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Myanmar Earthquake Clinics

FEDERATION OF
Response MYANMAR ENGINEERING
SOCIETIES (FED.MES)

Federation of Myanmar Engineering Societies (Fed.MES)

* Since 1946, started as “Association of Engineers in Burma”

* 68,000+ members, 360+ corporate members

* 40+ Committees and 30+ Technical Divisions

* Nation-wide networks

Myanmar Earthquake Committee

e Established in 1999 as a technical committee under Fed. MES

* Seismologists, Geologist, Engineers

* Universities, Government Officers, Private Practitioners, Enthusiasts
Earthquake Clinics

* A network of volunteer engineers

* Leveraged the networks of the following institutions for coordination
and support. T
Federation of Myanmar Engineering Societies (Fed. MES) E a rt h q u a ke C I I n I CS

Myanmar Engineering Council networks (MEngg.C)

Highrise and Public Building Committee (HPBC)

Life is not something we can download later




Myanmar Earthquake Clinics
Response

Clinics Response

1. PDRA
* Ref: PDRA, ATC20, FEMA P2055

* Prioritize Buildings (Green/Yellow/Red)
* Build Database

2. PDSR

* Ref: ASCE41, FEMA P2335

* Training and Retrofit Design
3. Mapping

* Damage Zone Map

* Fault Zone Map

Recovery

Preparedness



Part 1: Post Disaster Rapid Assessment
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Post Disaster Rapid Damage

Assessment

(PDRA) Report PDRA Report

7.7 Mandalay Earthquake 2025

Engineering Response & * PDRA report has been published in June
Recovery

2025.
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e End of Part 1
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Part 2: Post-Disaster Structural Review (PDSR)

Sakeholder
PDRA Damage Sate _ Engineer Repair Srategy
Owner | Authority e TR PE
Blue/ Green - fFew Repair O D O(0]0 Repair with general guidelines
Orangel Yellofy] TiTeREpeitf= =5 = = = 1€ 1€ 1€ =,
1 |Major Repair ) Ol JI9Ne , : :
: trofit Design and Repair
N [T O[O |[ee0]!
Ueemotish——F ==~ =+ == ‘@ '@ [ r[Pemolishing with Damage Control

Major Repair + Retrofit

<+

PDSR



Structural Review
Training and Retrofit

e Structural Review Training and Retrofit
Design Training sessions have been
conducted every Wednesday since the
first week of May.

Al | ‘ * The structural assessment and retrofit
Seismic Evaluation —— e guidelines has been prepared based on

and Retrofit of Guidelines for Post-Earthquake ASCE 41-17 and FEMA P-2335
Existing Buildings Repair and Retrofit of Buildings
Based on Assessment of

Performance-Critical Damage

FEMA P-2335 / May 2025

& FEMA @



PDSR
Scheme

ASCE41-17

* Existing buildings
* Before Earthquake
e Deficiency based

e All building types

FEMA P2335-25

e Damaged buildings

* After Earthquake

* Damage based

* Concrete buildings
only

PDSR

* PDRA base

* Apply to all building
types

Deficiency Based Evaluation- ASCE41-17

Tier 1

Tier 2

RWS

Check List

o

Identify
Deficiencies

b

Deficiency
Based Analysis

L

Model,
Demand,
Capacity,

Criteria

Tier 3

BSE 1 & 2
Perfarmance
Check

Report

Rep

air /

Retrofit

Damage Based Evaluation- FEMA P2335

PDRA

+

Detail Structural Review

ko

Identify Damage State &
Class (DS, DC)

b

Damage Based
Analysis

>

Model, Demand,
Capacity, Performance
Critical Limit (PCL)

BSE1 &2
Performance
Check

Report

Y

Repair /

Ret

rofit

Post Disaster Structural Review (PDSR)

PORA Results

- Green (Few Repair)

- Yellow (Minor/ Major)

- Red (Retrofit/ Demolish)

l

Detail Structural Review

- Werify structural damage

- Identify Damage States and Class

- Simplify relationship between PDRA/DS/DC
- Crack width limit {Takle B7)

Seismic Demand

- 55, 51 for BSETE and BSEZE

- Load Combinations

Structural Capacity

- Material strength (Lower Bound, Expected)-
- Designed for earthquake (Precode)?

