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Performance-based seismic design (PBSD) is a framework (set of rules and procedures ) for designing new buildings.
The goal is to get useful information for design , not to calculate “exact” response
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We are dedicated to ensuring that you

receive a world-class education and U bizagniad] eleey
=] : [F] ECT is OfS registered, meeting the Office for Students’
gain skills that you can immediate|y ﬁ requirements for course quality, academic standards, student
support and student protection.

apply in the workforce.

Engineering Specialists Lecturers and Instructors

ECT - affiliated to the well-established Engineering Our teachers are subject specialists with industry experience
Institute of Technology (EIT) - is an engineering u and the requisite academic qualifications. They bring

education specialist. ECT delivers bachelor's and = =) extensive expertise from across the engineering sector,
master's degrees. ensuring students learn from experienced professionals with
both academic and real-world knowledge.
Industry-Driven programmes @ Unique Delivery Model
o Our programmes are designed by industry experts, We deliver our programmes via a unique delivery methodology
- ensuring you graduate with cutting-edge skills that that makes use of live and interactive tutorials, an international
— arevalued by employers. Our programme content pool of expert lecturers, dedicated learning support officers,

remains current with rapidly changing technology hands-on workshops and state-of-the-art remote labs
and industry developments. connected to real equipment, and simulation software.
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Introduction — Presenter )ECT
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Dr. Mistreselasie S. Abate, (DENG, PMP, M.Sc., MBA, PPST)

EIT Lecturer[ https://www.adscientificindex.com/scientist/mistreselasie-sabate/4327142 ]

Dr. Abate is proficient in utilizing industry-leading software tools such as ETABS, SAP2000, MS-Project, Eagle Point, AutoCAD Civil
3D, ArchiCAD, WaterCAD, Epanet, Inroads, Microsoft Office, Primavera, SAFE, PROKON, GEO5, ELPLA, RSTAB, ADAPT-PT, REWARD,
and ADAPT Builder, among others, for structural analysis and design. Specialized in PT (Post-Tensioned) design and
implementation, with extensive training in prestressed concrete design from PTI. Skilled in conducting research in performance-
based design, with a focus on seismic performance evaluation of high-rise structures. Currently obtain a Doctor of Engineering
degree at the Engineering Institute of Technology (EIT), demonstrating a keen interest in advancing structural engineering
methodologies for enhanced safety and resilience.

In his research pursuits, Dr. Mistreselasie primarily focuses on evaluating the performance of built structures under extreme
conditions, such as severe earthquakes and high winds. His expertise spans seismic resilience, innovative structural systems, site-
specific seismic hazard analysis, vulnerability assessments, nonlinear modeling of structures, and studying the dynamic behavior
of complex systems during seismic events. With a wealth of experience in structural modeling, analysis, and design of buildings,
bridges, and various structures, Abate has made significant contributions to academia-industry collaborations.

Education @

Doctor of Engineering (DEng) from Engineering Institute of Technology (EIT) Graduated 2025 R
M.Sc. in Civil Structural Design from Atlantic International University Graduated 2021 .
Master of Business Administration — MBA From European International University- (EIU - PARIS) Graduated 2019

B.Sc. in Civil Engineering from Addis Ababa University Faculty of Technology Graduated 2011

Advanced Diploma in civil Engineering from Addis Ababa University Faculty of Technology Graduated 2004

Associate Degree Computer Science from University of the People, California, USA Graduated 2023

BSc. Computer Science Student (120 credit hours completed CGPA 3.66) from University of the People, California, USA @
Graduated 2024
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1 Structural modeling for PBD, including material properties and section

definitions
) Load patterns and performance objectives based on FEMA 356 and ASCE

41-17
3 Pushover analysis: step-by-step implementation and interpretation of results Qy  —
4 Evaluating structural performance and retrofitting strategies

Qf  —

5 Overview of performance-based design principles using PERFORM 3D Q? —
: Focusing on structural behavior, nonlinear analysis techniques, and

performance objectives.
7 PBD differs from traditional prescriptive methods and why it is essential for

designing structures that can withstand seismic forces effectively.
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WEBINAR OUTLINE PECT

Engineering College of Technology.

Bl elis_m@g‘bg?gtﬂo'fﬁso D’)’EffOf mance- el e ADDITIONAL TECHNICAL POINTS TO BE DISCUSSED
e What is PBSD? - . performance based design e Load Cases Considered
. %7])‘/05%%6629(]736\73%8?//8” LI:S(; / ’&g‘)’fﬁ cent method for verification in a — Response Spectrum
* Farthquake hazard /e\//e/s ,(SLE, DBE, MCE) final stage of a design — Linear Time History Load Cases
projects — Nonlinear Time History Load G
Module 2 — Modeling & Linear Analysis Ponh/nearL /n;e c prory roag tases
* Initial code-based design — rusnover Loaa Lases
e ETABS / SAP — PERFORM-3D transfer » Model Transfer for Performance Evaluation
. éﬂeccill:/g‘()rlgc;/ Céﬁgg/vtrlggfns sidl oo cases — How to transfer the G+4 RC model from ETABS and SAP2000 to
’ ’ PBSD —Performance-based PERFORM-3D

Module 3 — Nonlinear Methods seismic design (PBSD)is a
: gﬁ%&gﬁgﬁa\//jﬁgber modeling framework (set of rules and
e Nonlinear time-history analysis (NLTHA) procedures ) for designing

— Common issues and best practices during model conversion
 Performance Evaluation Tools in PERFORM-3D
— Usage ratio graphs

e Performance point new building. ) )
. Acc];ptance cﬁ teria — Demand/Capacity (D/C) ratios
Module 4 — Case Study: G+4 RC Building — Result combinations and envelopes
e Geometry, materials, and loads * Performance Point Determination
: g”j?ﬁr[)‘fcnog'//neaf ge;s?u/ts — How to find the performance point on a pushover curve PERFORM 3D
. Pgrférma nrge/gébfunatioxvgs So bjectives — Drawing and interpreting the capacity curve in PERFORM-3D
e ACI 318-19 Appendix A
Module 5 — Research & Practice . .ppe_ XA . .
e ACl 318-19 Appendix A — Design verification using nonlinear analysis
* FEMA 356, ATC-40, ASCE 41-17 — In-depth discussion on the overall performance-based design

* EIT published research on PBD
* Practical takeaways
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Why Performance-Based Design & Evaluation Matters?? PECT
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Sample papers published as part of PBD research at EIT

1. Advanced Seismic Analysis of a 44-Story Reinforced Concrete Building: A https://doi.org/10.3390/infrastructures10040093
Comparison of Code-Based and Performance Based Design Approaches

2. Global Research Trends in Performance-Based Structural Design: A https://doi.org/10.3390/buildings 15030363
Comprehensive Bibliometric Analysis

3. A Comparison Analysis of Buildings as per Norwegian and Ethiopia ES- https://doi.org/10.3390/buildings 15030363
EN1998-1 Seismic Code

4. Comparative Response Spectrum Analysis on 15- and 50-Story Reinforced https://doi.org/10.3390/buildings 13051303

Concrete Buildings Having Shear Walls with and without Openings as per
EN1998-1 Seismic Code

5. PART -1 WEBINAR Complete Analysis and Design of G+2 RC Building Using https://www.eit.edu.au/event/complete-analysis-and-design-of-

. g2-rc-building-using-euro-code-2-2004-for-beginners/
Euro Code 2—-2004 for Beginners
6. PART 2- Performance-Based Design for Beginners: Basic Concepts and AL AN etV o ol el oot Bl S il
. . beginners-basic-concepts-and-applications/
Applications

7. PART 3 - Performance-Based Design in Practice: A Step-by-Step Guide Using ~ httos//www.eit.edu.au/event/performance-based-design-in-
practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
a G+4 RC Frame Structure

UKPRN: 10089771 6



https://doi.org/10.3390/infrastructures10040093
https://doi.org/10.3390/buildings15030363
https://doi.org/10.3390/buildings15030363
https://doi.org/10.3390/buildings13051303
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.eit.edu.au/event/complete-analysis-and-design-of-g2-rc-building-using-euro-code-2-2004-for-beginners/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.ect.ac.uk/event/performance-based-design-for-beginners-basic-concepts-and-applications/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
https://www.eit.edu.au/event/performance-based-design-in-practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/

Why Performance-Based Design & Evaluation Matters??
Sample Books published as part of PBD research at EIT

1.  Practical Reinforced Concrete Building Design to Eurocode: Volume 1A: Linear Analysis and Code-
Based Design - A Complete Step-by-Step Guide to the Low to Mid-Rise Reinforced Concrete Buildings

2.  Practical Reinforced Concrete Building Design to Eurocode: Volume 1B: Linear Analysis and Code-
Based Design - A Complete Step-by-Step Guide to the Low to Mid-Rise Reinforced Concrete Buildings.

3.  Practical Reinforced Concrete Building Design to Eurocode: Volume 2: Linear Analysis and Code-Based
Design - A Complete Step-by-Step Guide to the Low to Mid-Rise Reinforced Concrete Buildings.

4.  Practical Reinforced Concrete Building Design to Eurocode: Volume 3: Linear Analysis and Code-Based
Design - A Complete Step-by-Step Guide to the Low to Mid-Rise Reinforced Concrete Buildings.

5.  Practical Reinforced Concrete Building Design to Eurocode: Volume 4: Linear Analysis and Code-Based
Design - A Complete Step-by-Step Guide to the Low to Mid-Rise Reinforced Concrete Buildings.

6.  Practical Reinforced Concrete Building Design to Eurocode: Volume 1-4: Linear Analysis and Code-
Based Design - A Complete Step-by-Step Guide to the Low to Mid-Rise Reinforced Concrete Buildings.
[E- Book].

7.  PART -1 WEBINAR Complete Analysis and Design of G+2 RC Building Using Euro Code 2-2004 for

Beginners.

8.  PART 2- Performance-Based Design for Beginners: Basic Concepts and Applications

9. PART 3 - Performance-Based Design in Practice: A Step-by-Step Guide Using a G+4 RC Frame Structure

PECT

Engineering College of Technology.

https://www.amazon.com/dp/BOHH43VJX1

https://www.amazon.com/dp/BOHH3RND4V

https://www.amazon.ie/dp/BOHGRLIRMG

https://www.amazon.com/dp/BOHGR31 W3

https://www.amazon.com/dp/BOHGQXZF33

https://www.amazon.com/dp/BOHGHGZ5MQ

https://www.eit.edu.au/event/complete-analysis-and-design-of-

g2-rc-building-using-euro-code-2-2004-for-beginners/

https://www.ect.ac.uk/event/performance-based-design-for-

beginners-basic-concepts-and-applications/

https://www.eit.edu.au/event/performance-based-design-in-

practice-a-step-by-step-guide-using-a-g4-rc-frame-structure/
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Why Performance-Based Design & Evaluation Matters?? PECT
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Sample Books published as part of PBD research at EIT

About the Author

Dr. Mistreselasie S. Abate

PRACTICAL REINFORCED CONCRETE
BUILDING DESIGN T0 EUROCODE

Volume 1: Linear Analysis and Code-Based Design

A Complete Step-by-Step Guide to the Analysis, Design, and Reinforcement
Detailing of Low- to Mid-Rise Reinforced Concrete Buildings

Dr. Mistreselasie S. Abate (D.Eng. PMP, M.Sc., MBA, PPST) is a
dedicated and results-oriented structural engineer, researcher, and
academic with nearly 20 years of experience in civil engineering. He is
currently a Lecturer at the Engineering Institute of Technology (EIT,
where he supervises postgraduate research and teaches courses including
ME700 Project Thesis, structural dynamics and advanced structural
engineering modules. Dr. Abate has published multiple peer-reviewed
research papers and book chapters in the fields of seismic engineering,
wind engineering, nonlinear modelling, and performance-based structural
design.

He serves as a peer reviewer for numerous international journals, including the Journal of Building
Engineering, American Society of Civil Enginecers, Results in Engineering, Ain Shams
Engineering Journal, KSCE Journal of Civil Engineering, Engineering Technology Open Access
Journal (ETOAJ), Engineering and Applied Sciences, and Zede Journal, among others.
Additionally, he is an Editorial Review Board Member for the Journal of Asian Scientific
Research. Across these journals, he has reviewed more than 130 manuscripts, contributing
significantly to global research quality. His full research portfolio is available at ORCID:
https://orcid.org/0000-0002-9263-6254 .

VOLUME | - FIRST EDITION

Dr. Abate’s research focuses on understanding how structures behave under extreme events such
as major earthquakes and severe winds. His expertise includes seismic resilience, site-specific
hazard assessments, nonlinear dynamic modelling, vulnerability evaluations, and advanced
analysis of RC and composite structural systems. He is proficient in key engineering software such
as ETABS, SAP2000, SAFE, PROKON, ADAPT-PT, GEOS, RSTAB, ELPLA, Primavera, and
MS Project. Dr. Abate regularly delivers professional webinars and specialized training programs
aimed at improving engineering practice and strengthening performance-based design capability
across the industry.
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Dr. Mistreselasie S. Abate
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EIT - Performance Based Design Research Team 2ECT

EIT Lecturer Interview:
Dr. Ana Evangelista

Civil and Structural Engineering
Nonlinear analysis is essential for understanding real structural behavior, damage Lecturer, Course Coordinator

mechanisms, and performance under extreme loading. ?:ggr\g:g:mﬁgzgd Learning ) -

My Perspective on Linear vs Nonlinear Analysis

Dr. Mistreselasie S. Abate (ElT-Lecturer)

However, linear analysis remains indispensable, especially for:
o Gravity load design

¢ Preliminary sizing and proportioning

o Serviceability checks

e Load path verification

« Code compliance and design iteration efficiency

In practice, nonlinear models are built on linear results — gravity effects, stiffness
distribution, load combinations, and initial member design all originate from linear analysis.

Engineering reality: While nonlinear analysis provides deeper insight, it does not eliminate the need for
—> Linear analysis linear analysis; instead, it refines and validates it.

efficiency, clarity, Awell-calibrated linear model often gives robust, conservative, and interpretable results,
code compliance particularly in early and intermediate design stages.

—> Nonlinear analysis
realism,

performance insight,
damage prediction ¢ Final principle. “Nonlinear analysis enhances design — it does not replace

sound linear analysis.”

Nonlinear analysis should be used strategically, not linear analysis, but to integrate
both intelligently within a performance-based design framework.

Performance-Based Design Philosophy — Dr. Mistreselasie S. Abate

Professor Vivian W. Y. Tam

UKPRN: 10089771 9



Special Purposes Guidelines for PBD PECT
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Dr. Mistreselasie S. Abate
T

AN ALTERNATIVE PROCEDURE FOR
h SEISMIC ANALYSIS AND DESIGN OF
P TALL BUILDINGS

Tall Buildings Initiative
Guidelines for
National Performance-
| Based Seismic
Applied Emergency ET_.";':;:‘::‘* PEER Tall Buildings | Design of
Technol?gy Manggement L Guidelines for Initiatives (TBI) iTa" Buildings
Council Agency spummmdl Tall Buildings

(ATC) (FEMA) Program
(NEHRP)

Federal

ACI 318-19

TBI 2010, 2017 LATBSDC 2011, 2014, ACI 318-19
(GER)] 2017, 2020, 2023 (Appendix A: NRHA)
(PBSD)

Dr. Mistreselasie S. Abate

TB I ‘ 7‘«' _. ’ 2 Other Codes & Standards

: Gu‘x‘d’elme;f(’)r | Seismic Evaluation
[ - - = and Retrofit of

Performance- AL idi
Based Seismic Existing Buildings

Design of
Tall Buildings 2]
o i ——
Modeling and acceptance criteria % Seismic Evaluation Minimum Design Loads.
g;r‘ﬁxiza':fd?:sxsgn and analysis I 'I' | and Retrofit of - and Associated Criteria
g LR ‘ Existing Buildings for Buildings and Other Structures
|

A
N

:
e
£
i
|

Soil-Structure
Interaction for
Building Structures

ATC 72-1 ASCE 41-17 ASCE 7-16

Modeling Modeling & Acceptance Criteria Seismic Design Force
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https://www.csiamerica.com/products

CUSTOMER CENTER
The US offices of Computers and Structures, Inc. will be closed on Monday, January 19th, 2026 in observance of Martin Luther King Day. ®

Cfi COMPUTERS & STRUCTURES, INC. HOME PRODUCTS SALES SUPPORT DEVELOPER NEWS CONTACT

STRUCTURAL AND EARTHQUAKE ENGINEERING SOFTWARE

SAP2000 | _ CiBrid €ETABS | SAFE

STRUCTURAL ANALYSIS AND DESIGN BRIDGE ANALYSIS, DESIGN AND BUILDING ANALYSIS AND DESIGN ANALYSIS AND DESIGN OF FLOOR
RATING SYSTEMS

Performz2 CJSiPlant

: : E 1 EEE & it
PERFORMANCE-BASED DESIGN OF 3D PIPE STRESS ANALYSIS AND DESIGN DESIGN OF REINFORCED CONCRETE
STRUCTURES COLUMNS

UKPRN: 10089771
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Matching and scaling of EQ data, XTRACT, SAP2000
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Project Description PECT

Engineering College of Technology.

In this in-depth webinar where we will walk you through the complete analysis and design of a G+4 Reinforced
Concrete (RC) building, utilizing ACI/ Euro Code 2—2004 / and other International standards. This session is ideal for
beginners who want to gain a solid understanding of structural design principles and their practical application in real-

world projects.

Project Overview:

e Building Type: G+4 RC Building

* Concrete Grade: C-25/30 and 4000 psi
e Steel Grade: S-450

e Structural Elements:

* BeamSizes:
* Ground Floor Beam (GB): 600x250 mm
* First Floor Beam (FF BM): 600 x250 mm
* Second Floor Beam (SF BM): 600x 250 mm
* Third Floor Beam (THF BM) 600 X 250 mm
* Fourth Floor Beam (4th FL BM 600x250 mm)
* Roof Beam: RF BM 600x 250 mm

e Column Sizes: 600x600 mm

* Slab Thickness: 250 mm

* Wall Thickness : 300 mm

UKPRN: 10089771
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INTRODUCTION — HOW A CHILLER, COOLING TOWER
AND AIR HANDLING UNIT WORK TOGETHER — BASICS




How It Works (Process Flow)

Chiller: Produces chilled water (6-8 °C) in

the evaporator using the refrigeration cycle.

Chilled Water Pumps: Circulate chilled
water to AHUs.

AHU: Chilled water flows through cooling
coils, cools and dehumidifies the supply air.
Return Chilled Water: Warmer water
(12-14 °C) returns to chiller.

Condenser Heat Rejection: Refrigerant
heat is rejected to condenser water
(=35 °C).

Cooling Tower: Rejects heat to
atmosphere and cools water to =28 °C,
which returns to the chiller.

7 Typical Floor (AHU Level)

* AHU draws return air from rooms.

« Air is cooled and dehumidified in the
cooling coil (6-8 °C CHW).

+ Cooled supply air is delivered to the
building.

 Chilled water leaves AHU at 12-14 °C.

4B Chiller (Vapour Compression)

« Evaporator cools water to 6-8 °C.

o Compressor increases refrigerant
pressure and temperature.

o Condenser rejects heat
tcondenser water (=35 °C).

