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@' Nepal: 2015 Earthquakes

1] T1e 4 MNepal experienced oan major earthquakes on April 25 and May 12, 2015 Number of people killed 8 6 5 8 Number of people injured 2 1 1 5 O
r Source: UNRCO/Gov. of Nepal I}

Thoe LMY at magnitudes of 7.8 and 7.3 respectively. As of 25 May 2015
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« Rana Palace built in 1907
« Located in the most prominent square in capital
« UNESCO World Heritage Site
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* Destroyed by 2015 earthquake
« Abandoned for 2 years
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» Collapse of the corner structures
 Fallure of the columns and parapet
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« Out-of-plane failures
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« Wall bulging

A S A Y e N

i




miyamoto.

save lives, impact economies

f |
1

i |
|

|




miyamoto.

save lives, impact economies




miyamoto.

RELIEF

nnnnnnnnnnnnnnnnnnnnnnnnn



miyamoto.

save lives, impact economies

s

' mnw@i |

m o /:I
i " |
-
=
3

Restoration of the early 20th-century
Gaddi Baithak
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Restoration of the early 20th-century
Gaddi Baithak

U.S. Ambassadors Fund for Cultural Prescrvation
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Detailed Damage Assessment
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Masonry work

Lime mortar in a few distinct locations. Parapet walls and columns contain
solely lime mortar. Lime mortar within brick walls at horizontal intervals of

approximately 1.8m.
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Timber

* Roof Truss
« Ceilings and floors
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Steel

« Reinforcing connection of timber truss

« Strap for ceiling
« Reinforcing strap to walls (potentially added after 1934 earthquake)
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« Ornamental metal sheet




FEM Damage Simulation with April25th Event
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IS Code and April-25 EQ Nepal

e AFil-25 EQ-X

April-25 EQ-Y
e | S 1893-DBE

e [ 5-1893-MCE
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 Max parapet out of plane displacement due to April 25 response spectrum:
197 mm (8 inches)

 Max column tip displacement due to April 25 response spectrum: 180 mm
 drift ratio 1.8%
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« Actual column displacement measured in site:
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[+ 43 Elevation View - C Stress 522 Diagram Abs Max (Comb1) [MPa] |

FEM Damage Simulation with April25th Event
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Intervention approach

Option 1
Engineering Approach:

- Modern construction material, e.l.
Concrete & steel

- Incorporating such structural
system to conventional
construction, such as brick.
-Retrofitting of structure




mlyam0t0° Philosophy of Renovation

save lives, impact economies

Intervention Option 1
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Philosophy of Renovation

Intervention approach

tion 1

EngMeering Approach:

- Theory olNmodern construction
material, e.i. GQncrete & steel

- Calculation techmigue for these
material

- Incorporating such structyral
system to conventional
construction, such as brick.

Option 2
Enhancement of Original

Construction Technology:

- Understand traditional resistant
system

- Understand why and what went
wrong

- Follow the traditional system;
Keep what worked well

- Retrofitting of CULTURE and
HISTORY
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Rigid boxes + + Long wall + Diaphragm

(cornice level)
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Intervention 1

Restoring proper combination of spring effects

K1

K3

K2




Intervention 1
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Restoration/intervention of arcade diaphragm (K1)
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Intervention 1

» Detall of diaphragm interventions
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Intervention 2
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Restoration/Improvement of Truss-Wall interaction (K2)

(enhancing timber roof beam function
enhancing bracing effect of ceiling)




Intervention 3
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Detail of Band diaphragm (k3)

A "~
P
A WeShE FAE

il

I 8 -
rorloana.

— . O S mo&"m‘i W\
Lo e TSRS R 8 S W D
i ey S A T WLt Pt
. El
Fisapa — i BV = | '__\ﬂ\"__
e A - \
Pl gl R i e
(— L e e e bt 1 e e o e
AT e =SRDTATA WAL
ysean T e E (F) W T, SHERT ELFES VT BT S
e gt o T
L R
e Jretiri
I =
[ 3
e N—
R el T
= Toe o Pl
Tl { ) e ( )
|—ll- ek e aag ey o 15 e e 1 I TR e A s TN L A
N TR WO P THRE NOOUH LA TR WOODEY Pt nncn::mﬂ.-m—l
NN A = RN 7
TN e N N N\ N\
- N\\ \'-:' :?, \\/-m:” ,_:,7;;-\\,/ -\'{"3\( Q\\ - m\ _k PN AT
RN #xb-( . _XX§'-. s we LA K KX \\\“:: ST NN xf{ o Mg o iwn L3 B AESE
L v )(& }%./Ju L\}‘.’X( :}:q \J“ L } e et iy T §><=
KK j‘ * Ll e H k4 ‘ 35); L K" B ;'F:"J * L\.cx "\<.
>;~. A i -8 S *_>'><</ Q.\ \ r‘@ ,-. 1 o }_‘ },— H
AN ot A s 7|5 AN bl Pl 2 BN
M an - i - M e ! f o . o e
LY.} B L. BLN

@ INTERVENTION DRAWING

L1



Intervention 4
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Steel rod to keep box action
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Typ. Detall of steel rod interventions
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Repair Plan
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Wood band in rebuilt brick wall
Improve confinement of brick wall
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Inter Connection of South Parapet Corner
Improve interlocking effects between adjacent parapet
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FEM Performance Base Analysis with Retrofitted model

WELE 88 88 88 ¢

aaaaa

L Bee

R R T TR
- X

[ v#4Flevation View - B - Displacements (AP25 RSX) [mm] 1 | ['+d3Elevation View - B - Displacements (AP25 RSY) [mm] 1

WO W 6 6 8§ 88 08 WSS @ B 9

nnnnnnnnnn

 Max parapet out of plane displacement due to April 25 RS: 93 mm (4 inch)
* Max column tip displacement due to April 25 RS: 74 mm
e drift ratio 0.84%
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44 Elevation View - A Stress 522 Diagram Abs Max (Comb1) [MPa]
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FEM Performance Base Analysis with Retrofitted model

44 Elevation View - A Stress 512 Diagram Abs Max (Comb1) [MPa]

[ v#4Flevation View - B Stress 522 Diagram Abs Max (Comb1) [MPa] 1

WO W 6 6 8§ 88 08

11111

-
8 T Y O b
P D
1 5 U B B W Y | M WU

-
o
e e s e EEEE s
L | e e B -

* Envelop of DL+LL+/ EL(A25)
e compression (<~ 0.87)

11111

TI1

» shear stress (<~ 0.2) exceeding area localized



mlyam0t0° FEM Performance Base Analysis with Retrofitted model
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Performance Base Comparison under A25 RS

_ w/o interventions |w/ interventions

Drift ratio 1.8% 0.84%
Compression stressin 3.0 MPa 1.7 MPa
pier

Shear in parapet 0.6 MPa 0.3 MPa
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President of Nepal Bidhya Devi Bhandari -
visited the Gaddi Baithak reconstruction ’







make the world a better safer place.



