrastructural systems.

Climate resilient design involves integrating climate change considerations into the
entire life cycle of infrastructure, including planning, design, construction, and
operation. It requires a comprehensive understanding of the potential climate hazards
and their adverse impacts on infrastructure, such as increased temperatures, sea-level
rise, extreme weather events, and changing precipitation patterns. By incorporating
climate projections and risk assessments, resilient designs can account for these
impacts and minimize vulnerability. Key strategies for climate resilient design include
enhancing the robustness and redundancy of infrastructure systems, diversifying and
decentralizing critical services, adopting nature-based solutions, and incorporating
adaptive management approaches. These strategies aim to increase the capacity of
infrastructure to withstand and recover from climate-related disruptions, while also
maintaining functionality and minimizing economic losses.

Furthermore, climate resilient design emphasizes the importance of interdisciplinary
collaboration, stakeholder engagement, and long-term planning. It encourages the
integration of climate science, engineering expertise, socio-economic considerations,
and policy frameworks to develop sustainable and adaptive solutions. Additionally, it
highlights the need for flexible design standards and regulations that can accommodate
changing climate conditions and evolving knowledge. Implementing climate resilience-
based design principles requires a paradigm shift in traditional engineering practices. It
necessitates a proactive approach, considering both current and future climate
scenarios, and prioritizing adaptive measures to ensure the longevity and effectiveness
of infrastructure systems. By embracing resilience-based design, civil infrastructural
systems can not only withstand the challenges posed by climate change but also
contribute to the overall sustainability and well-being of communities.

In conclusion, climate resilient design offers a holistic framework for developing robust
and adaptive civil infrastructural systems in the face of climate change. By integrating
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climate considerations, engaging stakeholders, and adopting innovative strategies,

infrastructure can enhance its resilience, reduce vulnerability, and continue to meet the
needs of society in a changing climate.

Climate change drivers |
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—

Infrastructure systems |

Resilience-based design
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DEVELOPMENT OF A NEW PAVEMENT PERFORMANCE MODEL AND
ITS APPLICATION

Shajib GUHAMand Kamal HOSSAIN?
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Abstract. Pavement condition assessment is important to determine maintenance
needs, predict pavement performance, prioritize candidate projects, and establish
budget plans. The condition of the pavement can be determined in various ways.
However, approaches to pavement performance evaluation are generally divided into
two categories: subjective and objective. Subjective ratings are related to distress
ratings from trained raters. On the other hand, objective assessment is done by
objective means, e.g., International Roughness Index (IRI), Semi-Automotive
Roughness Index, etc. Although objective measurement can show pavement
performance in detail and accurately, the subjective method is still more popular among
local authorities for many reasons, mainly because it is more straightforward and cost-
effective. The number of candidate projects in local agencies is often more than the
fund allocated to them. In many cases, candidate projects are approved based on
subjective assessments of government officials, and sometimes politically motivated.
Considering these cases, this paper has proposed a new pavement performance model
that is easy to develop, requires minimal cost and technical expertise, and uses
feedback from road users. As a case study, responses from the residents of 53
municipalities of Newfoundland and Labrador, Canada, were used to develop the
model and later verified with field data. A demo smartphone application was also
developed to make the process more convenient.

Keywords: Pavement, PMS, Agencies

Second International Conference on Advances in Civil Infrastructure and Construction Materials 31


mailto:KamalHossain@cunet.carleton.ca

CICM-2023
26-28 July 2023, MIST, Dhaka

TALL WOOD AND HYBRID BUILDINGS WITH INNOVATIVE
STRUCTURAL CONCEPTS

Asif IOBAL

University of Northern British Columbia, Canada
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Abstract. Tall wood and hybrid buildings have been emerging as the latest additions to
skylines in increasing number of cities in North America, Europe, East Asia, and
Australasia. There are also significant number of older wood buildings that are
currently in the process of being retrofitted to current standards to prolong their service
lives. To meet the challenges associated with the new and existing structures, attempts
have been made to apply some innovative ideas developed for similar structures with
other materials. This paper describes three such initiative: tubular structure for a tall
timber-concrete hybrid building, design of outrigger-belt truss system for a tall building
structure with timber, concrete, and steel combined and articulation of energy
dissipating mechanisms for retrofit of soft-story wood buildings in seismic regions. The
tubular structure is a virtual alternative to the 24-story high current tallest wood
building. The outrigger-belt truss system is for a 20-storied wood building with two
alternatives for the core: concrete and steel braced frame. The soft-story wood structure
represents thousands of similar buildings in Western United States. Details of the
analyses and designs are presented with results from numerical analysis. Some
limitations and practical considerations are also discussed.

Keywords: Tall buildings, wood, hybrid structures, tubular systems, outrigger-belt
trusses, soft-story buildings, seismic retrofit.
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VETIVER GRASS TECHNOLOGY FOR CLIMATE RESILIENT
SUSTAINABLE INFRASTRUCTURE AND DISASTER RISK REDUCTION

Mohammad Shariful ISLAM
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Abstract. Bangladesh, a low-lying delta formed with recent deposits, is vulnerable to
natural disasters. Continuous erosion, embankment failures, and landslides are
exacerbated by climate change. Vetiver Grass Technology (VGT) has emerged as a
cost-effective nature-based solution to address these challenges. Since 2008, the author
has dedicated his career to enhancing and promoting this technology through extensive
research. The author's research aims to address gaps in the existing literature by
developing proper design, construction processes, and contracting methods considering
geo-environmental variables. The research encompasses vetiver species identification,
growth, rooted-soil characterization, and utilization of vetiver roots and shoots for
reinforcement. This knowledge has been applied to cases including vetiver grass alone
or in combination with geo-jute, hollow CC blocks, fly-ash stabilized soil, and
application in various geographical areas for constructing climate-resilient
infrastructure, such as, road, flood and coastal embankments, canal banks, hill slopes,
char land protection and reclamation, etc. Through collaboration with government and
international organizations, the author has incorporated VGT in numerous projects both
locally and globally, such as Cambodia and Indonesia. The author has extended his
research into 10T integration, genetic diversity studies, lake restoration and handicraft
manufacturing. Workshops and training sessions have been conducted, presentations
were made at seminars and workshops, and provided consultations have been provided
to spread the acquired knowledge at home and abroad. These efforts have motivated
policymakers, engineers, academicians, media personnel, students, NGOs/INGOs,
government and international officials to embrace VGT to achieve the SDGs. The
vetiver scheme has been included in procurement schedules of government departments
like LGED. The extensive research has enriched the existing knowledge bank with
technical papers, reports, guidelines, and knowledge products. Therefore, the author has
made a significant impact, demonstrating the effectiveness of VGT in implementing
NbS and contributing to disaster risk reduction and sustainable development. The
author's future vision entails scaling up VGT for climate change adaptation, disaster
mitigation, community development, and achieving public good and SDGs through
capacity building and comprehensive approaches.
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STRUCTURAL BEHAVIOR OF DEFICIENT STEEL AND ALUMINUM
TUBULAR MEMBERS RETROFITTED BY CFRP SUBJECTED TO IMPACT
LOADING
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*Corresponding Author

Abstract. Tubular structural members made of steel and aluminum is often prone to
structural deficiencies, caused by corrosion and collisions with vehicles or ships, both
onshore and offshore. As a result, these degraded members are highly susceptible to
severe damage and can lead to the collapse of structures under transverse impact loads.
Carbon Fiber Reinforced Polymer (CFRP) is one of the most promising composite
materials for strengthening of aluminum and steel tubular structures. To address these
concerns, CFRP has emerged as an attractive and effective solution for strengthening
structurally deficient hollow section. The aim of this research is to investigate on
structural performance and behavior of metallic box section strengthens by CFRP
composites under web impact loading. An extensive test programs have been
conducted to strengthen the metallic tubular member by CFRP composites under
impact loading. A total of twelve box sections were tested in a drop hammer impact
testing setup, including one non-strengthened reference member and eleven CFRP-
strengthened members with different lengths and orientations. The findings of this
research provide valuable insights when subjected lateral impact loading which having
4-6.5 m/s velocity. For aluminum, stainless steel, and mild steel tubular sections, the
results showed that the deformation of CFRP-strengthened box sections was reduced by
30.23%, 14.18%, and 7.40% for stainless steel, aluminum and mild steel tubular
sections, respectively. The results indicate that the use of CFRP strengthening enhances
the impact resistance capacity of the tubular sections by decreasing side deformations
up to 30.23% compared to unstrengthen aluminum tubular specimens. Based on the
experimental results, it can be revealed that the use of CFRP strengthening is an
effective method for improving the performance of structurally deficient steel tubular
members under impact loading.

