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Overview

* The joint research had several objectives:

1. Look at the differences between lbase isolation implementation
* Number and types of buildings
* Types of isolotars used
* Typical design scenarios

2. Examination of a case study design example

* Design a building with base isolation using Italian and Japanese building
codes (compare methods)

« Compare performance generally (size of device, design displacement)
 Sensitivity studies

3. What can be transferred/learned between Japan-Italy
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Base isolation in Japan and ltaly
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A brief overview
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* An extensive database has been maintained by the Japanese Society
of Seismic Isolation (JSSI)

* In the case of Italy, such documentation is rather scarce and much less
organised

« Martelli et al. [1] provided a global picture of the relative engagement
with seismic isolation systems

« Japan is clearly very far ahead of most other countries in terms of
relative usage.
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Base isolation over the years
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* [f we look at the data, we may see some trends
» Base isolation was introduced in ltaly in 1981
 Was difficult to use because of code restrictions (long an costly

Process)

* In Japan, not so many buildings with base isolation before 1995

- Why?
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Base isolation over the years

Italy Japan
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Year
Name Mw  Year Name Mw
Tohoku 9.1 2012 Emilia-Romagna 5.8
Chuetsu 6.9 2009 L’Aquila 6.3
Great Hanshin 7.3 2002 Molise 5.9

* Major earthquakes in both countries had an obvious impact

» Created more awareness and pro-active society (also damaged
buildings)
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Relative comparisons
13 December 2019

Ital
» But still comparing the differences, Japan Y

has many more buildings with base isolation

— Why’? Emilia-Romagna 5.8
L’Aquila 6.3
o :
Not easy to say, but some could be: T B
T Japan
Population Mw = 6.0
7
5
3
10 Kumamoto
4
: 5
8
13
2011 | 60 Great Tohoku
.. Economy 5
| 2009 | 4
11 lwate-Miyiga
Y 5 Niigata Chuetsu-oki
| 2006 | 1
| 2005 | 11
2004 | 12 Niigata Chuetsu
v 2003 | 12 Tokachioki
° 1980 1985 1990 1995 2000 2005 2010 2015 m 2
| 2001 3 Geiyo
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Types of devices
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Steel + RB
Tin RB 1%
2%

Elastic
sliding
bearing

0,

13% m Friction
Pendulum

= Elastomeric

Japan Italy

* In Japan, elastomeric bearings are very popular (many types)
* In Italy, friction pendulum devices gaining popularity

» Feedback from an ltalian manufacturer said that the market today is
about 60:40 for friction pendulum bearings
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Why friction pendulum?

13 December 2019
« Speaking with practitioners in
ltaly, some reasons for recent rise
In friction pendulum popularity:
 Easier to reach the isolation period

(properties are controlled by device @

dimensions and friction coefficients) I

» Because device properties are easily
customisable, can help with
problems with eccentricities for
torsional issues (retrofitting)

» Lastly, friction pendulum isolators are Force, 7,

ncave Botton Plate

Atticulated Slider

cheaper — for displacements greater o S LR e
than 15cm, the cost ~50% of
elastomeric isolators o vy K
Displacement, 4
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What about the costs?

€ 15.000
(0]
2 €10.000
Displ. Load Unit a
Capacity Capacity | Radius, | p Price | Unit Price £ €5.000
mm kN Rim] | [%]]| (EUR Jp €0
200 15000 4.5 43 €2,500 ¥300,000 0 10000 20000 30000
600 7500 4.5 4.3 €4,000 ¥480,000 Load Capacity [kN]
600 15000 4.5 4.3 €8,000 ¥960,000 € 15.000
800 15000 4.5 4.3 €12,000 ¥1,440,000
600 25000 45 43 €11,000 ¥1,320,000 8 €10.000
a
5 €5.000
Price = —1.333e — 5L? + 0.8333L + 0.0104A% + €0

0 200 400 600 800 1000
Displacement Capacity [mm]

5.4167A — 8500

» \We asked a manufacturer in Italy to provide the costs for several
devices

« Saw that the cost essentially depends on axial load capacity and
displacement capacity of device

