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Lessons from the past, view to the future
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Evolution of Earthguake Sustainable Archetypes
sloid ndyples lo ojle (eSS yus

CONVENTIONAL MFUR + RRC MFUR + RRC+ REDMC+RESTORING
(Uneconomical) (Economical) (HighlyFEconomical)

Performance Based

. Performance )
(prescriptive) t | Performance

Control Control +

Design [ed ?/

(a) NO CONTROL (b) PARTIAL CONTROL (¢) FULL CONTROL
DISPOSABLE DISPOSABLE SUSTAINABLE




Form function and devices

Modification of Conventional to Repairable beam- column joint
s Bl owisd Slets &y sl JLail s

T | a .
i Moment B 3 Oio ______ oy ¢ Buckling
transfemlate— &eam dl eft| | et e R ﬂri\ﬁ?uTBeam
— T T 1 i | o turnbuckle
o | Vim
Rotationalyfixed | fixedshear V|
””””””” &% webconnection [ dp d TOTrE T - T
b : tendons
| | Beafhanges
i L \g\ OO O ---O---O--O 7
—ij Column= | === T
Column (a) LFullcutianangesndweb
(a)
Conventional beam- column joint Repairable/ Replaceable beam- column joint
Beam and joint are damaged Damage limited to joint

Not re-centering Re-centerable



Topics of interest selected for this presentation
g_,&u 0)3.0 g_,JUcbo

* Philosophy and concepts sgeée g adus
Sustainability based not disposability based or Repairability, not damage based

 Training and Education _:;sel g 5 5ol
Eastern or Western methods

* Analysis and design >1,b g |

Performance control not prescriptive

» Form function and devices i3l g 6,5 S
Purpose specific (not general)- Introducing a seismically sustainable prototype

* Means and Materials of construction csls mllas gl o,



Structural Sustainability?
sl ojbe 5y plgs

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

SBnS (68l Glie p a5 85 )1ais0 (6l AgS w4 Ol pend g (b 51 LS Gl oo |y ez e 1 Lol
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Question: How to foresee and control the desired failure mechanism for design and REPAIRS?
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Philosophy and concepts

State of knowledge i) mdige ple Camdg

(Knowledge much more important than opinion)
oasde sl SYL le coenl

?: UNCERTAINTY
fod..c

— DON’T KNOW

— 64\3.4,44



Philosophy and concepts

Conseqguences of uncertainty?

UNCERTAINTY + APPLICATION = RISK
)Ja} 20).3)[5 + g.,«.,s.x.‘a‘a (DJ.C

RISK=?=STILL DON’T KNOW
W“‘) s 9 =yl



Philosophy and concepts

Despite all uncertainties we have learned a lot but, not enough!
el a5 ob 1) ploga bo (S plad 4y 4ol

? , L
c = (DON’T KNOW) 2




Philosophy and concepts

Evolution Seismic Structural Engineering
A5 5 05l (pwatpe (oSS s

3-D Hysteresis ? 2-D Hysteresis
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Philosophy and concepts

Evolution Seismic Structural Engineering
J3)5 9 05l (gwaige (LolSS s

Present

Past Next

Future

2-D Hysteresis

Past

Present

Next

Future

|dealized single loop Response
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Philosophy and concepts

Theoretical interpretation of single loop response with a view to SS
Slos) Gl plys wazgl JolS as > (oo i
v M

Ductility
state

Elastic

state Unloading
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Philosophy and concepts

The saga continuous: Struggling to understand seismic design
1o jlo dalol o8 )0 j aslos
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Philosophy and concepts

Physical interpretation of single loop response with a view to SS
Sl o3 sy ples 4 azgily JolS a2 (S 58y

Ay Amax

nyy
+M"f \\”_\" ﬁ‘f A‘rnax
(a)
Standard push over

curve
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n\K L‘d I\,J a

Quarter - cycle

response

Half - cycle

response
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A guide to progress
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APPRECIATE THE OLD AND SEEK THE NEW!

Sz GBI S pdy 9 952 ge sla By, (1808 g pl 2

PUSHOVER

—

/
/

—

No Force, noresponse J

?F irst yield

/

b\f‘?

Q)Target

PUSHOVER CURVE-THE GREAT AMERICAN INVENTION!

PUSHBACK ?
!