Keywords: Steel and Aluminum tubular section, CFRP, Strengthening, Structural
Behavior, Impact Loading
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AN ALTERNATIVE AGGREGATE FOR SUSTAINABLE CONCRETE

Md. Jahidul ISLAM
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Abstract. In the near future, it is projected that widespread plastic manufacture and
consumption will have a significant environmental impact. Plastic waste dumped in
landfills can be processed and recovered as aggregates for concrete through subsequent
processing. Plastic waste has already been used as aggregate in concrete in several
studies. Before using it in structural concrete, though, more research is needed. This
study will look at both static and dynamic behaviour to better understand the static and
dynamic behavior of concrete constructed with polypropylene plastic aggregate (PPA)
derived from waste plastic materials. In this work, PPA is used to partially replace
natural coarse aggregate (NCA) and recycled concrete aggregate (RCA) and drop
impact tests are conducted after the samples have been exposed to room temperature
and increased temperatures (200°C and 400°C). PPA is being replaced in percentages
of 0%, 5%, 10%, and 15%. The drop impact test uses both cylindrical and beam
specimens. Investigations into various mechanical and durability tests are conducted.
With an increase in PPA percentage at room temperature, the impact energy drops by
up to 68%. Additionally, the impact blasts drastically reduce (6-13 no) when the
specimens are heated to 200°C and 400°C. After being heated to 200°C and 400°C, the
15% NCA replacement cylinder loses impact energy by 87% and 91%, respectively.
Because PPA is present in concrete, there is less damage as measured by mass loss,
which is larger for the control cylinder than for PPA cylinders. The 5% PPA-based
concrete has a comparable higher strength than the control concrete in terms of
mechanical parameters. Depending on the concrete's age and the type of coarse
aggregate used, a 5% PPA content can boost compressive strength by up to 11.6%.
Regarding durability characteristics, all-natural PP concrete (NPC), recycled PP, and
PPA have an increased tendency to absorb water.

Keywords: Polypropylene plastic aggregate, Recycled aggregate, Elevated
temperature, Mechanical properties, Durability properties, Drop weight impact test.
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STABILIZATION OF EXPANSIVE SUBGRADE SOIL USING INDUSTRIAL
BY-PRODUCTS: ROLE OF ACTIVATORS

Mohammed Russedul ISLAM
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Abstract. Utilizing industrial by-products for the construction of highways may be an
efficient solution to the challenges associated with their disposal. There are currently
two coal-based power plants operating in Bangladesh, and seven more are under
construction. Approximately 0.08 tons of fly ash produced annually at the Boropukuria
coal-based power plant in Bangladesh require huge disposal sites and create
environmental problems. Moreover, a huge amount of slag is produced from the steel
re-rolling factories. Additionally, a lot of fly ash is generated from medical waste
incineration. This paper reports the results of the strength and physical properties of
expansive soils stabilized by coal based fly ash, medical waste incineration ash, and
ladle furnace slag. Natural and artificial soils with different degrees of expansiveness
are used in the study. Various activators, including cement, sodium hydroxide, and
sodium silicate, are used along with the ashes to improve the strength of the soil. A
series of laboratory tests are carried out to find the chemical composition, particle size
distribution, Atterberg limits, maximum dry density, optimum moisture content, soaked
CBR, unconfined compression strength, and swelling index. The study finds that the
unconfined compressive strength of the soil improves by 3 to 6 times after stabilization.
Moreover, the soaked CBR value of the soil improves significantly. It is observed that
strength improvement by low-calcium based-fly ash is not adequate. It needs activators
to promote the chemical reactions that form the cementing gel. The study finds that the
expansiveness of the soil is completely removed after stabilization with fly ash and
activators. The outcome of this study may guide road engineers in Bangladesh to use
industrial-by products with an appropriate activator for stabilizing subgrades with
swelling potential.

Keywords: Industrial by-products; expansive soil; activators; unconfined compressive
strength; soaked CBR
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A REVIEW ON COMPRESSIVE STRENGTH OF MASONRY
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Abstract. A test database of the compressive strength of masonry units and masonry
prisms has been developed through a detailed literature review. The test results are
compared with the compressive strength of similar masonry walls/prisms predicted by
the design equations of the Australian masonry standard. It can be seen that the design
equations of the Australian masonry standard often overpredict the compressive
strength of masonry. A simple equation developed through a regression analysis of the
test results is proposed, which can be useful in estimating the compressive strength of
masonry from the compressive strength of the unit.

Keywords: Compressive strength, Masonry, Australian standard, Mortar.
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PERFORMANCE BASED CONCRETE MIX AND COVER DESIGN IN SALINE
EXPOSURE: WHY AND HOW?

Tanvir MANZUR
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Abstract. RC structures, in general, are susceptible to chloride induced corrosion in
saline/marine exposure due to their inherent permeability characteristics. The corrosion
initiates within a RC element once the chloride concentration at the surface of
embedded reinforcement reaches to a critical value. Such initiation of corrosion is
usually minimized following two techniques - (i) by reducing rate of diffusion of
chloride ions through concrete matrix and (ii) by providing adequate cover so that
chloride ions would require longer travel distance to reach the surface of embedded
rebars. Chloride diffusivity is usually reduced by selecting proper binder types that
would guarantee long term pore refinement through pozzolanic reactivity. In case of
cover requirement, it should be designed considering both construction feasibility and
economy. Hence, in order to ensure design service life of a RC structure in saline
conditions, a concrete mix needs to be properly proportioned with appropriate binder
types that would kept the required cover values within feasible limit. A performance
based design approach can ensure such suitable combination of concrete mix
proportions and cover requirements. However, no performance based guidelines for
marine concrete is available in Bangladesh focusing specific demand of the country.
Considering the significance of the subject matter, an attempt has been made in this
article to discuss the importance of performance based design and techniques to
achieve it based on outcomes of the previous studies.

Keywords: Reinforced Concrete, Chloride Diffusivity, Corrosion, Performance Based
Design, Saline Exposure, Cover Requirements
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STRUCTURAL HEALTH MONITORING FOR RESILIENT COMMUNITIES
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Abstract. Resiliency refers to the ability of a community to overcome disruptions and
return to a normal state following a hazardous event (e.g., hurricane, earthquake, or
tsunami). There is a strong consensus among researchers that an essential element of
resiliency is the preparation for and conduct of the rapid and efficient assessment of the
post-event situation that includes the assessment of buildings, critical infrastructures,
utilities, communication systems as well as the economy and the overall well-being of
the community. The assessment of buildings and infrastructures falls into the structural
health monitoring (SHM) field. This paper presents two ongoing efforts that can
improve a community's resiliency through SHM. The first is the Human-Machine
Collaboration Framework for Seismic SHM, which focuses on using acceleration data
to make rapid post-earthquake decisions. The second is the development of a robust
wireless printed strain sensor for large-area SHM, which addresses the challenges of
instrumentation of large structures such as bridges or pipelines.

