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Relation between JMA and Modified Mercalli Intensity Scale
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Relation between JMA and Modified Mercalli Intensity Scale

1 2345’678‘9 10| 11| 12

0 1 2|3 \ 4| 5= 5% ‘ 6~ 6T 7
Pgﬁg%‘%ﬂ Notfelt| Weak | Light |Moderate| Strong |Very strong| Severe Violent | Extreme
Pgﬁ:f('ﬁ'- none nono none | Very light |  Light Moderate | Mod.Heavy | Heavy | Very Heavy
PEAKACC(%g) | <005 | 03 28 6.2 12 2 40 75 >139
PEAK VEL{cms) | «0.02 | 0.1 1.4 4.7 9.6 20 41 86 >178
INSTRUMENTAL | | g [ IV v Vi Vil Vil

Scale based upon Yyorden et al. (2012)

International Center for Urban Safety Engineering, 1S, The University of: Tokyo




. — . I_H r_p%ﬁiﬁﬁ
— 'l:l'( I)t*ﬁ —%==A CIDIR
== (MM & 3K & oy USas

MMI Shaking Pop. MmI City Pop.
I Not Felt & VIIT Kathmandu 1,442k
VIII Patan 183k
I1I-1I1 Weak ¥
VIII Kirtipur 45k
v Light 7053k JMADB+
VIII Bhaktapur <1k
\ Moderate  82,752k* VIl | Banepa 17k
JVMIA4 v Strong 55,057k _ QML Panaot 28k
JMALS- v Very Strong 2,355k | Fekies Rk
VI Muzaffarpur 333k
J MA5+ VIII Severe 4,483k
V Gorakhpur 674k
JMAG- B  violent 86k
V Patna 1,600k
JMAG+ - Extreme Ok v Dhankuta 22k

*Estimated exposure only includes

population within map area (K= x1,000)

From GeoNames Database of Cities with

CRISHREI=ROIeTl 1 000 or more residents (K= x1,000)
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180
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40 20 100
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T
140

International Center for Urban Safety Engineering, 1S, The University of: Tokyo
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100 Velocity
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Cisplacement

200
E (EW): =Max. = 116.9 cm
%. [ J\j\/\,\kw«w——_——‘
i _
-200 T T T T T T T T T T T T T T T
a 20 40 &0 20 100 120 140 180
00 Displacement
E - (NW): + Max. =-139.0
% ﬂ_x//—\/\/\/\""\’\—‘\"vw Cm L]
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Total: 1.4 Million OwerCauses
[ Landslide

ollanse of Timber
Collapse of Buildings

Breakdown of Fatalities Attributed to

Earthquake (1900-1999)
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Full scale shaking table tests

- EABEYICILHIRES ER

BILhEESHEZERAL-IEEDERER
L fsEE EIREL
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BRETH(PP/AURIE)
kA HEREY

Test Results in
case the same
input motion is
applied

Rtf: No problem
Non-Rtf: Collapsed

Int

® PP-band retrofit Method
(Kashmlr EarthquakeAffected Reglon)

Retroflttlng materlal cost: 30 USS ™




Shaking Table Experiment

Comparison of Un- and Rtrft MSR

with Wooden Roof
Reinforced MSR with Wooden Roof

Comparison of Un- and Rtrft MSR

with Arch Roof
Reinforced MSR with Arch Roof

CIDIR 4

® Extension of Application of the Method

e Other masonry:
Stone masonry houses [

Two-story houses [

e Other material for mesh:
Pet-band mesh [
Bamboo mesh .
FRP + PP-band mesh |8

Abaca mesh .
RC + PP-band mesh <::|(NSET75§%EL'CL\T:’E;O))

International Center for Urban Safety Engineering, 1S, The University of: Tokyo
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a pREAT
Social promotion systems proposed CIDIR

for retrofit of weak masonry structures

1. Two-step incentive promotion
system

2. Micro earthquake insurance based
promotion system

3. Government micro earthguake
reinsurance based promotion system

4. Micro-finance based
promotion system

- Cost analysis from government CIbiR
and house owner viewpoints

*Calculation considering 10,000 houses located in one Intensity area
*Owner side: Retrofitting cost + Repairing cost
(if damaged by earthquake)

*Government side: Introducing a “2-Step incentive” Program
— 1) Subsidy for retrofitting (Material+a)
— 2) Compensation after the earthquake (Larger for retrofitted houses)

©Material©® Government
3,000~7,000
en/house | (1) — (2)
|
_|_a1 occ_urs.
—r> Retrofit ==+ Subsidy r=—t=—b Comg:\%%tion
PO Without retrofit n Small
o —>|compensation| s