¢ Expansion valve reduces C=
refrigerant pressure.

o Refrigerant circulates in a
closed loop.

UKPRN: 10089771

Pipeork Legend

Refrigerant Cycle

Expansion
Valve

Chilled Water HVAC System for a Multi-Storey Building

Chiller — Cooling Tower — Air Handling Units (AHU) — Complete System Overview
Heat Rejected to Atmosphere

sl Chilled Water Supply (6-8 °C)
s Chilled Water Return (12-14 °C)

sl Condenser Water Supply (35 °C)
Condenser Water Return (28 °C)

e Refrigerant Cycle (inside chiller)
@ Supply Air (Cold)
=== Return Air (Warm)

355C

s

f——— ————

——
v COOLING TOWER

—|
—

Supply Air
(Cold)

Return Air

[ <3 (Warm)
\ | l
) SuppIyAnr
‘I -::> (Cold)
<j Return Air

(Warm) =

=1 RISERS *‘

il EvAPORATOR :

o Condenser Water Pump \ e Chilled Water Pump

ﬂ

(inside chiller)

4

Condenser
(rejects heat)

« Circulates chilled water to AHUs. <
. Typlcal supply temperature: * Leaves at 12-14 °C.

e Cools and dehumidifies air.

e Supplies conditioned air to building.

 Circulates condenser water
between chiller and cooling
tower.

« Typical temperature: 28-35 °C.
¢ Maintains constant flow.

Evaporator

(cools water) . Typ|ca| return temperature:

12-14 °C.
* Maintains constant flow.

Chilled water (6-8 °C) enters cooling coil.

*
‘ Chilled water supply : 6-8°C
‘-Chilled water return . 12-14°C
Condenser water (in) ‘ 35°C 7
FCondenser water (out) J 28 °C
Condenser water AT | =7°C
Chilled water AT =6-8°C

PECT
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¢ Receives hot condenser water
(=35°C).

* Rejects heat to atmosphere by
evaporation (and sensible heat).

¢ Cooled water returns at =28 °C
(temperature drop =7 °C).

Fans draw air through the tower.

—
Air Distribution (Typical AHU)

¢ Supply Air: Cooled (=14-16 °C).
o Return Air: Warm (=24-26 °C).
¢ Ducts distribute air to rooms.

Benefits

@ CEficient cooling for multi-storey
buildings

& improved indoor air quality
@& Dehumidification
Q Reliable and scalable system

@ Widely used in commercial,
residential and institutional
buildings




———
How It Works (Process Flow)
Chiller: Produces chilled water (6-8 °C) in

the evaporator using the refrigeration cycle.

Chilled Water Pumps: Circulate chilled
water to AHUs.

AHU: Chilled water flows through cooling
coils, cools and dehumidifies the supply air.
Return Chilled Water: Warmer water
(12-14 °C) returns to chiller.

Condenser Heat Rejection: Refrigerant
heat is rejected to condenser water
(=35 °C).

Cooling Tower: Rejects heat to
atmosphere and cools water to =28 °C,
which returns to the chiller.

Typical Floor (AHU Level)

« AHU draws return air from rooms.

« Air is cooled and dehumidified in the
cooling coil (6-8 °C CHW).

« Cooled supply air is delivered to the
building.

 Chilled water leaves AHU at 12-14 °C.

Evaporator cools water to 6-8 °C.

Compressor increases refrigerant
pressure and temperature.

Condenser rejects heat

Chilled Water HVAC System for a Multi-Storey Building

Chiller — Cooling Tower - Air Handling Units (AHU)

Pipework Legend

sl Chilled Water Supply (6-8 °C)
sl Chilled Water Return (12-14 °C) -
el Condenser Water Supply (35 °C) 35°C

Heat Rejected to Atmosphere

sl Condenser Water Return (28 °C)

,

e Refrigerant Cycle (inside chiller)
<> Supply Air (Cold)

== Return Air (Warm)

Refrigerant Cycle
(inside chiller)

4

e CondenserWater Pump ‘ 9 Chilled Water Pump

tcondenser water (=35 °C).

Expansion valve reduces
refrigerant pressure.
Refrigerant circulates in a
closed loop.

UKPRN: 10089771

mpressor 14j

c Condenser
(rejects heat)
Expansion
Valve

Exaporator
(cools water)

|/ @ Air Handiing Unit (AHU)
Cooling Coil

— Complete System Overview

Supply Air
‘:> = (cold)

Return Air

(Warm)

- i SuppIyAlr
msms“ ‘ ‘> (Cold)

t Return Air

« Circulates condenser water
between chiller and cooling
tower.

¢ Maintains constant flow.

Typical temperature: 28-35 °C.

« Typical supply temperature:
6-8 °C.

* Typical return temperature:
12-14 °C.
¢ Maintains constant flow.

Circulates chilled water to AHUs.

o Chilled water (6-8 °C) enters cooling coil.

¢ Leaves at 12-14 °C.
* Cools and dehumidifies air.
» Supplies conditioned air to building.

(Warm) s

|
Chilled water supply 6-8°C \
i Chilled water return 12-14°C ‘
Condenser water (in) 35°C
Condenser water (out) 28°C ;
l Condenser water AT =7°C '
’ hllled water AT =6-8°C

» Receives hot condenser water
(=35°C).

* Rejects heat to atmosphere by
evaporation (and sensible heat).

 Cooled water returns at =28 °C
(temperature drop = 7 °C).

* Fans draw air through the tower.

Air Distribution (Typical AHU)

e

Cooling Coil

* Supply Air: Cooled (=14-16 °C).
* Return Air: Warm (=24-26 °C).
* Ducts distribute air to rooms.

Benefits

Q Efficient cooling for multi-storey
buildings

a Improved indoor air quality

@ Dehumidification

@ Reliable and scalable system

@ Widely used in commercial,

residential and institutional
buildings
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Real Components of a Chilled Water HVAC System )
Pictures from Actual Equipment — For Student Reference

Chlller (Actual Umt) ) Inside a Chiller (Tube Bundle View) 9 Ch||Ied Water Pump (Actual Umt) o Plpe Identlf‘ cation (Chilled Water)

Engineering College of Technology.

|| Chilled

(6-8°C)

From Chiller

.i (6-8°C)
[ Chilled

| Water In

12-14°C
| ( ) Refrigerant Side j Refrigerant Side
(evaporator) — absorbs heat J§ (condenser) - rejects heat
from chilled water to condenser water ; &
Chiller: Removes heat from the bunldmg by coollng Inside Chiller: Tube bundles for evaporator and Chilled Water Pump: Circulates chilled water Chilled Water Pipe Label:
water to 6-8 °C using the refrigeration cycle. condenser heat exchangers (refrigerant side). between the chiller and AHUs.

Shows flow direction for chilled water (CHW).

e Pipe Identification (Return) O Cooling Coil (Actual Coil) o Air Handlmg Umt (Actual Umt) e Coollng Tower (Actual Unit)
l. I

Chilled Water In

AirIn
7 B2 Z 4 < 2 (6-8 °C) (from AHU)
£ s = o = 1 2 18 ;fl
535 25 =35 25 3
It Ik Ik IE IE If
Wy Ow Ow Ow Ow Vi
’ (- 4 = Nk
: Air Out
E f‘:gll_e:lﬂegr Out (to Building)
Chilled Water Return Pipe Label: Cooling Coil: Heat exchanger inside the AHU Air Handling Unit (AHU): Cooling Tower: Rejects heat from condenser water
Shows flow direction for chilled water return. that cools and dehumidifies the supply air. Contains filters, cooling coil, fans and other components

to condftionand supplyifito the building, to the atmosphere by evaporation (and sensible heat).

These are actual pictures of the main components used in a chilled water HVAC system.
They help students understand what the equipment looks like in real buildings and how each component fits into the system.
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PART I — CODE BASED DESIGN BASICS




Why Performance-Based Design & Evaluation Matters?? PECT

Engineering College of Technology.

Literature Review / Comprehensive Bibliometric Analysis s Documetnts —— Cummulative sum
e |twas examined 3,469 PBD-related publications S ALY
spanning from 1983 to 2024 using VOSviewer version 3500
1.6.19, a bibliometric mapping and visualization 250 S
software tool. 7 / 3000 5
_ 2200 2
* The results of the search cover all studies related to 5 2500 ~
PBD available on Scopus by restricting the search of 7 ¥
" ) & 150 2000 3
TITLE-ABS-KEY (“performance based design*.”) AND o £
(LIMIT-TO (LANGUAGE, "English”)). g 100 / 1500 §
* Preferred Journals ,Leading Countries, Leading z N 1000 =
Organizations and International institutions identified 50 X g
Utilizing the Scopus database. ILI—l—”,/ 500 ©
e Our analysis of co-citations revealed that L C o : 'q o oA SN A S N o v
performance-based design serves as the primary \°>°° o @°’ 9 @°’ SN O IS S NN %Q\ NN
theoretical foundation for structural design and Year of publication
analysis. Furthermore, through a co-word analysis, we
tracked the evolution of research topics within the Fig 1. The annual and cumulative numbers of research

] . articles on PBD indexed in Scopus Before 1981 until 2023
PBD domain over time. g
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Literature Review / Comprehensive Bibliometric Analysis

In the context of seismic hazard
assessment and engineering design,
a comprehensive understandin% of
local geological and geophysica
factor is essential.

However, previous studies have
lacked crucial components such as
local soil condition, ground
response analysis, topographic
influences, active fault
characteristics, slip rates,
groundwater behavior, and slope
considerations.

To ensure the accuracy of seismic
hazard ma]p of a country for the safe
and cost-effective design of
engineering structures in urban
areas, a detailed analysis of these
factors are imperative. Moreover,
multidisciplinary investigations are
needed to enhance seismic hazard
map

UKPRN: 10089771
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Fig 2. Visualized Co-occurrence -All
keywords Analysis Result

Fig 3.The total strength of the co-authorship
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Fig 4. Bibliographic coupling — sources Analysis

Fig.5 Visualization of Bibliographic coupling — countries




Literature Review / Comprehensive Bibliometric

Analysis Results

Linear and Nonlinear analysis

LOAD
Liraar Modal

Monlinear Model

3 h L DISPLACEMENT A

_.:—_ - %%wﬁ,

Fig 6. Visualization of Co-citation —cited author

Hypothesis:

"The challenge of adopting seismic design codes without
necessary adjustments, accompanied by the absence of
reliable seismic maps in countries without earthquake
recording stations, may lead to structural failure. In such
contexts, Performance-Based Design emerges as a viable and
crucial solution for ensuring the structural integrity and
safety of both existing and newly constructed tall buildings."

UKPRN: 10089771
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Summary
Code-based design can not address earthquake design

issues

PBD is cutting-edge seismic design techniques

The effect of using the prescribed adopted code without
amendment.

Design approaches focused on forces are not adequate.

The shortcomings of the Ethiopian Seismic hazard map.

PBD was introduced in the United States.

How the Earthquake in East Japan alerts Koreans to assess
their building code.

Still in Korea the use of PBD is at its infant level.

Why do different country codes differ from each other?
Their assumptions.

Lack of expertise and unawareness of the critical need of
PBD.

Intensive Comparison of various design building code .

Overall, this study provides a comprehensive overview
of the research on performance based design and
identifies the key research topics and future directions
for further exploration in PBD research area




General Concept PECT

Engineering College of Technology.

The Common Structural Systems Used Frequently

Seismic Force_Resisting System e s i Types of Structural SysStems | o misteseisse s Abate 1 e

— ™

JL
l Gravity Forces r Gravity Forces - l [—Gravity + Lateral Forcooes o

2y HHLT RERER.

T |
= 2R -
i : ] Pe il
1 o Gravuty frame b Grawty Frame ; = Dual System
2 Diaphragms _? i L8 (100%) mil | PR
moment- - " g = s S S | al < ) - i
resisting S - — N — o -
frame . oy .
gravity ! } i Building Frame Moment-Resisting Frame Dual System
frame L : 2
Wind . foundation ol | Supports all gravity * Gravity frame,  Highly ductile detailed + Combines gravity frame
Earthquake \ F 'S > | and lateral loads shear walls or moment-resisting frame(100%) and moment-resisting
y ik 2 [ braced frames frame (~25%
j Lack redundancy ; + High level of redundancy . =
WY, | * Rvalue3.0-55 e N AR e A o

i deformation compatibility lateral force resistance

y
V

Systems Functions Components

b el

00 i

J Characteristics R-Value Range | R-Value Range |* |
Gravity Load- Vertical & Horizontal | Support the gravity or vertical loads Slabs, Beams, , lack redundancy 3550 , 3.5-8.0

Resisting System Elements Columns, etc,
3.5-8.0

- R e 1 o O R-Value Range 3.0-55
Lateral Load- Vertical Elements | Transmit lateral forces from upper levels Shear Walls, | —

Resisting System | to the foundation Columns, Bracings

« Deformation compatibility

Horizontal Elements Transfer lateral loads to vertical elements Floor Diaphragms
of the lateral load-resisting system (Slabs)

Reference: ASCE 41-17; FEMA 356; ATC-40; Eurocode 8 (EN 1998-1); ACl 318-
19; CSI PERFORM-3D; PEER Database; AlT, CSI Bangkok.
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General Desigh Concept

Lateral Seismic Force (Base Shear)

#* Design Earthquake
Ground Motions

Big
Section

Cq

Design ; amst linear . |

responsgs, Not economical

| Small Section +
| Ductile Details _

el el 6]

R = Response Modification
Coefficient = V/V

C4 = Deflection Amplification
Factor = (6/6.)R

£, = Overstrength Factor =V, /V

R, = Response Modification
Factor for Ductility

Pushover
Curve

Allow inelastic responsel;_ reduce seismic force and structural sizes results in

|

more economical, but negd enough Ductility to survive the shaking events

o

FEMA P695, 2009 | AIT

V&M

ductile detailing”

PECT

Engineering College of Technology.

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACI 318-19; CSI PERFORM-3D; PEER Database; AlT, CSI Bangkok.
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The Evolution of Building Design PECT

Engineering College of Technology.

There are many ways to hold up Dr. Mistreselasie S. Abate

The Evolution of Building Design

a tall building. Over the last 100
years, structural styles have
come and gone, depending on

s S

o)
[T T —"

the availability of materials and £,

the building's needs. While Los =

Angeles may not be known for =

its high-rise culture, the city has -

a diversity of styles. <l =

Tall Buildings are defined as : =

those with the height ,h, greater J! =1 THHH
than 160 feet (48 m = 16 StOl’ieS) Masonry Moment-frame Tube system Braced core Concrete core Concrete core
above ave rage adja cent grou nd Bradbury Union Bank Plaza Aon Center U.S. Bank Tower  New Wilshire with outriggers

304 S. Broadway 445 S. Figueroa St. 707 Wilshire Blvd. 633 W. 5th St. 801 S. Grand Ave. New Wilshire Grand

SuU rface ) I—AT BSD C 2022 . Completed: 1893 Completed: 1968 Completed: 1973 Completed: 1989  To be complete: 2017 To be completed:

2017

Source: https://graphics.latimes.com/wilshire-grand-earthquakes/
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Different Structural Systems Sample Around the World MECT

Engineering College of Technology.

One Rincon Hill (Tower 1) Wilshire Grand Center, Los Irregular Hybrid ( Precast & RC)
San Francisco, US Angeles , US Structures Building)

Buckling:
restrained
braces

44 Perimeter

11; ‘ column / Frns: 1073\
Outrigger i
column

%,
7
A ————
T
SRS
SRAN.

NN §

( SR
SIS

SOURCE : Performance —Based Seismic Design: SOURCE :Performance —Based Seismic Design

Best Practices, Ron klemencic , MKA for Tall Buildings, CTBUH, Thornton Tomasetti SOURCE :Performance —Based Seismic Design for Tall Buildings, CTBUH, Thornton Tomasetti
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Dr. Mistreselasie S. Abate (EIT-Lecturer)

Is my structure safe?

Eapcafiy Cuvie

SAP2000 PERFORM-3D NLTHA
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Performance-Based Seismic Design (PBSD) of Tall Buildings

Dr. Mistreselasie S.Abate (EIT - Lecturer)
i] Key Points of PBSD (®) Goals of PBSD

" (For Developers & Structural Engineers)

= Code provisions provide a minimum level
of safety for all building types, from small
dwellings to tall structures.

« Make exceptions to
specific code limits for
seismic force-resisting systems.

+ Many code requirements are not tailored for

» Utilize advanced seismic
tall buildings, leading to less optimal designs.

systems not in the code,
like outriggers.

\ « Performance-based seismic design
4 is a framework for designing new buildings. « Use high-strength materials

.

& devices:
« Base isolation,
» Tuned mass dampers.

« PBSD offers an alternative design with [
predictable and safe performance under
earthquake conditions, requiring more effort in
analysis and design.

rm "l.“!

RESTE AL PN ‘t t ‘\‘m‘m ﬁ' e 2 ‘i {-u._ s e AR
[Source AIT; ASCE/SEI 41-17: Seismic Evaluation and Retrofit of Exnstmg BLuIdlngs 2017]

’l
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How Building Design Codes Ensure Safety? PECT

Engineering College of Technology.

Dr. Mistreselaisie S. Abate
Building Industry Dependence on Codes and Standards

Key Roles of Building Codes Objectives for Enhancing Safety

Establish requirements e Define estimated hazard or load levels

. : : A e o 17 F - A
Provide standardized solutions Prescribe limits on structures,
members, materials

Outline detailed procedures, Q Specify procedures for analyses and design

rules, and limits

Draw from experience but Provide rules for structural detailing
not solely driven by rationale

@ Aim to enhance public safety, =gk Outline specifications for construction

welfare, and convenience | o oversight

Ensure spirit of the code guides Aim to reduce vulnerability and
strict adherence build safer structures

Disaster = Hazard - Vulnerability » Exposure

Risk
b 4
To reduce risk of disaster and increase safety,
we need to accurately assess hazard,
__and mitigate Vulnerability.

[Source: AIT; ASCE/SEI 41-17: Seismic Evaluation and Retrofit of Existing Buildings, 2017

UKPRN: 10089771




Dr. Mistreselaisie S. Abate
Prescriptive Codes — Protection with Practical Limits

Public Perspective Owner Perspective Engineer Perspective
(Life Safety Focus) (Functionality & Loss Control) (Code Reality Check)

Will this building :a Will the structure remain The structure satisfies
protect occupants during 1 ) standing after strong shaking? code-requirements, but
rth ? 7 performanc
leAtiieke # Can the building be occupied i;;osrtxianrg?:uake nee
* |s collapse prevention again immediately? 5 A
adequately addressed? * How severe will the damage be? ® “The building meets the c:
yet serviceability and us
are not guaranteed?”

* What level of repair cost
should be expected?

¢ How long will recovery take?

LY AT S

° Prescriptive codes are primarily intended to prevent collapse and protect lives,

not to ensure minimal damage, immediate occupancy, or rapid recovery.

