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Damage to World Heritage due to Recent Earthquakes
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¢ Iran Bam Earthquake
2003/12/26, Mw6.5
Fatality: more than 20,000

Bam and its cultural Landscape (2004)
Arg-e Bam, soon list of WH in danger (2004)

* Central Java Earthquake
2006/5/27, Mw6.3
Fatality: 5,716
Borobudur Temple Compounds (1991)
Pranbanan Temple Compounds (1991) o o b -
* Nepal Kathmandu Valley o
2015/4/24, Mw7.9
Fatality: more than 8,000 S R
Cultural heritage in 1979 - eyt
List of WH in Danger (2003) I
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(www.toptweet.org)

Pranbanan
(Hindu temple compound)
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o @ o o 7 World Heritage sites: Kathmandu Valley
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Past Earthquakes and Damage in Nepal
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Nyatapola (five tiered) Temple, Bhaktapur Degu Taleju Temple, Patan Durbar

Destruction in
1934 earthquake

Damage in 1934 earthquake Contemporary view Contemporary view after
reconstruction.

Kathmandu Durbar Square

Hazard Analysis in Kathmanadu

during 1934 earthquake (left) and contemporary state (right)

Photos in 1934: courtesy of Prof. Maskey (Tribhuvan Univ.)

Historical Earthguake Data Used
Year Magnitude Total B ; ..
Start End | 4.0-49 [5.0-5.9]6.0-6.9]7.0-7.9]8.0-8.9| events Seismic Activities
1100 1931 1 2 5 5 2 15
1932 1936 1 2 1 1 1 6
1937 1941 2 2
1942 1946 1 1 Kathmandu
1947 1951 1 1
1952 1956 4 2 6 217N
1957 1961 2 2 85.2E
1962 1966 7 5 1 13
1967 1971 11 3 1 15
1972 1976 13 3 16
1977 1981 12 12
1982 1986 14 14
1987 1991 29 2 1 32 Subducting Zone
1992 1996 19 1 1 21
1997 2001 23 2 25 India
2002 2006 16 16
Total events 146 30 12 6 3 197
United States Geological Surveleauon'?lltEa/;él;ﬂn:‘:lzzll(nefzrsr;:flgoor://(r:ee;lt:rrl;/r::l{(j (by HR. Parajuli., J.Kiyono, etal [2008])
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Probabilistic Response Spectra
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Investigation of Historic Building (1)
(Elastic Wave Tomography)

Target Building
(Royal Palace Square in Patan)

Detailed test: Elastic Wave Tomography

Data Logger GX—1 (TEAC)
200kHz sampling

Acceleration Sensor
(SAF51, Fuiji Ceramic Co. Ltd.)
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2D tomography Results

» P-wave velocity of Intact brick
— about 2,500m/sec

» Apparent P-wave velocity of wall :
— 30,000/x (x: thickness of wall[cm])

» Average P-wave velocity of masonry wall:
— 500m/sec~1000m/sec

« Brick quality is very poor because of the
aging and underground water absorption
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Investigation of Historic Building (2)
(Microtremor Observation)

Fourier spectrain Y direction on 2" floor
Translation and torsion component
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Y direction on 2" floor Verification of Modeling
_ _ ) Observed values are used to verify the
» Use data at @ and @ T e 1 modeling for numerical simulation
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Loading Test at Tribhuvan Univ.

Lateral  Vertical Dial
loads Loads  Gauges Mud bonded wall
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Element Test for Brick and Wall

Diagonal Shear Test

Load Vertical
Dmk‘- Horizontal:
Dial g Lead
gauges
Compression test Shear test Combined test
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Parameters Obtained
Variable Brick Mortar
Mass density (kg/m?3) 1.76 x 10° | 1.71 x 108
Young’s modulus
3.87x 108 3.30 x 107 . . ,
(N/m?) Numerical Simulation
Poisson’s ratio 0.11 0.19
Tensile strength f, ) 0.0
(N/m?) '
Shear strength ¢ (N/m2) - 9.0 x 104
Friction angle ¢ - 42.5°
Compressive strength ) s
(N/m?) 1.58 x 10
Modeling with Refined DEM Dimension

¢ Total number of elements 63,978
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Input Ground Motion
Damage Index
w00 40% in 50 years 500 10% in 50 years || & .
600 600 | L~ D
400 o 400 r s
3 200 3 200 =
& . N 0
9] 0 L s 3 ~200 Damage Damage Damage Damage State
Q -200 < 400 ! Grade Index Description
-400 600 DO 0.0 No damage |No damage
-600 -800 . . . . Negligible to | Hair-line cracks in very few walls. Fall of small pieces
800 o 10 2 20 w0 50 0 10 20 30 40 50 D1 0.0~0.2 sight of plaster only. Fall of loose stones from upper parts
EG) ’ TIME (s) damage of buildings in very few cases.
5% in 50 years Moderate |Cracks in many walls. Fall of fairly large pieces of
500 D2 02~04 ) )
damage plaster. Partial collapse of chimneys.
600 " - "
, = ] suba (750 18 e ol o e ot
RO 111 V1T D3| 0a~o0s | toheawy |t it
3 0 i M\IL\’L”"IM i " individual non-structural elements (partitions, gable
~200 I damage
h Taco walls).
600 Very heavy |Serious failure of walls, partial structural failure of
D4 0.6 ~0.8
-800 damage | roofs and floors
o 10 ZDTIME( )3" 4 50 D5 0.8 ~ 1.0 | Destruction |Total of near total collapse
s
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40% in 50 years
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10% in 50 years
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Vulnerability Assessment of an Area

Jhatapo Area

Historic
: / Building
7 &

¢ Most of the buildings are unreinforced masonry buildings which
have high possibility to get severe damage during an earthquake.

Complete Enumeration

Structural type

->Masonry

- Reinforced Concrete

Confined Masonry (RCC)

Number of Stories

->Any additional stories?
Single or Continuous building

- All buildings are continuous
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Classification of Buildings

building type the number of stories

Number of Additional Stories

£

4-story masonry buildings 5-story masonry buildings

Classification of Structures
by Structural Type and the Number of Stories

Results: Damage Index (10% in 50 years)

SOTF A TEEE OO HIER)
masonryl F
- damage index =0.0
- damage index = 0.1
I:l damage index = 0.2 .
[ damage index= 0.8 @
- damage index=1.0 e
Masonry : damage index > 0.8

RCC : damage index < 0.2
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