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The critical excitation methods have been developed mainly for random earthquake
ground motions except long-period ground motions which were observed during the 2011 Tohoku earthquake.
The criticality of the long-period ground motions is focused in this project. Because it seems difficult
to respond to unpredictable earthquake ground motions only with the consideration of ground motion
uncertainty, the structural design method including both ground motion uncertainty and structural
robustness (redundancy) has been proposed in this project.



obooobobooonog
() 0000000 00000O00O0000

(2)

(3

oboo00 2011311 000000000
gooboobobooobooobobo
gooboobobooobooobobo
gooboobobooobooobobo
gooboobobooobooobobo
gooboobobooobooobobo
gooboobobooobooobobo
gooobooobooobooboo

gooobobboooobobobboooon
oooooboboooooooobobobo
ooobooboboooooooobobobo
oooooboboooooooobobobo
oobooobooobooboo

goooboooboooboobobooo
goboboooboooboobooboo
goboboooboooboobooboo
goboboooboooboobooboo
goboboooboooboobooboo

ooooooooboooooooooo
ooooboobooboooooboon
ooooooooboooooooooo
ooooooooooooooobooo
oo0oobooboomoooooon
ooooboobooboboboboo

(3 0000000 0DO0O0O0OO0ooOOooooO

oooooooobooooooobooo
oooooooobooooooobooo
OO00000O00ooogosSROOOOO
oooooooobooooooobooo
ooooboobon

(4) 2.011.3.11 00000 0D0O0ODOOOOO

ooooboobooboboboboodd
oooooooobooooooobooo
oo0oobooboomoooooon
oooobooboobon

(b)) J0O00DO0ODO0ODOODOOOOOODOO

ooooooooooooooobooo
ooooboooobbobooboooboon

goboboooboooboobooboo
goboboooboooboobooboo
goboboooboooboobooboo
gobooboooboobobooon

gpoooogn

() D0DO0DO0OoDoOO0OoDO0OO0O0OO0OOooOooO
goboooboboooooboooboD
goboooboboooooboooboD
goboooboboooooboooboD

oooobooobooobooobooobobo

googood
(OHOoOooobooobooboobooo
gobobooobbooobbooobobo
gobobooobbooobbooobobo
gobobooobbooobbooobobo
gobobooobbooobbooobobo
oooobg 1, 200000000000
g, od

goboooboboooooboooboD
goboooboboooooboooboD
gobooboooobboooobobooooobo

(2 0000000 0DO0O0O0OO0O0OOooOooO
gobooobobooooboooobon
goboooboboooobooobon
gobooobobooooboooobon
gobooobobooooboooobon
gobooobobooooobooobon
gobooobobooooboooobon
gobooobobooooboooobon
gbooobobooonog

(3 D0D000DoO0oOoOoOoOooOooooo
gobooobobooooobooobon
gobooobobooooobooobon
gboobobooonog

goooood

(1) 0 O O Critical Excitation Methods in
Earthquake Engineering (Elsevier, 2007,
201300 00000000000000
dooboooooooooooooad
000000 00 Building Control with
Passive Dampers —Optimal performance-
based design for earthquakes—1John Wiley,
00000 0000oooooooog
dooboooooooooooooad
doooboooooooomoooo
gooooooooooooooooa

(2 000000000000000000
dooboooooooooooooad
doooodmooooooooooo

Vw) 12 V() 12 Long duration
Areaisve relocity E/m

- e und for

pow Short el ower
duration

in
ncertal ation ncertainty in excitation
re n 4

Input energy per unit mass (mz/sz)

200 — T — 200
a er

,_\
o
o

o
o1
=)

-
o
o
i
=3
=

o1
o
o
o

v

S

Input energy per unit mass (mzlsz)

~— N

=4
=)

00 0 1 2z 3

4 4 5 6
Natural period (s) Natural period (s)

02 O0booooooboboboobooboon

gbooooooooban

(HUO00DOoOOoooog 2011.8.11 0O

goooboooboooboobooboooon
goboboooobooooboooobo
gogoobboooooobobbooooon
gooboooboobobooboboo
goboboooobooooboooobo
gooobooobooobobooboogo
goboboooobooooboooobo
googoobooooboooobo, 0o