International Center for Urban Safety Engineering, 1S, The University of: Tokyo
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Comparison of Fragility Functions

X%

Collapsed Ratio

Collapse ratio

e
/S S

/

0/00/

A
/

/.
/) s/

/

100% 100%
90% e 90%
80% - / / / 80% || — Fully collapse (Conservative)
, — Brick / / / — Fully collapse (Un-conservative)
70% — Adobe / / / 70% || ¢ Damage ratio (Upper bound)
60% ___ Steel & Brick A Damage ratio (Lower bound)
0,
o | 1
0,
o ||Bam, Iran|/ [ | 50% ]
30% | ] 40% ava
20% / / / 30% /
10% / / / 20% /
0% A 10%
o 1t 2 3 4 5 6 7 8 9 10 11 12 0% <
_ MMIbleCA 0 1 2 3 4 5 6 7 8 9
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7% 11— consenvaive a / il Partial collapse
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a0% | Kashmir //// 40% PP-band
30% 1
30% a4 N retrofitted one
20% A A 20%
10% > 10%
0% ///—/A\/f I 0%
(MMI)
0 1 2 3 4 5 6 7 8 9 10 11 1 o 1 2 3 4

5 6 7 8 9

® Kashmir Earthquake Death Toll

Full collapse:
3.47 house unit/fatality

(

)(

Partial collapse:
12.01 house unit/fatality

)

Number of fatalities

Number of fatalities

25,000 10,000
Actual 9,000 — Actual ||
I:ldamage 8.000 [ damage [ |
20,000 || _ Estimation ' = Estimation
B aster retrofitting 7,000 after retrofitting [
15,000 — 6,000
5,000
10,000 — 4,000
3,000 —
5,000 ] 2,000
1,000
O |

0

0o




2"d step incentive: Compensation

s ‘ﬁu;?m;k S

Total cost for government ¢ kashmir Governmeml

million yen( Non-rtrft: Rtrft = 11)
1400

1200

1000 |
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—— 0%

—=—25%
50%
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—*—100%

- Retrofitting
_ acceptance

ratio (%)

L
=g

10

11
MMI

million yen ( Non-rtrft: Rtrft = 1:2)
400

1200
1000
800
600
400
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0

e ow L Retro?ttmg ,
acceptance
—n— 25% _
| - ratio (%) %
50% |
e 75% %
| ——100% /}// )'/ /
/ \
5 6 7 8 9 10 11 12

Even It government increases compensation

for retrofitted houses, the total cost decreases
due to reduced damage

EERD

BEH T
(REAORNOK)

EERI DL

On Wednesday, Jun-20-

1990 at 21 hours of GMT
(Thursday, Jun-21-1990),
a destructive and

devastating earthquake
with an approximate
magnitude of mb7.3 and
Ms7.7 occurred in Gilan
and Zanjan provinces.

International Center for Urban Safety E
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~

/




B Considering a realistic iIntensity % i

. . . Total amount of money J==
dlSt”bUt'Oﬂ (1) from government
With 2_Step incentive . With retrofitting .Wlthout retrofitting

29 OOOM yen — 1, 200M yen
(95.8% Reduction)

OOM yen — 17,000M yen
_ 75.6% Reduction)

Bam

Java

Kashmir —» 11,000M yen
81.4% Reduction) (Million yen)
0 15,000 30,00 45,000 60,000 75,000
[rhe government borne expenses are drastically
reduced ! | mportance of the 2"d | ncentive

International Center for Urban Safety Engineering, 1S, The University ofi Tokyo
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Clean and Safe City,
(CSC) Kathmandu
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[BEERTE].
[FHRDARNS/AN) 2 )~ADEHE],
NERIRTLHEEZTRIET AE, BEAEBICIKL, -

International Center for Urban Safety Engineering, 1S, The University of: Tokyo
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Pamphlet prepared by two languages
(English and local language)

Earthquake Resistant

PP—BAND TECHNOLOGY

Laborarary rest ar BHRC

Low Cost & Locally Available

PP-band Technology

£ PP-band Techoology is a simple, economical and efficient seismic reinforcement method
devised at the University of Toloro. This technology i developed considering local
availability and acceptability for exizting and new masonry houses in earthquale prone
counfries.