Strength > Demand .
@My, > My (Safety Factor included)

[Source: AIT; ASCE/SEI 41-17: Seismic Evaluation and Retrofit of Existing Buildings, 2017]

UKPRN: 10089771
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Dr. Mistreselasie S.Abate (i - Lecturer)

Understanding Safety Measures in Design Codes

Strength > Demand

(PMn > Mu (Safety Factor included)

DCR = M.
oMy,

[Source: AIT; ASCE/SEI 41-17: Seismic Evaluation and Retrofit of Existing Buildings, 2017]
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Dr Mistreselaisie S. Abate
(EIT — Lecturer)

Demand and Capacity Analysis Flowchart

Demand Analysis Pat ‘Capacity Analysis Path

Evaluating Structural Capacity

Determining Load Demands

Material Properties

Categorize and Characterize
Tests, assumed values

=@ Load types, statistical averages

Section Sizes
Grouped for practical use

D/C

-tz Define Load Cases :
°¢"A@ Directionality, combinations | * | Demand/Capacity
Ratio
>

d(hb Structural Analysis
Compute internal force demands

' ¥
“ Combine Loads ’ D/C
-I. 8 a2 -
p.v, M  Apply safety factors,design envelopes ™ * | Dpemand / Capacity Ratio

Structural Capacity

=2
SEL

T [
._L_TL Based on failure criteria
(V%

Design Resistance
Reduced by safety factors

Both Demand and Capacity are based on multiple assumptions, simplifications,
and statistical estimates. Therefore, the D/C ratio is not an exact measure of true
safety, but an indicator within a code-based framework.

[Source: AIT , ATC-40: Seismic Evaluation and Retrofit of Concrete Buildings, Applied Technology Council, 1996]
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PERFORMANCE BASED DESIGN BASICS




- ______________________________________________________________________________________________
Design for Safety Against Seismic Effects

(ASCE and ACI Approach)

. . S Dr. Mistreselasie S.Abate
Structural Analysis Methods for Seismic Design (EIT - Lecturer)

(Linear vs Nonlinear Modeling Framework)

Nonlinear Procedures
E # Constant, E/I # Constant, K + Constant

Linear Procedures
E, A, |, G etc = Constant, K= Constant

Structural
Analysis

Seismic Linear Procedures Nonlinear Procedures

Loading Several Pushover Analysis Methods

* Incremental loading to capture inelastic capacity

Nonlinear Modal Response History (NMA)
« Fast Nonlinear Analysis (FNA)

. Equivalent Lateral Force (ELF) Procedure
Static « Simplified static force-based approach

— — . Response Spectrum Analysis (RSA)
Dynamic * Modal-based elastic dynamic method

. Linear Response History ( Time History
* Analysis Procedure (Modal RHA/LTHA

. Direct Integration Linear RHA/LTHA

Linear Procedures Nonlinear Analysis

L5 Material stiffness and properties remain constant. & Material stiffness changes with deformation.
€D No yielding or damage is modeled. ) Cracking, yielding, and damage are explicitly modeled.
e System stiffness (K) does not change. ® Nonlinear stiffness varies.

Nonlinear Response History (or Time History
« Full nonlinear dynamic simulation (BNWLTHA)

« Full nonlinear dynamic simulation (BNWLTHA)

Key Teaching Message

Linear analysis assumes constant stiffness and purely elastic behavior, while nonlinear analysis captures
actual inelastic response, damage, and stiffness degradation. Therefore, nonlinear analysis provides a
more realistic measure of structural performance under earthquakes.

[Source: AIT, ATC-40: Seismic Evaluation and Retrofit of Concrete Buildings, Applied Technology Council, 1996]

UKPRN: 10089771

PECT

Engineering College of Technology.

Important Point which |leads to PBD.

1.

Does the absence of earthquake recording stations and
reliable seismic data pose a significant challenge for
countries without the means to generate accurate seismic
hazard maps?

If we cannot trust our current seismic hazard map, can we
rely on structures designed using it? The answer is evidently
no. This raises the question: How can we design structures
that perform well in future unexpected earthquakes without
a reliable seismic hazard map?

Considering the absence of reliable seismic maps in certain
countries, could Performance-Based Design be a viable
solution?"

The seismic performance of reinforced concrete structures
designed according to Ethiopian ES8-15 corresponds to
Eurocode 8-2004 standards (based on EN1998-1) seismic
code recommendations is effective or not?

Is there a Consistency Between Non-Linear Time History
Analysis (NLTHA) and Pushover Analysis, Compared to
Traditional Linear Analysis Methods such as Classical Modal
Analysis, Response Spectrum Analysis (RSA), and Linear
Dynamic Time History Analysis (LDTHA) in Accordance with
the Current Ethiopian Building Codes?



e
Why Performance-Based Design Required? ))ECT

Dr Mistiesolaitic S Abate #+ Limitations of Code-Based Seismic Design
)| (EIT — Lecturer) O Code factors R and Q (omega) have wide ranges:
U R: Canvary from <1 to 8+
* R can range from 1.5 to 8 a Q\OmegaQ: Can rangefrom 1.5to3
> Qcantanze Honulotet - — = = U These large ranges make nonlinear behavior highly approximate
O The design curve (red line) could fall anywhere in the shaded zone between:
U Design-level forces
U DBE (Design Basis Earthquake) elastic forces
O Code values for R and Q are arbitrary and often do not account for:
O Higher mode effects
O True nonlinear response
O Even though tables are provided in the code, these are still approximations

Key Cc;ncepts

Design Level |

Wind Load

1Sotirce 2 Al SoCE 7 REMAS o A CE /B T * Performance-Based Approach: A Better Alternative
O Remove assumptions about R and Q — get the actual nonlinear response of the structure
U Determine the true capacity curve based on real material behavior

Dr. Mistreselaisie S. Abate
(EIT — Lecturer)

Using Realistic * Two Key Performance Levels
Demand and Capacity | Q MCE (Maximum Considered Earthquake) level analysis:
. Reantanseror T, 3 U Check Collapse Preyention (CP) KPI
o Ocanrtanecfromi o 3 O Ensure structure will not collapse under extreme, rare earthquake
Check against Collapse O SLE (Service Level Earthquake) level analysis:
S ilbarsarer O Check Serviceability KPI

O Ensure structure will remain functional and undamaged under frequent earthquakes

Conclusion: Why Performance-Based Design?

Eﬂﬁiiﬁifiiﬁl‘iﬁlﬂ . Explicitly checks both:
i — o) Ultimate limit state (M CE)
o Serviceability limit state (SLE)
[Source: AIT: ASCE 7: FEMA 356; ASCE/SEI 41-17] . Leads to a realistic, capacity-based, and risk-informed design
. Moves beyond approximation — aligns design with actual performance expectations

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CS| PERFORM-3D; PEER Database; AlT, CSI Bangkok.
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Dr. Mistreselaisie S. Abate
(EIT — Lecturer)

Progression of DesigSApproaches

| 7
Resilience
PP | = Based

Consequence- =
= ' and Risk- Design
Performance | Informed Design
| Based Design

-
-

Code-Based
Design

Intuitive
Design

[Source: AIT; ASCE 7; FEMA 356; ASCE/SEI 41-17]

Dr. Mistreselaisie S. Abate
(EIT — Lecturer)

4

Realistic Site-specific Hazard Analysis

- 3 = € X
Strain 2 l

A Section A-A Rotation

Realistic Performance-Based Structural Analysis

Steel

Nonlinear Pushover Analysis /
Nonlinear Time History Analysis

e

Concrete

— >
Strain

- 4 Key Performance Indicators and Criteria
S Plastic

B
' Hinge
']
Realistic Performance Evaluation

Base Shear, V
% | e

[Source: AIT; ASCE 7; FEMA 356; ASCE/SEI 41-17]

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CSI PERFORM-3D; PEER Database; AlT, CSI Bangkok.

UKPRN: 10089771

PECT

Engineering College of Technology.

What is Dr. Mistreselasie S. Abate

Performance-Based Design
(PBD)?

(EIT-Lecturer) -

PBD uses real material properties and expected values in

in the structural model:
1 Expected strengths are typically 1—3x the nominal:
[“] Concrete compressive strength
[“] Rebar tensile strength
[ Reinforcement detailing (longitudinal & shear) must
be defined before nonlinear analysis:
Requires initial linear code-based design
4] Provides cross-section geometry and rebar layout
e i——— e ——
@ Transitioning to Nonlinear Modeling
] Convert the model to nonlinear:
[ Use plastic hinge modeling or fiber modeling
~] Assign appropriate hinges to:
¥l Beams, columns, shear walls
] Define moment-curvature or moment-rotation
capacities based on:
4 Section properties
[¥1 Material stress-strain behavior

Elascity Curve

@ Why Nonlinear Modeling?
] Captures both local (member-level) and global
(structure-level) behavior
[¥] Represents the structure as close to reality
as possible (as-built conditions)
[¥] Enables realistic simulation of:
' = Moments, shear forces,
= Drift, displacement, etc.
@ Design and Evaluation Capabilities
[¥] PBD is applicable to both:
®m New designs
®m Assessment of existing structures
¥ Allows for:
m Site-specific hazard input
m Nonlinear pushover and time history analyses

38



Performance Based Design Process PECT

Engineering College of Technology.

E | Main Considerations -Which Items to
. Check for Performance?

* Modal analysis results

Architectural Drawings a d

IS Clalyzeeins) e Base shear and Base Moment
Preliminary Design/Detailing

comparisons

e Story Shear and Story Moment

1 comparison
MCE-Level Evaluation using | near Modeling ’ Service L evel Exaianon Bl ° Buildin g Sway an dd ISp lacement
t.he Nonlinear Model i'.—. S Response Spactra for ’ u-sing the Linear Model o St ory drift
Subjected to NLTHA Procedure SLE and MCE Level. Selection subjected to RSA Procedure
: and Modificationof Ground |~ - :
J | e e Shear wall axial strains
! * Shear wall shear capacity

7P;erformance Assessment for SLE and MCE Levels (Check Acceptance Criteria) . .
he— : * Frame member rotations, D/C ratios

Vv

i Successful: Complete the Design l or Insufficient: Change the Design and e  Frame member shear st rength and
- l Repeat the Performance-Based Assessment D / C ratios
¥ Finish »  Coupling beams, in detail

e Slab diaphragm

| + Damage overview, weak points etc.

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CS| PERFORM-3D; PEER Database; AIT, CSI Bangkok.
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Define Performance Levels PrMistreselasie S. Abate
e ot e S R SS  eh  ERS  e (EIT - Lecturer)

Operational (0) Immediate Life Safety Collapse Prevention
Usable, light or no damage Occupancy (10) (LS) (CP)
Safe to enter, moderate damage Structural integrity compromised, Severe damage, near-collapse

significant damage
— -

0% Damage or L;;sr 3 99%

[Source: AIT, ATC-40: Seismic Evaluation and Retrofit of Concrete Buildings, Applied Technology Council, 1996]

Link the Hazard to Structural Response Performance Levels

Dr. Mistreselasie S. Abate (EIT - Lecturer, )

/

S

Ha'zu;é | Loacing Severiity

Vulnerability Structural Displacement

[Source: AIT, ATC-40, Seismic Evaluation and Retrofit of Concrete Buildings, Applietology Council, 1996]

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19;
CSI PERFORM-3D; PEER Database; AlT, CSI Bangkok.
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Key Structural Performance Indicators (KPlIs)

Dr. MistreselasieS. Abate (EIT - Lecturer)

STIFFNESS STABILITY STRENGTH DEFORMATION DRIFT
ENERGY
T onring | [ ey, | [acceeanon

[Source: AIT, ATC-40: Seismic Evaluation and Retrofit of Concrete Buildings, Applied Technology Council, 1996]

These key performance indicators can be evaluated based on
the nonlinear analysis we perform. This means we have explicit
performance limits that clients or governing bodies can adjust
or agree upon, depending on the type and importance of the
structure. (The PBD board typically defines the required
performance levels and associated limits.)

[Source: Paulay, T., & Priestley, M. J. N. (1992). Seismic Design of Reinforced Concrete and Masonry Buildings. Wiley]




PBD Methodology PECT

Part -I Classical Modal Analysis
V' A-Classical Modal Analysis For 44 Story RC Linear Sample Model

> Instead of solely relying on Ethiopia's current seismic hazard map or global hazard
) , ) maps, why not consider a performance-based approach? A performance-based
v' B-Classical Modal Analysis for 100 Story RC Linear Sample Model . . . e
approach allows engineers to design buildings to specified performance levels (IO,
LS, CP) even without a reliable seismic hazard map. This approach is akin to a
miracle for countries like Ethiopia.
> This study presents an evaluation of the seismic performance of 3D-modeled
reinforced concrete (RC) structures designed in compliance with Ethiopian ES8-15

Part -1l Response Spectrum Analysis
v' A-RSAfor 44 -Story RC Sample Building
v' B-RSAfor 100 -Story RC Sample Building

Part llI- Linear Dynamic Time History Analysis standards, complied with seismic code recommendations outlined in Eurocode 8-

v A-LDTHA for 44 Story Sample RC Building 2004 (based on EN1998-1)

v B-LDTHA for 100 Story Sample RC Building > This analysis results then shall give us that whether our buildings met the required
performance levels or not.

Part IV- Discussionand Findings, Topic; FEMA 356 and ATC 40 > In this research, linear and nonlinear models of two samples, specifically 44-story

requirements are then used to assess their seismic performance.
v' Part-I Nonlinear Static Analysis (Push Over Analysis)
v' Part-Il Nonlinear Time History Analysis (NLTHA)

and 100-story buildings, were employed. These models are situated in Addis Ababa,
the capital city of Ethiopia.

Results and Discussion

ES8-15 standards, complied with seismic code recommendations outlined
in Eurocode 8-2004 (based on EN1998-1).

I emss it aEmEs It A REw Y Y

A sesan l‘.....‘.-.--..---.- AAAL

r
Seismic Analysis Procedures
Linear Static Nonlinear Static Linear Dynamic Nonlinear Dynamic
« Equivalent Static + Capacity Spectrum « Response Spectrum | » Nonlinear Response
Analysis Procedure Method Analysis History Analysis
+ Displacernent * Linear Response
Coefficient Method History Analysis
* Various Other Pushover (Direct Integration)
Analysis Methods » Linear Modal
Response History
Analysis
Linear Static Nonlinear Static Linear Dynamic Nonlinear Dynamic Fig 6- Sam p| e 100
and 44 Story
8 Analysis Procedure

Fig 7- Sample 100 and 44 Story Linear &

Remark : The result of analysis and design of Sample G+ 44 and G+100 Linear & Nonlinear Structure modeled Non-Linear 3D Modelling
as per ES EN 2015 code shall be compared with our new PBD proposed analysis and design method.
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PEER GROUND Motion Data NGA West-2. PECT

Engineering College of Technology.

Dr. Mistreselasie S. Abate
(EIT - Lecturer) .
x - 3 Recording

Performance-Based Seismic Design Process N E Stati Vs30(m/ Mechani Spectral

A Step-by-Step Guide Using a RC Frame Structure © Q ation s30(m/s) echanism Ordinate
£ 7 i e y No.(RSN)

( Architectural \i Linear Elastic Code based Design at DBE 5

Drawings and Modeling | :

Level (ELF and RSA Procedures)

Preliminary Design | I ieide
ZiDSRiE I— "Imperial Valley-
T , np Y 1979 164 653 47153 0.21 strike slip SRSS
MCE-level Evaluation using the < Service-level Evaluation using the 06 -US
Nonlinear Model Linear Model subjected to RSA
S“‘_’;Tf‘ed b el SIS f P’°Cffl’}"e — "Landers"-US 1992 881 7.28 396.41 0.21 strike slip SRSS
~ MCE-level Evaluation using the Nonlinear Model subjected to NLTHA ”Ma mmoth Lakes_ Normal
Fatceciis i 3 ; 1980 230 6.06 382.12 0.42 _ SRSS
EtAE— 0 - =t — 01"-US Oblique
~ Response Spectra for SLE and MCE Levels. Selection and
Modification of Ground Motions for MCE for EvaIJuLatlon "Landers"-US 1992 3757 728 36784 013 strike Sllp SRSS
v Performance Assessment for both SLE and MCE levels Reverse
2 R Areerianee St "Loma Prieta"-US 1989 802 693  380.89 051 Sl SRSS
[ moix. B Sheesteedmemandananty . ,, o
E X Landers"-US 1992 3759 7.28 425.02 0.12 strike slip SRSS
Llnk the Hazard to Structural Response Performance Levels "L anders"-US 1992 832 798 38293 0.089 strike sli SRSS
—EH G | — "
2=z Loading "Chuetsu-oki
=N LITER F | severy u . - 2007 5274 6.8 430.71 0.13 Reverse SRSS
Operational  mmmediate  Lifesafety  Collapse = Japan
Occup)ancy @s) Prez/g‘r;)non
o Semmeertem L ssoow | ET "Northridge-01"-US 1994 1004 6.69 380.06 0.75 Reverse SRSS
: S.eismic Analys.is ProcedL‘ares . 3 . . . EVETSE
Lnne_ar Llne?r Nonllr)ear Llneati Nonllngar "Chl—chl_ Ta IWar']‘| 1999 1513 762 36399 059 . SRSS
ey = e e s e Oblique
[stuic | ISwensth | Dampims | - Dssipation | - Acceteration - "Parkfield-02_CA" 2004 4070 6 378.99 0.62 strike slip SRSS

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CSI PERFORM-3D; PEER Database; AIT, CSl Bangkok.
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Scaling and Matching process of the extracted EQ DECT
data as per target response spectrum

-
@ Time History Matched to Response Spectrum Dr. Mistreselasie S. Abate

@ Time | listory Matched to Response Spectrum
(EIT - Lecturer) i ~

Dr. Mistreselasie S. Abate
(EIT - Lecturer)

Time History Function Name 2+ Matched RSN1004_NORTHR_SPV360 U-2

Time History Function Name 3-Matched RSN1513_CHICHI_TCU079-E-U-1

hod to Use for Spectral Matching Method to Use for Spectral Matching
@ ctral Matching In Frequency Domain () Spectral Matching in Time Domain ® Spectral Matching in Frequency Domain () Spectral Matc hing in Time Domain
Choose Input Response Spectrum and Reference Time History Choose Input Response Spectrum and Reference Time History -

Target Response Spectrum Response Spectrum as per ES-EN 1998 Response Spectrum Acceleration Time History Target Response Spectrum Response Spectrum as per ES-EN 1998 Response Spectrum Acceleration Time Mistory
Reference Acceleration Time History | RSN1004_NORTHR_SPV360 U-2 ; Time History Acceleration Units Reference Acceleration Time History | RSN1513_CHICHI_TCU079-E-U-1 Time History Acceleration Units
Target/Matched Response Spectrum Reference/Spectrally Matched Acceleration Time History Target/Matched Response Spectrum Reference/ Spectrally Matched Acceleration Time History

0,500
0,300
0.250
0.250

-0.500

8.0 9.0 100 0.1 20 30 40 50 60 ) 80 90 100 1.0 100

Time (sec)

Resp. Spec. Plot Axes Options Response Spectrum Plot Options Time History Plot Options Frequenc Domain Spectral Matching Resp. Spec. Plot Axes Options Response Spectrum Plot Options Time History Plot Options Frequency-Domain Spectral Matching
X Lin - Y Lin X Log = Y Lin Plot for Reference Time History (® Plot Reference Time Mistory Set Matching Parameters X Un-YLn O XLog-YLin @ Plot for Reference Time History Plot Reference Time History Set Matching Parameters
Lin - Y Log X Log - Y Log Plot for Matched Time History ) Plot Matched Time History ‘“‘;m;m - O X Un - Y Lex X Y Log () Plot for Matched Time Histon O Plot Matched Time History Mat e Mt

: Show Frequency Content
Plot for Both Time Histones @® Plot Both Time Mistories E—

=
OK E Cancel

@ Plot for Both Time Histories ) Plot Both Time Histories

| (0]4 [ Cancel J

r Convert to User Defined
| Convert to User Defined

Figure 10 - Matched RSN1004_NORTHR_SPV360 U-2 Figure 11 -Matched RSN1513_CHICH|_TCUO079-E U-1
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PBD VS BUILDING CODES

Perform

ance-Based Seismic Design

- ——

Building Codes | Prescriptive

Specify fixed criteria and procedures that
construction must adhere to.