Keywords: Structural Health Monitoring, Seismic Resiliency, Human-machine
Collaboration, Printed Strain Sensor.
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UNLOCKING THE FUTURE: SYNERGIZING MACHINE LEARNING AND
BIOMECHANICS FOR ADVANCING STRUCTURAL ENGINEERING

Tanvir MUSTAFY
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Abstract. The integration of machine learning and biomechanics in structural
engineering holds immense potential for addressing both the health challenges of
construction workers and the critical need for accurate earthquake analysis and
prediction. Biomechanics provides a valuable framework for addressing worker health
challenges by analyzing physiological demands and ergonomic factors associated with
construction tasks. This knowledge facilitates the development of efficient work
environments, reducing physical strain, minimizing injury risks, and optimizing worker
performance. Machine learning techniques complement biomechanical investigation by
enabling accurate earthquake analysis and prediction. By analyzing seismic data,
machine learning algorithms identify patterns and correlations, leading to more precise
earthquake predictions. This information aids in decision-making regarding structural
design, retrofitting measures, and emergency response planning. Additionally, machine
learning algorithms enhance structural health monitoring systems, enabling early
detection of potential failures and timely preventive measures. The integration of
machine learning and biomechanics addresses two critical aspects of structural
engineering. It prioritizes worker health by developing efficient work environments,
and it enables accurate earthquake analysis and prediction, enhancing structural safety
and resilience. This synergistic integration offers transformative possibilities,
improving worker health and safety while advancing seismic resilience.

Keywords: machine learning, biomechanics, structural engineering, optimization,
predictive modeling, data-driven approaches.
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SUSTAINABLE CONCRETE AND RESILIENT RCC STRUCTURES -
ESSENTIAL FOR ECONOMIC GROWTH OF BANGLADESH
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Abstract. Bangladesh is now a Lower Middle-Income country and aspiring for further
economic development. To achieve that goal, Bangladesh is currently experiencing a
period of rapid infrastructure development where projects like long span bridges
(Padma Bridge, Jamuna Rail Bridge), Sea Ports (Matarbari, Payra), Power Plants
(Payra, Banskhali, Rooppur), Economic Zones, Public Transports (Flyovers, Metro
Rail) are undertaken. However, amidst this development, the need for sustainable and
resilient structures has become increasingly critical to address environmental concerns,
resource efficiency, and the challenges posed by climate change and disasters. This
presentation aims to explore the pressing need for sustainable and resilient
infrastructure in Bangladesh, with a particular focus on the construction industry's
growth, the demand for raw materials, and the escalating risks associated with climate
change impacts. It also underlines the necessity for sustainable structures that
incorporate eco-friendly practices and prioritize resource efficiency. It discusses the
utilization of industry waste, i.e., Fly Ash (from Coal Fired Power Plants), Rice Husk
Ash, and Ground Granulated Blast Furnace Slag (from Steel Rerolling Mills) in the
form of Supplementary Cementitious Materials (SCM), and recycled aggregates (brick
and stone) from demolished structures as an alternative of aggregates for concrete
production. These options are highlighted as cost-effective, locally available, and
sustainable alternatives. Furthermore, the importance of resilient structures in the face
of climate change and mounting salinity issues in coastal areas of Bangladesh is
emphasized. The presentation explores the potential use of indigenous fibers (nylon,
jute, GI wire, and coconut) and SCM (FA, GGBS, RHA) as strategies to enhance
resilience and durability of concrete structures in Bangladesh.

Keywords: Supplementary Cementitious Material, Fiber Reinforced Concrete,
Durability
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Abstract. Energy-dissipating dampers is an effective way to reduce the response of
civil engineering structures to earthquakes. Hysteretic dampers are extensively used as
energy dissipation device to control the deformation in the structural system. In this
direction, shape memory alloy (SMA) has unique recentering capacity which shows a
flag shaped hysteresis behavior and offers higher serviceability when used in the
building. This research proposed a metallic yielding damper that utilizes this smart
metal for creating the shape memory alloy U-shaped Damper (SMA-UD) with a
trapezium cross-section. The trapezoidal shaped U-damper (T-SMA-UD) was
compared with the conventional rectangular cross-section under in-plane and out-of-
plane cyclic loading. The yield strength, yield force (fy), yield displacement (3y), initial
stiffness (K1), post-yield stiffness (K>), stiffness ratio (o), and energy dissipation
capacity (Eq) of the suggested and traditional SMA-UD were studied and compared
using numerical finite element (FE) analysis. The thickness, height, and width of the T-
SMA-UD were adjusted as such that their cross-sectional area remains the same as that
of standard rectangular shaped U-plate damper. The suggested change in shape
produced an optimum-shaped U-damper with considerably increased energy dissipation
and deformation capabilities compared to that exists in the literature.

Keywords: Energy dissipation, hysteretic damper, shape memory alloy, U-shaped
damper.
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Abstract. Structural steel members develop residual stresses due to manufacturing and
fabrication processes. Depending on size and welding procedure, the magnitude and
distribution of these residual stresses can vary significantly in members. Hence, it is
challenging to accurately predict the magnitude and distribution of residual stresses in
steel structural members and connections which can substantially affect their structural
performances including global and local flange-buckling strengths, seismic
performances, and low-cycle fatigue responses. Residual stresses are either ignored or a
simplified distribution is assumed in the analysis and design of structural members.
This paper presents a numerical scheme to simulate multiaxial residual stresses in
structural steel shapes by using a sequentially coupled thermo-mechanical analysis.
Residual stresses due to non-uniform cooling after hot-rolling and welding processes
are simulated. The analysis considers the effects of phase transformation, the material
heterogeneity in the heat-affected zone induced by welding, and the weld sequence.
The simulation technique is validated against several experimental responses
demonstrating the robustness of the simulation scheme. The numerical scheme
developed provides an advanced experimentally validated technique for simulating
multiaxial residual stresses in structural steel shapes for use in structural analysis and
design of moment-resisting connections and frames.

Keywords: Initial Residual Stresses, Weld Residual Stresses, Numerical Simulation,
Structural Steel Member, Thermo-Mechanical Analysis.
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Abstract. This paper investigates a one-part geopolymer concrete (GPC) made with a
combination of low calcium Fly Ash and Ground Granulated Blast Furnace Slag
(GGBS). The objective is to develop a Portland Cement-free GPC with minimal
energy-intensive alkali activators, resulting in a general use composite with a
compressive strength exceeding 10 MPa. Additionally, the study explores the effects of
specific grade grapehen nanoplatelets (GnP) on GPC at the nanoscale. The research
includes testing of fresh properties, compressive strength, water absorption, and
chloride resistance. An optimized GPC mixture achieved compressive strengths of
16.16 MPa at 8 days and 18.31 MPa at 34 days. GnP demonstrated promising
enhancements to GPC, including a 54% increase in strength and a 13% reduction in
water absorption capacity.

