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Lessons from the past, view to the future

āºþĉj Ăz Ĉăwòý ÿ Ă¤É¼ñ ¿v Ĉĉwă Ă¤·Āùj
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Evolution of Earthquake Sustainable Archetypes
ćv ā¿¾õ ¾ĉ¼~ ÷vÿ¹ ćwă ā¿wÅ Ĉöùwî£¾ĊÅ
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Repairable/ Replaceable beam- column joint

Modification of Conventional to Repairable beam- column joint

ÐĉĀÞ£ ôzwé āºýĀÉ ìöĄ¤Æù Ăz ć¹wÝ ówÎ£v ôĉº{£

Beam and joint are damaged Damage limited to joint

Not re-centering Re-centerable

Form function and devices 



Topics of interest selected for this presentation
¦´z ¹½Āù yõwÖù

ÅPhilosophy and concepts÷ĀĄæù ÿ ĂæÆöå
Sustainability based not disposability based or Repairability, not damage based

ÅTraining and Education  Ç¿Āùj ÿ ć¾Ċñ¹wĉ
Eastern or Western methods

ÅAnalysis and design   Ĉ³v¾Õ ÿ ôĊö´£
Performance control not prescriptive

ÅForm function and devices  ½vÀzv ÿ ć¾z½wí IôîÉ
Purpose specific (not general)- Introducing a seismically sustainable prototype

ÅMeans and Materials of construction  ¢·wÅ ²õwÎù ÿ wă Çÿ½

5



Principle: All things can be visualized to fail before they can be designed and REPAIRED.  

ôÍv5  Ĉò¤¸ĊÆñ ćĀòõv ćwþ{ù¾z Ăí ¢å¾ñ¾Úý½¹ ćv ĂýĀñ Ăz ¡v¾ĊúÞ£ ÿ Ĉ³v¾Õ ¿v ô{é ûvĀ£ Ĉù v½ ÀĊ¯ Ăúă
ºĉwúý ½w¤å½)

Question: How to foresee and control the desired failure mechanism for design and REPAIRS?

óvĀÅ 5 ĂýĀò¯K¹¾í ó¾¤þí ÿ ĈþĊz ÈĊ~ ¡v¾ĊúÞ£ ÿ Ĉ³v¾Õ ćv¾z v½ ¾Úý ¹½Āù Ĉò¤¸ĊÆñ ÷ÀĊýwîù ûvĀ£ Ĉù

Structural Sustainability?
ćv ā¿wÅ ć¾ĉ¼~ ÷vÿ¹



?= UNCERTAINTY

¢ĊÞÖé ÷ºÝ6K

?= DONôT KNOW
 бжϜϹугж =̬

State of knowledge       ĂõÀõ¿ ĈÅºþĄù øöÝ ¢ĊÞÑÿ
(Knowledge much more important than opinion)

 āºĊêÝ¿v ¾£đwz Èýv¹ ¢Ċúăv

Philosophy and concepts 
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UNCERTAINTY + APPLICATION = RISK
 ¢ĊÞÖé ÷ºÝ &¹¾z½wí 6¾Ö·

RISK = ? = STILL DONôT KNOW

¾Ö· 6øýv¹ Ĉúý ¿Āþă

Philosophy and concepts 

Consequences of uncertainty?
¢ĊÞÖé ÷ºÝ ªĉw¤ý
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? =(DONôTKNOW)

Philosophy and concepts 

Despite all uncertainties we have learned a lot but, not enough!
 øĉv Ă¤å¾ñ ¹wĉ v½ ĈĉwăÀĊ¯ wă Ĉ¤Åwí ÷wú£ Ăz Ă«Ā£wz!

?
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2-D Hysteresis3-D Hysteresis  ?