Engineers don't explicitly assess the structure’s
real performance under seismic forces, only its
compliance with the building code.

Restricts the use of advanced structural systems.

Leads engineers to assume competence
based solely on code compliance.

Dr. Mistreselasie S. Abate H
(EIT ; Lecturer)

PBD | Flexibility & Innovation

Addresses the limitations of prescriptive codes

by making seismic performance objectives
explicit.
Ensures greater building safety through detailed

evaluation of structural performance across
various earthquake intensities.

Allows exceptions to standard code requirements
based on thorough performance analysis.

Encourages the use of innovative and cost-effective
seismic and structural systems.

UKPRN: 10089771

PECT

Engineering College of Technology.

Objectives of Performance-Based Design (PBD)

Enhance Structural
Performance

Improve Cost
Effectiveness

* Achieve efficient use of
materials, resources and time

= Improved serviceability, safety
and reliability

= Explicit check on various
performance indicators

= Direct reduction cost through
reduction of structural
material quantities

Objectives to be
. achieved through

= Better structural system
selection and its proportions

- Use of advanced design
methodologies and tools

Dr. Mistreselasie S. Abate

(EIT — Lecturer)
K

Performance-Based Seismic Design Analysis

Workflow

Analyzing Linear Formulation &
for Analysis of
N Nonlinear Model of
Real Building

Results Extractions

and Processing

Dr. Mistreselasie S. Abate
(EIT - Lecturer)

Interpretation of
Results for Decision
Making

[Source: Moehle, J. P. (2014). Seismic Design of Reinforced Concrete Buildings. McGraw-Hill]
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Nonlinear Dynamic Modelling Background Knowledge

Collapse Prevention Level
¢ Extensive (near complete) structural and non-

Dr. Mistreselasie S. Abate
(EIT - Lecturer)

structural damage Performance

e Significant potential for injury but not wide scale loss

of“?e P S levels Based on
« Extended loss of use FEMA 451 B

e Repair may not be practical

Operational (O) e Loss >> 30%

Immediate
Occupancy (1O)

ollapse
Prevention (CP)

Level of Earthquake

Seismic Performance Objective

Operational Level Immediate Occupancy Level Life Safety Level

* Negligible structural and non- .

structural damage
* Occupants are safe during event
» Utilities are available
* acility is available forimmediate
re-use (some cleanup required)

Negligible structural damage o

Occupants safe during event

Minor non-structural damage
Building is safe to occupy but
may not function

Limited interruption of

Significant structural damage

* Some injuries may occur

* Extensive non-structural
damage

* Building not safe for re-

occupancy until repaired

Frequent/Service (SLE): 50%
probability of exceedance in 30

years (43-year return period)

Serviceability: Structure to remain
essentially elastic with minor
damage to structural and non-
structural elements

* Loss < 5% ofreplacement value

operations * Losses<30%

e Losses<15%

Design Basis Earthquake (DBE): 10%
probability of exceedance in 50
years (475-year return period)

Code Level: Moderate structural
damage; extensive repairs may be
required

Dr. Mistreselasie S. Abate
(EIT - Lecturer)

Maximum Considered Earthquake
(MCE): 2% probability of
exceedance in 50 years (2475 year
return period)

Collapse Prevention: Extensive
structural damage; repairs are
required and may not be
economically feasible.

Opera omnal Immediate

Occupancy

ollapse
Prevention

== Damage or [ oss

Figure 15 -Performance levels O, IO, LS, CP [Source: PEER (2010). Guidelines for Performance-Based Seismic Design of Tall Buildings]

UKPRN: 10089771




PECT

Engineering College of Technology.

Dr.Mistreselasie S. Abate B Eiaenl2cio 5. Abato
(EIT - Lecturer) (EIT - Lecturer)

Response spectra Q The Relationship Between Return Period and Probability

The return period T is calculated using the following formula:
| Maximum Considered Earthquake 4 ? :

T
(2475-year return period) P=1-e¢!

MCE (5% damping) v Example: Find Return Period for 50% in 30 Years

| Design Earthquake —DE (5% damping) Given:

/| (Two-third of MCE) » P=050,
SLE (1.6% damping) :
) ot =30 years.

Sl Use the formula:
| Service Level Earthquake

S5
c
2
=
o
~
i
@
Q
QO
o
©
=
O
[
Q
n

_ 30/T
/| (43-year return period) bastoes
/

e =05 - -}-O- =In(05)—> T = 2 ~ 43.3 years
' Ve e
4 5 6

; ¥ Soa50% chance in 30 years & 43-year return period.
Natural period (sec)

Figure 16 — RS at Performance levels MICE, DBE & SLE

[Source: Chopra, A. K. (2023). Dynamics of Structures. Pearson]
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s 5 . Mistreselasie S. Abate- ; )xc I

Level of Earthquake

— D
Selsmlc Per Oormance (EiT - Lecturer) Engineering College of Technology.

Service Level Earthquake (SLE) Serviceability

=
1. MCE - Maximum Considered Earthquake

* Definition: The most severe earthquake effects considered by buildilling codes for design purposes.

Dr. Mistreselasie S. Abate
(EIT - Lecturer)

e 50% probability of exceedance in 30
years

Structure to remain essentially elastic with
minor yielding of structural elements, minor
® A43-year return period cracking of concrete, and minor damage to
e Generally, 1.5% to 2.5% of structural non-structural elements.

damping

* Purpose: To prevent collapse of structures during the worst credible earthquake.

* Performance Goal: Collapse prevention,

* Return Period: Usually corresponds to an event with a return period of 2,475 years (probability of 2% in 50 years)

Maximum Considered Earthquake (MCE)

® 2% probability of exceedance in 50
® 2475-year return period

Collapse Prevention: Structure has a low
probability of collapse which will be stable,
predictable response to MCER shaking at response
levels which do not result in loss of gravity load

Remark: Think of MCE as the upper limit earthquake the building must survive without collapsing

e—

2. DBE - Design Basis Earthquake

* Definition: The earthquake level for which a building is designed under reqular code-based procedures.

carrying capacity or substantial degradation of
lateral resistance:. Extensive structural damage

may occur; repairs to structural and non-structural

. : o *» Purpose: To ensure life safety.
systems are required and may not_be economically

feasible.

* Performance Goal: The building may be damaged, but should not cause loss of life

Return Period: Typically 475 years (probability of exceedance = 10% in 50 years)

Dr. Mistreselasie S. Abate
(EIT - Lecturer)

Summary Table

3. SLE - Serviceability Limit State (or Service Level Earthquake)

* Definition: A smaller, more frequent earthquake,

Full Name Purpose Return Period (approx.) | Performance Target

* Purpose: To ensure the building remains fully functional with minimal damage.

Service Level Earthquake  Functionality 43 years Immediate Occupancy » Performance Goal: Immediate occupancy or continued use.

; ¥ Remark: SLE is used when the goal is no disruption of services, especially for hospitals. emergency centers, etc
No Collapse, Limited Damagg

Design Basis Earthquake Life Safety 475 years

Maximum Considered Collapse
Earthquake Prevention

2,475 years Prevent Total Collapse

Dr. Mistreselasie S. Abate
(EIT - Lecturer)

[Source: Chopra, A. K. (2023). Dynamics of Structures. Pearson]
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-

Dr. Mi lasie S. Ab.
PBD Procedure”™ =" & -tectuey

SLE Evaluation

Dr. Mistreselasie S. Abate
(EIT - Lecturer)

Geotechnical investigation

+

Probabilistic seismic hazard
assessment

i3

Schematic design

$

Wind tunnel test
(Structural loads)

= 3

Elastic design (Wind/SLE)

+

Nonlinear evaluation (MCE)

——
Modeling and Analysis

* Use linear model and response spectrum
analysis.
Accidental eccentricities are not
considered in serviceability evaluation.
Critical damping (Generally 1.5 — 2.5%)

Load combinations
* 1.0D + Lexp = 1.0ESLEX £ O.3ESLEY.
* 1.0D + Lexp + 0.3ESLEX = 1.0ESLEY
* Lexp = Expected service live load which is 25% of
unreduced live load

R, ©,, p, and Cd are all taken as unity.

Acceptance Criteria

» Member strength
* D/C < 1.5 (Deformation-controlled)
* D/C = 0.7 (Force-controlled)

« Strength calculation
* Use expected material properties

» Strength reduction factor = 1

» Story drift < 0.5%

Deformation-controlled actions

Classification of Components

Force-controlled actions

¢ Reliable inelastic deformation capacity:
with gradual strength decay
¢ Model with nonlinear elements -+ 3 modeled reliably; or

be obtained from
ASCE 41-17.

0 g, d,e

Concerns for either sudden failure modes
and/or inelastic response that cannot be

Conscious design decision motivated by concerns
for structural safety or other reasons
Model with elastic elements

(EIT - Lecturer)

Nonlinear Response and Modeling Dr-Mistreselasie S. Abate

Moment (kNm) ]

: - Dr. Mistresel’a;iers. Abate
MCE Evaluation (EIT - Lecturer)

= = = Modified

Use nonlinear model and nonlinear response history analysis. backbone curve
Eleven pairs of site-specific ground motions are used.

Generally, 2.4% of constant modal damping is used with small fraction
of Rayleigh damping for un-modeled energy dissipation.

Average of demands from eleven ground motions approach is used.

=4 Rotation (rad

[Source: Chopra, A. K. (2023). Dynamics of Structures. Pearson]
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Deformation controlled Actions & Force controlled Actions

Force-deformation relationship for  Dr. Mistreselasie S. Abate
deformation-controlled actions Ellitecursn

.. Force-deformation relationship for =
deformation-controlled actions =%

Dr. Mistreselasie S. Abate
(EIT - Lecturer)

Force-deformation relationship for
force-controlled actions

Behavior is ductile and reliable
inelastic deformations can be
reached with no substantial strength
loss.

Results are checked for mean value
of demand from eleven sets of
ground motion records.

Behavior is more brittle and reliable

inelastic deformations cannot be reached.

Critical action

Failure of which is likely to lead to partial
or total structural collapse.

Ordinary action

Failure of which is either unlikely to lead
to structural collapse or might lead to
local collapse comprising not more than
one bay in a single story.

Figure 17 - Deformation controlled Actions & Force controlled Actions

PECT

Engineering College of Technology.

Main Considerations on which ltems to
Check for Performance?

* Modal analysis results

* Baseshear and Base Moment
comparisons

e Story Shear and Story Moment
comparison

e Building sway and displacement

e Story drift

e Shear wall axial strains

e Shear wall shear capacity

* Frame member rotations, D/C ratios

* Frame member shear strength and
D/C ratios

* Coupling beams, in detail
e Slab diaphragm
 Damage overview, weak points etc.

[Source: Chopra, A. K. (2023). Dynamics of Structures. Pearson]
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Typical PBD Review Objectives 2ECT

Engineering College of Technology.

— -

Project Team Structure for Performance-Based Design

Dr. Mistreselasie S. Abate

B \ heed ,' ' ; (EIT - Lecturer)
Concrete stress-stran curves ——t2t) Client [ d Architect '

L—» Structural Engineer
| f y
e 4 PBD Specialist

e d Site Specific Consultant

Y

B PBD Peer Reviewer

Force-deformation relationship for
force-controlled actions

Figure 18 - Deformation controlled Actions & Force controlled Actions Performance Based Design Process & Objectives

[Source: Chopra, A. K. (2023). Dynamics of Structures. Pearson] [Source: ASCE/SEI 41-17: Seismic Evaluation and Retrofit of Existing Buildings, 2017]
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i PROBABILISTIC ASSESSEMENT Dr. Mistresela;iTe LS:f:‘bate
MCE Performance Criteria (ASCE 41-17) or Mitreselase 5. Abote ~—— FRAMEWORK - (EIT-Lecturen)

(EIT - Lecturer)

STEP-3 DAMAGE ANALYSIS

Item \ ==
DESCRIPTION OF DAMAGE STATE

Peak fransient drift Maximum of mean values shall not exceed 3%. . :
2kl Performance Slight Moderate Extensive
. ; 2

Residual drift | | Maximum drift shall not exceed 4.5%. : Level

i Maximum of mean values shall notiexceed 1%. _ LifeSelety 1S)

; . . ; 5 ot : Enms:v;mmbea@}invéﬁs—i;o_mmgandhinge
Coupling beam inelastic rotation <ASCE 41-17 limits 2 ! Minor hairine cracking; | hinge formation in shear
Column (Axial-flexural'interactioniand'shear)™ | Elexuralirotation' <ASCE 41-17 limits el y:d'g ﬁ\:g (VS wikifor | ok cmamie i SRt S
: ! [ possible at a columns; minor in some nonductie
| Remain elosticifor shear response. locations; no crushing | spaling in columns; joint | elements; severe damagen

Shear wall reinforcement axial strain <0.05 in tension and < 0.02 in compresssion cracks < 1/8" wide.

Shear wall concrete oxial compressive srain Unconfined concrete < 0.003.
: Intermediotely.confined concrete <0.004 + 0.1 p (f

Fully confined concrete = 0.015

Minor spafing In a few

Comciare Frames

Shear wall shear Remain elastic.

. . - - < % . . RO, S e R
Girder inelastic rotation <ASCE 41-17 limits : ‘ ] Minor (<116" widh)
Girders shear Remain elastic. ; - —— cracking of masomy

- infils and veneers,

Mat foundation (Flexure and shear) Remain elastic.
Diaphragm (In-plane response) Remain elastic.

Piles (Axial-flexural inferaction and shear) Remain elastic,

——

References: ASCE 41-06; ASCE 41-13; FEMA 356; ATC40

[Source: Chopra, A. K. (2023). Dynamics of Structures. Pearson]
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PROBABILISTIC ASSESSEMENT Dr. MiStreS@laSie S-Aba§€
— FRAMEWORK — (EIT-Lecturer)

STEP - 3 DAMAGE QUANTIFICATION

DAMAGE QUANTIFICATION

Damage State Slight Moderate Extensive Complete
Slight Moderate Extensive Complete
Vision 2000 (SEAOC 1995); ID<05% 05%<ID<15% | 1.5%<1D<25% ID>25%

ATC-58-2 (ATC 2003) Overall Building Damage lransient ID<05% ID<05% ID>25%

FEMA-356 (ASCE 2000);

ASCE/SEI 41-06 (ASC Concrete Frame Elements

ansient ID= 1% ID=2% ID=>25%
ansient ) D> 4%

Permanent = 1% 1D>25%

Tr
Ir

2007); ATC-58-2 (ATC 2003)

Vision 2000 (SEAOC 1995); ATC-58-2 (ATC 2003)
FEMA-356 (ASCE 2000); ASCE/SEI 41-06 (ASCE 2007); ATC-58-2 (ATC 2003)
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ASCE/SEI 41-17, Modeling Parameters and Numerical Acceptance )ECT
Criteria for Nonlinear Procedures-Reinforced Concrete Beam:s.

Table 10-7. Modeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures—Reinforced Concrete Beams
Modeling Parameters? Acceptance Criteria®
Plastic Rotation Angle (radians)
Residual
Plastic Rotation Angle (radians) Strength Ratio Performance Level
Conditions a b c 10 LS cP
Cupdition i. Beams controlled by flexure®
L=t Transverse %
reinforcement® TV
<0.0 C <3(0.25) 0.025 0.05 0.2 0.010 0.025 0.05
<0.0 C 26 (0.5) 0.02 0.04 0.2 0.005 0.02 0.04
>0.5 C <3(0.25) 0.02 0.03 0.2 0.005 0.02 0.03
>0.5 o >6 (0.5) 0.015 0.02 0.2 0.005 0.015 0.02
<0.0 NC <3 (0.25) 0.02 0.03 0.2 0.005 0.02 0.03
<0.0 NC >6 (0.5) 0.01 0.015 0.2 0.0015 0.01 0.015
>0.5 NC <3 (0.25) 0.01 0.015 0.2 0.005 0.01 0.015
>0.5 NC >6 (0.5) 0.005 0.01 0.2 0.0015 0.005 0.01
Condition ii. Beams controlled by shear”
Stirrup spacing < d/2 0.0030 0.02 0.2 0.0015 0.01 0.02
Stirrup spacing > d/2 0.0030 0.01 0.2 0.0015 0.005 0.01
Condition iii. Beams controlled by inadequate development or splicing along the span®
Stirrup spacing < d/2 0.0030 0.02 0.0 0.0015 0.01 0.02
Stirrup spacing > d/2 0.0030 0.01 0.0 0.0015 0.005 0.01
Condition iv. Beams controlled by inadequate embedment into beam—column joint®
0.015 0.03 0.2 0.01 0.02 0.03

Note: f*,. in Ibfin.% (MPa) units.
# Values between those listed in the table should be determined by linear interpolation.
” Where more than one of conditions i, ii, iii, and iv occur for a given component, use the minimum appropriate numerical value from the table.
¢ *C"and “NC" are abbreviations for conforming and nonconforming transverse reinforcement, respectively. Transverse reinforcement is conforming if, within the flexural plastic

hinge region, hoops are spaced at < d3, and if, for components of moderate and high ductility demand, the strength provided by the hoops (V) is at least 3/4 of the design

shear, Otherwise, the transverse reinforcement is considered nonconforming.
9 Vis the design shear force from NSP or NDP.

UKPRN: 10089771

Force-Deformation Relationship

o | . 0],

Force
\
\
Force
—_—
\
\
\

Deformation Deformation

ar A

(a) Daformation

[Source: ASCE/SEI 41-17: Seismic Evaluation and Retrofit of Existing Buildings, 2017]




Hing performance level lab report Source: UCLA-SGEL Report 2009/06 )ECT
PRACTICAL HING ROTAION LAVLE VS DAMAGE VISUALIZATION.

