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Statistical Data of the Earthquake Effected Religious Buildings in
2025 Mandalay E.Q.
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Before and After Earthquake




Part Il Risk Assessments Analysis upon the Historical Monuments by

Deterministic Ground Shaking Phenomena
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Mingalar coo3e0>3(03: @) Materials (brick Masonry)

/ @

I Masonry
Density 1.7e-06 kg/mm’
Structural
V¥ lsotropic Elasticity
Derive from Young's Modulus and Poisson's Ratio
Young's Modulus 1569 MPa
Poisson's Ratio 0.18
& c003003:6005gP:20 3003z
? §l Qﬁ w P—S' a?@l Bulk Modulus 81.721 MPa
002:¢202 Materials 20 Brick Mason
s Ié é& o rfl’ Shear Modulus 56485 MPa
(305390) qu@" @I-Q? ooo:: 39860 lsotropic Secant Coefficient of Thermal Expansion 14e-05 1/°C
G?OSQP:O% mos@é@la?asj G§C\?$8[§88 Compressive Ultimate Strength 24476 MPa
:)%00?05 8:&@&@1(\?8009:: GOOS(L)O&GOOS Compressive Yield Strength 0 MPa
qp:  oopSoonzafiogudaooi(gls  [§8claopS Tensile Ultimate Strength 0024476 MPa
c003¢aR:e0ndgpioge SENE RSt e Vield Stength 0 MPa

Materials qpd:322: seqp_Saecog: Properties
ooﬁcao:@é:@é Analysis ogcﬁaﬂorsqoogé Thermal
‘iP@'—’mGOOWﬁfDCQ Goz(ﬂwé" lsotropic Thermal Conductivity W/mm:C




Load on Mingalar

Load = Own Weight + Earthquake Load

% Density of Brick Masonry = 1700 kg/m?
% Weight of Pagoda = 5543.9 Tons

Ground Acceleration <:|




Relationship b

SEISMIC ZONE MAP OF MYANMAR e
(PSHA Map, 2012) R4 Earthquake Maximum e

{Shown with probable maximum PGA values

jius of area

Size of area where felt
e felt

¢ o, 00 MM dasses) > s Magnitude intensity (Km Sq.)
B§erdiaicayiesap:oelss [
(coytmpeputfgétecimnsosoi-soo.)
(ofisompotiing Blofoneped Y ; 8.8~8.7 XI~XII 2000000
PGA m;f,':w,emu;;s)»m;mp.a}_@é
N 7.0~7.9 IX~X 500000

INDIA ;-;-,..‘,:,...» 3 L | 6.0~6.9 VII~VIII

‘ BANGLADE s~|\ 5.0~5.9 VI~VII

.. Tl e GRS 4.0~4.9 VA
_‘ “ ‘V \:;',—:‘ 3 ‘ _

Seismic MM Probable Examble of Damage
Zone Classes Damage P &
» . : . Considerable damage in specially designed
BAY OF BENGA! 2 .. \ MaJOr
SER % IX structures
N damage

Major damage in good RC buildings

Considerabl Considerable damage in good RC buildings

I¥: . : v ViIl-IX e damage Major damage in ordinary brick buildings

" vill Moderate Moderate damage in good RC buildings
damage Considerable damage in ordinary brick buildings

I Vil Minor Minor damage in good RC buildings
damage Moderate damage in ordinary brick buildings

I Vi St Minor damage in ordinary brick buildings

damage

100°0'0"E

% Peak Ground Acceleration (PGA): Estimated PGA for Bagan can range from 0.15g to 0.3g, depending on the
proximity to active faults and local soil amplification effects.