Evolution Seismic Structural Engineering
ĂõÀõ¿ ÿ ā¿wÅ ĈÅºþĄù Ĉöùwî£¾ĊÅ

Philosophy and concepts 
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2-D Hysteresis Idealized single loop Response
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Evolution Seismic Structural Engineering
ĂõÀõ¿ ÿ ā¿wÅ ĈÅºþĄù Ĉöùwî£¾ĊÅ
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Philosophy and concepts 
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Philosophy and concepts 
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Re-centering

Theoretical interpretation of single loop response with a view to SS
ćv ā¿¾õ ć¾ĉ¼~ ÷vÿ¹ Ăz Ă«Ā£wz ôùwí Ă·¾¯ ć¾Úý¾ĊÆæ£
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The saga continuous: Struggling to understand seismic design
¹½v¹ Ăùv¹v Ĉúñ½¹¾Å ĂÅwú³!!

Philosophy and concepts 
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Philosophy and concepts 

Physical interpretation of single loop responsewith a view to SS
ćv ā¿¾õ ć¾ĉ¼~ ÷vÿ¹ Ăz Ă«Ā£wz ôùwí Ă·¾¯ ĈîĉÀĊå¾ĊÆæ£
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¿ĀùwĊz v½ Ă¤É¼ñ

Çwz ÿwî¬þí

øĊúÞ£āºz

A guide to progress
¢å¾ÊĊ~ Çÿ½ ìĉ
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APPRECIATE THE OLD AND SEEK THE NEW! 

PUSHOVER CURVE- THE GREAT AMERICAN INVENTION!
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ºĉº« Èýv¹ Ç¾ĉ¼~ ÿ ¹Ā«Āù ćwă Çÿ½ Ĉýv¹½ºé ÿ ÷v¾¤³v)



 ½¹ øĄù ôÍv ĂÅ Ĉñºý¿ ÿ èĊê´£5

ÅºĊtw£ wz ûwþĊúÕv$¹¾îöúÝ ćwþ{ù¾z Ĉ³v¾Õ # K
ÅTrust but verify? (As in performance based design)

Å¹½v¹ øă ûwîùv ¢Åv ¾ĉ¼~ ûwîùv Ă°ýj¾ă$ºÉºăvĀ· Ă¤¸ĊÆñ āºÊý ±¾Õ#
ÅAnything that can happen will happen ( Not design for collapse will collapse)

Å ûwþĊúÕv ¿v ¾¤Ąz ó¾¤þí$Ĉ³v¾Õ ćwþ{ù¾z ôĊö´£ ÿ ¹¾îöúÝ ó¾¤þí#
ÅControl better than trust (Performance Control and Design Led Analysis)
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 Ç¿Āùj ÿ ć¾Ċñ¹wĉ

Å½ÿ¹½ÿw·(ĈùĀĄæù øĊöÞ£ ÿ Ç¿Āùj
ÅFar East- Teaching and training concepts

Å ĂýwĊù½ÿw· ÿ w~ÿ½v( ĈĉĀÖÅ½v øĊöÞ£ ÿ Ç¿Āùj$÷w¬ýv èĉ¾Õ¿v øĊöÞ£ ÿ Ç¿Āùj#
ÅMiddle East and Europe- Aristotelian - learning things by doing them

Å ºĉº« ćwĊý¹$wîĉ¾ùj(ÿ v¹wýwí #)))( Çÿ½ øĊöÞ£ ÿ Ç¿Āùj$z½wí ÿ ÷ĀĄæù ćw« Ăz¹¾#
ÅNorth America ïTeaching methodology rather than concepts
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INTRODUCTION TO PERFORMANCE 
CONTROL AND DESIGN LED ANALYSIS

Ĉ³v¾Õ ćwþ{ù¾z ôĊö´£ ÿ Ĉ³v¾Õ ÿ ¹¾îöúÝ ó¾¤þí Ĉå¾Þù
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Basic ideas Performance control
¹¾îöúÝ ó¾¤þí ĈÅwÅv āºĉv

Reducing demand/ increasing capacity= increase safety

 wÑwê£ Èăwí * ¢Ċå¾Ù ÈĉvÀåv 6Ĉþúĉv ÈĉvÀåv

Example  1- Building frame  

Difference = 30%

Analysis and design 
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Strengthening Upgrading

Example  2-Continuous beam

 ów¨ù-ïĂ¤ÅĀĊ~ ¾Ċ£

Difference = 30%

Analysis and design 
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Example  3- The weakest link
 ów¨ù.ïäĊÞÑ ìþĊõ

Analysis and design 
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