@G)UoOooooooboooboobooo

oobooooobooobobobobooon
ooooooobooobobobobooon
gboooooboooobbooogobo
gboooooboooobbooogobo
gboooooboooobbooogobo
oobooooobooobobobooboooo
gboooooboooobbooogobo
gboooooboooobbooogobo
ooboooooboooboboboobooon
oobooooobooobobobobooon
gboooooboooobbooogobo
ooboooooboooboboboboooo
uoooboo, o, O, 21-230

fffffffffffffffffffffffffffffffffffffffffffffffff

BAMRE TABE Bl (7t A BTE
‘ foread imput foresa
3 =] forced inp =] for inputi
weiw FEE pen S ‘
F +HIREH RSN
r 3] S 1 mEEs

04 00000000000O0O00ODODO

HlRERBDNATVIRS AT L

T [ PREH
=l 6 () — >N 2 =T P
=l = (1), BEBCE)  Re[F (o)) _/{%(%?ﬁ P2\ ERIN
s s (2f) o < N g
ARXET M LHEEBHOER | L ﬁ
TG e g™ WO AR & &
L G UL'J, 1((03)_1?%9"”7’+~-E"a“e""an 2 wt *h % %
mlft‘/\z!ﬁfv"'/bwﬁiiﬁﬁii'\ﬁ)\ | RefF, ()] ;{ﬁ g g g g
N k- . @ \ @ A
Uy (t) (@)= D s TON EIREE L
AF/VW\P"* $71 RiEH% " *ﬁ *ﬁ I
[Dooo] J EAH
0 T e INLR HEE
| emeinn | |:i7§§;§3| 05 DD0ODDOODOODOOODOO
=300 )
{80} (6)000000000000000000
TolzEm b fiiae 0000000000000000000
A, B = 00000000D0DOO0O000o0oo0oo
:%égﬂ’.’ T 000000000000O00o0oooa
— % 00000000000 0O00o0oooa
Al e W60 ovemer 00000000D0DOO0O000o0oo0oo
INETOAE HLWAE

goboobooobgoedbOonobO 240

[COO0D0OO0O0O0DOOOO0oDoOo]
gsgboooobooboboboooooban
gbooooogooo

(H00000000000000000on
0o00000o0oO0oooooooooo
0o00000o0oO0oooooooooo
0o00000o0oO0oooooooooo
0o00000o0oO0oooooooooo
0o00000o0oO0oooooooooo
0o00000o0oO0oooooooooo
0o00000o0oO0oooooooooo
0o00000o0oO0oooooooooo
0000000000000 00O0O0OOnOO e
0o00000o0oO0oooooooooo
0o00000o0oO0oooooooooo
0000000000 000o0ooooo 40
oooooo, 210
G)O0O0O0000O00O00O0O0oO0oOoooo
000000000o0oooooooo
000000000oO0o0oooooooo
000000000oO0o0oooooooo o T 210 310 410
0000000000000 000000 RS /BRSNS /m)
Oooo0oooo0oOooooooooon O ODOODOOOOOOOOOOOOOOOO
Oooo0oooo0oOooooooooon gooo0oo0oooooooooooooooo
O0000oOoos0000000, 00 goooooood

—— VRTLEK(EREAR)

—— VAT LK (E1EE)
——— VRT LR (E 25 AR)
— VRT LR (E 3T AR)

AR (EHEE )

--------- TEEERM (551 TR )
TEAEERM (5 21E )
SEAEERM (55 3FEHhAR)

310° |—

(kg)

210°

IRLF—EBEROEE

110°




(HOoOoOOoDOoOOo0oDOOo0oDbOooDbOooo
ooooooboboooboboooobobo
ooooooboboooboboooobobo
ooooooboboooboboooobobo
ooooooboboooboboooobobo
oo0oobo0oboobooboyooobo
oogd

EHEHIRRETIILOEZS S

$EIECED - h AR
07 0000O00O0OO0O0DO0DO0DO0—00O00000
godddddoddoooooooooooo
goddddddddooooooooooo

@Uoboooobooobooboobooo
gobobooobbooobbooobobo
gobobooobbooobbooobobo
OO000oOo0oOoOooosROooOoOoOoooOd
gobobooobbooobobooobobo
googoboosROo0bobooOoboooDbd
gobobooobbooobobooobobo
gobobooobbooobobooobobo
gobobooobbooobobooobobo
gobobooobbooobobooobobo
gobobooobbooobobooobobo
oooobooboboobooobooo sRbod
gobobooobbooobobooobobo
goobooooobono sROoboDOooobDOog
gobobooobbooobobooobobo
gobobooobbooobobooobobo
gobobooobbooobobooobobo
goooboobooobos, snogog
0 250

G (u=x)
10
(u>1) .