* Prices appear reasonable compared to Japanese elastomeric devices
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Which kind of buildings”? Tokyo, Japan

13 December 2019

« Some other differences that were :
noticed between ltaly and Japan:

* Japan uses additional oil dampers,
ltaly doesn’t

« Japan has many tall buildings with
isolation, but Italy doesn’t LA Aeb g
» Oil dampers not needed since f; PR SR
displacements demands in Italy are not e oo
that high compared to Japan N ol
« Tall buildings in Italy are few and mostly TN LR
built after introduction of base isolation P

 Located in regions of low seismicity

0 50 100 150 km
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Case Study Building

Design for Japanese and ltalian design codes
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Objectives

* Design the building:

 Using the Italian building code for Italian
seismic hazard

 Using the Japanese building code for
Japanese seismic hazard —

» Compare

* Investigate:

 Can ltalian friction isolators be used in
Japan?

* How do they compare to elastomeric
bearings?

« What is the impact of potential collision
with retaining wall?

» What are the expected losses?
* General conclusions
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Japanese and ltalian modelling
assumptions are compatible

in OpenSees
» Efforts were made to ensure
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 Numerical model wascreated

ot

0062 006Z 00RC O0BC OOBC OORC

[0




JOw =
S N
5
©)
)
D a
™ g® W
G am
SOUGNNIIIIN)- g
- <
O O : 5
- O g 5
% O % 2 2
= = 5 B o
D ; 8
%) D g 2 &
O += O AT s £
= © & i g s
ISl © 5 © A E
B 23 § <A\
— - e < i
Y— 0O B = =
O =20 = : e
— S5 ® NI S
= O O O = = Q
&) o] > X T ©
Xe) QO O I &0
o0 = : Q)
O C s O m E
= 25 0O ol
— QO + e
® = © O
O .._n_lu - O :
- < . 2%
) > 3 2 e 2 N ot
M £35S " =t
N aw 2 S &
Z - &3




Tokyo, Japan
13 December 2019

Design Limit States

Not checked for
base isolation

Italy Japan

Limit State T- [years] Limit State T [years]
R [y R Ly

Operatinnal Rare
Damage sLD 50 / Extremely Rare L2 ~500
Limitation / o e |

ery Extremely
Life Safety SLV 475 / Roro L3 >1000

* [talian limit state intensities defined using hazard analysis (PSHA)

Collapse

Prevention SLC His

 Japan limit state intensities defined with reference to L2 shaking
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Design Requirements

Italian Code Japanese Code
T [ e | sw [ so | o | o | o
Peak Storey 0.5% _ ) 1/300 1/200 1/100
Drift = (0.33%) (0.5%) (1.0%)
Building- Peak Floor
Specific  Acceleration 0.29 03¢ ) 0.29 03¢ )
Perimeter Gap - Not exceeded - Not exceeded
Maxmum Less than device’s rated capacity Less than device’s rated capacity
Compression
M'”'m“m No uplifting allowed unless it can be
. Compression , : Not allowed
Device- (Uplift experimentally shown to not be an issue
Specific _
ST Less than device’s displacement capacit 20cm 50cm < Capacit
Displacement b pactty pactty
Residual Drifts Ma|lnta|nl - - Designer choice
functionality
: Should be considered
Vertical GM (+/-0.30) i}
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Ground Motions

Spectral Velocity [cm/s]
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Spectral Displacement, Sd [cm]

Spectral Velocity, Sv [cm/s]
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Friction Pendulum Design o S
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* The following are the two isolators chosen for both case studies

Curvature Radius, R 3.1m 4.5 m
Friction Coefficient, u 4.5% 4.3%
Displacement Capacity 20 cm 75 cm
Axial Capacity 17,500 kN 20,000 kN
Force, F
i F o = W+ W( A - AR K.
WiR Kinit
Fo=uw '
" ) Displacement, A

A/ITCS Amax>
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Design Verification okyo, Japan