Rotation = 0.01 : > SR 3 1.\ o ——— Rotation = 0.02

e ~ N
; ol -—
~ Moas ' &
- » >

- =

Rotation = 0.06 =

\
\

The methodology and objectives of Pushover Analysis in nonlinear mode.
v The Capacity Spectrum Method (ATC 40, FEMA 356)

v The Displacement Coefficient Method (ATC 40, FEMA 356)

v" The FEMA 440 Improved NSPs (FEMA 440, ASCE 41 06/13)

v" The Modal Pushover Analysis (MPA) Procedure

v" The Uncoupled Modal Response History Analysis (UMRHA) Procedure

Figure 19-Hing performance level lab
report Source: UCLA-SGEL Report 2009/06

[Source: ASCE/SEI 41-17: Seismic Evaluation and Retrofit of Existing Buildings, 2017]
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Hinge Assignmen 2ECT

Engineering College of Technology.
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Control =
Gveriay User Defined Wall an Plot
i 3030 ] com
Hinge Property Mame Thickness [s00 | mm i
[ws7H1 ! 28 E22aRaE
] Make All Fibers Gray =3
) Fiber Definiion Data
Hinge Type Fioer ares Cooraz Waterial i Stress Strain Curve ~ Lond Cases Click to:
' 7o 2921.4 | C35/45 Vertical Elemanta/(CA5. 5/52 Expacted Concrets Strangth 1... PPr=—— [c——— - Add Mew Case
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Figure 22-Fiber P-M3 Hinge for Figure 24-Fiber P-M3 Hinge for Wall Property Data Figure 28-Pushover load case definition
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a
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. - Lood Tyoe o Name S Factor
@ Deformation Controlled (Ductile) h h ™
Deete
Moment M3 = Addtional Controlied Displacements
None Modify/Show.
5 - e Parameter
Modify/Show Hinge Property...
fy g P rty Mocal Laad Case Modal
Geometns Nanknearty Opton Home Sohion Scheme:
Laaé Sopheatin Displacemert Cortrl The sckfon chese
1
Rty Seved Mukgie Sates
. o
Cancel Floor Cracking Analyss | Mo Crached Ansyas
Morinear Parsmeters Defaut - kerative Evert4o-Eve Maodfy /Show g
e Selio Dt Vabes
= ok Cancel
O oK Cancel

Figure 23-Concentrated plastic M3 Figure 25-Load Case

; o Figure 26-Monitored Displacement Figure 27-Nonlinear
hinges for Beam definition Pushover Model X (I*' Mode Shape)

Magnitude of 4% of the Hight of the building Parameters
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Hinge Assignment PECT

Engineering College of Technology.

(E | e _____
Diaplacament Conlrel P s (€]
Tyoe
Pry— @ wmemant - Retation
'3_2 3 Memeni - Curvature Hinge Specification Type Scale Factor for Rotation (SF)
2 145048 T"'I |
-1 = =
1 o P e 1 rad
0143040 2025 ) Drops To Fern
iz sozeas % b Exansesa
— e Additional Backbone Curve Points
[ Syremetriz ysisresis Time end Faameters
AsaEINal Backians Curve PanIs . — - Load Carrying Capacity Beyond Point E
[ B< - Betvwen Points B and ¢ Ha Forameizrs Ars Requires For This
] €O - Between Assts.C ana o Hysteress Tyse
Scainp for Women: ang Ameszn Symmetry Condition
Postne Hegetue
[ Usn okt Momest MomestSF 141781 o =

Roleton SF 1
anSF L 2‘07/1
Posae Hegeme
T \\H

M2

o°

Hl vorediate Sccupancy [
Lit= Safety LE= Requirements for Specified Symmetry Condition 270
| Carcat
Cotapas Praven L 1. Specify curves at angles of 0°, 30°, 180° and 270°.

5] Show accapisnce Cried on Het

2. If desired, specify additional intermediate curves where: 0° < curve angle < 360°

Axial Forces for Moment Rotation Curves Curve Angles for Moment Rotation Curves

Figure 29-Concentrated plastic M3 hinges for Beam definition and oo e : e .
umber o ia orces. umber o ngles
acceptance criteria 10, LS, and CP levels as per ASCE 41-17 . Modity/Show Auial Eorcs Valiss. DT

| Modify/Show Moment Rotation Curve Data... | a

Modify/Show P-M2-M3 Interaction Surface Data._

Cancel B
. e ] - - - - - ] - e

Fiber Color Graphic Wall Width Factor Properties

@ Same s Wateril Praperty Colar scawracr  [1 <] Shaw Properies

Figure 31-Concentrated plastic P-M2-M3 hinges

Fiber Dafintion Data

for column definition and acceptance criteria |0, o
LS, and CP levels as per ASCE 41-17 .

Can=al

.Uﬂia'\.llanI
2
2

16625 5333 | C . o 2 Ex
a3 - a
as 1000 | AB15Gr60
. -322.2| AB15GrE0 v

Biink Currently Selected Fiber

@

Done.

Figure 30--Concentrated plastic P-M2-M3 hinges for column definition
Ond GCCE‘,OTCII’ICG criteria /O, [_5, GI’)C/ cpP /€V€/5 as pel’ASCE41—l7 0 F/'gure 32- F/'bersfor Generated WG// H/'nges P-\M3
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This is the main reason why PBD and similar DECT
techniques are so important.

Prescriptive Codes vs. Performance-Based Design (PBD)
—— Shelter or Inhibitor? —&=

Dr. Mistreselasie S. Abate

= (EIT - Lecturer) e : i \
Peiformance. Based Besighie By shifting our paradigm from prescriptive code

Explicit Performance Evaluation | based esign to performance-based design and explicit
: ’ _ . Public ' performance evaluation, we can now answer allthe critical
~ Wil the B ‘ ' e D e questions. We now have clear, detailed knowledge and

Ovmey e - Owner 3 the necessary tools to address public concerns— &
2 /'8 i Will the building collapse/ : ’ o
will it be damaged? % will it be damaged? questions that could not be fully answered under_; -

Can | use the building a .___;_ Can | use the building after traditional code-based approaches
a given earthquake’ 4 a given earthquake? y

How much will repair cost? - | This is the main reason why PBD and S|m||ar - --w
How long will it take to repair? 40
techniques are so |mportant

Can I make building that will not

be damaged and will not collapse

Structural Engineer:

Yes, | can answer all
these questions.

Limited predlctablhty

T RIS e A RIS T~ i s

[Source: AIT, ASCE/SEI 41-17: Seismic Evaluation and Retrofit of Existing Buildings, 2017]
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Now the problem is how to convince other people once we the engineers are convinced )ECT
how to convince the General public ?

p .. . ue
e e T — —_—

Engaging Stakeholders in Architectural Why Start Performance-Based Design (PBD) with the Client? /
. Designer RN i,
Performance-Based Design

— el : ; « Performance-Based Design begins with understanding the client’s objectives.
The Process Begins with the Client ; Structural Deslgn Team : ¢ When a client asks: “What is the benefit of applying PBD to my project?”

© -.,.”5 ..our response should be:

Key Benc;ﬂts éf Performance-Based Design for the Client
) i = -
W Achieves al "4

[ Provides:"
! Delivers
[V Offersa /i,
[ Includesa

Independent PBD Revie Client Value Propo;itibn

- Ty

(¥ Improved safety, reliability’énd‘servicéa'biliiiy»'A:' ;

T :
Successful performance-based design begins with clear client
< objectives and coordinated expert input.

[# Reduced uncertainty:about damage and downtime
TS [ \J" Greater confidence in long-term building performance /

" Dr. Mistreselasie S. Abate (EIT - Lecturer)
Dr. Mistreselasie S, Abate (EIT - Lecturer)" - — Performance Based Seismic Design =4

P mm”

R

[Source: AIT, ASCE/SEI 41-17: Seismic Evaluation and Retrofit of Existing Buildings, 2017]

UKPRN: 10089771 58



E————
S ample Ea rthqu ake Level S If a structure experiences a level of ground )x c T

s mOtion (MCE) 15 tlmeS the deSign 'ével (DBE)! Engineering College of Technology.
‘the structure should have a low likelihood of collapse.”
e ——— o i

Earthquake Levels .y xfn-

% Response Spectra
& v e e —

. S = Z S N ; StrUCturaI Performance Levels Dr. Mistreselasie S. Abate (EIT - Lecturer)
/ DS 3 MS Maximum Considered Earthquake (MCE) — ol
- || " 2% probabilty of exceedance in 50years W Verylittle Any repairs Damage to Near collapse =
k\ | ~2,250-year retum period - h < damage | areminor (Structural stability)
| — 2 o ‘ oA pL 2T 3 A J
,k s i
G & - g i
‘s 10% probability in 50 years N
4 ~475-year return period inE
— . 2
! :g Basic Safety Earthquake (BSE) i
g-.‘-".f ) = 20% probability of exceedance in 50 years | ' - ‘ B — T
g 'K ~2,500-year retum period o B Immediate | - Collapse Prevention =
- | e - Occupancy ! 99%..
. f @Service Level Earthquake (SLE) , — e
| | 50% probability of exceedance n 30years et -
~43-year retum period o Collapse Check Earthquake ~ 2

‘ ' Earthquake (MCE = 2,250 years)
T i ; Why 2/3, 2,500 Years and not 10,000 years? E (DBE =2/3 MCE) .
o3 ; " & 3'01 @ An upper limit that would significantly increase construction |
Pl 1 1 Natural Period (T) - Seconds 2 costs without proportionate benefit,
D S o Economics: Considerations tobaarcebetveensafety and cost

B NCE 2500, i DBE-AT5, s BSE-2500, 28Il o rv] motns withveyFigh e perkcds ke i

o —— —
—

B FrequentEarthquake | Design Level Eathquake _ Basic Safety Rare Extreme Earthquake.
S0 (SLE = ~43 years) . (DBE=475years) | (DBE=~475years) | (MCE=2250years)

B BOF-475 s SLE-43 p— greater uncertainty, making them unreliable for oP E L 3 CP
. _ practical design. —_—
s > . i Building performance progressively degrades as earthquake intensity increases, from e
b, - S S N v g operational conditions to collapse prevention objectives. #f I T
e ——————————— ettt T

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CSI PERFORM-3D; PEER Database; AIT, CSI Bangkok.
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Performance Level Concepts

Dr. Mistreselasie S. Abate
(EIT = Lecturer)

Performance Level

Earthquake
¥ —
Small Earthquake Intensity &5 i
| Up al
‘l: | | Occupancy
Service Level
Earthquake (SLE)—

.|'l
W' L

it .ﬂ“f‘w,. i Design Basic
'w“,“--" Earthquake (DBE)~ [

|
’ i Maximum Considered
v,"‘l“ ‘ Ml 4w Earthquake (MCE)

Immediate

\

Y
Large Earthquake

'T‘ "
\ N f |
} I 4
sl
ﬂmTr”g
" )

&Il

Reference: ASCE 41-17; FEMA 356; ATC-40; Eurocode 8 (EN 1998-1); ACI 318-19; CSI PERFORM-3D; PEER Database;

AIT (Asian Institute of Technology).

UKPRN: 10089771

Linear and Nonlinea

PECT

Engineering College of Technology.

ran alysis Dr. Mistreselasie S. Abate (E-Lecture

LOAD

4

inear

LZmMnmr

A Linear Model
/

Dr. Mistreselasie S. Abate (EIT - Lecturer) 17

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CSI PERFORM-3D; PEER Database; AIT, CSI Bangkok.
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Steps

Items

Serviceability Evaluation

General Guidance on SLE and MCE Evaluation

Dr. Mistreselasie S. Abate (ElIT-Lecturer)

PECT

Engineering College of Technology.

Design
Criteria
(LATBSDC
2020)

Performance
objective

Performance Level: 1O
Earthquake Level: SLE
(Return period of 43 years,
50%, 30 years)

Performance Level: CP
Earthquake Level: MCE

(Return period of 2,475 years,
2%, 50 years

Pranin Noreela

Modeling

Material

Expected strengths

Expected strengths

Model

Linear or Nonlinear

Nonlinear

Damping

Z= 0.36AH < 0.05 (5 0%), H in ft

2.5-5.0%

Analysis

Analysis &
Load
combinations

(a) Response spectrum
1.0DL+025LL+1.0E,+03E,
1.0DL+025LL +0.3E,+1.0E,

Nonlinear time-history analysis
10DL+025LL £+10E
- 11 pairs of ground motions (Mean value)

(b) Linear or Nonlinear time-history analysis
1.0DL+025LL+1.0E

- 3 pairs of ground motions (LHA, Max)

- 7 pairs of ground motions (NRHA, Mean)

Design
(Evaluation)

Load &
Reduction
factors

F,=1.0xF
2=1.0

Force controlled action: F,= (1.3-1.5) x F
Deformation controlled action: F;,=1.0x F
@ = ACI 318

Evaluation,
DCR = D/C

(a) Response spectrum
- Deformation-controlled action: DCR = 1.5
- Force-controlled action: DCR = 0.7

Nonlinear time-history analysis
- Deformation-controlled action: DCR < 1.0
- Force-controlled action: DCR =1.0

(b) Nonlinear time-history analysis
- Deformation-controlled action: DCR = 1.0
- Force-controlled action: DCR = 0.7

UKPRN: 10089771

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CSI PERFORM-3D; PEER Database; AIT, CSI Bangkok.
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Load Combinations According to EN 1990 PECT

Engineering College of Technology.

Prepared by;

or. miswesclasie savate_OQAD COMBINATIONS ACCORDING TO EN 1990 DETAILED EXPLANATION FOR TEACHING fos,"’;esﬁ;‘:?;‘??;y

EIT - Leclurer
1. WHAT IS EN 1990? 5. MAIN LOAD COMBINATION EQUATIONS (EN 1990 Section 6.4) 6. MEANING OF EACH SYMBOL AND PARAMETER
e EN 1990 provides the basis of structural Equation 6.10 — General form (ULS) Symbol Name Explanation
design and is used with other Eurocodes Characteristic permanent Representative value of dead load
(EN 1991, EN 1992, etc.). Z YG,j Gk,j + yQ,1 ak,1 + Z YQ,, q”o,,‘ Q ki Gk.i load (material self-weight, finishes, etc.)

e It gives safety factors and load combination

les for both ULS and SLS ificati Permanent Leading variable Other variable Q Characteristic leading The main variable load that is most
;L:‘es or ob' : an 4 verifications. action actions actions k1 variable load unfavourable for the considered effect
. e main objective is to ensure: = g = =
2 45 = . = . . Characteristic accompanying Other variable loads acting
Safety, Serviceability and Durability. Equation/c 10,85 Altemativejoani(UES) Q"»’ variable load simultaneously with reduced value
Combination factor Factor to reduce accompanying
2 S EIMITESTARES|(WHYICOMHINATIONS?) Z YG,j Gk,j i+ YQ.’ q)U,T ak.1 it Z yQ.i lpo,, a K,i Wo',- | variable actions in ULS combinations
e Ultimate Limit State (ULS) Y Partial factor for permanent Accounts for uncertainties in G
Iégz:szfiveeq;z;g;ir::‘t'icirrztemal failure, Equation 6.10 b — For uplift and other unf ble per : G laB:ﬁt(',:l cactor 1 b (favourable/unfavourable effects)
% rt or for variable 2.sas -
* Serviceability Limit State (SLS) y Z ‘g G Q Z Q Yq action Accounts for uncertainties in Q
Excessive deflection, cracking, vibration, YGJ‘ K, j h YQ, 1%k + YQ,, qu,,‘ K, i & Reduction factor 0.925 for generally unfavourable
comfort. 0.925 A permanent actions in Eq. 6.10 b

e Main limit states considered in EN 1990: o — — - /
.

EQU - L f stati ilibri
4 S?R = .n‘IZin‘Ll ia?d‘;—eeg;"e;cg‘s‘;?ve 7. NATIONAL ANNEX (UK) RECOMMENDED VALUES (Table NA.A1.1) 8. PARTIAL SAFETY FACTORS (y VALUES) 12. PRACTICAL EXAMPLES

deformation of the structure i i i al e 1: Usi 6.10 rd ULS]
e GEO - Failure or excessive deformation Action Yo Y, Yy Action type Unfavourable Favourable  Why this value? Exampl ng Eq. (Standa )

of the ground (foundation) Imposed loads in buildings, general = = 5 : Floor imposed load as leading variable:
¥ ; ; ; Permanent Accounts for uncertainty
3. ACTIONS ON STRUCTURES gategorvg $ d:fmest:c, residential g.? 0.5 2.3 action (y) 1.35 1.00 i dead loads 1.35 G, + 1.5 Q, + 1.5x0.5 Q,
S ategory B : office areas 7 0.5 .3 =
P t acti Cat. e Cc: ti 0.7 0.7 0.6 Variable action Ensures adaguata zafety Aees QR O e Toilk
ermanent actions 1 Ca egory 5 3 cgngrega i0n aneas s % - Ya) 1.50 0 for variable loads Wind load as leading variable:
3 ategory D : shopping areas 0.7 0.7 0.6 | Q
Actions p Valiablo aciions Category E : storage areas 1.0 0.9 0.8 [ =1i3:§)556k ++ 1{5500" ++1i50x50.; Q
stm:;‘ures %)) | Category F : traffic area, < 30 kN 07 0.7 0.6 9. COMBINATION FACTORS (g VALUES) Note: : 2 k -2 Ry - 'k
Other variabla aitions Category G : traffic area, 30-160 kN 0.7 0.5 0.3 | e Yo combination value (used in ULS) — Iﬁ::dm';wﬂ . Example 2: Using Eq. 6.10 a
(Wa) Category H : roofs 0.7 0 0 | reduces accompanying variable actions. Gt Floor imposed load as leading variable:
a Snow load : H < 1000 m a.s.I. 0.5 0.2 0 W, —f“iq':e"; value (tused in SLS) — For wind actions 1.35 Gy + 1.5x0.7 Q, + 1.5x0.5 Q,
> = accounts for frequent occurrence. =05 =
4. SYMBOLS AND DEFINITIONS Wind loads on buildings N 0.5 0.2 0 Sii il pernanent vlue (e InSLS) > use Yo =1.35 G, + 1.05 Q, + 0.75 Q,

Symbol Meaning accounts for long-term effect. Example 3: Using Eq. 6.10 b (£ = 0.925)
Gk_j Characteristic value of permanent action j 10. DETAILED EXPLANATION OF KEY VALUES Floor imposed load as leading variable:
ak.l Characteristic value of leading variable action Why yq = 1.5 for imposed loads? Why yq = 0.5 for wind loads? About Y, ¥, ¢, 0.925 x1.35 G, + 1.5 Q, + 1.5 0.5 Q,

=1.25 G, + 1.5 Q, + 0.75 Q,

Q. ¢ istic value of acc ing variable action « Imposed loads have high variability in = Wind actions can be favourable * ,: Used to reduce accompanying Wind load as leading variable:

¥ = S > = magnitude, location and duration. (suction) or unfavourable (pressure). variable actions in ULS. 09251356, + 1.5Q, + 1.5x0.7 Q
llJo i C factor for variable action A 2 T id i 7 \ s B - K B x 5 H %

i e Therefore, a higher partial factor (1.5)  To avoid over conser_vatlsm, a lower e ,: Used for frequent SLS checks =1.256G, + 1.5 Q, + 1.05 Q,
Ya Partial factor for permanent action is used for safety in ULS design. Pal’('asl factor_ of 9~5 is used for wind (e.g. vibration, comfort). No leading variable (all with ,):

; "  This applies to most imposed loads in ULS combinations. e ,: Used for quasi-permanent SLS 0.925x1.356, + 15%0.7 @, + 1.5x0.5 Q

Ya Perdl V!aclor tor variabie action (categories A to H) as per NA. = This is specified in the UK National :’hzecks (e.q. Igng-tefm deflection =1.25 G, +k1 .05 Q, + 0.'(75 Q, g
§ :?“esi:cil’n]ogqfa;t%;;)r unfavourable permanent action (Table NA.A1.1). Annex to EN 1990. ' —

cracking): 13. KEY TAKEAWAYS

EN 1990 provides consistent and reliable rules

11. STEP-BY-STEP PROCEDURE TO APPLY LOAD COMBINATIONS
for load combinations. Good

<
9 Get characteristic | o Select the 4 Apply.y, factors QZUbstitute the ) °Check ULS and SLS g Understand the meaning of each symbol and factor. ~ Design

Identify all

5 values from appropriate | 3 requirements | Use National Annex values for y and y factors. Builds
felevanyactions relevant Eurocodes | ' equation ™ ’ and y factors _>w values |n.to the and document | @ Wind uses yq = 0.5, most imposed loads use yo=1.5. Better
(G, Q, Yq) (EN 1991, etc.) ‘ (6.10, 6.10a or 6.10b) (from NA) | equation Teeite ‘ @ Correct load combinations ensure safe, economical Lives
] RARNSN") & ! i ‘\ _ L and durable structures.