% https://www.undp.org/sites/g/files/zskgke326/files/migration/mm/undp-mm-yangon-region-earthquake-preparedness-and-response-plan-eng.pdf



Site Classification of bagan According to MNBC Code

Table 1. Site Classification According to MNBC Code Source [10

Site Class Soil Profile Name Average Properties In Top 30 Meter
Soil shear wave velocity, VS, (m/s) Standard penetration resistance, N

Vs> 1500
760 < Vs < 1500

Stiff soil 180 < Vs < 360 15 <N < 50
Soft clay soil Vs< 180

| B <
| D <

*» According to the result, the study area are ranging from 283m/s to 514 'm/s."Most of.the seil
classes of the sites are SC (very dense soil and soft rock) and SD (stiff soil profile) accarding
to MNBC (2016).

SEHO Sl TS Description Ground Frequency Range (Hz)
1 Hard Rock Igneous/metamorph|.c rock, very low > 15
weathering
2 Rock Highly compacted 10~15

sedimentary/metamorphic rock

Dense sand, gravel, or slightly
weathered rock

5

~5
Soft Clay Soil Loose clay, silt, or alluvial soil <1

Very Dense Soil/Soft Rock




Analysis Flow Diagram of Bagan Pagoda in ANSYS Workbench Software

1. Static Structural <+ To evaluate the distribution of stresses, strains, and displacements

Analysis under static loading conditions. Establishes the baseline structural

‘ performance and identifies potential weak zones.
N

2 Modal An alysis % To determine the natural frequencies and mode shapes of the pagoda.

Critical for identifying resonance risks with seismic frequencies.

3. Response Spectrum % To assess the maximum structural response (e.g., stresses,

Analysis displacements) under seismic loading.

fi% - B - iC

g e J ! Fesporsespecium

ﬂ?’ Engineering Data - P 2 :Q' Engineering Data g P a— 2 :l!" Engineering Data w r

m Geometry - P a— | 3 m Geometry .4 P am— 3 m Geometry

ﬁ Model v g4 ﬁ Model v 14 rﬁ Model
Lﬂ Setup &5 Lﬂ Setup — 5 La Setup
5 L;E Solution ’ 6 L;E| Solution - 6 LE Solution
J @ Results 7 @ Results 7 @ Results

(F; RN U R T TS |

Static Structural Modal Response Spectrum



Structural Analysis in ANSYS workbench software

Geometry
06-Feb-25 1:42 PM

3D Model of Pagoda finite elements for 3D model

K: Static Structural (Mingalar Zedi)
Static Structural

Time: 1.5

06-Feb-25 1:44 PM

IE Standard Earth Gravity: 9806.6 mm/s*
[BJ Fixed Support

Boundary condition of structural analysis



Max Stress of Structural Analysis

K: Static Structural (Mingalar Zedi) K: Static Structural (Mingalar Zedi)
Equivalent Stress Equivalent Stress

Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress
Unit: MPa Unit: MPa

Time: 1 Time: 1

06-Feb-25 1:48 PM 06-Feb-25 1:50 PM

0.53051 Max 0.53051 Max
047712 047712
042373 042373
0.37034 037034
0.31695 0.31695
0.26356 0.26356
021017 0.21017
0.15678 0.15678
0.10339 0.10339

0.05 0.05

0.025 0.025
0.00016152 Min 0.00016152 Min

Max Stress = 0.53051 MPa



Max Stress Animation of Structural Analysis

I: Static Structural (Mingalar Zedi)
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: 0

06-Feb-25 4:28 PM

0.53051 Max
g 047712
0.42373

— 0.37034
— 0.31695

i 0,26356
o 021017

= 015678
| 010339

= 0.05
I 0.025
0.00016152 Min




Deformation Animation of Structural Analysis

K: Static Structural (Mingalar Zedi) K: Static Structural (Mingalar Zedi)
Total Deformation Tatal Deformation

Type: Total Deformation Type: Total Deformation

Unit: mm Unit: mm

Tirme: 1 Tirme: 1

06-Feb-25 1:46 PM 06-Feb-25 1:46 PM

10.832 Max 10.832 Max
0.6282 06282
8.4246 > 84246
22211 : 7.2211
6.0176 6.0176
4.8141 A 4,814
23,6106 = 3.6106
2,407 2,407