Soil type 1

Vs = 1000(m5)

mC:
g
1600(m)

source
characteristics

rupture propagation

initiating point
fault element

propagation
characteristics

fault

08 Obooooooboboboobooboon
gbobobooobooooboobobooboo
gobobooboboooooooboobobooo

T T T T T 171
. i ! Spiltype2:

09 sSROooooooooooooobooobooo

gooo

GUoo- 0- J0obooboobooo

gobobooobbooobbooobobo
gobobooobbooobbooobobo
gobobooobbooobbooobobo
gobobooobbooobbooobobo
gobobooobbooobbooobobo
0000 uURPOMOOODOODOODO
gobobooobbooobbooobobo
gobobooobbooobbooobobo
gobobooobbooobbooobobo
gobobooobbooobbooobobo
oO00o0ooooobo URPOODOO- O
gobobooobbooobbooobobo
gobobooobbooobbooobobo
gobobooobbooobbooobobo
gobobooobbooobbooobobo
goooobgnD 10-120

(a) MMERHELO LB (b)
— B—@ANETIVIZHT S
i EERRY VKL BT

i, L3tetal. #2003

Kishida & Takewaki ASE 2010

i BRAS MIEDEEERD

T Gt B UL
©
- Kojimaetal. (g)

Eng Struct 2005, SDEE 2005
M. Ltetal #2003

SDEE 2014

ELT Yo i
OhE ,(5" ~eaaedl

SR 6 B
G R

f
x lower bound 5
® nominal

o upper bound

I

@
éo0 8| ssesere donsesesse
. —

[N

3l

depth (m)

NN
=]

ul
n| 9 825

e 1
OEEs 30 3
o
|

S

10-stdry (Ground A) 35 K 5

40
0 4100 810 1210¢° 0608 1 1214 0608 1 1214
bending moment (Nm) Interval parameter Interval parameter

011 OOOOOURPO,ADO, 001000
( 00000O0O0O000D00000000(b)
000000000000000000000

401

goboooboooobomoooooonog v,

oo0o0oooo g000000oooo0n



(a) (b)
® URP method 0O GA:MOGA-II
(modeFRONTIER) \Y B

0
5

L}
LI}
o &

h

Tanzs
At
10 L 10 - 10

=15 —&3— —_ =15
E gl gl

g 0% coolBile L] Z20
. S..|s o {1;';2:

325
4 30

5

gl

% ©25

=r' Y

§
30 o

oy
30
i o R
£ 10-stdry (Grourld A) A 5
40

==

AN E ARSI NN X ¥ R YT Y
012 GcGAOOOOODOOOOOO1,AO00, 0
01000 (@ ODODODODOOODODOODOO
000G 0000000000000 0000
goo00oooooooooooo

ooooooogo

O00O00mg 2500

O K.Fujita and |.Takewaki, Robust passive
damper design for building structures under
uncertain structural parameter environments,
Earthg. and Sruct., Vol.3, No.6, pp805-820,
201200000

0 K.Fujita and [|.Takewaki, Robustness
evaluation on earthquake response of
base-isolated buildings with uncertain
structural properties under long-period
ground motions, Architectoni.ca Journal,
Vol.1, No.1, pp46-59,2012.0 0 0 O O

0 0 00D000moog, 00 00
0000000000 000O00000
000000000000000000
000000 77000 6780020120 8
00 ppl237-12460 000 O

O M.Kuwabara, S.Yoshitomi and |.Takewaki,
A new approach to system identification and
damage detection of high-rise buildings,
Sructural Control and Health Monitoring,
Vol.20, No.5, pp703-727, 2013.0 000 0O
DOTI: 10.1002/stc.1486

O F Adachi, S. Yoshitomi, M. Tsuji and |.
Takewaki, Nonlinear optimal oil damper
design in seismically controlled multi-story
building frame, Soil Dyn. and Earthg. Eng.,
44(1), ppl-13, 2013.0 O O O O http://dx.
doi.org/10.1016/j.s01ldyn.2012.08.010

O [LTakewaki, K.Fujita and S.Yoshitomi,
Uncertainties in long-period ground
motion and its impact on building
structural design: Case study of the 2011
Tohoku (Japan) earthquake, Eng. Sruct., 49,
119-134, 2013. 0 O O O O http//dx.
doi.org/10.1016/j.engstruct.2012.10.038

O Y.Minami, S.Yoshitomi and |.Takewaki,
System identification of super high-rise
buildings using limited vibration data during
the 2011 Tohoku (Japan) earthquake, Sruct.
Control and Health Monitoring, Vol.20,
Issue 11, pp1317-1338, 20131 00 O O [DOI:
10.1002/stc.1537