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CSI PERFORM-3D; PEER Database; AIT, CSI Bangkok.
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PECT

Engineering College of Technology.

Performance-Based Seismic Design (PBSD) Procedure Standard Structural Performance Levels Dr Mistreseelasie s. Abate

EIT-Lecturer)
Dr. Mistreselasie S. Abate (EIT-Lecturer) L

Initial Information
+ Architectural drawings
+ Geotechnical instigation (Soil report) ! 4
+ Probabilistic seismic hazard assessment (Seismic hazard report) E]ma\ rJ . d
+ Wind tunnel test (Wind report) RTTEm, [T, [oes
Base (NSNS (CEREN) (GRS

3 Shear /

Code-Based Design jons of the hml(mq JSING
l linear analysis methods (typical RSA) L]

B

.____.—._._. Maximum Considered Earthquake (MCE) -
! ! 2,475 yrs.

Design Basic Earthquake (DBE) - 975/475 yrs.,
DBE=2/3MCE.

Performance-Based | Selection of Performance Objectives
Seismic Design + Immediate Occupancy (lO) - SLE
— + Collapse Prevention (CP) - MCE

i
Structural Modeling, Analysis & Design

+ Proportions of the building using
05 (P Drift = 3.0% 3. Basic Safety Earthquake (BSE) - 225 yrs.,
| 5 =1/3MCE=1/ :
f > Deformat BSE=1/3MCE=1/2DBE

Cpiss 4, Basic Safety Earthquake (SLE) - 43 yrs

+ Then verifies the design using NRHA

LS
. S T —
Modeling DBE=2/3MCE Code-Based Design (All Buildings)
Analysis | i | i

|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
| Drift=2.0%
1
|
|
|
d-

| MCE-2,475 Performance-Based Design (Tall Buildings)

Evaluation/Design b

1 ; ! : BSE-1N=2/3MCE BSE-2N=MCE-2,475 ASCE 41-13, 17 (New Buildings)

T T, T . . ; ¢ . T T T
——— Dose Performance Meet the Selected Objective? | BSE-1E, 225 | BSE-2E,975  ASCE 41-13,17 (Existing Buildings)

No | 1 Yes $3:1S : S.55CP
& | | | ]

S-d= ASCE 41 defines BSE-1 and BSE-2.
Peer Review : | Damage Control ~ Limited | Limited Safety + New bUiIdiﬂgS: BSE-1N = 2/3MCE, BSE-2N = MCE

1 - Frequent Rare Very Rare T * Existing buildings: BSE-1E = 225 yrs, BSE-2E=975yrs
Prepare report & Construction Documents | : 1 .

FEMA P695, ASCE 41-13, ASCE 41-17, T8I 2017, and LATBSDC 2020

Dr. Mistreselasie S. Abate (EIT-Lecturer)

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CS| PERFORM-3D; PEER Database; AIT, CSI Bangkok.
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Engineering College of Technology.

Structural Design Approaches

Dr. Mistreselasie S.Abate(EIT - Lecture) Material Properties Dr. Misterselasie S. Abate (EIT - Lecture)

Title Types Code-Based Design (DBE) Performance-Based Design (MCE) B bbb b et

(DBE)

(MCE)

General
Concepts

* A minimum level of safety
for all types of buildings

* High limits for selecting
seismic force-resisting
system

* An alternate design with
predictable and safe performance

* No limits for selecting seismic
force-resisting system, such as
outrigger, base isolation

Demand (D)

F,

Load
Combinations

1.4DL

1.2DL + 1.6LL

1.2DL + 0.5LL + 1.6WL
0.9DL +1.6WL

1.2DL + 0.5LL £ 1.0EQ
0.9DL + 1.0EQ

1.0DL+0.25LL £1.0 EQ

Ductile - the mean demands

Brittle -~ 1.3 to 1.5 times the
mean value of demand

Capacity (C)

oF,

Reduction
Factor

@ =0.65 to 0.90

@ = 1.0 (critical force-controlled action
following ACI 318)

Material
Properties

Specified (nominal) strengths
Concrete strength = f',
Steel yield strength = f,

Expected strengths:
fe=13xf,
fle=117xf,

DCR=D/C

D/C=F,/¢F, <10

D/C=F,I¢F, <10

n

UKPRN: 10089771

Material Expected strength

Expected Yield
Strength, fy, ksi

Expected Ultimate
Reinforcing Steel Strength, fy, ksi
A615 Grade 60 fy = 60 ksi —> 1.17f,
A615 Grade 75 114
A706 Grade 60 95
A706 Grade 80 112
A706 Grade 100 T'o be determined based on tests
and documented substantiations
Structural Steel™**
Hot-rolled structural shapes and bars

ASTM A36/A36M " 328

ASTM AST2/AS72M Grade SO LLf

ASTM A913/A913M Grade 50, 60, 65 or 70 LLfy

ASTM A992/A992M LLf

Plates
ASTM A36/A36M ! LLA"
ASTM A572/A572M Grade 50, 55 s 1§94 A

Jee=13fc

Concrete

* ;15 used to designate the specified (nominal) yield strength of steel materials in this Guideline. It is equivalent to f; or f;
used in ACT 318 and F, used in AISC (2016) Specifications.

**f; is used to designate the specified (nominal) ultimate strength of steel materials in this Guideline, It is equivalent to

used in AISC (2016) Specifications

* *For steel materials not listed, refer to Table A3.1 of ANSVAISC 341-16

***f.. = specified compressive strength. Expected strength f7; 1s-strengh expeched at approximately one year or longer.

Note that the multiplier on f;. may be smaller for high-strength concrete, and can also be affected by (1) use of fiy ash and orother,
additives, and/or (2) local aggregates.

LATBSDC 2020 (Los Angeles Tall Buildings Structural Design Council)

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CS| PERFORM-3D; PEER Database; AIT, CSI Bangkok.
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Reinforced Concrete Stiffness Modification

(Ref: LATBSDC 2020)

Component | Service-Level Linear Models | MCER-Level Nonli 'm Models
Axial Flexural Shear Axial Flexural I Shear
11l (ine . ;

Auehaalwatls G- [ LOE: 450 0.75Ecl; 0.4Ecdg || 1.0E.4¢ 0.35E.1; 0.2EcAg
plane) 0.75 EcAdg = = = = =
Structural walls = 0.25E.I. = = 0.25EI; s
(out-of-plane) i <
Basement walls 1.0EcAe 1.0Ecl; 0.4Ecdg || 1.0E.4, 0.8Ecl; 0.2Ecdg
(in-plane) = o S £ o =
Basement walls . 0.25E.I. = == 0.25E.I; =
(out-of-plane) “ =
Coupling beams Y
\g;;thoo;rqthout 1.0Ecd; 0.07 (E) E.l, 0.4EcAg 1.0EcAs 0.07 (E) E.l, 0.4EcAg

g < 0.3E., < 0.3E.I,
reinforcement . £
Coupling beams ( f ) ( f )
with steel-fiber 1.0EcA4g 0.07 h Eclg 0.4EcAg 1.0EcAg 0.07 h EC’* 0.4EcAg
reinforcement < 0.3E.l, < 0.3E.l,
Steel Coupling 4 £
Beams: 1.0E:4; 0.07 (E) (El)tr 0.4E:Aweb 1.0E:4; 0.07 (E) (E[)lr 0.4E:Aweb
Mg 0.5Ecdg 0.5Ecl; 0.4Ecdg || 0.25E-4, 0.25E.I, 0.1Ecdg
diaphragms
PT diaphragms? 0.8EcAg 0.8Ecly 0.4EcAg 0.5EcAg 0.5Ecl: 0.2EcAg
Beams 1.0EcA4g 0.5Eclg 0.4EcAg 1.0EcA4g 0.3Eclg 0.4EcA4g
Columns l.OEcAg 0.7Eclg 0.4.Er.‘!g l.oEc.'!g 0.7Ef]g 0.4Ec.‘1g
Mat (in-plane) 0.8Ecdg 0.8E.I; 0.4E:A4¢ 0.5Ecdg 0.5Ecl; 0.4E:A4g
Mat* (out-of-plane) -- 0.8E.l; -- -- 0.5Ecl; --

23

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CS| PERFORM-3D; PEER Database; AIT, CSI Bangkok.
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Capacity Design Concepts Dr. Misterselasie S. Abate (EIT - Lecture)

\
\
N\
N
§
N

(Flexure) wo b bR

Ductile Link\

S
v

Brittle Links

Force |

| —
S —— '
stretches by yielding E e
' 5 do not yield
before breaking ’

The chain has both ductile and brittle elements.

To ensure ductile failure, we must ensure that the ductile link yields before any
of the brittle links fails.

The capacity design method is commonly used to proportion the structure.

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CS| PERFORM-3D; PEER Database; AIT, CSI Bangkok.
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Stress-Strain Behavior in Performance-Based Design

Reinforcing Steel

Stress ¢, - 7{__; 200,000 MPa

URtimate Tensile strain 0.03

< Yield strain &,
€y, =0.002-00025 (0.2-0.25%)

Ultimate ductile strain
£, =0.05-0.10 (5-10%)

Ultimate usable strain
Esupesp ~ 0.05 (PBSD)

0.002 0.0025 Strain

Flexural Capacity

Mornent Capacity M,

ce 5‘/7‘—\/csc+fy £,=£+ ~ 0005

C="=—"#_ —r—--—:_ /c/c)

d//c‘c (- ¢
Shear Capacity gV =0.17/?(' b,d
¢=0,17jf_c bwd ———— vc - AV fy d/S

Vh=Vc +Vs Va=Vc Cs

Capacities Based on ASCE 41-17 & ACI 318-19 '@'-"

| Elastic Modulus 200,000 MPa
Yield / Peak Strain 0.002

PBSD Control

0"

\oi‘.’)lx%\“ 2 3
20,000-30,000 MPa /\PN|

0.003-0.0035
0.01=-0.0035 (unconfined)

Ultimate Strain Summary — Steel vs Concrete (PBSD Use)

Material Strain Symbol Typical Value = PBSD Meaning

Steel rebar £y 0.002—-0.0025 | Start of plastic
| (ductile) behavior

= | Ductile tailure
0.05-0.10 | Ductile tailure

= Collz
Steel (PBSD) €uou0005 | 005 | golemme

0.002 Maz
compressve stress

0.003-0.0035 | Crushing
(bntille failure)

0.01-0.02 | Ductile
compression capacity

No damage

Steel [rebar

Concrete Epm

Concrete (unconfined)

Concrete (confined)

Concrete (PBSD 10) 0.002

5 Near crushin
Concrete (PBSD CP) 0.005-0.1010 (cmmm,g

Capacities Based on A ('E 41-17 & AC1 318419

Deformation
PBSD Acceptance

Force Control Acceptance

Dr. Mistreselasie S. Abate (ElIT-Lecturer)

e s

PECT
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Stress [, =25-40 MPa

1

1

E Ultimate
Peak E unconfined

compressive: strain
L ’ €.cont
0.003-0.0035} 0.01-0.0035
(0.3-3.55%) 1(0.2-3.35%)
|

Mand;er [19882

L)
."-u--

-3% Strain

v

0.002 0.003 1-2%Strain

Deformafion Capacities

Curvature Capacity ¢, = fwd_cl

Plastic Hinge Rotation ,=¢,,L,

Drift Capacity g=A/H
Ductile Frame = 2-4%
Shear Wall s 1-2%
Flat Slab = 1-1.5%

Capacitios Based on ASCE 41-17 & ACI 318419

D

Force Control Acceptance DCR oV

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CS| PERFORM-3D; PEER Database; AIT, CSI Bangkok.



Component Classifications

Dr. Mistreselasie S.Abate (EIT-Lecturer)

All actions (ST, KT ATTNTa. mueutam or other deformations resulting from the application
of loads or excitations) shall be classified as either RS srnIRaGaLEd or force-controlled.

it shall be further classified as [BEtten! or AIIRY per definitions given

Porce-controlied a

below. Table 4 identifies typical force-controlled actions and their recommended categories.

Deformation-controlled action - An action expected to [T EFTETININTTRTSTIGES in response

to earthquake shaking, and which is evaluated for iis ability to sustain such behavior.

DCR:D/(’:;\H/A <1.0

liemit

J‘.usl nd ’-\'_4‘!( online
to earthquake shaking, and which is evaluated on the basis of its available strength.

DCR=D/C = Fy [¢F, < 1.0

Force-controlled action — An action that is SRS (AP in response

= Critical action = A force-controlled action, the failure of which is [ RCI S RGT st

or total structural collapse.

=5 Ordinary action — A force-controlled action, the failure of which the failure of which is
mhﬁtiz\Ji":’?:ElQﬁwjlll??\lh"Qm-k'mg orit might lead to local P;:S
(e not more than one bay mn a smgle story,

UKPRN: 10089771

(Flexure)

Ductile l.ink\
o~
S

Brittle Links (Shear)

—

stretches by y\ckﬁﬂg/ do ot yield
before breaking

A,

d

——

A
Flexure: Deformation-controlled action

B-Values

A
F |

R

Shear: Force-controlled action

3.6.3.2.1 Force-Controlled Actions

(a) Critical Action Not Sensitive to Vertical Accelerations

PECT

Engineering College of Technology.

Dr. Mistreselasie S. Abate (EIT - Lecturer)

2.5 ) T R T
Shear Failure

/
Ve _15
V

nem

® Shear Failure
@ Flexure-Shear Failure
® Flexure Failure

T

T

Tt (e TeaTa o,

' Wall Test Results I
T Approximate mean value,

Flexure-Shear Failure

Slender Wall h, /I, 22

e

B =0.9[ ] Rum = LISR,

nem

Wall shear strength: ACI 318-19

0.02

0.03

Reinforcement Tensile Strain

Tests on slender walls failing in shear show that shear
strength decreases with increasing inelastic flexure
(Wallace et al, 2013; Moehle, 2014, Kim 2016).

Vin= Ao [0 0.1 |

0.05
7
V ne

B= 0.9[_) =0.9(1.5)=135

nem

Vne/Vnem Shear
based on experiment /
Based on AC| formulation

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CS| PERFORM-3D; PEER Database; AIT, CSI Bangkok.
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MCE (Force-Controlled Actions) Dr. Mistreselasie S. Abate (EIT - Lecturer) MCE (Force-Controlled Actions) Dr. Mistreselasie S. Abate (EIT - Lecturer)

Force-Controlled Actions ¥ 4
3.6.3.2.1 Force-Controlled Actions 10 D+()7w L+1.0Ex+ 10F, |
) Critical BRI Not Seasitive to Vertical Accelerations (a) Critical Action Not Sensitive to Vertical Accelerations ()

Critical force-controlled actions not sensitive to vertical accelerations shall satisfy = s
1.3 assumed as a coefficient of variation in calculated record-to-record demand

either Equation (5a) or Equation (5b):

100, +[E)(0,-0,)< 485  (Nominal strength) (5a)! (Nominal) ]-OQm a7 1'314' (Qr _Qns) < ¢.‘BR"

ns

— 100, +[8)(0,-0,)<¢BgM (Expectedstrength)  (5b) (Expected) 100, +1.51, (0, -0, ) < ¢.BR,,
()] Critical BRI Sensitive (o Vertical Accelerations MEIEUSEE (RO )

Critical force-controlled actions sensitive to vertical accelerations shall satisfy either

(0,=0) = 1.3.,0; < ¢.BR,
—1.51,0, < $BR

is the seismic importance factor
Equations (5¢) and (5d), or Equations (5e) and 3(f): r is the mean of the maximum values of the action calculated for each ground motion

(1.2+{0KESRD + 1.0L,, + I (0, 035! . () O,; is the non-seismic portion of O;

(Nominal strength)
(0.9 -FKEERD + B, (0, -0, )< ¢,Bm (5) is a factor to account for conservatism as |JAELURT0 MY S

m Se is the nominal strength using the applicable material standard
(1.2+ )D+10L o Q-Q, <03 (5e) g
’ m m (Expected strength)

(0.9-[EFSH0 + B (@, -0,,) <4 LR (50) is the resistance factor

(c) [ETEEREERM Actions . 1S the nominal strength using expected material properties R, ~1.15R,
y e tem ;

Ordinary force-controlled actions shall satisfy either Equation (6a) or Equation (6b): g IS the actual strength achieved by experimental tests which is only used to determine B

Qns R (Qr - Qi) < ¢sBEM  (Nominal strength) (6a)

LATTBSDC 2020 | Los Angeles Tall Buildings Structural Design Council 2020
— Qus+[(Qr—Qus) < ¢sBJMM  (Expectedstrength)  (6b)

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); Al 318-19; CSI PERFORM-3D; PEER Database; AIT, CSI Bangkok.
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Reference: Los Angeles Tall Buildings Structural Design Council (LATBSDC). (2020). An Alternative Procedure for Seismic Analysis and Design
of Tall Buildings Located in the Los Angeles Region. Los Angeles, California, USA. Ait.
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A
[ —

MCE (Deformation-Controlled Actions)

Remforeed
concrete walls
(outside of
primary hinge
zone)

E;

£ Reinforced
concrete walls

(primary hinge
Z0ne)

Coupling beams |

Slab outngger
beams

reinforeement, v/ (vetyy) > 0.7

At column end, without shear
reinforcement

T'otal rotation

Item Engincering Demand Acceptance
Parameter Limit
Concrete compression
: ! . 0,001/
" . strain over gage length
No confinement .
Steel tension stran over 2ol
R 28y
gage length '
Intermediate confinement per Congcrete compression 0.003/7
ACL 31819 18.10.6.5 strain over gage length
Steel tension strimn over
3 0017,
gage length
Full confinement per ACH 318-19 | Congrete compression 0,005/
18.10.6.4 ¢xcept provisions of strain over gage length ! (0011
Section 18.10.6.401) need not be | Steel tension strain over 0017
satisfied ? gage length! (00314
\ . . Conerete compression 0.0051.
Full confinement ol the entire ' 3
by straun over gage length (0005
cross section per ACI 318-19 : Frac0 2
R . Steel tension strimn over 0.007
18.106.4 - L Cir 1
gage length ! (00514 %)
Conventionally-remforced * lowal chord rotation 004/,
Diagonally-reintorced * Fotal chord rotation 0.067,
Fiber-remforced * T'otal chord rotanon 0.047,
Steel-remforced T'otal chord rotation 0.06,
At wall end ° ['otal rotation 0.057.
At column end 7, with shear : e
X - Total rotation 0.051,
remnforcement, Vi (Vetv,) s L7
At column end 7, with shear S
T'otal rotation 0.037,

refer to ACI

JIS-19 18045

>
> Story
II, h”
!
l,
L L )
L
Plastic hinge zone
0.51,
[, < mimmumof| h
0.1h, l
: D A
[)(’Rze—i 1.0

Reference: Los Angeles Tall Buildings Structural Design Council (LATBSDC). (2020). An Alternative Procedure for Seismic Analysis and Design
of Tall Buildings Located in the Los Angeles Region. Los Angeles, California, USA. Ait.
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. = ela - ADa - - =
O a atio 0.0 0.04
a O O 0.0 3 0.0
De atio olled a ®
MCE 8., CO g beam rotatio
ode
A ode g
-~ orce-co O O
- 3 -
O
d e Oad O 4 a O
Defo atio O O c O
5 O 5 0 ola O
odeling
orce-co olled a O

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CS| PERFORM-3D; PEER Database; AlT, CSI Bangkok.
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Appl ication Of pBSD Dr. Mistreselasie S.Abate (EIT-Lecturer)

Application of PBSD in USA

Transbay Solaire Salesforce Tower Oceanwide Center
San Francisco San Francisco San Francisco

Transbay Solaire Salesforce Tower Oceanwide Center

Application of PBSD in Philippines Application of PBSD in Philippines

Sutherland Tower Dettifoss Tower Knightsbridge Residences Milano Residences

(42-story) ~ {45-stoty) - ) o (6-’¢'St0fv) TR Trump Tower
Niagara Tower : ~t (56-story)
(42-story) 3 Livingstone Tower g

(53-story)

rivate Re' e brqjectsfin )
y ~ “Makad, f’hilippjn'r.s

SR I ~ { f
i i ! ‘:g;?ﬁo', .