13 December 2019

 For both countries, the limit state requirements were checked
using dynamic analysis

SLD SLD SLC
5 X 0.11% _
max Y 0.02% Storey drifts
0.21 0.35
A X J - Floor accelerations
Italy Y 0.16g 0.35g
éqap 15.2cm 19.7cm Perimeter gap
Prmax 14,134kN 14,341kN | Maximum isolator load
Prmin 756kN 434kN Isolator tension
Drrax 15.2cm 19.7cm Isolator displacement capacity
A, 0.7cm 1.8cm Residual displacement
L1 L2 L3
0.13% 0.27% 0.37%
§] X _ ° > Storey drifts
max Y 0.02% 0.04% 0.06%
X 0.19g 0.60g Floor accelerations
a
max .15 0.60 i
Japan Y 0.15g g Perimeter gap
Dgap 30.2cm /7.4cm | Maximum isolator load
I:)max 1 7;031 kN 1 7’302kN Isolator tension
Pmin -3,247kN -3,626kN | Isolator displacement capacity
DAnax 4.2cm 30.2cm 77.4cm Residual displacement

w‘i TUSS Japan-Italy Joint Research Final Presentation
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Tension in the devices?
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* One important problem was the
possibility of tension in the
devices for the Japanese design

« Japanese code does not allow
tension in friction devices

* [talian code allows if experiments
can show that tension will not be
a problem

* One solution is a tension bearing
device

¢ Oﬂ:e r'sS NO |ate I’a| reSiStance bUt (Photo: Earthquake Protection Systems, USA)
prevents uplifting
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Dynamic Analysis Results

FI R X Direction R Y Direction
oor 15} 15}
Displacements | ol
12f 12f
11t 11t
10 10 1
= = 1 ltalian analysis: Take
5 gl 5 gl |
£ 7t £ 7t the average
6 6
Italy 1l 1 response
4t 4t
3t 3t
2 3 2 L |
G : : G : :
0 5 10 15 20 0 5 10 15 20
Floor Displacement [cm] Floor Displacement [cm]
R X Direction R Y Direction
. . HINE i . . . .
| | I Ll o | I
} | o 4 I 1
13t | | 13 ; 13t | |
e T =="a"]] el | I -
bl i | Lo Ase| ] ol i | 1 Japanese analysis:
J z ol |; | : = oflf 1l I 1 Take the maximum
5 8t 5 sH ]
apan & I CRRe!| Bk | response
6t 6F .
sH | sH | |
NI I o 1| I I
2k I 2 Hi I I
q Vet
G : : : G : : :
0 20 40 60 80 100 0 20 40 60 80 100
Floor Displacement [cm] Floor Displacement [cm]
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Dynamic Analysis Results
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X Direction Y Direction

- R v R -

Storey Drifts ist S ist ,
lar SLC 14 }
13 F === YimsLD 13 F !
12 | 12 f |
11F i 11F i

=l | old| i ltalian analysis: Take
g g
1tal 29 | 29 i the average
taly I i I i response
5 3 . 5 - L]
4f I 4 |
3t | 3 |
2r 2 H
| [ [ T T i | [ [ T T 1
0 0.1 0.2 03 04 0.5 0.6 0 0.1 0.2 03 04 0.5 0.6
Storey Drift [%] Storey Drift [%]
X Direction Y Direction
R ” T T R — T
5 | I LI B I I
14 L2 14 H .
13 b [ — 13 134 _—
2SN | — = o7 121 | I :
i | Lo 1 L Japanese analysis:
10 f 10 1 '
J = [ IR T - ! Take the maximum
apan ¢ i T S s L 1 response
7 3 r . 7 .
of } | 6 [
5t - 5 .
g A i I . I
3 _I]i | 3 o
: I : I
0 0.2 04 0.6 0.8 1 0.2 04 0.6 0.8 1
Storey Drift [%] Storey Drift [%]
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Dynamic Analysis Results

Tokyo, Japan
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Floor
Accelerations

Italy

Japan

Floor [-]

Floor [-]

