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Figure 1. KOCED Program and Facilities
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The US West Coast Branch The US Midwest Branch The Japanese Lineage

(Caltech, Stanford) (UluQ) (Tokyo and Kyoto Univ.

[ Stephen Timoshenko 1 [ Hardy Cross } [ Fusakichi Omori }
‘ ) Lydik S. Jacobsen

[ Maurice Boit J [ N. Newmark } [ Kiyoshi Muto }

Figure 4. Three Branches of Earthquake Engineering
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Newmark(1910-1981)7F 12| X|X}O|C}.

Hardy Cross Developer of the Moment Distribution Method

Nathan M. Newmark ' Pioneer of numerical method & seismic design criteria

[ Ray W. Clough ]

[ Mete Sozen J [ William J. Hall J [ Edward L. Wilson ]
Reinforced concrete Guru Co-authored seismic codes UC Berkeley : SAP 2000
[ Jack P. Moehle } [ Santiago Pujol ] { Filip Filippou ]
UC Berkeley University of Canterbury Advanced nonlinear

modeling framewdrks

Figure 5. UIUC branch
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Stephen Timoshenko [ Lydik S. Jacobsen ]

Stanford Stanford

[ R. R. Martel ] Introduced seismic design concepts to Caltech

George W. Housner The Father of Earthquake Engineering (PhD 1941)

[ Paul C. Jennings ] [ Wilfred D. wan ] [ Anil K. Chopra ]
Dynamics of structures Nonlinear dynamics UC Berkeley : Textbook
[ Gregory Deierlein ] [ Eduardo Miranda ]
Stanford: PBD Stanford:

Nonstructural compo.

Figure 6. Caltec and Stanford Branch
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Kiyoshi Muto (E0f &, Muto Kiyoshi, 29
January 1903 — 12 March 1989)"l was a
Japanese architect and structural engineer.
He is considered the "father of the
Japanese skyscraper" for his contributions
to earthquake engineering.2!

Fusakichi Omori (K7 =&, Omori Fusakichi;
30 October 1868 — 8 November 1923) was a
pioneer Japanese seismologist, second
chairman of seismology at Tokyo Imperial
University and president of the Japanese
Imperial Earthquake Investigation Committee.
Omori is also known for his observation
describing the aftershock rate of earthquakes,
now known as Omori's law.

Hiroyuki Aoyama: Muto's student, who
became a world authority on the inelastic
behavior of reinforced concrete structures.

‘h

Figure 7. Japanese Branch

YEO| X|ZFEHIE John Milne(1850~1913)2| X|ZlE =H0| CHst A7+ A|gh™o|ct O



7b ARk X|PoE 5¥ez oYl SE0 Rl 28I XSS MAE oF 2 LHDICL

X|Zlst 202l Omuri(1869~1923), &= WEEAHLl Kiyoshi Muto(1903~1989)2t
Hiroyuki Aoyama2 22| X[ZSSH20te| XA 7t O|Fo{ 7Lt

3. WAL 2AV|E

2
2 MAISHRICE D™ 760 17558 2[A& OfY X

VA2 HOEA = XA ACE =0 20M 7] = 1906'H A EHA|
2[0F DAL} X|ZImshet 1923 Y& 7HE XX dWako| X|FSEZe2 AE FA 2l 55Ul
X 10%2 7+F510] 2l WWEIEAYE MAISHICE 1933E Long beachX|ZI2&2 L{ZIH
HZ|Eo0| YstEICE 1994H ARX| X7 s Zite EIE';'MI*HOH CHoE A E.*OM o
So|Hto| Wigtoz =X 3710|E KXo X|F