PULLBACK?
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¢ (0,Skoe (glicoy 1, b)awils b oylicalsl®

e Trust but verify? (As in performance based design)

(Wbaplgs diBens oo ,b)o,ls po Kl Sl pdy Sl assl 2
 Anything that can happen will happen ( Not design for collapse will collapse)

(b by Jodow 5 0, Slas J08) ool 5l yige J S

 Control better than trust (Performance Control and Design Led Analysis)
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 Far East- Teaching and training concepts

(bl Bosbol padad 5 Goje]) (srsbans )| adad g ojg0l = ailoaygls 5 Lg )l e
« Middle East and Europe- Aristotelian - learning things by doing them

(32,55 5 psgie sl @) (g, plad g GB350l = (g JobL -1 1) oz slio®
* North America — Teaching methodology rather than concepts
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INTRODUCTION TO PERFORMANCE
CONTROL AND DESIGN LED ANALYSIS



Analysis and design

Basic 1deas Performance control
OJSJ.Q.C J).».»S stLw‘ od%‘

Reducing demand/ increasing capacity= increase safety
sl il = cus b gl Lolss als

Example 1- Building frame

-—> 8 +«—| 0.90
-—> (Q2 -—| 0.90

H - 9 ) -—| 0.90 2 2
-—> M =QH 09H | L 0.9Q M _(OgQ)(OgH) _0729QH
s Q o™y | 09Q °° 2 - 2
| Q | 0.9Q
-+ Q -— | 0.90Q

A A A A

Difference = 30%



Analysis and design

Example 2-Continuous beam

| —
1

|| q
—_— - -
5
_-‘—\\ — I .

T, /” gs T )
+¢-HHHHHHHJJ’HHH HHJ’HHJQHH¢HHHH
T L T’ L T -L—08284L l. L l.‘

(a) 9013 £ gI? ql” ®)
128 /\8 11.65 11.65
\_/—J«——ﬁ v \ .-—IL \_/

0.25L 0.172L

Strengthening Upgrading

Difference = 30%
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Analysis and design

Example 3- The weakest link
i S — ¥ ke

]
: : ;O; | - I
_ | | =27
| | - J
27
J
i 27
| J
%ﬁj (if) Ay Y =
v
P =0 P<%%mr P =0 R=0 pzw, _ B=0 E=0 J>1 MR~ Mm*

(@  (b) (©) d (o ) @ (h) (7) (/)
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(8 sdoe wlwlpy 2lyb ) gl dwlxo 9 7 4b (Jglodo o O
Conventional Moment Frame and analysis / Performance based design

Permanent RBS

Ve v P
e B I C p M
- >l/ éNP—aMP
o —
h J pzl_L J |\ N / a>1
NP oA th _1D (b) (_

ot e ece Sy bl
M-=3K+1;'EE slbaals 3,5 ol5 o ‘ =,
A lek+11 | 2
Mg = ok * Ve—h M = Z(Ffa)
6K +11 | 2 |
s _%Mfrp+3] 3 :‘%Waza—ll
e " 12E] p+6 p 12E1 | 1+ o
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Proposed moment frame, Based on Design lead analysis and performance control

Ve g | c
L
h =-L_ NP
W ST
- X A
NP L
V, h

W M P
e v

Replaceable RBS

LI N” /NP: aMP
AN oa>1

(b) QJ .

Grade Beam
ab 5

Vy h
P_paqP_pqP_pqP — ‘P
Mg=M§=ME=Mfp = &

2
Vyh
24E]

®p= [1+,U]
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el 3 gl
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Comparison

Beam Column Building | Materials
Frame Type Analysis Design Damage Damage Repairability Status and
construction
Conventional Prescriptive  Performance Based Total- Total- Impractical Disposable Conventional
Design Permanent Permanent
Proposed Design Led Performance Local- Local- Easy Sustainable Conventional
Analysis Control Repairable Repairable
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Relationship between ultimate strength and stiffness

(Y L5959 ,5) o ls cwglio g (Sow (p adal

4P
3P
2P
L
P
74 HI'

 Stiffness depends on ultimate strength
* Yield displacement independent of
ultimate strength

|

7

VaQ

OL,

10

IS

/ 9

¢y,I4P

 Stiffness does not depends on ultimate strength
* Yield displacement depends on ultimate

strength
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Influence of Strength on Moment-Curvature Relationship

(Vooo s 1) 2l Coglin o (S5 (y adaily

: ! ! -

LV P L2V L )

(a) Design Assumption (b) Realistic Conditions
{constant stitfness) {constant yield curvature)