- Model response

Criteria

- Building Performance Level (LS, 55 CP)
- Acceptance Criteria

- Performance Critical Limit (DC2)

Ed

Check
BSE1E performance
BSEZE performance

Report

Repair /
Retrofit




Risk Categories and Performance Objectives

Risk
Category

Description

Example

RO
i
L
Al

Temporary Structures

Garages, working sheds, temporary shelters,
temporary structures, etc.

il
b
b
)

Facilities not included
inl, Il and IV

Normal buildings, small shops, single family
houses, etc.

it

333 2.3

Operational Immediate

Facilities with large
number of people

Airport, theater, cinema hall, convention centers,
building with more than 5000 people, etc.

Base
Shear
Force

Rare events

(10% / S0yrs)

Very rare events

(2% / 50yrs)

Occasional events

Event Return | Operationa LI Life Safety CoIIap;e
. Occupancy Prevention
Category Period | OP LS
10 CP
Frequent 72 I
Occasional 225 1 |
Rare 475 Il I I
\ery Rare 975 11 1 I
Extreme 2475 11 1

(20% / 50yrs)
Frequent events
(50% / S0yrs)
Damage
Risk BSE-1E BSE-2E
Category
land Il Life Safety Structural Performance Collapse Prevention Structural

Performance Hazards Reduced
Nonstructural Performance (5-D)

Life Safety Nonstructural
Performance (3-C)

I Damage Control Structural
Performance Position Retention
Nonstructural Performance (2-B)

Limited Safety Structural Performance
Hazards Reduced Nonstructural
Performancea (4-D)

v Immediate Occupancy Structural
Performance Position Retention
Nonstructural Performance (1-B)

Life Safety Structural Performance
Hazards Reduced Nonstructural
Performancea (3-D)




Factors and Load Combinations

Event Description Return | Exceedance Basic Safety Conversion | Etabs Acceleration
Category P Period | in 50 years Earthquake Factor Factor
Occasional | L6vel 1 Earthquake | 5, 20%  |BSELE, (DBE-E) | 172 0.75
for Existing Building
Rare Level 1 Earthquake | 7 10%  |BSEIN, (DBE-N) |  2/3 1
for New Building
Level 2 Earthquake 0
Very Rare for Existing Building 975 5% BSE2E, (MCE-E) 3/4 1.125
Extreme Level 2 Ear'ghq_uake 2475 204 BSE2N, (MCE- 1 15
for New Building N)

Table 8: Expected material strength with respect to construction year./

Period Concre?e Remfﬂrcing Steel Structural Steel
f'c, (ksi) fv. (ksi) fv, (ksi)
1900-1919 1 33 18
1920-1949 1 33 24
1950-1989 1 40 24
1990-2001 2.5 50 36
2002-Present 3to4 40 to 50 50

Table 20 Factors to Convert Lower-Bound Material Properties to Expected Strength

Material Property Factor
Concrete compressive strength 1.50
Reinforcing steel tensile and yield strength 1.25
Connector steel yield strength 1.50

Following seismic force combinations shall be used.
Quo = Qs + Q¢ for deformation-controlled action

Qs=1.1(Qp+ Qi)

Qs =0.9Qp
Where Qup= Deformation controlled action
Qs =  Gravity load action
Qo= Dead load action
Q.= Live load action, equal to 25% of the unreduced live load



Field Observation: PDRA Summary
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Existing Model Performances

* First mode in rotation
e Drift limit exceed
 Many concrete columns are failed in design check.
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Retrofit Model Performances

* System Improvement:

Add lateral force resisting frames in re-entrant
corners
e First and second modes in translation

e Drift within limit
e All structural members passed in design check.
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GUIDELINE FOR SEISMIC
EVALUATION AND
RETROFITTING OF EARTHQUAKE
DAMAGE BUILDINGS FOR
MANDALAY EARTHQUAKE

Prepared by

Yangon Earthquake Clinic
Myanmar Earthquake Committee
30.May.2025

Summary of PDSR Guideline

Check performance in Two Earthquake Levels with respected
Performance Objectives.

Structural components failed more than 25% of total in a story,
system improvement is recommended.

|dentify system deficiencies and improve if necessary.

Repair all damages.

End of Part 2



Damage Zone and Fault Zone Maps

Damage and Fault Zone Maps

Based on damage assessment data and ground studies from field
collaborations and other on-line sources, following maps were
prepared.
* Damage Zone Map

* To prioritize areas and reconstruction activities

 Efficient resource allocation and coordination

* Fault Zone Map
* To develop risk base land use planning
» To setup regulatory compliance system
* To enhance mitigation, early warning and monitoring system
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Damage Zone Map

Based Maps

*  Fault Model Rupture Line Map
* Intensity Map

* Landslide Risk Map

* Liquefaction Risk Map

Damaged Zone Map
* Field ground verifications
* Based on Township boundary

* C(Classified into Severe (Red), Moderate (Brown), Mmor(YeIIow) zones.
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Fault Zone Map