PP-Band Method 1s:
“Locally Available and Locally Feasible”

-,

Why PP-band sheuld be nsed?
Cheap
Warldwide available

Tolerates large deformations
Durable

Easy to handle and transport

LY "y

How to reinforce masonry houses with PP-mesh?

l

1. BP—Mesh Fabrication

STEP1 Fox PP-bends with mps o 26
Snor fellomeng 3 Lfem pisch
mozh are=goment.

-

STEF } Comsort FP-tand: with dhe plactic
wealdar asiplying a dlight prosira
for a Sowr taccodt,




Pamphlet prepared by two languages

(English and local language)

2 PP-Me,sh Installnrr‘on (I)

2 PP-Mesh Tnstaliation (2)

I Stepl (mew conztruction) Step-1
Plage ralites abeve ai the

peinta 52 wzciirs (he soshecling
Butlen dusing husse

{35@1 {exinting)
Diill enmectng
Bnles oh Se walls

Haoles for connecting meshes

& Lecadion: for comnectizg poize

& Step2
After pilacing et
| bth falcn of S wall

iy ]

el 0 wine il each huke
Vs gresfisrateal sl plales
1 b he sashies with the
wires

PPamach wdms ot e
foundation leval of a
muensy Bome do mot
zawd fo buried zor fed
B 0 the foundation.

Afler et hunden,
W it

5 PP_Mesh Installation Design

Seepd

3
s | @
&

.-%

TEE TR e

Tmage of FP-meh arramgement
Wi bsttom adge shoubl be
sty e lefl s siomn

More thaz lcm everlappizg for PEmesh
+—— Indmesh  splicing
e » i a Adiacez PPomacher chould ke ovarlapped maore tham
ET ] ] Orverlapped S0:m gquivalamt to 6 meach grids, to ot thage
B I T Y - meshas perform msagrally to recmain te wall
o AR AT dsformesion during sarhquzks mosons. The figurs
am the Jeft sEoms cruriazpsd PRmaskss which bave
Istmesh  baon fived with the came wirs comactors. Ttis alic
important o St s F-meskes aveidig ax mmch 10
‘possibla clacking in sithes s meshar or s wirss

Stwp 4
PP-imesh mital lilis.
& pieiea Complece image of FF-mech mzeallarion. 3

Inte

Pamphlet prepared by two languages

(English and local language)

™y
. (" Taols for PP-Mesh Fabrication & In stallation
2. PP-Mesh Instailation (3) it I L s T s
welder
Key points for a successful installation
Faims I Pomi 3
For sew and sxining soucnes, ounecton kol For sxcrting beuses, there is oo nesd 1o woap the PP-moches
sbould be placed at the jomts. Caution & advizad around opszing Fames. Tigkily comsct tha inrar and onmr
wizan drilizg holss in the sxisting sructora o avoid | PP meshes adter fisting them to 2 edgs of the door o
dazags. window. Far eaw buildigs, it s swcommended to wrap e
mases, sspecialy ot B lmtal
% e
Do Warndire
N s N /

Naw building

s e N

PPmmgchin pecfor the best wehan thay ars sighily
Fted 2o the mascery walls. Make wmoto avaid, 2c Pomi d-
mmack as possshle, looss mueshes or conoeciom

Tha connectioe: bolss s the FPpack intersections do not
ehvays conzids with sack ciar. Pacfocmied sreal plases are
[ra— indegzensails to glely cemmect PP-maskas, specialiy ar tha

wal placis whaco modhas evarlay

Draa to the chamctaristics of PP-tand Zem-thick oomarmud coveris to be Fizal izoagn of this mirefiried
22l i omdar to keap e radrsions] carafully avaclaid houss

eppsarance of tha homss. 2 mertanzmd

'm‘auipw\'xdm

4. Mnintcnmtcc

Bisicaly, tsutebice whrk ot écetury, EDoh i .t i s iy e
preampely re-plastarad.

rGenera]l}', masenry houses are vulnerable azamst L"'rgfﬂr Evacuation h
earthquakes regardless of whether there are retrofittad
er not. They are soon damaged and collapse claiming
lots of casualties under strong sround motions.

Wirs connecter 2nd mash ars fight.

[y—
Wl
PP-mack iz cght but wins
coZmartor is lnoss.

4 X o
1 you live in a masomy house, yvou and your
family should quickly evacuate your houss in
order to save your life.

A

“Pilot Study” wa: conduceed by JBIC.
"Verificatien and Promotian of & New Retrofit Meched far Mazonry Structre: Employing Pahypropylene Band:™
was conducted by BHRC azd IDI Jxpaz

etteomion should be given 1o Gptweing
PP-mash at the wall intarssciiozs
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Case 1l

Case 2

Case 3

View A
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