Priestley M.J.N. (2000)”Performance Based Seismic Design” 12th World Conference on Earthquake Engineering, Auckland, New Zealand.
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Seismic Performance Levels

Operational
Level

Immediate Occupancy
Level

~Inelastic Response

Life Safety
Level

ay
=
S
-i:'l
3
s
A3

Collapse
F"'d'u'E'Flﬁl'_'lr'l_

Level .~

Inelastic Displacemeant




LEVELS

50% in
50 years
20% in
50 years
10% in
50 years
2% in
50 years



* Force-based design requires the specification of initial stiffness of structural members, unless
simplified, and outdated height-based formulae for building period are used, as in UBC-97. Even then
forces are distributed between structural members on the basis of initial stiffness. This is sometimes
taken to be gross stiffness, and sometimes as a reduced stiffness to represent the influence of cracking,
in concrete and masonry structures. This implies that the structural stiffness is independent of strength,
for a given gross member dimension, and that yield displacement, or yield curvature is directly
proportional to strength, as shown in Fig. 5(a). Detailed analyses, and experimental evidence show that
this assumption is invalid, in that stiffness is essentially directly proportional to strength, and the yield
displacement or curvature is essentially independent of strength, as shown in Fig. 5(b). It has been
found possible to express the yield curvature of different reinforced concrete structural members by the

following dimensionless relationships (Priestley and Kowalsky, 1998; Priestley, 1998(b)):
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Analysis and design

Example 4- Symbolic seismically sustainable structure

&leyyd pay plad ojlw digoi — ¥ Jlwo

(/)
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Analysis and design

Combined Gravity and earthquake resisting systems failure

Sustainability not feasible/Reparability not foreseen
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Analysis and design

Example &- Conventional dual Moment Frame and analysis (Prescriptive Analysis and design)

SH¥ g;"‘)-b 9 J-J-’U &9) —Jg‘&o 6\3[53& OWOSWE IA) JL,,_O

Permanent RBS

Vef>B | C Vec Vo s M P 76 Ve
hi J JL J Fixed base |\|T NP = aMP >Collapse
A P=T1nh D shear wall L‘ ‘ Not
o —[ - ) a>1 (_ =, MPZ prevented
= L A _ -
" 3K + 17 -Vefh- Fixed base Not desirable
— k
A lek+11 | 2 p__ Vpch
M. 3K -Vefh- 2(1 + 0()
— X
Folek+11 | 2 ; Vh? 120 —1
5 _ Vegh? [2p+3 P 12EI 1+a]
©  12El | p+6
_ Vo = Vor + Ve
Ve = Vef + Vec 2



Analysis and design / Form and function

Example 7- Proposed moment frame, Based on Design lead analysis and performance control

b Gbany Juloxd' 9 0,5dae J 508 oll 2 - g0l poivmnns — & Jlio

Replaceable RBS

Ver B_ | _C
h _JL J R'g'd NP NP = O(MP Collapse
f;JA T _[ rocking 0(>1 prevented
- e = Iz core
+—— L
* Grade Beam
Verh h
My= Mp=Mc=Mp =~ ME=ME=ME=ME = ‘2L
Vefhz V hZ
Q. = [1+ p] 1+
e~ 245 & 7P Py = 24E] [1+p]
Ve=Vef+Vec sz pf"'Vec

Difference = No column damage, No beam damage, repairable joint
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RBS\;

> 0L O B L nd
Semi Articulatel gravity frame Original Moment frame

CONVENTIONAL DUAL SYSTEM

Fixed Shear/waII}
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COLLAPSE MODE OF CONVENTIONAL DUAL SYSTEM  Jglae o 1 5lg30 — cinos ol ail 98 s Sk

— secondary moments

Permanent )
pormanent [ L[ [ ]/l /‘[ }%

Base level plastichinges Moment frame fallur Shearwall failure

SUSTAINABLE DUAL SYSTEM 29 plgd Al g0 piww

Articulated gravity system Moment frames Energy dissipating devices
| S

— ] — e e aq= — @
__‘, J b A= =1= o ) O ® Rigid rocking

; Rigid rocking braced frame
—a o o0 = —— wall ©
—> g l o do ofo S / T ¥' /

0
A A A A A kT E B 5T < N
PT Tendons

Gap-opening link beams
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Form function and devices