Keywords: Fly ash, GGBS, Geopolymer, Grapheme nanoplatelets, Mix design.
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SUSTAINABLE CONSTRUCTION PRACTICES IN MEGACITY DHAKA:
LOWERING CARBON EMISSIONS AND MEETING SDGs

Md Tauhid Ur RAHMAN
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Abstract. The enhancement of environmental sustainability has identified
infrastructure construction as a crucial domain, primarily due to its substantial energy
consumption, which constitutes 40% of global energy usage, and its significant
contribution to global glasshouse gas (GHG) emissions, accounting for one-third of the
total emissions. Dhaka, a rapidly expanding South East Asian Megacity, relies
significantly on the utilization of concrete infrastructure. The rapid urbanization and
construction activities in Dhaka demand urgent attention to address the environmental
implications linked to the construction sector, particularly its carbon emissions. This
study, therefore, investigates the potential of sustainable construction materials in
mitigating carbon emissions in Dhaka City and emphasizes the specific opportunities
available for their adoption. Energy-efficient design reduces construction carbon
emissions significantly. Recycled or repurposed materials, responsibly sourced timber,
and concrete alternatives with a minimal carbon footprint should be used. Construction
companies can reduce landfill waste and resource demand by recycling and reusing
materials. Construction can conserve water by using water-efficient methods. Installing
water-saving fixtures, rainwater harvesting systems, and low-irrigation landscaping are
examples. Green roofs, living walls, and permeable pavements can sequester carbon,
improve air quality, reduce urban heat island effects, and increase biodiversity in urban
environments. Sustainable construction practices can be found and applied by
addressing embodied carbon and building energy efficiency. Architects, engineers,
contractors, and legislators must collaborate for sustainable construction. Together,
they can promote sustainable practices, share expertise, and create creative carbon-
reduction solutions. Through the implementation of sustainable construction practices,
the infrastructure construction in Dhaka has the potential to achieve substantial
reductions in carbon emissions, conserve valuable resources, and make meaningful
contributions toward the attainment of various Sustainable Development Goals (SDGS).
Notably, these goals include SDG 7, which focuses on the provision of affordable and
clean energy, SDG 9, which emphasizes the development of industry, innovation, and
infrastructure, SDG 11, which centers on the creation of sustainable cities and
communities, and SDG 13, which addresses the urgent need for climate action.
Adopting sustainable construction practices helps reach the Paris Agreement's goal of
net zero carbon buildings and construction by 2050 and all new structures by 2030.

Keywords: Infrastructure  Constructions, Carbon  emissions,  Sustainable
Practices, Clean City
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Abstract. Light rail transit (LRT) is a popular mode of transportation in modern
metropolitan areas. In LRT systems, trains run on tracks over elevated guideways,
streets, or combinations of both. The passengers inside the train feel vibrations due to
the vibration of the train, tracks, and bridge while the train is running on the
bridge/elevated guideway. In order to determine passenger comfort, vibration analysis
is often required if a fundamental vertical flexural frequency of the bridge is less than
3.0 to 4.0 Hz (usually specified by the owner). Passenger comfort increases with
decreasing vertical acceleration inside the train and vice versa. In accordance with
Eurocode EN 1990:2002, Table A2.9, recommended levels of comfort (vertical
accelerations) are usually followed. These levels of comfort and associated limiting
values may be further defined by the owner for the individual project. Per Eurocode,
vertical acceleration less than 1.0 m/s? is very good, and more than 2.0 m/s? is
unacceptable. The vertical acceleration of the train is a function of vehicle speed, mass
of the coach and bridge, and stiffness and damping of the primary and secondary
springs of the coach, tracks, bridge, and soil. Therefore, train-track-bridge-soil
interaction (TTBSI) analysis is required to determine the vertical acceleration of the
train in other words passenger comfort. In this parametric study, a two span LRT bridge
supported on rocking pier and isolated abutments is chosen to demonstrate these
interactions; however, the TTBSI analysis is applicable for any conventional bridges.

This paper presents train-track-bridge-soil interaction analysis of a bridge. This study is
intended to be a reference for bridge designers and owners to provide a step-by-step
procedure for TTBSI analyses.

Keywords: Train-Track-Bridge-Soil Interaction, Vibration Analysis, Passenger
Comfort, Vertical Acceleration, Rocking Pier, Isolated Abutment.
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Abstract. Asphaltene is one of the key chemical species of bitumen and generally
dictates its stiffness-building behavior. The separation of asphaltene from bitumen and
its gravimetric as well as chemometric analysis paves the way for a better
understanding of bitumen behavior. Asphaltene is generally precipitated from a
solution of asphalt in a non-polar solvent (such as n-heptane) where more polar
asphaltene precipitates from a solution. This study investigates the effectiveness of
different solvent ratios of n-heptane/toluene solution, in separating asphaltene from
bitumen due to changes in Hansen/Hildebrand Solubility Parameters. The experiment
involved gradually varying ratios of n-heptane and toluene solvents such as 90:10,
80:20, and so on. A 50:50 solvent ratio was also examined to compare its effectiveness
against using 100% of either solvent. Hansen Solubility Parameters were utilized to see
the changes in different parameters due to the mixing of different solvents. The
findings revealed that the solvent ratios influenced the asphaltene’s gravimetric yield
percentage. Remarkably, the 50:50 solvent ratio demonstrated comparable results to
those achieved using 100% of a single solvent of n-heptane. This outcome highlights
the potential for cost optimization as well as redundancy by reducing the amount of
solvent required while maintaining the asphaltene separation efficiency. The gradual
changes of asphaltene yield also indicate that asphaltene is not a single chemical
element, but a distribution of molecules of varying polarity.

Keywords: SARA, Asphaltene, Partial Dissolution, Bitumen

Second International Conference on Advances in Civil Infrastructure and Construction Materials 47


mailto:asifzaman@iut-dhaka.edu
mailto:zianahmed.05@gmail.com
mailto:sakib@iut-dhaka.edu
mailto:asifzaman@iut-dhaka.edu

CICM-2023
26-28 July 2023, MIST, Dhaka

COMPREHENSIVE STUDY ON CPT-BASED LIQUEFACTION
VULNERABILITY ASSESSMENT: THE CASE STUDY OF ARAIHAZAR,
BANGLADESH

Hossain Md. SHAHINY", Mozaher Ul KABIR?! and Samiul ISLAM!?

1Islamic University of Technology, Bangladesh
shahin@iut-dhaka.edu; mozaher@iut-dhaka.edu; samiul8@iut-dhaka.edu
*Corresponding Author

Abstract. Bangladesh constitutes a major portion of the Bengal Basin. The north-east
trending Indian Plate and the Eurasian Plate are connected to the geologic development
of the Bengal Basin. According to BNBC, the project site in Zone 2, which is the
closest to the Madhupur fault, can produce an earthquake with a maximum magnitude
of 7.5. Liquefaction followed by earthquakes has severely damaged underground
pipeline lines around the world in recent times. Also, previous research has shown that
pipeline damages in liquefaction zones are much greater than damages in non-
liquefaction locations. This study focuses on the probable effects of earthquake induced
liquefaction on buried pipelines. Liquefaction susceptibility and Liquefaction Severity
Number (LSN) values were estimated using Cone Penetration Test (CPT) results. The
LSN considers the effects of liquefaction by using the post-liquefaction volumetric
strain as an index for a defined return period of ground motions. To assess this, initially
the CPT-based triggering method proposed by Boulanger and Idriss (2014) was used to
compare the Cyclic Stress Ratio (CSR) to the Cyclic Resistance Ratio (CRR) in the
prediction of liquefaction susceptibility of the ground. Also, the Liquefaction Severity
Number (LSN) offers elaboration regarding the potential liquefaction damage and
earthquake induced settlement. The sensitivity analysis in response to the PGA for a
range of 0.05 g to 0.30 g has been carried out to investigate the severity of the PGA for
various earthquake magnitudes. This analysis indicates that for the range of PGA
imposed by the recent earthquakes, the LSN vulnerability parameter provides a more
consistent correlation. Moreover, these guidelines may be used to predict the damages
of underground structures from future earthquakes. Finally, it will also facilitate the
selection of suitable ground treatment methods, considering soil types and liquefaction
severity.

Keywords: Liquefaction, CPT, LSN, CSR, CRR, settlement.
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Abstract. Recent disasters and the escalating impact of climate change have raised
urgent concerns about the ability of bridges in Canada to withstand the intensifying
environmental stressors and extreme events brought about by these changes. The
current research seeks to answer this question by evaluating the performance of
concrete highway bridges in Ontario that are exposed to both episodic (vehicle-bridge
collision) and chronic (corrosion) hazards in the context of climate change.