O 00 0D0MoO 00Mm oomo oo

Jo0d0o0d0o0o0o0o0ooooooooo
Jo0d0o0d0o0o0o0o0ooooooooo
gooooooooooog, Vol.s9B,
pp299-307, 20130 00O 00O

O M.Murase, M.Tsuji and |.Takewaki, Smart

passive control of buildings with higher
redundancy and robustness using base-
isolation and inter-connection, Earthg. and
Sruct., 4(6), 649-670, 20131 0 O O Chttp://
dx.doi.org/10.12989/eas.2013.4.6.649
Z.Q.Lang, PF.Guo and |.Takewaki, Output
frequency response function based design of
additional nonlinear viscous dampers for
vibration control of multi-degree-of-freedom
systems, J. of Sound and Vibration, 332(19),
pp4461-4481, 2013.0 O O O O http/dx.
doi.org/10.1016/5.jsv.2013.04.001
F.Adachi, K.Fujita, M.Tsuji and |.Takewaki,
Importance of interstory velocity on optimal
along-height allocation of viscous ail
dampers in super high-rise buildings, Eng.
Sruct.,56,489-500,2013.(0 0 O ) http://dx.
doi.org/10.1016/j.engstruct.2013.05.036
0 00oO0ooooopooooooo

gooboooboobooboobboon
gooobDoobonooobDg ARXOO
gobogobooboboobboon
goooo, 078000 69 002013
D8DDpp1405 -1412.00000

Y.Murakami, K.Noshi, K.Fujita, M.Tsuji and
|.Takewaki, Simultaneous optimal damper
placement using oil, hysteretic and inertial
mass dampers, Earthg. and Sruct., 5(3),
pp261-276, 2013.00 0 O O O http/dx.
doi.org/10.12989/eas.2013.5.3.261

|.Takewaki, M.Kanamori, S.Yoshitomi and
M.Tsuji, New experimental system for base-
isolated structures with various dampers and
limit aspect ratio, Earthg. and Sruct., Vol.5,
No.4, pp461-475, 201300 0 O O Ohttp:/dx.
doi.org/10.12989/eas.2013.5.4.461

o0oD0mooom odMmMmo 00

Oo0o0oO0o0oooooooooooog
Oo0o0oO0o0oooooooooooog
0000000140 2001 7900
0 696 0 O pp227-236.0 0000

OO0 0DMooom d0mog oOd
Oo000o000oo0ooooooooog
Oo0o0oO0o0oooooooooooog
0000608, ppdl3-422, 2014.0 0000
O0000DoooooD 0oogdd oo
O000o00oodooooooooog
oooooooooooooOoOodo
Vol .60B, pp423-431, 2014.00000
K.Kojima, K.Fujita and l.Takewaki

Simplified analysis of the effect of soil
liquefaction on the earthquake pile response,
J. of Civil Engineering and Architecture,
Vol.8, Issue 3, pp289-301, 2014.0 0 0 O O
K.Kojima, K.Fujita and |.Takewaki, Unified
analysis of kinematic and inertial earthquake
pile responses via single-input response
spectrum method. Soil Dyn. and Earthg.
Eng., Vol.63, 36-55, 2014 (DOI 10.1016/j.
soildyn. 2014.03.014)0 000 O
K.Fujita, M.Kasagi, ZQ.Lang, PF. Guo and
|.Takewaki, Optimal placement and design
of nonlinear dampers for building structures
in the frequency domain, Earthg. and Sruct.,
7(6), ppl025-1044, 2014.00 O O O O http://
dx.doi.org/10.12989/eas.2014.7.6.1025




21

22

23

24

25

K.Fujita, A.lkeda, M.Shirono and |. Takewaki,
System identification of high-rise buildings
using shear-bending model and ARX model:
Experimental investigation, Earthg. and
Sruct., 8(4), 843-857.00 0 O O O http://dx.
doi.org/10.12989/eas.2015.8.4.843
A.lkeda, Y.Minami, K.Fujita and |. Takewaki,
Smart system identification of super
high-rise buildings using limited vibration
data during the 2011 Tohoku earthquake, Int.
J. of High-Rise Buildings,.3(4), pp255-271,
Dec. 201400000