Q=0 wdhuaoa=

X Direction

0.1 0.2 0.3 04 0.5
Floor Acceleration [g]

X Direction

- —-a

0.5 1 1.5
Floor Acceleration [g]

Floor [-]

QA — o Wb o oo

Floor [-]

Q=D wdhuaoa=

H_._
w A A

—_—
—_ N
™ T

S

Y Direction

7

0.1 02 03 04

Floor Acceleration [g]

0.5

Y Direction

0.5 1
Floor Acceleration [g]
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[talian analysis: Take

the average
response

Japanese analysis:
Take the maximum
response
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Dynamic Analysis Results

13 December 2019

Isolator
AXia I F orces 30 . . 1\I’13leum Comlpressmn | , I
25 F |
.:CE;

2 4 6 8 10 12 14
Bearing

Italy

Minimum Compression (Tension?)

30 T T T T T T T
25 | ——— Static Loading _
Bearing Capacity
E 20 - =
)
o 15 -
g
S0 i
<
%
- __I_.._._I___-_._._._._._-
0
5 1 1 1 1 1 1 1
2 4 6 8 10 12 14
Bearing
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Dynamic Analysis Results
13 December 2019

Isolator
AX i a I F orces 30 . . 1\I’13leum Comlpressmn | , I

s}
(=]

Axial Force [MN]
5

10
5
0
2 4 6 8 10 12 14
Bearing

Japan

Minimum Compression (Tension?)

30 1 1 1 1 1 1 1
| =——6— Static Loadi A
2s e sy _— Watch out!
= 20
2
o 15 -
2
(=]
[S#
]
<

Bearing
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Main takeaway points?

* The designs have similar responses

 Japan design has much larger displacements (normal)
« Building response (drift and acceleration the same)
 Uplift needs consideration in Japan

* Now what if we looked at:
* [talian building subjected to Japanese ground motions
 Japanese designs (elastomeric vs. friction pendulum)

m\ TUSS Japan-Italy Joint Research Final Presentation
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ltalian Isolators in Japan
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Floor
Displacements

Floor
Accelerations

Floor [-]

Q=D wdh o oo

Floor [-]

Q=D wdh o oo
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S =Wk A
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” s
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Elastomeric vs. Friction Pendulum in Japan

R X Direction R Y Direction
ST I I ll .Friction Pendu[um I ST I i l I I
1;" i I | —— I&ead Rubber Bearing 1;" [ I i I I I
13 b —_—a 13+
12 F I i -_—— :m: 12t I i I I l
meErr ;e lim L3 11F .
Floor ohl ] - 90 L L l
. = o} | I ot o+ | I
Displacements s st s st | I
£ 7t l cRMEN I l I I
ot | | 6t 1 I | | |
5 3 5 3
N I A i | | I
41k ! 1 L !
H - 1W. J
G . . . G . . .
0 20 40 60 80 100 0 20 40 60 80 100
Floor Displacement [cm] Floor Displacement [cm]
X Direction Y Direction
R . T R . r
15 15
14r 14 f
13 13
12 F 12 F
11F 11F
10 10
Floor T 9t Friction Pendulum T 9t
. E st — — &ead Rubber Bearing E st
Accelerations 2 7} T 2 7]
6F 6F
5F 5F
4 4F
3 3 3 3
2 3 2 3
1 3 1 3
G . G
0 0.5 1 1.5 0 0.5 1 1.5
Floor Acceleration [g] Floor Acceleration [g]

W\ TUSS Japan-Italy Joint Research Final Presentation

Scuola Universitaria Superiore Pavia Gerard J . O J Re| | |y



Tokyo, Japan

Impact with Retaining Wall
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X Direction Y Direction