To achieve this goal, this research proceeds in three stages. First, site-specific exposure
and climate conditions are incorporated to generate a series of ‘Corrosion Hazard
Maps’. These maps enable visualization of corrosion-induced reduction in
serviceability for bridges across North America, contributing to the formulation of
region-based climate change adaptation solutions. Next, nonlinear finite element
approaches are employed to investigate the performance of corroding reinforced
concrete (RC) bridges subject to heavy vehicle collision. Last, a performance-based
collision safety risk assessment framework is created, implemented, and refined for
bridges with RC piers. The framework is based on the notion that the collision safety
risk of existing and new bridges can be effectively expressed to bridge owners and
stakeholders using performance metrics (redundancy, ductility, and damage level) and
visual devices (fragility curves). The generated results will assist in pre-accident
preparation (bridge repair prioritization) and accident response (lane/road closure) in
the event of truck impacts.

This research advances our understanding of how highway bridges respond to
corrosion, climate change, and vehicle collisions. It enhances knowledge of bridge
resilience in Canada and provides valuable guidance for effective infrastructure
management and adaptation strategies. By addressing these critical factors, this
research will contribute to the long-term safety and resilience of highway bridges,
benefiting the broader field of transportation infrastructure worldwide.
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Abstract. This paper evaluates the life cycle cost analysis of airport pavement design
utilizing substitute layer materials. The pavement structural thickness design data
collection includes (i) annual air traffic departures (ii) traffic growth factor (iii) sub-
grade strength of 12,000 psi (iv) design life of 20, 30, and 40 years. FAARFIELD
software is used to design multiple flexible and rigid pavements, and its alternative
designs employ substitute layer materials prescribed by the Federal Aviation
Administration. These pavements' initial construction costs are estimated taking into
consideration the runway at Hazrat Shahjalal International Airport, Dhaka. Among
them are cost-efficient pavements, which are anticipated to have a 40-year service life
and incorporate overlay designs. Afterward, the life cycle costs were analyzed using the
net present value (NPV) method and the AirCost LCCA software. This research
identifies the most cost-effective pavement design materials. The life-cycle cost
analysis shows flexible pavement has lower initial costs of 12.4%, 13.88%, and 14.93%
but higher maintenance and rehabilitation costs of 7.82%, 8.73%, and 8.08% than rigid
pavement. As a result, rigid pavement with a single Portland cement concrete overlay is
the most cost-effective pavement choice (NPVs of 4.41%, 4.45%, and 3.73%,
respectively, and AirCosts of 19.09%, 19.24%, and 18.45%) and has the best
possibility of success with the least simplified risk. Moreover, a sensitivity analysis
demonstrates that as the discount rate rises, the life cycle cost falls. This paper's
findings will assist aviation authorities and policymakers in making calculative
decisions about upcoming airport pavement development, maintenance, and
rehabilitation projects.

Keywords: Life cycle cost analysis (LCCA), airport pavement design, substitute

materials, net present values (NPVs), AirCost LCCA software, cost-effective
pavement, FAARFIELD software.
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Abstract. The structural design of emergency shelters is important to ensure
sustenance for the post-disaster period of the wvulnerable Rohingya community.
Bangladesh ranks fifth most disaster at-risk country and is more for giving shelter to
943,000 Rohingya inhabits till October 2022. This paper aims to propose a conceptual
prototype for the emergency shelter considering both architectural and structural
aspects. The structure will be resilient with a permanent and stable core to withstand
cyclone hazards, while the additional bamboo structures can easily be constructed in
the post-disaster period for temporary living. Locally available bamboo and structurally
stable steel beams supplied by the government or non-profit organizations will be used
as primary building materials. The methodology includes mixed methods of Site
selection and analysis, Structure considerations, and Conceptual Design Proposal. The
findings will show the structural strength of the proposed prototype due to the effect of
a cyclone. The scope of this paper is a further stable shelter based on the given
prototype that can be used for a more permanent structure with a higher lifecycle and
resilience. The lack of a physical survey and real-scale structural analysis of the
proposed design are identified as the paper's limitations. In conclusion, it can be said
that the post-disaster shelter issue of the vulnerable Rohingya community should be
tackled with expertise. A simulation-based prototype with a stable core and low-cost
sustainable bamboo will give assurance to the temporary shelter.

Keywords: Structural design, temporary shelter, Rohingya community, disaster
vulnerability.
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Abstract. This paper presents three seismic performance enhancement techniques for
steel building moment connections. The first enhancement technique involves reducing
the strength of steel over specified regions of the beam flanges by exposing the regions
to high temperatures followed by slow cooling (annealing). This heat treatment
technique reduces the strength of steel without changing its ductility, thereby
promoting the development of the beam plastic hinge away from the beam-column
connection welds. The second seismic performance enhancement technique involves
stiffening the beam web in the plastic hinge region to delay the onset of local web and
flange buckling resulting in the delay of strength degradation. The third performance
enhancement technique involves removing the end plate stiffener and relocating the
bolts of an 8-bolt extended end plate connection. Experimental responses of the
modified moment connections demonstrated their performance enhancements. This
paper summarized the modified connections and their improved performances.

Keywords: moment connections, HBS connection, EEP connection, beam web
stiffening, beam plastic hinge, interstory drift.
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Abstract. The construction Industry in Bangladesh has experienced significant growth
due to the country’s improving socio-economic conditions. Despite this progress, the
industry remains one of the most hazardous, with a high rate of work-related injuries
and loss of lives. In spite of laws, regulations, and safety policies being implemented to
protect workers and reduce casualties, very little progress has been made. This study
aims to identify and rank the major safety issues at construction sites in ongoing
projects across Bangladesh. The study is based on a questionnaire survey with
engineers, workers, supervisors, development authorities, and consultants to obtain
their perspectives on various safety hazards at construction sites. Statistical Analysis
has been performed to assess the severity of various hazardous activities. Based on the
study, recommendations have been made that would pave the way to reduce the
number of injuries and fatalities. Moreover, the study focuses on identifying and
mitigating the safety risks as well as providing guidance to the policymakers for
reviewing and updating the existing regulations and policies and to enact new laws
addressing modern day problems. Ultimately, the outcome of the study will contribute
to improving the safety of the construction industry in Bangladesh, ensuring the well-
being and protection of workers involved in these projects.

Keywords: Construction Industry, statistical analysis, questionnaire surveys, safety,
development authority.
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Abstract. After rectangular and circular columns, L-shaped columns may be the most
frequently encountered reinforced concrete columns, since they can be used as a corner
column in framed structures. Lift core walls plays a vital role in both regular and
irregular shape building for strengthening the structure of high seismic zone areas. This
study focuses the use of L shape and rectangular shape columns around the lift core in a
G+6 storied building to resist the seismic and wind forces as well as the effect of the lift
core is also taken into consideration. In this research work a comparative analysis have
been carried out to find out the most effective shape column between L and rectangular
with respect to moderate and severe seismic zone area according to BNBC-2020.
Severity of seismic prone area is only considered for Bangladesh. Equivalent static
method was used for the entire analysis by using FEM software ETABS-2016. The
structural responses were measured in terms of lateral displacement, storey drift, drift
ratio, time period for seismic load as well as drift ratio, displacement, sway at roof and
time period for wind load. Considering the overall parameters, it can be concluded that
using the L shape column around the lift core can be a good solution to reduce the
displacements, drifts as well as to increase the stiffness of the structure.