r_ﬁ
ro
> H
[
4m 0
my
10
Hi
Ho
e
I
n

— —
L EA LN BHES 124E ResilienceE S7tots E‘Jétgi E‘so*%@., ds718 2z

Major Earthquakes 1920 — M — O 1976 Tangshan
1923Kanto/Tokyo | ERI of Tokyo univ
[ 1980 |—
1930 — _ — O 1985 Mexico city
$uyeh|ro lecture 1988 Armenia
1700 — | 1933 Long Beach in US (1932) 1900 | 8 1989 Loma Prieta
1994 Northridge
| 1940 | — 1940 El Centro - 8 1995 Kobe °
1755Lisbon oo
%5 | o 1999 Chi-Chi
1800 ] EERI (1948) 20001
1950 — -
— — 0 1(1\g/§65)5 @sF 2010|— |4 2011 Tohoku
O 2012 Myanmar
1960 |— -
1900 f— . .
1906 San Francisco 1964 Alaska, Niigata 3 2018 Ind .
1908 Messina-Reggio — 2020— & 5021 I—r|1ai§c)ine5|a
L . O 2023 Turkey
1970 — 1971 San Francisco |

Figure 8. Major Earthquakes and Establishment of Main Institutions

4, MAHSAHEH



Ly
al
%

)

1o

1%

0z

Mo
T

olo

[>
ﬂ

|m

H(response spectrum)O|C}. 0|2 O &5t7| Oojg{2 X[Z

X, 3271, n3e Ao Y2 FR2E0 IHEiXl= K|S

=2

lo
— Im

_ITl_
Rl
A
1o
0x
o Ho
S o
oM W ox
N

MO

% THu

-1
B

Mo

ot

™ 22 rr
ro
ks
2
N
r
oo 1°©
>
I s
(m
¥
o A
=
T m
X
mjo
k1
i
rot
nx
)
Rl
Pl
Ot
ofy
mjo
N
ojr
Ok
N
10
ot
N

rc O
olo
>
E
|m
]
|0
Hu
n
19
o
Jal
|0
Hu
-4
A
0
10
ki
> H0 rfr
oxd ™
0 O
E 4 K
o
N A

Il
o 4
z0
o

1-AHR et CHARE EIatd X|25HES 2| AEEE capacity spectrum 12|11
ot 2o o|8st QUCt Duhamel's MEAS 0|8310f X|Tlmbof CHeH Z|CH

AHEFHO| Auhs ALHEXO| 2lojet gH AlZEE M T

a)
]

mu 1

f
re
-

2 4
ey
rrrr

al

Yooz ol Mol

HT

1
+
ket
A
=

oty oozt At 2= XTI Y convolution M1t F2|0f HEHO|2t=
X

S 2 £20| 7[EN g9ES StA =L

Multimodal
Equivalent Lateral Response Nonlinear Static Dynamic Response

Force Method Spectrum (push-over) Analysis History Analysis
Method

Spectral Acceleration . .
S Eiertl Spectral Acceleration Check capacity versus

N of All Relevant Modes Demand

Spectrum-
compliant
Accelerograms |

A

e

Figure 9. Structure of Design Response Spectrum

T hTT

FAHL| 5LX] 10%E EEstA X Tstsez T

%EI
Mol =92 UG 023 HHOD HSAHED
O

P
Mo
10
=
Rl
X
i
do
el

H1
Tt
10
>
ob fr mx
ne
e
2
Rl
o
=

L

re Ok Jm

Sl
m
>
B
O
_lTl_
[
rir 0
ofn
ox
i
A
IS
m
s
|0
Bt A

Kyoji Suyehiro(1877~1932) &
Folch 3 0|Zo| AR AlgHe

1o
re

__I.I.

0%
OH
N
N
OH
1o
_>'I_
ro

g2 Caltec? Maurice Anthony
Biot(1905-1985)2| E=tALAL7} Z|EEO] EICh O|O{A X|ZIE<tol OfHfX|2t =2|= George
X

Housner(1910-2008)7} Biot2| AT E ZTA|FA EIS AHEZHO| 7|2F Q0 NAEZE TH=EH =
C}.