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CS| PERFORM-3D; PEER Database; AlT, CSI Bangkok.
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Force-Deformation Relationship Dr. Mistreselasie S. Abate
e (EIT — Lecturer)

=
c-Andre Dagenais 2014

Retrofitted specimen

S

Backbone Curve

Base shear (kN)

¥ POLYTECHNIQUE
@ MONTREAL

i LE GOME > < L > TR
FERCE EnpRiuieer CLASSt SRRt Ao o o die soupe de rechesche en
" ] 2 — —— GENIE DES STRUCTURES

T,

'

&
8

-400 -300 -200 -100 0 100 200 300 400

Seismic Retrofitting of Rectangular Bridges Piers with Deficient Lap Splices %
ik Ch 8 ' ? S Lateral displacement (mm) 2

using Ultra High Performance Fiber Reinforced Concrete (UHPFRC)
Ph.D student: Marc-André Dagenais | Professor: Bruno Massicotte

Reference: ASCE 41-17; FEMA 356, ATC-40; Eurocode 8 (EN 1998-1); ACI 318-19, CSI PERFORM-3D; PEER Database: AIT
& —
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Review Main Aspects of Behavior Typical ASCE 41 Capacities

10 capacity, usually at
FORCE (F) onset of visible damage CP capacity, usually at
A I { ® or close to ductile limit

Strai Ultimate Buctile mit FORCE
rain | strenath uctile limi e I_o LS capacity, usually about
Hardening * 9 4 I 75% of CP capacity

! |
|

First yield e—_ Strength loss

Initial Residual

stiffness 2 7l strength
=

>
A DEFORMATION (D) DEFORMATION
Hysteresis loop
* ASCE 41 gives values for a wide range of components.

* Alternatively, experimental results can be used.

* PERFORM-3D and this seminar use the term “capacities”.
ASCE 41 uses the term “acceptance criteria”.

UKPRN: 10089771 76
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Table 10-7. Modeling Parameters and Numerical Acceptance Criteria for Nonlinear Procedures—Reinforced Concrete Beams
Modeling Parameters® Acceptance Criteria®
Plastic Rotation Angle (radians)
Residual
Plastic Rotation Angle (radians) Strength Ratio Performance Level Force-Deformation Relationshi p
Conditions a b c 10 LS CcP
c
Condition i. Beams controlled by flexure® @ e\ @ o B— -\
o Transverse o 8| &l /
reinforcement” Ve il w f.';
<0.0 C <3 (0.25) 0.025 0.05 0.2 0.010 0.025 0.05 f / o E
<0.0 C >6(0.5) 0.02 0.04 0.2 0.005 0.02 0.04 J A >
>0.5 C <3 (0.25) 0.02 0.03 0.2 0.005 0.02 0.03 Deformation Deformation
205 C >6 (0.5) 0.015 0.02 0.2 0.005 0.015 0.02
<0.0 NC <3 (0.25) 0.02 0.03 0.2 0.005 0.02 0.03
<0.0 NC >6 (0.5) 0.01 0.015 0.2 0.0015 0.01 0.015
>05 NC <3 (0.25) 0.01 0.015 0.2 0.005 0.01 0.015
>0.5 NC >6 (0.5) 0.005 0.01 0.2 0.0015 0.005 0.01
Condition ii. Beams controlled by shear”
Stirrup spacing < di2 0.0030 0.02 0.2 0.0015 0.01 0.02
Stirrup spacing > di2 0.0030 0.01 0.2 0.0015 0.005 0.01
Condition iil. Beams controlled by inadequate development or splicing along the span®
Stirrup spacing < d2 0.0030 0.02 0.0 0.0015 0.01 0.02
Stirrup spacing > di2 0.0030 0.01 0.0 0.0015 0.005 0.01
Condition iv. Beams controlled by inadequate embedment into beam-column joint? Bord
0.015 0.03 0.2 0.01 0.02 0.03 {a) Dedarmation

Note: f',. in Ibfin? (MPa) units.
# Values between those listed in the table should be determined by linear interpolation.
® Where more than one of conditions i, ii, iii, and iv occur for a given component, use the minimum appropriate numerical value from the table.
¢ “C" and “NC" are abbreviations for conforming and nonconforming transverse reinforcement, respectively. Transverse reinforcement is conforming if, within the flexural plastic

hinge region, hoops are spaced at < df3, and if, for components of moderate and high ductility demand, the strength provided by the hoops (V) is at least 3/4 of the design

shear. Otherwise, the transverse reinforcement is considered nonconforming.
? Vis the design shear force from NSP or NDP.

UKPRN: 10089771
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-
Dr. Mistreselasie S. Abate
(EIT — Lecturer) 4‘

S

Steel

Strain H|ardening

Stress (KSI)

Linear Perfect | Strain hardening | Necking
region plasticity
= or yieldi

P ;3 | | y ng

Confined Concrete |

s o, A

-~
7’
S ~
=~ Unconfined
Concrete
:
|}
-+ Assumed

I Cover Congrete
[

Compressive Stess

Reference: ASCE 41-17; FEMA 356, ATC-40; Eurocode 8 (EN 1998-1); ACI1 318-19; CSI PERFORM-3D; PEER Database:

UKPRN: 10089771
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(EIT - Lecturer)

LMaterial Models in Commercially Available Sowftware Dr. Mistreslasie S. Abatel

|| Stect Strain Hardening

Steel Sowss (a1
Sioel Swew (k)

o

Normalized Stress. - 0-f.

i v — s ST t——y———y = 0 Ty e
2.5 0 2.5 7 006 004 006 007 © O0O2 004 OO0 006 D08 Q0 Q02 008

Normalized Strain, T« g/, Steel Strain (nrin)

Steel Stran (nvind

(a) Reinforcing steel (Menegotto and Pinto, 1973) (a) Reinforcing steel model (SH) (b) Reinforcing steel model (EPP)

Comession

£,,,0.2)) S - ,
) S - e s
__——”,,———‘— f | Tension
i : Not 10 scale

Congngse Stmess (kst)

Strain, £,

b) Concrete (Yasin, 1994)

Exaggerated pinching More sophisticated model

Reference: ASCE 41-17, FEMA 356; ATC-40; Eurocode 8 (EN 1998-1); ACI 318-19; CSI| PERFORM-3D; PEER Database: AIT
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Idealized Nonlinear Modeling

Lumped Plastic Hinge

Frame Component level

Plasillc’>

hinge

Idealized Nonlinear Modeling

Fiber

Frame Material level

Steel rebar ﬁ"
Ql
‘s

Concrete ‘ /
P

1
1
- »

4

Shell Material level

0
taa L)) Steel
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K

Dr. Mistreselasie S. Abate
(EIT — Lecturer)

Material Level / Component Level

Layered Shell Component Level

Steel Matenal level

- | Moment hnge
Sueed Suzn Hudeng  Resnforcng stesl

-

Sreel Stees (kxl)
Moment (N )

T T v Rotuton (rad)
304 o™ o d 005 o o

Stoel Strain (inin)

1) Stress-strain relationship (Backbone] 1) Force-deformation curve (Backbone)
2) Cydlic degradation =——| 2) Cyclic degradation —_—
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Covering side 2 (VHh,Ms)

Covering top

(V3 M)

Minor Direction
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Major Direction Nonlinear Modeling - Shear Wall Fibers

Steel

fibers

Concrete
fibers

© Cornerrebar =2

@® Top/Bottom rebar=6

| |
—y &.1 M Hinge (1)

M Hinge (J @ J > 3 V Hinge at
|

@® Siderebar=5

Elem No. = (Compound Name)

Middle (M) Total rebar number =
(4x2)+(6x2)+(5x2) = 38

Shear rebar, V,= 6 legs
Shear rebar, V3= 4 legs

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CS| PERFORM-3D; PEER Database; AlT, CSI Bangkok.
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Geometrical and Material Nonlinearities

H Linear _First-order

Geometric Nonlinearity

elastic analysis
- Bifurcation o
O
T3 PR I (SEERRES e s o Blastic eritical oad
« - s »
Elastic stability limit
H = ————- e
MCE e
. Bifurcation Second order _
> 9 " elastic analysis Inelasiic eritical load
QH,-;._. ..... ——— "-—_ - —— e . —
- Fustorder
i) - /incla_&ti_c anzl‘ys_u" i Plastic Luil"}
- Material Nonlinear
Inelastic stabality limit -.‘A,, p
Hyf~ Besateloy T T Haal
) ! H = o e
1
1
\ :
*C(L’ld-d‘ldu Geometrical & Material H=ap 3
SLE ipelastic gualysis  Nonlinear ,
o
: i Y
! i
—— - v s

Latera! deflection, A

A

P-d effect, or P-"small-

Small delta”, associated with
displacements deformations along the
contribution members, measured relative
to the member chord
contribution
PA P-A effect, or P-"big-delta”,
contnbution measured between
member ends and
Hh I pAI commonly associated with
story drifts in buildings
(Global).

(a) Column (b) Bending Moments

In buildings subjected to earthquakes, P-A effects are much more of a concemn than P-d
effects. On the other hand, P-A effects must be modeled as they can ultimately lead to loss
of lateral resistance.

UKPRN: 10089771

McGuire, W., Gallagher, R. H., & Ziemian, R. D. (2000). Matrix Structural Analysis (2nd ed.). John Wiley & Sons.
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Spectral Acceleration [d]

PECT

Engineering College of Technology.

=== Uniform hazard spectrum (UHS)
= Conditional mean spectra (CMS)

Target Spectrum (ASCE 7-16)

+ Method 1: Typical MCE spectrum - UHS
Method 2: Multiple *scenario” spectra
(typically two) - CMS

DPT 1301/1302-61

Thailand Seismic Code

« Conditioned periods: 0.2, 0.5, 1.0,
1.5,2.0,and 3.0.

« Section 4.3.3, select CMS at least
3 groups (0.2,3.0), and the critical
conditoned period to the structures)

Period [s]

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CS| PERFORM-3D; PEER Database; AlT, CSI Bangkok.
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Step1: Input the Source Accelerograms

"] Open Single
47 Open Muttiple
Select None
BRefresh

Remeve Selected

Step2: Define the Target Spectrum

Define Targst Spectrum

Acceleration (g)
©
n

=N = I RO RN RN TR

© o5 1 15 2 25 3 35
Step3: Carry out Spectral Matching
Min Period Scale factor:

Max Period: Tolerance:

Da Matching

Input/Output Accs | Time Series  Response Spectra | Mean Matched Spectrum
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RSN375
RSN3TS
RSME2T
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Step1: Input the Source Accelerograms
=
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FRemove Selected

Step2: Define the Target Spectrum

Define Target Spectrum
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Step3: Carry oul Spectral Matching
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Do Matching
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s e
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) Velocity ) Displacement
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— Target Spectrum
a

2
Period (sec)
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Fille Edit View Tools Help

ALAT = R

Step1: Input the Source Accelerograms
5 RSN164 NPVALLH HCPE

1 RSNEBT_LANDERS_MVHD
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Refresh
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Step2: Define the Target Spectrum

Define Target Spectum

Acceleration (g)
=
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Step3: Carry out Speciral Matching

Min Period: Scale factor
Max Period! EI Tolerance:

Do Matching

JHB 55

BRI IO AT

Iput/Ouiput Accs  Time Series  Response Spectra Mean Matched Spectum Ground Motion Parameters
Spectral Responses from matched accelerograms

09

Acceleration ()
o

Matched Accelerograms
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Scaling and Matching Ground Motions

Select None

| Options

Show Target Spectum

Calc Mean Spectum
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) Save Record THe
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25
== Uniform hazard spectrum
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(Multiple sets of CMS)
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I
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Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CS| PERFORM-3D; PEER Database; AlT, CSI Bangkok.
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Response Spectrum for Selected Time History
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Response Spectrum Plot Options
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Ground Motions for Time-History Analysis
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Uniform Hazard Spectral (UHS) Matching Ground Motions
Conditional Mean Spectrum (CMS) Matching Ground Motion

Linear Dynamic
Procedure (LDP)

Nonlinear Static
Procedure (NDP)
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External | Level of

Analysis | Str
alysi Structure Modeling

Response : Response !
Spectrum  Linear Spectrum Linear
Analysis

Nonlinear  Static

i [ A P

Pushover

Wodiss Nonlinear  Static

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); ACl 318-19; CS| PERFORM-3D; PEER Database; AlT, CSI Bangkok.
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Uniform Hazard Spectrum (UHS)
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spectrum for seismic analysis of
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levels of ground motion
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cempute design

displacement demands

UKPRN: 10089771

Conditional Mean Spectrum 15

® The CMS will match the
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———,
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spectral shape of earthquakes
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of CMS ground motions at
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PART Ill - STRUCTURAL EVALUATION
LOCAL AND GLOBAL RESPONSES
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Nonlinear Time-History Analysis PECT
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Global Response Plot ETABS RESULT
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LY K J / Y \
Choose Result Type -1.00E+02 / \ / AN / y / b # AN a AN
s ' \, ! Y / ! 7 ',
Vi ', 4 ', i \ fi Y A “, /
(® Moment and shear diagrams, envelopes only -1.25E+02 Vi \___ Fa \‘\\ J.."' \\ l,-" \\ // \ :’I \._\
- ; \ ! ! \ / \ .
() Moment and shear diagrams, time histories 1.50E+02 7 \-. / AY ! \ !.f \ // \\ ;;/ N
1756402 |/ LN s Sl . N\ -
For element loads, see Single Element. For deflected shape, set i "\ o \ /! WS Y I Ay
up a Frame and use Deflected Shapes task. -2 00E+02 ) A A
-2.25E+02
Choose Units H1 Coord = 12 H1 Coord = &
Force Unit | kN o Length Unit |m o 1.50E+02
1.25E+02
1.00E+02
Plot Envelopes *
7.50E+01
5.00E+01
Press Plot to show envelopes. | Close Plot 2 SOE+04
]
Positive moment and shear 2 50E+D1
-5.00E+01
End | "C.D_].l_ Eile 7.50E+01
-1.00E+02
-1.25E+02
-1.50E+02

UKPRN: 10089771




PERFORM 3D PUSHOVER CURVE RESULT »ECT

Engineering College of Technology.

File Phase Task Tables Options Help

DN HBEXE & @ oD {1} 5P #7026k O

Series |pushoverG  ~ | (|  Case |[2]=[0]+PUSH X 2026 <1 =M
Capacity Points Demand Details Spectra
Set Parameters on this Page
Press Plot to draw demand curve. 9.00E+03
Close Plot
Method 8.00E+03
O Coefficient (Displ Modification)
@ FEMA 440 Linearization T7.00E+03
O Capacity Spectrum
See Details page for additional data
6.00E+03
Response Spectrum (see Spectra page)
RS 0.454g ~ | 5.00E+03
Scale Factors. Sa |1 | T |1 |
Deflected Shape for Base Shear Demand 4.00E+D3
O Mode Shape (mode with largest base shear factor)
Mode No.= |2 Base Shear Factor = | 7969
3.00E+03
@ Shape at Current Step, FEMA 358 Formula
O Shape at Current Step, Alternative Formula
2.00E+03
Lines of Constant Period
() Vertical (@) Radial
. L : 1.00E+03
This affects only the senstivity information.
Properties at Trial Points
0
Beta% does not include elastic damping.
Te(sec) Mu  Alpha% Teff Beta% DRIFT 0 2.00E-02 4.00E-02 6.00E-02 8.00E-02 1.00E-02 1.20E-02 1.40E-02 1.60E-02 1.80E-02 2.00E-0:
[ T 1 ] [ 1 ]
M ——— e — i ———— e —
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PERFORM 3D D/C RATIO RESULT PECT

Engineering College of Technology.

File Phase Task Tables Options Help
: r I » s [— .
Dy HEXE & &% A NP I Sl B N
Series | Timehistory | Case |[8] = [0] + RSN1004_NORTHR_SPVZTO « | = A
Usage Ratio Graph Options 1.13E+01
Choose analysis series and load case on the right.
Choose Limit States to be Considered
1.00E+01
oA ) Al drift
O All deformation
@ Group (see Limit State Groups task) 8.75E+00
ALL-ID « ||
T.50E+0QD
Target value for reference drift *
Specify target value of reference drift.
Default = max. drift from the analysis.
§.25E+00
Close Plot
5.00E+0D
The X axis i Time. ¥ axis is Usage Ratio
The graph ghows the largest usage ratio, considering all limit
states in the chosen group. 3. 75E+00
At the last point in the graph, or at the target drift, the usage ratios
are shown for all limit states in the group. The horizontal red lines
show the usage ratios.
2.50E+00
Click any red line to show the limit state name below, and to plot
the usage ratio graph for that limit state.
1.25E+00
0
] 5.00E+00 1.00E+01 1.50E+01 2.00E+01 2.50E+01 3.00E+01 3.50E+01 4.00E+01 4 50E+01 5.00E+01
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PERFORM 3D D/C RATIO PECT

Engineering College of Technology.