A.lkeda, K.Fujita and ].Takewaki, Story-
wise system identification of shear building
using ambient vibration data and ARX model,
Earthg. and Sruct.,, Vol.7, No.6, ppl093-
1118, 2014.00 O O O O http://dx.doi.org/
10.12989/eas.2014.7.6.1093

gooo, 00 0O, 00o0o00o0oo
gobogobooobooonoboon
gobogoobog, booobooo
goog, gsod, 0 7070, pp69-79,
2015.1. 00OO0OO

K.Kojima, K.Sakaguchi and |.Takewaki,
Mechanism and bounding of earthquake
energy input to building structure on surface
ground subjected to engineering bedrock
motion, Soil Dyn. and Earthg. Eng., Vol.70,
pp93-103, 2015.0 O O O O DOI: 10.1016/
j.s01ldyn.2014.12.010

oooobomoeno

O

|.Takewaki and K. Fujita, 2011 Tohoku
(Japan) earthquake and its impact on design of
super high-rise buildings, Proc. of ICTAM
2012 Congress, 19-24 August 2012, Beijing,
China.

|.Takewaki, Smart system identification of
super high-rise buildings using limited
vibration data during the 2011 Tohoku
earthquake, Keynote lecture at ICEASL3 in
ASEM13, Jgju, Korea, pp118-145, 2013.
Y.Murakami, K.Noshi, K.Fujita, M.Tsuji and
|. Takewaki, Optimal placement of hysteretic
dampers via adaptive smoothing algorithm,
ICEASL3 in ASEM13, September 8-12, Jgu,
Korea, pp1821-1835, 2013.

K.Fujita, A.lkeda, M.Shirono and |. Takewaki,
System identification of high-rise buildings
using shear- bending model and ARX model:
Experimental investigation, ICEASL3 in
ASEM13, Jgju, Korea, pp2803-2815, 2013.
K.Kojima, K.Fujita & |.Takewaki, Simple
and practical analysis of effect of soil
liquefaction on response of structure-pile
system, Proc. of 14th IACMAG, Sept. 22-25,
2014, Kyoto, pp815-820.

oooooO, 0doo,od g, o0
O0o00ooooooooooooon
O0o00ooooooooooooon
00, 0e63000000000000O0O,
2014.9.

oboomoednO

O

OoooooooQooonanO

O
O

1

OoOoOoNM~Od
Ood

N
o/

Oooooooo

|.Teakewaki, A.Moustafa and K.Fujita,
Improving the Earthquake Resilience of
Buildings:. The worst case approach,
Springer (London), July, 2012 (ISBN-10:
1447141431, 1SBN-13: 978-1447141433).
201400000000000.
|.Takewaki and K. Fujita, ‘Evolutionary
Path-dependent Damper Optimization for
Variable Building Siffness Distributions’, in
"Metaheuristic Applications in Structures
and Infrastructures’ (Xin-She Yang, Amir
Hossein Gandomi, Siamak Talatahari, Amir
Hossein Alavi (eds.)), pp297-318, Elsevier,
Feb. 2013 (ISBN: 9780123983640).

00 00000 1,200000000
O0o0o0000ooooooooomo
ooooooooooooono, 20130
|.Takewaki, Critical Excitation Methods in
Earthquake Engineering, Second Edition,
Elsevier, 2013 (ISBN-10: 0080994369 |
ISBN-13: 978-0080994369).

|.Tekewaki and K.Fujita, Robust Control of
Building  Structures under  Uncertain
Conditions, Encyclopedia of Earthquake
Engineering, edited by M.Beer, E.Pateli,
|.Kougioumtzoglou and |.Au, Springer-
Verlag, 2014 (DOI 10.1007/978-3-642-
36197-5_161-1).

Y.Murakami, K.Noshi, K.Fujita, M.Tsuji and
|. Takewaki, Optimal placement of hysteretic
dampers via adaptive sensitivity-smoothing
algorithm, Engineering and Applied Sciences
Optimization: Volume 1 - Dedicated to the
memory of Professor M.G. Karlaftis, 2015.

oo
googon

TAKEWAKT 1ZURUO
gooobogooobobo
0 20155055

O
O

g
U
O

oOogd

O
|
O
O
O

TSUJI MASAAKIO
gooobgobooonDg
00243121

YOSHITOMI SHINTAO
ooooboooboobo
30432383

FUJITA KOHEIT
gooobogoooboboo

0] 40648713

g
g
U
O
O
g

oo OO oOooo
Oooooooooo
Ooooooooo

@G)ooooo

OO0 O0OO0KANNO YOSHIHIROD
0000000O00000000000
000000 10378812