6 T T T T 11T T T T T 1171 T T T T 1117

Biot (1941;1942)

Normalized Spectral Acceleration

Lol 1 Lo Ll 1 T
0.1 1 10
Period - seconds

Figure 10. Shape of Response Spectrum by Biot

Housner= Z %! H|O|E{(El Centro, 1934, M ¥ 6.5; El Centro, 1940, M % 6.7; Tehachapi, 1952,
M Y4 7.7, Olympia, 1949, M % 7.1)0] Duhamel 22 Sof *|C§ 22 OI2=2Z1 HFEE
O|8dt0] o & HISAHEHC=Z HMASto] 28Xl WX EAS 7|=& CHX|A ECt

x

O|F&2 UICC2l Nathan Newmark(1910-1981)= &%l HIO|E{Of Z[CH Zt&E, ZCH £, Z|CH
HRAE S AHEZOl HAHO| HejX|= HAS MA=SHO AXHLTA WHLAE I g
SAHEHS HtSIACL EHE ASO| 2 HSAHEHN HAAFZE HHHE HSO| &
St

Newmark?| ECHE HHZ 5o =X[SHM 0| Taylor SeriesE O| &30 HA|ot 7HEEE
MYEo 2 78510 M AISH Newmark Beta HEHZE 24 & HHHUHA £=X|s{A0| It&
SHA SRt 28 XA & LiEtLhE =X eHE8d EX= 0|F UC Berkeley®| Edward

S|
Wilsono| At Z2nt= F{Z &L}



/ \\ Spectrum Bounds
Vv

Spectral velocity (log scale)

Ground Motion Maximum

Frequency, f (Log scale)

General shape of a smoothed response spectrum

Figure 11. Tripartite Plot for Response Spectrum
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1943 starts work at MoW
Nigel Priestley: Born in Wellington, 1944 '
NZ . 1968
Paulay fought in WWII Park promoted to professor at age —v
of 35 1975
1946 ' Paulay awarded personal Chair
Paulay enrolled in Civil Eng. At —v
Technical University of Budapest 1975
Tv ' 1977 Reinforced Concrete Structures
194 Priestley returned to UC as Senior published
7950 Paulay fled Hungary to West Bt
Germany
Park leaves Fiji for NZ and spends ' 1986
a year at Otago Univ. 1951 ' . 1989 '
v— o Priestley moves to UCSD as Paulay retired Emeritus Professor
1952 Paulay immigrated to NZ Professor and continued to be active in
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1954
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Y P P 2004 Displacement-Based Seismic
' 1963 Design of Structures published
Priestley gained BE from UC at age Park passes away
of 20 1964-69 '
Paulay completed PhD thesis at age 2009 '
1964 of 45 ' 2014 Paulay passed away at 86 years of
Park returned to UC as senior Priestley passes away in age
lecturer

Christchurch .
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Figure 13. Timeline of key events of all three professors [5]
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Strong Column-weak beam

| e /] N

a) Location of potential plastic hinges b) Ductile beam sway mechanism ¢) Non-ductile column sway mechanism

A strength hierarchy is Lateral
provided to the structure '°2
so that inelastic action

under seismic attack is
concentrated in carefully
defined and detailed

locations of the structure.

Ductile beam sway mechanism

Non-ductile column sway mechanism

Lateral displacement

d) Lateral force versus displacement

Figure 14. Concept of Capacity Design
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Figure 16. Autocorrelation functions and Power Spectral Density for Random Vibration
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Variational Calculus for
Finite element approximation

mg

o | z

The Brachistochrone curve: [ Potential Energy ]
The Problem of Quickest Descent
v Euler equation
—_—
( Virtual Work ] [ Functional statement ] [ Strong Form ]
‘—

Variational calculus

Weak form

Figure 17. Variational Calculus for Finite Element Method
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|

[ Linear & Multi—Physics] (Nonlinear & Explicit Dynamic]

» ANSYS (1970) + DYNA3D /LS-DYNA (1976)
+ MARC (1971) L* ABAQUS (1978)
| I

v

Modern Ecosystem (1990s-2020s) )
« CAD-Embedded(SolidWorks/Autodesk)
« Multi-Physics(COMSOL)

» Cloud-Native(SimScale) )

Figure 18. Lineage of Finite Element Method based Programs
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