Moment frame beam with replaceable joint and re-centering capabilities

1,535 0 sl JlSg (oY g8 oigis Sdpio b ciaz OB ,5

Fullcutin flangesnd web

B S S S S ¢ Buckling
Moment 20O ¢“‘Q“¢ Z prevention Beam
transfeiplate—— ; _bolt &
l T 1 I T T = . : bl |
1 ! - AR ;
] . . i) \; [}
*| fixeshear[ [~ :
® | tabs_ ] 3 ‘ L ®
ffffffffffffff o @Ma e R
o qu R > .
. grcsie § \ Unbonded _ turnbuckle | ,;j/ dy ®
I 2 tendons — (optional) ‘
l 2 & & ﬁi:' 1 & 4 TR
Beaﬁhan7es
B J T o Y O OO - J
—
(-
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Form function and devices

Typical repairable/replaceable joints
s3Ys8 onigd Slptns  cios Jlas! 15>

@ .
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Form function and devices

Energy dissipating replaceable moment connections
LSL:.QOJ.S}MJ il . TP JL&J‘

w/hole

— . o Spacer
:JT
- - . Vertical pin,,,,,,,)

At beam column joint
(Concrete frame)
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Form function and devices

Types of rocking cores
& 0,155 aun glgil

e | G = =
d i d Ol & T
. , Steel beariing PL h - \
- SN e ;}& - $e i
* S I b f: 17 i

L PT Tendon: ) Steel pivot () Steel hinge

| 1
(a) —Steel hinge Elastiqpad -~ (b)  Steel hinge

.
r.
o sight, 20 %
SPE™ 4 Gorbuster
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Form function and devices

Steel

column-

™

(a)

Replaceable Shear fuses

Butterfly

Juse

/(RR('

T—secm ‘r}
anc 1())'(’
1o RR(C

(b)

& onnm«)us

MC’/)I

| g
A {

—

“RRC

I=sectio
anchore

“to RRC

42



Form function and devices

Special Design of Non Earthquake Resisting elements

(loyyd je) L& ool WYl 2lb

Example 1 : Non moment resisting connections

1
| Beam
: =+
| _1_'_\
i ‘4'3._‘._._
i y ! r
______ -— C—— R 4
! l D =D, +3mm
[
T }
I
(a)
Column L

P ———

/ ¢ ~ 0.03 radians

(b)

Standard connections

S
1 2
] &
P
NN

otationally ﬁ‘eeJ

web conmnection

(b)

e

Proposed connections

‘+7 ¢d
2
| —Beam
‘|
m @
Tlaiﬁ [\%amn’ona”y Siee
’;’:’ﬁ\lxw i | web commection|
m &
|
_+_ Column (C)
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Form function and devices

Special Rocking core diaphragm connections
&S & gl 0ylgeS awdr Jla

1 Floor TN — WEEEd shear :
. . studs 1
' ( slab ‘ . ———Floor slab -, S
D \i | " -
éf .' TITT
(ﬁﬂ :
L .l
~e —— Steel angle with - ; 0~ Ly 1
\ : . — inclined slotted holes _/ : Transverse
,-re - d - d % beam
P\ ! G Tendons (b)
LAY ; L., P — Rocking
\ : ‘ Racﬁ:in;g ﬁ ~ Welded shear 5 | | - core
\ S wal Steel | studs §
Steel bearing Pl — lee, | i
g / rocking T .f
\ Steel corere 1| . 1 I
- compression — ¢ : I : I BRB
sfem{)e "_‘ﬁjg:f:fr ; |
| f.-" : C
T (a) (d) /. | (e)
\ Steel pivot [ shear Pi. Steel hinge
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Form function and devices

Recommended Wall Frame connections

o> o 4 Olile by,le s WYL

 Shear + Axial  Shear + Axial . Axial,No shear . Shear,No avidl W s Noshear,No aid ,
mi l JI§ o il -l Eu&ﬂs-;‘;.;.;"&jgd «—I—"._"___'__e_ ______ e ______ e_ - o A t r ............................. I T."Lﬁi
1 Gap Gap
D | Vi ‘ \ ‘ Q \ 7 AL NS V4 Y
:..‘:ti - — || = t J L 23— | = - ——
“ (A ‘ A A :‘: .,‘ : Ly
- Solid wall Lp. - .*—'(yap>¢h ' o Gap > ¢h, . A Gap > ¢h, /r-v Gap > ¢h,
concrete/ cmu
(a) (b) (¢) (d) (e)

Walls remain stable during earthquakes
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