ﬂ Series | Timehistory v|C Case |[2]=[0] + CHICHI 2026 v|C = H
File Phase Task Tables Options Help
. 100 R L
J Iy » /I S -
DV HEXE 6 B g [sahsrrphe] o
ult
Serics | Tmehistory v |3 Case [0]+CHICHI20% v|C H Iﬂ{p
a0 i
|-
Load Case Combination 1B5E0 ﬂ' i
\ ol
X New Pjﬂ
Combination name ‘(\
300E+00
CONBO-1 vc * : 80 K
N
1 = | Notneeded
Cases Per group, combination method 75600 | | ‘ |TUJ
" V
Structure
Element Colors 250600
Combination Method
(O Maxdlax @ Mean-Max () MaxHean 22E00 60 1
OMax-U.IeaM Sigma) 2006400
Given a limt state and a combination type M1-W2, first use 50 1
method M2 to combine usage ratios across load case groups for 1 TSE00
each element, drift etc. Then use method K1 to combine across '
elements, drifts, ete.
1.50E400 40
Limit States to be Considered [
Owm 0 aldit {256l
() Al deformation 10 J
®) Group (se Liit Stats Groups tesk) 1.00E+0D I | JJT
ALLS ‘|
T50EM 20
Plot
Press Plotto show usage ratios. | Close Plot DT
10
Click any red ine to show the it state name.
250E01 | ' I |
78
0 -
ENVELOPE 1 2 3 4 5 § 7 ] 0 1.00E+01 2.00E+01 3.00E+1 4.00E+01 5.00E+01 6.00E+01 7.00E+01 8 DDE+01 9.00E+01 1.00E+0
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Evaluation of Local Responses —
— Output Data Processing

No. Component Action Modeling Classification | Response Acceptance Sample Results

Inelastic behavior | Deformation 2 N Yielding = 0.002
Suactienies (Fiber section) \ controlled OXel st | Crushing = 0.003
. Inelastic behavior | Deformation : |
(Fiber section) controlled Rotation ASCEA1

Shear Wall

Column | Axial-Flexure

Elastic behavior | Force
} Flexure (Modified stiffness) | controlled

8

| Shear | ACI 318

| Inelastic behavior | Deformation

0
Beam Flexure (Moment hinge) | controlled

0 "‘"‘“"‘"‘va'\?’v}"wj ’ ‘
Rotation ACI 318

Momertun K{Km)
S
8

5 Elastic behavior | Force She ‘ Y
o , (Modified stiffness) | controlled 5 :
Total Rotation 6,
| T—— 1 o (Fiber Model)

Rotation ASCE 41

] RS e e

Coupling Beam | Inelastic behavior | Deformation
| (Moment hinge) | controlled

Slab Inelastic behavior | Deformation Shear ASCE 41

(EQSlab Beam) | (Shear hinge) controlled } e 11 ! The average of the peak values from the suite of
the analyses (11 pairs of ground motions)

Reference: ASCE 41-17; FEMA 356; FEMA P695 ,2009 ATC-40; Eurocode 8 (EN 1998-1); Al 318-19; CSI PERFORM-3D; PEER Database; AIT, CSI Bangkok.
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Part IV — Sample PBD Results:
Structural Evaluation — Global
Response Trends Among Researchers




SAMPLE PBD RESULT 2- STRUCTURAL EVALUATION
— GLOBAL RESPONSE

SW — Axial & Bending Action (Axial Strain)

"$

6—0]\— d,

Core Wall

UKPRN: 10089771

Crushing in concrete
(€.=0.003)

Increase confined reinforcement
Increase SV thickness

G1Ktami
G2-Sakata
G3-Surmatra
G4-Tohoky

G5 Heckr Mne
G6-Kobe

G7-Northndge

e 0t 2 OAVG

- = Concrete Crushing
Svan
Steel Yeldng Syan

Yielding in reinforcing steel
(£€,=0002s £=001)

Increase vertical reinforcement

PECT
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SW — Confinement Reinforcement

Effectively
confined

b
| [l |

[boundary element

core =

I [In' A.T

F horizontal web reinforcement

/—vertical web reinforcement
=

- e il
b,
]|

Confined
concrefe

TN k
ez NN

Assurned for

Compressive Stress, fp
P
+
T

VS (ver concrete
AN N
€t}  EcoXeo Esp Ecc
f0.003

Compressive Strain, €¢

. Pramin Norachan

N

ties not required

First ordinary
hoop boundary element
fracture,
special
boundary element \
>12in.

> |y for 1.25f,
(or hook as req’d.)

CU near edge of footing

NIST GCR 11-917-11REV-1, ACI 318-14

boundary element not—/

Aspe/Agpe <400/f,

AspelAgpe > 400/,

Ly
2max g Mycs
Wy cs

-«—— critical section

\— boundary element
near edge of footing
or other support

80
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A
Strain Prediction in Fiber Model SW — Shear sample Resuts
SW1-X2 SW1-X2
b 40 J l
Tensile \~—(_.
(C“-r (C;(_ Strains \ 30.003 35
7. e
0.035 0.0 ‘ 1 , : : 30
- ] ¥ ,'". i Concrete Strain Gage - | | | ! ! | :
0.03 — 4002 4 \ 'i 'H ..'I ;i EE ------ LVDT (Linear Interpol'n) 0.05 — RW2 (Positive Displacements) 0.0025 — > -
il oy (M ——— Analysis 8 . . S
B "\li AN KA AN ! | 0.04 — — q 3
£ 002 40 VVVVV ! ‘ Tension ,E\ € 2 - ) ol ‘ e 2 R et \ J s S
T 40.002 R 'R it o = 5 20
-] = vl L § | it 5 0.03 2
D 0015 o L L | A i i«
° 1 100 150 200 250 300 | 11 1} Ho ® 0.02 7 15
g 001+ vl o 5 i
Z . ORI AR S 001 —
8 0005 - RW2 ) AN A ey |38 _ 10
] Y. vivivivini 5 —
0 gvévg NAEAWA SISV ENSNENE (- e
: YYYVRTU VOO U] | o 5
“0.005 —1 south Gage e - N R R C -
— ke 20%
oof Lo Lo Ly Ly 1y | Gomprpsgon | | -0.02 B B s s e R Iomplresa?n | 0
100 150 200 250 300 350 400 450 500 550 600 3 i b o - 6 % -60,000 -40,000 -20,000 0 20,000 40,000 60,000 -60,000 -40,000 -20,000 0 20,000 40,000 60,000
Data Point Number Distance along Web (mm) — Wall Shear (KN) Wall Shear (KN)
! H """" SWIXZ i i
Comparison of measured versus modeled Curvature prof”es fora rec[angu[ar wall section at WIY2 | swiFONRF il = 1.5Average == Capacity ===-Limit e | 5AVErage === Capacity === -Limit
average strain in a rectangular wall section. three levels of Drift. S WiV
il SWIXL
L e = DB12@0.15 —— DB12@0.10
. Pramin Norachan ATC 7241 77 L2 3 @ @ 82
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P v H P M .
A, —_— A -—
2 wo.nGOlumn — Rotation S Column — Rotation
é AP=PY T VM — ' AtP=PU 2 (Vo My)
! [T SN Major Direction
> T2 50 44 &k
‘ LAJ , LR A d
M (P 1 M
> s | . . o 3 o h
0 v el b 8, 8 (V5 M)
’ e Dot | B4 L] Minor Direction »
o : 1. .‘ 5 ! :l ° e :
I ' {32213 |
45 : : 45 i b
" 40 : 40 | :
. 0 ! Column Rotation DCR
¢ 3 : 3% | o M2 M3
e - i | Criteria
¥ 2 ; = i No. | % | No. | %
=4 el = M - [7)
s 2 s ' 3 § i DC<0.5 1066| 98.7%|  973] 90.1%
S :8,‘ 2 ; {3 % | 05<DC<1.0 | 14| 13% 107 9.9%
(S 2 ) k] |
R E = & 20 ' L 2 | 1.0<DC<1.5 0 0.0% 0 0.0%]
' , . 7 i DC>1.5 0 0.0% 0 0.0%
N 1 ‘
ey : D ‘91 i Total 1080 0.0%| 1080 0.0%
=y v ; : — |
; t 10 D @ 10 C 0 <10 i Not Yielding | 1066| 98.7%| 973| 90.1%
N . i T : 5 lmit | Yielding 14 13% 107 9.9%
i)y
! ? ['.' : I 0 i Accepted 14| 1.3% 107 9.9%
. 0 —
! 00 02 04 08 08 10 12 0.0 0.2 04 0.6 0.8 1.0 1.2 |Overstressed 0 0.0% 0 0.0%
y \/' X Demand over Capacity Ratio (OCR) . Demand over Capacity Ratio (DCR) Max DC 0.01 0.06
Rotation-2 (Minor) o Rotton-3 (Major) k o Rotation-2 (Minor) o Rotation-3 (Major) |
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Column Shear Column Shear DCR @

<
©
=

- - - - - - - - -]

Before revision

| .

i
\‘w
R
.
18

(LTI

V3 M

Free-body diagram Shear Moment Expected
diagram  diagram cracking

LWL V =gV +gV
C ¢BV. pro=pl +el,

%
>
; 3 & 25
Shear demand is greater than shear capacity (DC > 1.0) -§‘ o
&
— /\2' i Increase shear & 45 After revision
T b 1| reinforcement 10
: i|  560820mm o B dool 5
0,68 _,.; 5-DB12mm@030~ 8 : :)f. : :
L ] ™ o A
@0.25 0.0 0.2 04 06 038 1.0 12 14
! Cobadhod.o Demand over Capacity Ratio (DCR)
pC-v2 0 DCV3 wwwe=r Shear Capacity Limat
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Coupling Beams

Hoops d/a Alternate consecutive crosstie 90° hooks —

Alternative | | 6dp Developed in tension
headed bar = 6in (150 mm) A
detai iredforshear | [h
etail 1\ or as required for shear I_
; s

M l«—skin reinforcement,
does not develop f y —q‘
[6in (150 mm) typ.] :
F \

t Increased side cover to
A‘J ! clear wall reinforcement

*‘L 2in (50 mm) max I

Elevation Section A-A

Conventionally Coupling Beams

Spacing not exceeding
I smaller of 6 in
(150 mm) and 6d,,

n

SN

Transverse reinforcement spacing

(a) Coupled wall (b) Target yield mechanism fiot to excead 8 in (200 mm)

Horizontal beam
reinforcement at
wall does not

A 4= total area
of reinforcement L )

@
symmetry T

<= Line of

develop £, i in each group of N
I diagonal bars + N
I g D
; a oo oo /]
T | R s
\‘ Diagonal reinforcement qe.e:9
h developed for 1.25f, i y
" s ool
INnnN| b q g
+ 4 N leeele
|
| Wall boundary A
\I\ I reinforcement -_&_J
B <
4 l— 6, —
Elevation Section B-B
Diagonally Coupling Beams
. Pramin Norachan Seismic Design of Reinforced Concrete Buildings, Jack Moehle 87
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Coupling Beams — Rotation DCR

Shear Hinge - Chord Rotation DCR
bl 11 |
.o'o N . N £
- .
45 be e i :
.. .0 .. :
3 L) L) :
4 £ L L)
40 .:0 .O .0 :
L) LA ) g
%33 A 0.0
35 [ .0 )
) % 23 -2 — =004
v ) - .’..‘. ! )
), 59 g " E (0 i
2 . e D 6 0M
:f" 3 2519 e —=—tz——=(80
5 3 % e C 6, 005 ,
>3 “ . 0 s
-~ 3 " o '
N, 20 1 ‘. O '
.. .0.'. .. :
¢ % ‘e e '
19 . T '
* L L '
L) LR M J ’
- LR N J -
. LR 1) M
"1 P T At
. L 3.4 4
* LA _J M
d * e '’
5 . e '
. Ll J '
. " '
3 =y '
‘. ' . 0 . . 3
y X 00 02 04 08 08 10
'\/‘ Demand over Capacity Ratio (OCR)
¢ Chord Rotason DCR  wwees Rotaton Umat

Sample Results

Chord Rotsten

. 4

X

15m
Substantial loss of gravity
Q ioad-carmying capacity
4
P Inelaste
— { CP
s ¢
)
h ) Lii
Elaste  ford

Coupling Beams — Rotation

Coupling Beam Moment Hinge Rotation

Sample Results l

Chord Rotation:
9- A
L

45
40
A
35 g
L L ol
30 | 1l
= 25 H ‘ e
Sy It i el L
3 4 20 } I
5 o LSS .
(2]
15
Q Elastic
10 Q | ,
Inelastic |
5 S CP
] 10175 "'g\_
0 i D E|E
-0.03 -0.02 -0.01 0 0.01 0.02 A_| i
Coupling Beam Rotation (rad) ' OorA
——G1-1447 G2-1764 G3-1818
——G6-SCT ——G7-YMT015 ——G8-1060
—G9-1112 — Average = Accetable Limit 89
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PERFORM-3D V5.0 : PSB1-LSM =
File Phase Task Help ——

D) Bl B @f@ 2] 17 &l FlleSllile|2| Energy Balance: Types of Energy Kinetic energy I

[ ENERGYBALANCE Series[MODAL +| & Case[l21=111+ 691112 ~l=| =] Strain energqy
[ Structure | ElementGrows 100
oot o a Which members in the Eration oF M AT'S:‘“ bl
= . pha-M viscous energy
e ) || w | structure contribute REEHR SE MRS o
—— the most to inelastic =l [—
Max energy = | 54680 kN .m .o - .o E in fluid d
Energy error (%)= | 7.1 d- N t d mu + cu + ku — _mu .ncrgy.n L : ampers
— 80 ISsIpated energy g Dissipated inelastic energy NN
Inetic energy _

(vielding, ete.)? | | | l

| 4 '

Kinetic Energy Viscous Energy Straip Energy
(Mass) (Damping) (Stiffness)

l
. .
Modal Rayleigh
Damping Damping

o K{
AlphaM viscous energy 9

Beta viscous energy

Energy in fluid dampers  I_—_—_
Dissipated inelastic energy  INEEG—_—_ 60

If there is stiffness degradation, the strain eneray is
approximate. Hence the dissipated inelastic energy (total
element eneray minus strain energy) is also somewhat
approximate, and may not always increase monotonically.
See the User Guide for an explanation. 50

Approximate % Damping

For a range where strain eneray has well defined cycles,
specify T1, T2 and no. of peaks. Then press Calculate. W

2 T2 N

N
piwly T
n Calculate

Modal%= [ Fuddampx=]
AphaMz= [ nelasion= [ |
Btz [ 2 Alpha-M ‘ ’ Beta-K ‘ Elastic Energy Inelastic Energy

o v | N N S ;. "/ - : o - --- (Recoverable (Non-recoverable
strain Energy) strain energy)

30

2

Overall Structure

. Pramin Norachan 71
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Advantages and Disadvantages of Performance-Based ECT
Seismic Design (PBSD) :

Advantages

ngineering College of Technology.

* More reliable achievement of the intended seismic performance

e Suitable for complex buildings (irregular structures or multiple towers on a single podium)
* Allows flexibility beyond some prescriptive code requirements

 Accommodates challenging architectural features

* Enables the use of innovative structural systems and materials

Disadvantages

* High computational effort due to nonlinear modeling and complex analysis procedures
* Requires preliminary design (often starting with code-based design)

* Time-consuming analysis and design process

e Requires significant computational resources and data processing
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Conclusions

PERFORM-3D is an ideal tool for nonlinear
performance-based analysis and design,
created by

Dr. Graham H. Powell, University of California
at Berkeley Professor Emeritus of Civil
Engineering.

Estimating the inelastic properties for a real
component is not a simple task.

It may be tempting to argue that since the
inelastic properties are so uncertain, there
is little point in using inelastic analysis, and
elastic analysis should be sufficient.

If there is substantial inelastic behavior in
an actual structure, the results of an elastic
analysis may be of uncertain value for
making design decisions and may even be
misleading.

As a tool for obtaining information for
design, even a crude inelastic model can
be more useful than an elaborate elastic
model.

Please keep in mind that the goal is to
get useful information for design, not to
calculate "exact” response.
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The Future of Tall Building Design

Prestandard for
Performance-Based
Wind Design=—

American Society of Civil Engineers

o
ASCE o = o (\Ssss
f! foveards \\_/...
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Papers published and incorporated with the overall DECT

T h e SI S P ro po S a I Engineering College of Technology.

1. A Comparative Performance Based Analysis and Design of 44 Stories RC Building Based on EN1998-1 Building Code. .
[published at MDPI]

2. Comparative Response Spectrum Analysis on 15 Story Reinforced Concrete buildings having shear walls with and
without openings as per EN1998-1 seismic code. [Published :Proceedings of the 45th AUBEA Conference, 23-25 Nov.
2022, Western Sydney University, Australia].

3. The seismic performance of 50 story R.C. building having a shear wall with and without opening under Eleven Earth
quicks, including 1979 "Imperial Valley-06"-U.S. Earth Quick extracted from PEER website.

4.  Comparative Analysis of G+20 RC Building Utilizing Static and Dynamic Analysis as Per Eurocode 8-2004
Standards.[Accepted and will be published soon at the 46th Australasian Universities Building Education Association
(AUBEA 2023) Conference]

5. A comparison on Energy Dissipation Mechanism of SPO Analysis and NLTHA for 44 Story RC Building.

[published at International Journal for Modern Trends in Science and Technology]

6. A Comparison of Static and Dynamic Analysis of RC Buildings as per Norwegian and Ethiopia ES8-15 Corresponds to
Eurocode 8-2004 Standards (based on EN1998-1) Seismic Code. [published at MDPI]

7. Areview on challenges and solution in the adoption and use of prescribed RC design codes.

8. Comparative Response Spectrum Analysis on 15- and 50-Story Reinforced Concrete Buildings Having Shear Walls
with and without Openings as per EN1998-1 Seismic Code [published at MDPI]

9. A Comprehensive Bibliometric Analysis of Global Research Trends in Performance-Based Design Using the Scopus

Data-base. [published at MDPI]
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Upcoming Programmes ))ECT

Engineering College of Technology (ECT) Start Date
UK-Recognised Qualifications

Bachelor of Engineering (Honours) in Industrial Automation February 2027
Bachelor of Engineering (Honours) in Electrical Engineering February 2027
Master of Science (Power System Analysis and Renewable Integration) February 2027
Master of Science (Industrial Automation and Instrumentation Control) February 2027
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Professional Certificates ))ECT

Looking to upskill further? Check out the Professional Certificates!

These 3-month, non-accredited Professional Certificates of Competency, delivered by ECT’s affiliated
institute, EIT, are designed by industry leaders and academics for technicians, technologists, engineers,
and engineering professionals seeking to advance their expertise in a specific area. Featuring live,
interactive webinars led by expert instructors with technical know-how, along with dedicated learning
support, these courses are the perfect complement to an existing degree, qualification, or relevant work

experience.

Find out more!

UKPRN: 10089771 114



https://www.ect.ac.uk/professional-certificate-courses/

Contact Us: =CT

Engineering College of Technology.

Website | — Programmes

\«ﬂ www.ect.ac.uk 88 https://www.ect.ac.uk/programmes/
Head Office Phone

_~10b : \\ - :

a-o0o0 Whittle Way, Stevenage SG1 2FS, Inside UK: 0203 582 1389

= Ml United Kingdom Outside UK: +44 203 582 1389
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