1.2035 71,2035

0 Min 0 Min

Max Deformation = 10.832 mm



I: Modal (Mingalar Zedi) I: Modal (Mingalar Zedi)
Total Deformation 5 Total Deformation 6
Type: Total Deformation Type: Total Deformation
Frequency: 6.2737 Hz Frequency: 6.4025 Hz
Unit: mm g Unit: mm

30-Apr-25 11:23 &AM —_— < 30-Lpr-25 11:24 &AM

0.041804 Max d 7 | 0.055863 Max
0.037159 / ) 7 0.049656
0.032514 g 1L\ / ! 0.043449
0.027869 i ’ — : 0.037242
0.023224 ! A A 0.031035
0.018579 S e y 0.024828

3 0.018621
0.012414
0.006207
0 Min

0.013935
0.0092897
0.0046449
0 Min

Deformation of mode 5

Deformation of mode 6

« 1 O X Tabular Data

Result for Modal Analysis
mﬁ Frequency [Hz)

Natural Frequency Deformation Time Period
(Hz) (mm) (s)
2.9973

3.006 2.9973 0.17113 0.33

5.0078

50115
6.2737 2 3.006 0.17202 0.33
6.4025

3 5.0078 0.37727 0.20
4 50115 0.37769 0.20

> 6.2737 0.041804 0.16

6 6.4025 0.055863 0.16



Modal Analysis (Natural Frequency) Animation

I: Modal (Mingalar Zedi) I: Modal (Mingalar Zedi)
Total Deformation 1 Total Deformation 2
Type: Total Deformation

I: Modal (Mingalar Zedi)
Total Deformation 3
Type: Total Deformation
Frequency: 5.0078 Hz

u m

\pr-25 11:27 AM

m
30-4pr-25 11:26 AM

0.17113 Max 0.17202 Max
015211 0.1529
01331 013379
0.11408 0.11468
0095069 0.095565
0.076056 gg;;‘;g
e 0038226
0.019014 0.019113

0.37727 Max
0.33535
0.29343
0.25151
0.2096
016768
012576
0.083838
0.041919

0 Min 0 Min 0 Min

I: Modal (Mingalar Zedi)
Total Deformation &
Type: Total Deformation
Frequency: 6.4025 Hz

I: Modal (Mingalar Zedi)
Total Deformation 5
Type: Total Deformation

Total Deformation 4

T otal Deformation
Frequency: 5.0115 Hz
Uni

0.055863 Max
0.049656
0.043449
0.037242
0.031035
0.024828
0.018621
0.012414
0.006207

0 Min

0.041804 Max
0.037159
0.032514
0.027869
0.023224
0.018579
0.013935
0.0092897
0.0046449

0 Min

0.20983
016786
01259
0.083932
0.041966
0 Min

Deformation of mode 4 Deformation of mode 5

Deformation of mode 6



Response Spectrum Analysis ( Earthquake) in Seismic Zone lli

Bagan is present in
seismic zone 1.

Seismic Zone |11

Ground Motion (Acceleration)

Peak Ground Acceleration (PGA) =
(0.3xg)=0.3x9.81=2.943 ™/,

0 1e+04 (mm)

Se+03

3D Modl of Pagoda

« 1 O X TabularData
5.0115
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Geometry
14-May-2511:53 PM

FBOVIEOD§O COOBEOD

96§l Googqoﬁzcoﬁqp:wé 393?:@[
00236202 Materials :Joé Brick Masonry
(s?oﬁqlﬁ) qp@é @lc\?éooo:: 3@@%(5]
Rodqpio}  od(gEgeedd  egopdEss
o%eo?os 8:§@§[§la?5009:: cwogqoﬁzcoog
QP2 méooo:cﬁ:cgcﬁoooz@& @36]009_5"
Gwcgqoﬁzem&zpzogé ae:)f?:@looazcm
Materials qp:332: 39619_3396:)3: Properties
o&cao:@é:@cf. Analysis ogcﬁqlorsspogé
QIP2gOIBE000MBIOY C0:0loopdN