Keywords: Lift Core, L shape column, Rectangular column, Equivalent static method,
Effective shape, Seismic zones.
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Abstract. Reclaimed lands in Dhaka city suffer from aggravating construction
problems such as settlement, liquefaction, and lateral spreading due to poor soil
conditions. A shallow foundation can be a suitable solution as it distributes the building
loads over a wider area, reducing the risk of structural damage. This research analyzes
the carrying capacity of shallow foundations in reclaimed terrain with weak soil of soft
to medium consistency, based on a static load case for a shallow foundation design at
the Mirpur in the capital of Bangladesh, although a dynamic analysis is also required
for typical foundations. This study also summarizes the practical and theoretical
findings of an examination of the ultimate bearing capacity of the soil. A full-scale load
test was conducted to determine the efficacy of the shallow foundation design in the
reclaimed land of Dhaka, which is comparable to the site selected for low-rise or low-
occupancy projects. The findings demonstrate that typical theoretical methods may not
always produce correct forecasts of soil behaviour and that actual field testing is
required to verify the soil's true carrying capacity. As a result, the study stresses the
importance of exercising caution when relying entirely on theoretical estimates to
calculate foundation capacity for sustainable construction projects. This study
demonstrates that ground reinforcement can significantly increase the bearing capacity
of shallow foundations, making them a more sustainable option for development on
reclaimed land, especially when axial load scenarios are considered and can help
practitioners and decision-makers to ensure sustainable and economical construction.

Keywords: Sustainable construction, reclaimed land, soil settlement
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Abstract. Concrete filled steel tube (CFST) is the composite segment shaped by filling
concrete into a hollow steel tube. Broad research has been conducted on CFST in recent
years have demonstrated that the CFST areas have high malleability, quality and
solidness properties. The experimental study is quite limited due to scarcity of
laboratory facility and test time consumption. Therefore, this paper deals with the
validation of the experimental data using numerical software ABAQUS to find the
structural and confinement behavior of the CFST columns. A total of 15 CFST column
specimens (stub and slender) have been taken with three different shapes which are
categorized as circular, rectangular and square sections. The CFST columns were made
with different concrete strength, slenderness ratio. The simulation results were verified
with the experimental data. From the comparison, it is noticed that the numerical results
can accurately capture the experimental results. It is also observed that the confinement
on lower strength concretes were higher than the higher-grade concrete strength.

Keywords: Confinement, Circular concrete filled steel tubular column, Axial-
compression, Flexural compression.
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Abstract. Earthquake history analysis is crucial for figuring out the level of probable
seismic hazard in earthquake-prone geographical areas. More availability of data
ensures more precise probabilistic estimation of parameters, especially peak ground
acceleration, which is considered significant in time history analysis. From previous
intense research and observation, it is understandable that Bangladesh is spatially
vulnerable due to the presence of epicenters within and in the vicinity of this area.
Moreover, four specific zones have been delineated, considering a range of earthquakes
with varying magnitudes of different return periods. To represent both the design basis
earthquake and maximum credible earthquake, seismologists are expected to provide
the seismic data. Unfortunately, the lack of proper seismic equipment results in the
unavailability of enough data on seismic records. Hence, a past database of nearby
zones has been considered to develop acceleration time history for this region. Based
on available records from the nearest sites, code specified process can be applied for
selecting and scaling records. Zone-wise attenuation laws have been developed in
different regions of the world depending on the soil types. Incorporating magnitude,
frequency, and other designated parameters, peak ground acceleration (PGA) has been
estimated using the proposed attenuation laws by the researchers. However,
seismometers are sparsely distributed throughout the country, mostly in and around
Dhaka, the capital city. This research paper overviews Bangladesh's earthquake data
availability and the applicability of the existing attenuation laws. Furthermore, this
study can provide directions for further studies for developing mathematical models
with better performance considering the recent earthquake data. However, the
validation will be more precise with the accessibility of seismic records.

Keywords: Peak ground acceleration (PGA), Time history, Epicenter, Return period,
Attenuation.
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Abstract. The Local Government Engineering Department (LGED) has built several
roadways around Bangladesh to facilitate efficient communication. This study aims to
identify the importance of road safety measures on selected LGED road to prevent
accidents. For the study, a sample road section Binnadangi Zila Road (Basta)-
Nowabganj Upazilla via Hatni Bazar, Maniknagar, located in Singair Upazilla of
Manikganj district, is selected considering its present condition, placement of safety
measures, and time frame. A Structural Equation (SE) model is developed with 150
data to identify critical accident causes. Additionally, the Relative Importance Index
(RII) approach is used to assess the responses, strengthening the SE model. The study
finds that among the two latent variables, “Safety” has more influence on road accident
causes on selected LGED roads. Among the observed variables under the “Safety,”
latent variable *Safety at adverse weather’ has the most significance. If sufficient road
safety measures are not taken in adverse weather, severe road accidents might happen.
These critical causes need to be addressed to improve overall road safety performance.
The decision-makers can use the findings to improve the road safety of LGED roads.

Keywords: LGED, Rural Road, Road Safety, Structural Equation Modeling, Relative
Importance Index.
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Abstract. To enhance the economic growth of a nation, efficient and affordable
mobility of people and transportation of goods are essential. In this regard, highway
bridges — one of the key components of highway transportation networks — play a
pivotal role. Generally, bridges are designed to survive against design loading during
the lifespan. However, unpredictable natural disasters such as extreme floods may
endanger the safety and serviceability of bridges during their design life and produce a
tremendous economic loss to the society they serve. This very important matter is
currently being investigated by the structural engineering community, and more studies
are required to develop a comprehensive knowledge base on the topic. In this relation,
the study here considers a representative steel girder bridge and analyses its response
under possible flood scenarios. Several bridge design provisions for floods are
reviewed, and representative cases of flood load on the bridge are formulated.
Numerical simulations for different flood-induced loading cases with various
combinations of flood velocity and water height reveal that the flood vulnerability of
the bridge increases with velocity and water level. The debris loading increases by 1.5
times its hydraulic pressure when they act concurrently. However, after a certain level
of flood height, the hydraulic pressure does not change, whereas the debris pressure
continues to increase with increasing water height. The outcome of this research
provides a better insight into the problem and identifies key areas for future research to
improve the failure probability of bridges under extreme floods.

Keywords: Flood loads, steel bridge, drag force, lift force, debris force.
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Abstract. The construction sector often uses the phrase "delay." Dhaka City's
construction sector has proliferated in recent years, but its growth has coincided with
delays, which has had profound consequences for schedules, finances, and quality. The
purpose of this research is to determine the causes of construction delays. The possible
reasons for building delays have been identified, and a survey questionnaire has been
designed after an exhaustive literature analysis and interviews with construction
stakeholders. Twenty possible delay factors have been included in the questionnaire
survey. The construction site was chosen considering the story number of the building.
A total of 157 responses have been taken from different stakeholders (Engineers,
Contractors, and Workers) from 8th to 15M-storied residential and commercial
buildings in Dhaka city. The relative importance index (RII) equation was adopted to
get the analysis result. Later, the rank was tabulated according to different
stakeholder’s perspectives. Among the 20 factors top factors are “Taking time in
making decision By Owner” (F1, RIllI= 0.879), “Incomplete Design Before
Commencement” (F13, RIl= 0.866), “Lack of Skill of Engineers” (F6. RIl= 0.864).
The research findings will help the Dhaka city construction sector devise plans to deal
with the causes of delays. Prioritizing the conclusions of this research by the
construction industry in Dhaka city will minimize construction delay, hence boosting
the construction industry in Bangladesh via the timely delivery of high-quality projects.