R R TT T
15F 15 H L Normal |4
145\. I I L1 3 | ! I I —_—— C(())lrlin:ilon )
L2 14 1
13} | L3 13 I -
12 == 12 SN
]1 3 I IIIIIIII i3 ]1 - f . I -
_ 10} — _ 10} |' | :
= 9} | I =9 T 1 Gap
8 8 J
S 8t - S 8 . 4 .l
=01 I [ = PR R
of | S off 11
5 3 g 5 ) L]
A I ‘.l . ) l.' .
it | F— ] N
2 L peee— ] f e o — e — - 2 - L]
| . . . | N I .
0 0.2 04 0.6 0.8 1 0.2 04 0.6 0.8 1
Storey Drift [%] Storey Drift [%] F
4 FOrce
X Direction Y Direction
R . R . —
15F L1 15F o
141 o L2 141 - Gap
B3r —\ — 13r ¢/
12 F * — — 2 12 F e P '
b \ limL2 ! /o < DISpl-
10F \‘ 10F { Normal |]
T or \ Z9r M = = = = Collision |1
g 8F . g 8F
2 2
= 7r \‘ — 7r
6F \ 6F
51 \ 5t
4t \ 4t . .
5| \ ;| Impact with retaining wall
2 \ 2f was modelled by inserting a
Ul =~ . — 77 ; G : gap element in OpenSees
2 3 4 0 0.5 1 1.5 2
Floor Acceleration [g] Floor Acceleration [g] mOdel
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| 0oss Assessment

« How would the different considerations compare if we estimated the losses?
* Follow approach developed by Ramirez and Miranda

» Using storey-loss functions, the losses at each storey-based on drift or
acceleration can be computed

n n+1
E[L|LS] = z E|Lpspi|LS]/n + Z E[LPFA,i|LS]/(n +1)
i=1 i=1
Structural Non-Structural Non-Structural
0,35 0,6 0,5
0,3
2 0,25 > o4
§ ) 0'4 //__
© 0)2 A 013
3 0,15 0.3
S 0,2 0.2 =
S 0,1 ¢
0,05 0,1 0,1 /
0 0 0 -
012345678910 01 2 3 456 7 8 910 0 1 2 3 4 5
Storey Drift [%] Storey Drift [%] Peak Floor Acceleration [g]

%\ TUSS Japan-Italy Joint Research Final Presentation

' Scuola Universitaria Superiore Pavia Gerard J . O J Re| | |y



Tokyo, Japan

| oss Assessment
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| I Non-Structural (Acceleration) R Structural (Drifty ] Non-Structural (Drift) |

g
n

\S]
T

—_
9}
T

Japan vs. Italy

—_
T

Expected Loss [% Rep. Cost]
&
T

0 L L
IT-SLD JP-L1 IT-SLV JP-L2 IT-SLC JP-L3

| I Non-Structural (Acceleration) ] Structural (Drifty ] Non-Structural (Drift) |

(98]
(9]

(9%}
o
T

N
(9,
T

Japan
(with Collision
Analysis)

— — [\)
(=) 9] S
] ] ]

Expected Loss [% Rep. Cost]
9]
T

JP-L1 JP-L1 (C) JP-L2 JP-L2 (C) JP-L3 JP-L3 (C)

(=]
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To Summarise... (1/2)

» Differences or similarities between Japan and ltaly?

* Main difference is the extent to which base isolation has been utilised -
Japan much more

« What is similar is how significant earthquakes have resulted in a rise of
base isolation implementation

* Differences were examined from an economic and social point of view
» Japan's population double ltaly’s
* Much more sustained economic growth when ltaly in economic difficulty

 Elastomeric versus friction-based pendulum systems?
 Japan likes elastomeric, but ltaly is liking friction pendulum more recently
* In Italy, friction pendulum has more flexibility and advantageous
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To Summarise... (2/2)

* Problems faced in seismic design with base isolation?
 Japan needs bigger displacement devices
 Japan has to be more careful of uplifting

* \What about losses?

» Losses are quite low for both countries
 Japan’s losses much higher than ltaly (hormal)

« |f collision with the retaining wall occurs, large losses but not so much
structural damage

* In a single sentence, we found:
 Japan is not using friction pendulum isolators as much as they could
» They offer more simplicity and customisable
* [talian devices are compatible to use in Japan
» Can be much cheaper!
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