Country specific practices on fault zone

Taiwan
Philippines
New Zealand
Turkey

Iran

China

USA

Nepal
Myanmar

20

40 60 80

Distance from fault (meters)

Country Red Zone (A) Yellow Zone (B) Blue Zone (C)
Taiwan 30 meters 30 - 60 meters >60 meters

Philippines 5 meters (each side Of fault) (5 - 10 meters >10 meters

New Zealand ~20 meters meters >50 meters

Turkey 25 - 30 meters 30 - 75 meters (where applied) >75 meters

Iran 20 - 30 meters 30-50 meters (local codes) >50 meters

Japan Not legally defined Determined case by case General seismic risk areas
China 20 meters meters (local guidelines) >50 meters

USA (California) |15 meters (50 feet) Case-by-case (fault investigation zone) Outside fault rupture hazard zone
Nepal Not standardized ~ 30 meters (recommended) >30 meters

Chile Not legally defined Case-by-case (based on hazard General seismic code area
Myanmar 50 ft (15 m) each side 600 ft (200 m) each side 0.5 miles (0.8 km) each side




Fault Zones

l Zone A | 100°
Cad Zone>B, 600"

] | /%\c_)ne C, 1 gile
<IIIIIIIIII H N IIIIIIIIIIIIIIIIIIIIIIIIIIllll.llllIIIIIIIIIIIIIIIIIIIIIIIIII | E B EEEEEEER
1

Red Zone - High-Risk Buffer Zone Observation Zone
Fault Zone Location: 3000 ft (100 m) each side Location: 0.5 miles (0.8 km) each side

Location: 50 ft (15m) each side Restrictions: Restrictions:
Restrictions: . Corr:ditiogal gon:.;tr;ct.ion allowed with * Standard seismic codes apply.

- No permanent structures allowed enhanced seismic design. * No special land-use bans, avoid large

L * Geotechnical investigations required. developments.
* Critical infrastructure must be relocated or L. . - . . .
specially designed. * Allow low-rise, light-weight buildings. * No Public or Essential buildings.
« Land-use limitations include bans on * Review and strengthen existing buildings. * Review and strengthen existing buildings.

underground utilities and pipelines. Purpose:  Mitigate shaking and secondary Purpose:  Maintain awareness and future

* Review and strengthen existing buildings. fault effects hazard updates.

Purpose:  Avoid surface rupture and ensure

life safety.
Y Blue Zone - Low-Risk

Yellow Zone - Moderate-Risk
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* Most of ground floor columns

Sunn Oo Ponnya Shin damaged

=

|+

« Badly damaged (i) Kaunghmudaw;Pagoda = * Waiting for retrofitting design

* Now under heavy
retrofitting work
Mandalay Railway Bridge Collapse

*
5{* ,** * Several segment collapsed
*

* Clearing work completed

damaged

* Now under heavy
retrofitting work

Mae Nu Oakkyaung
* Badly damaged

* Debris clearing work

completed MESDP Innwa Terminal

.
«*" < No damage report

* Hazardous material storage facility

Watch Tower a B N\ PRV W

* Badly damaged

* Debris clearing work
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Mandalay International Airport

* Close to rupture zone ‘e
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* Part of runway is in the observation zofte,
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Horizon Lake
Vlew Reaort

Temporarily closed
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MNBC Code and
2025 updates

* Hazard map based on major seismic sources
such as Sagaing fault, Kabaw fault, Kyauk
Kyan fault etc. including 1839 Great Ava
Earthquake of 8.3 magnitude.

* Mandalay Earthquake Intensity is relavent
to MNBC2020 and MNBC2025 intensity
map data.

* In MNBC2025 update, seismic safety has
been enhanced by-

e Seismic Force Increment to all Ground Floor
Columns

* Compulsory Ductile Detailing

Mandalay Earthquake

vahaii

200 km
100 mi

MNBC2020, .

25°00°N
250N

2000N
2000N

15°00N

10°00°N
10°00°N

MNBC2025

num Considered Earthquake Ground Motion for 1.0 Sec Spectral Response
eration at 2% in 50 Years wth 5% Critical Damping for Site Class B
Thant et el., 2016)
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Y .-~ N Recommendations for

: ~

A“‘“‘ up e wo e e PO Future Seismic
' Resilience

* Implement seismic design and seismic
resistant construction practices.

* Implement Fault Zone restrictions for land
use planning and earthquake mitigation.

* Enhance training for engineers and
A emergency responders.
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Thanks for your attention

Myanmar Earthquake Clinics