Keywords: Frequency Index (F.l.), Stakeholder perspective, Relative Importance
Index (RII), Dhaka City, Construction Delay, Severity Index (S.1I.)
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Abstract. To withstand lateral stresses like wind and earthquakes, steel buildings
require lateral load-resisting systems called steel plate shear walls (SPSW). The current
study aims to analyze how different geometric and material characteristics affect
unstiffened steel plate shear walls when subjected to cyclic loads. A three-dimensional
full-scale finite element model for a single panel has been developed using finite
element software to predict hysteresis behavior. The numerical model includes both
geometric and material nonlinearities. The FE modeling approach has been verified
through previous experiments. The current analysis and previous experimental results
have demonstrated a satisfactory agreement, proving the validity and admissibility of
the present model for further parametric study. By using non-linear monotonic, the
investigation has then focused on studying the effect of using different column sections
on an unstiffened single panel SPSW for varying thickness. The monotonic behavior,
including the strength and load-resisting capacity of the SPSW with respect to the bare
frame has been examined. The bare frame contributes more to the strength gain of a
large column section whereas the thickness of the infill plate contributes more to the
strength gain of a smaller column section system. A detailed discussion of the result is
presented, along with a comparative analysis of the behavior of SPSW having different
column sections and geometric configurations.

Keywords: Steel plate shear wall (SPSW), unstiffened, hysteresis behavior,
nonlinearity, cyclic loading.
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Abstract. Earthquakes have significant societal consequences, including structural
destruction, economic impacts, and loss of life. This highlights the urgent need for
reliable studies on residential site safety and damage assessment in urban areas. In our
innovative study, we delve into the complex relationship between seismic activity and
urban regions, revealing the temporal and spatial sensitivity of cities to seismic shocks.
Through the fusion of cutting-edge techniques and Geographic Information Systems
(GI1S), we present a remarkable methodology that evaluates earthquake susceptibility
across time and space. The culmination of our efforts is visually captivating
vulnerability maps, carefully crafted to depict the essence of vulnerability in the
research area. These maps vividly illustrate vulnerability levels during different time
periods, considering both occupational and residential density. Drawing from an
innovative vulnerability scale, our comprehensive analysis enables effective disaster
risk management strategies, empowering decision-makers to reduce losses and promote
urban sustainability. This study transcends academic boundaries and has the potential
for tangible real-world impact, contributing to our understanding of urban vulnerability
and supporting informed decision-making.

Keywords: GIS, spatial-temporal vulnerability, vulnerability map, vulnerability scale.
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Abstract. This study focuses on the importance of flush end plate connections in steel
structures and the potential for failure if bolts are damaged, leading to shear, bending,
or fatigue failure. To avoid failure, it is critical to predict the connection's moment
capacity against anticipated loads and design criteria. Simulated results from
experiments and numerical simulations were compared with actual results. Current
finite element models and experiments have shown limitations in making accurate
predictions. This paper developed improved machine learning techniques to accurately
forecast moment capacity, using various parameters such as bolt diameter, end plate
width, and nominal yield stress. To create our models, a wide range of works with data
spanning 25 years were examined. The analysis illustrated that among all the ML
models that were examined in this study, the Xtreme Gradient Boosting (xgBoost)
model demonstrated the best prediction performance which is also confirmed by
comparing its predictions with those of the existing models. This study highlights the
potential of machine learning techniques in accurately predicting the moment capacity
of flush end plate connections.

Keywords: Structeral steel, flush end plate, connection, flange, machine learning,
moment capacity.
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Abstract. Extended Reality (XR) integrates Augmented Reality (AR), Virtual Reality
(VR), and Mixed Reality (MR), enabling users to interact with virtual objects and
environments as if they were real. XR has found widespread use in civil infrastructure,
including design, visualization, worker training, remote collaboration, and
maintenance. This paper provides a comprehensive review of the impact of XR on
Civil Engineering and highlights its benefits for design and infrastructure. We
conducted our review using articles from conferences and journals. Our review
identifies the distribution of XR technology in civil infrastructure, design strategies
employed in creating digital technology, and their limitations. Furthermore, our review
lays the groundwork for developing the best practices for XR technology in civil
infrastructure and suggests future research agendas.
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Abstract. In this study, a semi-analytical method is suggested for the analysis of thin
plates. Various methods such as superposition, finite element, and integral transform
have been applied to obtain solutions for thin plates. In this study, a simplified method
has been proposed through an extension from the classical beam theory has been
proposed to solve plates, which is easier to apply yet relatively accurate. The method
uses shape functions obtained from beam solutions having similar boundary conditions.
The shape functions are used to approximate the displacement profile of the plate.
Galerkin’s method is then applied to obtain the analytical solution of plate deflection.
This involves evaluating integrals, which must be computed only once and the values
can be used later. The proposed moment and deflection coefficients are compared with
that available in the literature. The results have been compared with previously reported
solutions. The maximum error in the case of displacement of a simply supported plate
was found to be 1.35% only. The shape functions and the values of integrals
corresponding to various boundary conditions have been presented. Plates of various
sizes and having various boundary conditions may be analyzed using the proposed
closed-form solution for moment and shear. In addition, accurate deflection
measurement of thin plates by other methods can be difficult and time-consuming.
Therefore, this study explored analytical solutions that may provide a relatively
accurate solution for thin plates with comparatively less computational effort.
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Abstract. The study being conducted here is of great significance, as it aims to
evaluate the fragility of anchorage connection of electrical equipment items in
switchyard, which can help support the seismic design. Given that the risk of seismic
damage during ground motion is a serious concern, it is imperative to have a reliable
and accurate method to assess this risk. This is where the developed fragility curve
comes in, which is a valuable tool to determine the probability of damage occurring
during seismic events. The methodology used to develop this curve is based on the
design standards of FEMA 450, FEMA 451, and ACI 318, which are widely
recognized and respected guidelines in the industry. With this information, it is possible
to design and implement measures to mitigate the risks of damage to electrical
equipment items in switchyards, and ultimately help ensure the safety and reliability of
these critical systems. Overall, this study is a vital step towards improving our
understanding of the fragility of electrical equipment items in switchyards and
addressing the risks associated with seismic events.

Keywords: Fragility Curve, Electrical Equipment item, Switchyard, Probabilistic Risk
Assessment.
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Abstract. The Bangladesh National Building Code (BNBC) is a pivotal document that
provides guidelines for safe and efficient construction in Bangladesh. However, with
the growing need for energy, nuclear power plants (NPP) are becoming increasingly
prevalent in the country. Therefore, there is a need for specific design provisions, safety
guidelines, and retrofit measures for buildings located in the NPP zone to ensure their
safety and security. This paper presents a comprehensive review and analysis of the
BNBC's design provisions, safety guidelines, and retrofit measures for buildings in the
NPP zone. The study identifies the strengths and weaknesses of the current BNBC
provisions and proposes recommendations for improvement. The review of the design
provisions covers various aspects, especially seismic design. Similarly, the safety
guidelines cover various topics such as emergency planning, radiation protection, and
security measures. The retrofit guidelines consider both the structural and non-
structural retrofitting of existing buildings to ensure their safety in the unexpected event
of an NPP accident. The study finds that the current BNBC provisions provide a good
foundation for building design and safety but they do not adequately address the unique
challenges of buildings in NPP zone. The study recommends that specific provisions be
developed for buildings in the NPP zone, including more stringent requirements for
structural seismic design, safety, and emergency planning. The study also recommends
the development of more detailed retrofit guidelines for existing buildings in the NPP
zone. Overall, the study highlights the importance of ensuring the safety and security of
buildings in the NPP zone in Bangladesh and provides valuable insights into the design
provisions, safety guidelines, and retrofit measures required for achieving this goal.