) Masonry

Density

Structural

¥ lsotropic Elasticity

Derive from

Young's Modulus

Poisson's Ratio

Bulk Modulus

Shear Modulus
Isotropic Secant Coefficient of Thermal Expansion
Compressive Ultimate Strength
Compressive Yield Strength
Tensile Ultimate Strength
Tensile Yield Strength

Thermal

lsotropic Thermal Conductivity

03: &\ Materials (brick Masonry)

/

1.7e-06 kg/mm’

Young's Modulus and Poisson's Ratio
1569 MPa
0.18

81,721 MPa

66485 MPa

14e-05 1/°C

24476 MPa

0 MPa

0.024476 MPa

0 MPa

0.00072 W/mm."C




Load on Abeyadanar Pagoda

Load = Own Weight + Earthquake Load

% Density of Brick Masonry = 1700 kg/m3
% Weight of Pagoda = 3683.6 Tons




Max Stress of Structural Analysis

K: Static Structural (Abeyadanar) K: Static Structural (Abeyadanar)
Equivalent Stress Equivalent Stress

Type: Equivalent (von-Mises) Stress Type: Equivalent (von-Mises) Stress
Unit: MPa Unit: MPa

Time: 1 Time: 1

15-May-25 12:00 AM 15-May-25 12:00 AM

1.9752 Max 1.9752 Max
1.778
1 15807
1.3835
1.1862
0.98800 0.98809
{ 0.79175 0.79175
0.5%45 \
0.39725
0.2
d 0.1
— 0.05
2.7596e-6 Min — 2.7596e-6 Min

Max Stress = 1.9752 MPa



Max Stress Animation of Structural Analysis

K: Static Structural (Abeyadanar)
Equivalent Stress

Type: Equivalent (von-Mises) Stress
Unit: MPa

Time: Q

15-May-25 12:04 &AM

1.9752 Max
1.778
1.5807
1.3835
1.1862
0.98899
| 0.79175
0.5945
0.39725
0.2
0.1
0.05
2.7596e-6




Deformation Animation of Structural Analysis

K: Static Structural (Abeyadanar) K: Static Structural (Abeyadanar)
Total Deformation Total Deformation

Type: Total Deformation 3 Type: Total Deformation

Unit: mm Unit: mm

Time: 1 Time: 1

15-May-25 12:04 AM 15-May-25 12:05 AM

27.064 Max 27.064 Max
24.057 24,057

21.05 21.05

18.043 18,043
15.036 Py 15.036
12,028 i 12.028
90213 ; 9,0213
6.0142 48 L 6.0142
3.0071 » » 3.0071

0 Min y 0 Min

Max Deformation = 27.062 mm



Result of Modal Analysis (Natural Frequency) in ANSYS workbench software

0.25629 Max
0.22782
0.19934

0.17086
014239 0.18605

0.14884
011163

0.074421
0.03721

0 Min

ﬁ‘ormation of mode 5

Deformation of mode 6
Result for Modal Analysis

Graph v R O X Tabular Data Natural Frequency Deformation Period
Animation | 1| 20 Frames it Mode |[v Frequency [Hz) (HZ) (mm) (S)
6. 212, 2457

17975 0.0443 0.58
2 22457 0.055476 0.45
3 59829 0.049709 0.34
4 3.3712 0.14481 0.30
5 3.742 0.25629 0.27

6 3.8212 0.33489 0.26




Response Spectrum Analysis ( Earthquake) in Seismic Zone lli

Bagan is present in
seismic zone I11.

Seismic Zone |11
Ground Motion (Acceleration)

Peak Ground Acceleration (PGA) =

(0.3xg)=0.3x9.81=
3D Model of Pagoda

+ 1 O X TabularData
Frequency [Hz] |F Acceleration [[mm/s7)]
490.5
8981,
1471.5
1962.
2452.5




Part Il Proposal of Standard Operating Procedures for the Earthquake

effected Pagodas and Religious Buildings
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