Keywords: Bangladesh national building code (BNBC), nuclear power plant (NPP),
seismic design, safety guidelines, retrofit guidelines.
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Abstract. Structural response against seismic actions has been a prime issue nowadays.
It is quite a dominant parameter while various infrastructures are growing vastly,
specifically in the higher seismic-prone areas. While stiffness, mass, and some other
characteristics influence a structure's dynamic behavior, rigidity characteristics alone
determine a structure's motionless behavior. In such cases, static as well as dynamic
response analysis of multi-storied structures is necessary to ensure overall structural
stability and efficiency. Likewise, according to the Bangladesh National Building Code
(BNBC-2020), the current study's goal is to evaluate how multi-story structures behave
in terms of story displacement, story drift, base shear, and torsional irregularity. This
study examined G+10 and G+20 narrative structures in different zones of Bangladesh.
The buildings were modeled using ETABS-2016 (Extended Three-Dimensional
Analysis of Building System). On the modeled structures, linear static and linear
dynamic analyses were conducted. Static analysis was performed using the Equivalent
Static Method and dynamic analysis was executed using Response Spectrum Analysis.
The results show that structures in areas with higher seismic zone coefficients are more
vulnerable to seismic actions. This is rational in both static and dynamic analysis. This
study aims to illustrate the variations in outcomes and demonstrate Response Spectrum
Analysis's supremacy over Equivalent Static Analysis for high-rise buildings.

Keywords: ETABS, response spectrum analysis, equivalent static method, multi-
storied, BNBC-2020, and story displacement.
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Abstract. Steel-concrete composite beams have been widely acknowledged as a highly
cost-effective structural solution for multi-story steel buildings and steel bridges. This
paper investigates the behaviour of rebar shear connector embedded in solid concrete
slab in composite floor system. A nonlinear 3D finite element model was developed to
simulate the push-out test on rebar shear connector which is a standard test used to
determine the shear behaviour of connectors used in composite construction. The shear
strength capacity of rebar shear connector obtained from the numerical analysis was
compared with the experimental results. A total of eleven push-out test specimens were
modeled. The mean value of Prem/Pexp was found to be 1.0 with a standard deviation of
0.12. The finite element model was also able to simulate experimental failure behaviour
of rebar connectors in push-out tests. The simulation models incorporating smaller
diameter connectors (10 mm and 12 mm) exhibited failure primarily due to shearing of
the rebar connectors. In contrast, the failure of models featuring 16 mm and 20 mm
diameter rebar connectors was initiated by concrete cracking. subsequently leading to
either concrete crushing or connector shearing. The numerical model was also capable
of predicting the effect of rebar diameter and concrete strength in shear capacity of
rebar connectors as observed in the push-out experiment. The model confirmed that
shear resistance increases with larger diameter rebar and higher concrete strength.

Keywords: Shear connector, concrete, steel, composite, push-out, numerical, ultimate
capacity.
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Abstract. The seismic performance of high-rise structures is critical to ensure the
safety and structural integrity of buildings in earthquake-prone regions. Engineered
Cementitious Composites (ECC) have emerged as promising construction material due
to their unique mechanical properties, such as high ductility, strain-hardening behavior,
and enhanced energy dissipation capabilities. The addition of Polyvinyl Alcohol (PVA)
fibers further enhances the tensile and flexural properties of ECC, making it an
attractive option for seismic-resistant structures. This research paper presents a
comprehensive study on the seismic performance analyses of high-rise structures
constructed with PVA fibered ECC over conventional reinforced concrete (RC)
structures. This study aims to evaluate the effectiveness of PVA-fibered ECC in
enhancing the seismic performance of tall buildings under different seismic loading
conditions and the variation of PVA fiber and steel rebar percent. A parametric study
series is performed using advanced finite element method (FEM) analysis techniques.
The high-rise structures with PVA fibered ECC are subjected to EI Centro ground
motion records representing different seismic hazard levels analyzed through time
history direct integration method considering material nonlinearity and P-delta effect.
The response of the structures, including displacements, accelerations, inter-story drifts,
and stress distributions, are thoroughly examined and compared with conventional
concrete structures. The results of the analyses demonstrate the superior seismic
performance of high-rise structures constructed with PVA fibered ECC compared to
conventional concrete structures. The PVA-fibered ECC exhibits enhanced ductility
and energy dissipation capacity, effectively reducing the seismic demands on the
structural elements.

Keywords: ECC, seismic analyses, PVA, FEM, nonlinearity, ductility, energy
dissipation.
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Abstract. The torsionally coupled buildings are more vulnerable during strong
earthquake ground motions. When a shape memory alloy (SMA) damper is used, the
response of structures to lateral and torsional motion is effectively reduced. In this
research, numerical investigation is carried out on the seismic response of an idealized
single-storey asymmetrical frame system with a SMA damper subjected to strong
earthquake ground motions. SMA damper restoring force, eccentricity ratio and lateral
and torsional displacements are all variables in this parametric study. The SMA
damper-controlled frame’s reaction is measured compared to that of the uncontrolled
frame. It is found that the implementation of the SMA damper results in significant
reduction in the seismic response of the structure.

Keywords: Earthquake, shape memory alloy, re-centering, asymmetric structure
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Abstract. The study focuses on the reduction of the earthquake-induced vibration of
the building structure by using Modified Tuned Liquid Column Damper. The
modification of the Tuned Liquid Column Damper or TLCD is done by employing
sand-filled floating balls in association with the liquid inside. The sand-filled floating
balls act as a barrier against the free sloshing of the liquid and dissipate the kinetic
energy by creating a turbulent damping force. The dissipation considerably reduces the
displacement at the top of the building structure. An experimental three-storied
structure of steel is utilized as a multi-degree-of-freedom system structure (MDOF) to
perform the earthquake shake table experiment. The ground and top displacement data
of the structure excluding and including the damper are referred to as uncontrolled and
controlled data respectively. This investigation is carried out considering the time (s),
liquid height (inches), free and fixed floating of the sand-filled balls, and the percent
weight of sand (g.) used in the hollow core of the balls. The cases for the increased
percent weight of sand in balls and liquid heights are compared to all the parameters
and the conventional TLCD. The comparisons between the uncontrolled and controlled
data show that the displacements (mm) reduce due to the application of the sand-filled
floating balls in TLCD. Optimal percent weights of sand-filled balls and optimal water
level heights for the experimental time (s) of shaking are presented here for which the
displacements decrease the most. From the findings, it is evident that modifying the
Tuned Liquid Column Damper by adding sand-filled floating balls is more robust than
the conventional TLCD.

Keywords: Tuned liquid Column Sand Ball Damper, multi-degree of freedom,
earthquake shake table, water sloshing, sand-filled floating ball
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Abstract. Bangladesh is located in an earthquake prone region where many multi-
storied buildings have already been constructed to satisfy the ever-increasing demand.
However, several buildings are seismically vulnerable because of design inadequacies
and poor construction practices. Bangladesh National Building Code (BNBC) suggests
an equivalent static method to design new buildings for earthquake. However, the
performance of existing RC buildings under seismic events should be evaluated by
nonlinear static or dynamic analysis based on the buildings’ characteristics. Nonlinear
static analysis, also known as pushover analysis, can predict the overall lateral behavior
of a building and the damage extent of structural members under seismic loads.
Pushover analysis can be conducted using different commercial software, e.g., ETABS,
considering lumped plasticity models of nonlinear hinges. In ETABS, nonlinear hinges
can be modeled using default or user-defined properties. Default hinge properties
follow ASCE 41-13 guideline, whereas user-defined hinges need a computed moment-
curvature relationship of beam or column. In this regard, the performance of default
hinge properties to predict lateral behavior and damages of the building is required to
be verified with the experimental behavior of the RC frame. In this study, two single-
story and single-bay RC bare frames, available in literature, have been modeled using
default nonlinear hinge properties as per ASCE 41-13 guideline by ETABS 2016. The
numerical analysis results, i.e., lateral behavior of bare RC frames have been compared
with experimental behavior with a fair agreement.

Keywords: Evaluation, hinge, RC frame, pushover, ETABS.
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