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Magnitude 6.8 - MYANMAR

Thursday, March 24, 2011 at

2011 March 24 13:55:12 UTC 08:55:12 PM - Bangkok

I Detailﬁl summary | Maps | Scientific & Technical

Earthquake Details

This event has been reviewed by a seismologist.

Magnitude

Date-Time

Location

Depth
Region

Distances

Location Uncertainty

Parameters

Source

Event 10

6.8

Thursday, March 24, 2011 at 13:55:12 UTC
Thursday, March 24, 2011 at 08:25:12 PM at epicenter
Time of Earthgquake in other Time fones

20.705°M, 99.949°E
10 km (b.2 miles)
fl* AN AR

89 km (95 miles) M of Chiang Rai, Thailand

168 km (104 miles) 35WW of Yunjinghong, Yunnan, China
589 km (365 miles) NE of Rangoon, Myanmar

772 km (479 miles) M of BANGKOK, Thailand

horizontal +- 15.4 km (9.6 miles); depth +~ 5.8 km (3.6 miles)

MST=109, Mph=109, Dmin=234.9 km, Rm=s=0.83 sec, Gp= 36°,
M-type=regional moment magnitude (M), Yersion=C

USGES MEIC (WWDCS-0)
uscOd02aes



Date Range: 18 March 2010 to 26 March 2011
Magnitude >2.0 _
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science for a changing world
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Downstream Toe Station

File: 51 20110324 205302.GSR_Data type: Baseline Corrected using the whole data record
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SMA 3, 24 March 2011, 20:53:02, Baseline corrected
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Frai Hebgen Dam
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Photo courtesy of MT Bureau of Mines and Geology
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Earthquake triggered

landslide at Aratozawa Dam
in Kurihara, Mivaqi
prefecture, Japan
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VOID RATIO

/ COMPRESSION CURVE

EQUIVALENT YOLUME CHANGE
OF GRAIN STRUCTURE DUE TO
CYCLIC STRAIN APPLICATIONS
DURING DRAINED LOADING

= EFFECTIVE
PRESSURES,
INITIAL AND
FINAL STAGES

INDUCED o f

PORE WATER
PRESSURE
Al

FRESSURE
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Percent Fines = 3
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~CRR curves for 5,15, and
35 percent fines, respectively

&
&
-]
& 0.3
2
S
7 5]
9
3
>
&)

e
[N

FINES CONTENT > 5%
Modified Chinese Code Proposal (clay content = 5%) @

Marginal No
Liquefaction Liquefaction Liquefaction

Pan - Americandata =
.
A

1
20 30
Corrected Blow Count, (N;)¢,







e L

TEWAY oy """‘-‘""HM‘.'-&“P

23



o e TR
L8 v, YW




150

anivmunumineains BORING LOG ——
- u a  [laseors Tassnuieaiwemsangamng
HEHIEETIRAIHALHIINSS — -
. o uFaew et 8.uune .5
RN 601746 ISUR.FACE EL= +97650 mOBSERVEDWL = .50 m.[DRAWN.
B LQUIT LMGT & iz
COMFRESSIVE
SO]LS . zo: STREROTN STANDARD TOTAL
5 E|E jOo masncumr O aur PENETRATION DENSITY
£\ K |_rormowns /”"
DESCRIPTION 2|4 B ek
@ wosTuRe conteny | 1 REMOLED L ] o—e
VENE SHEAR TEST W T
% ke BLOWS /R ‘:b b
GROUND SURFACE 000 040 608 | 1 2 3 [ mgﬁﬁb (e@i
— 14 b
top soil, dark brown organic clays ] N9 p&
oy n r\\o Q@

1% / b Qh /
stiff dark brown organic silty clays of ;g ) ;(
low plagticity (OL-ML) of b /

2 /!
{oose lighl proy fine silty sands
(SM) * o
450 EK
medium Rghl grey poorly groded sard :
with silt znd gravel : 4 h o
{SP-5M) ew |- \
o
dense light grey poorly graded synd
with sit and gravel |
i
stk
L |
o
Kﬂ a
oo | |




Shetfield Dam
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FHUADY Concrete facing Earth dam AUG 8m Unnia 1925
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Lower San Fernando Dam, near failure 1971
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CA Dept. of Safety of Dams
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CA Dept. of Safety of Dams_
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ELEVATION

Possible motions and deformations of an earth
dam in an earthqualke

(a) Block Movement (b) Gereral Deformation

Comparison of two types of
gross-motions
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Austrian Dam-Loma Prieta Earthquake, 0.55-0.69g at base
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. LOCATION OF PRE-EARTHOUAKE
FIEZOMETERS

SCALE x] 50 100 |50 200 feet 38
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Dam Design Approach Against Earthquake Force

1. Pseudo Static Analysis

2. Dynamic Response Analysis

41
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IMPERVIOUS BLANKET

2A — TRANSITION 50 mm. MAX.

28 — TRANSITION 200 mm. MAX.
TRANSITION 400 mm. MAX.
ROCKFILL I m. LAYERS
ROCKFILL 2 m. LAYERS

RANDOM FILL

DISPOSAL MATERIAL

(a) Block Movement (b) Gerieral Deformation

ELEVATION

Possible motions and deformations of an earth
dam in an earthquake
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Pseudo-static Analysis

F.=K,.W

Figure 2. Pseudo-static analysis for computing effect of earthquake on stability of a slope
(after Terzaghi 1950) (Seed 1979)
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" Jd Jansen, 1988

Seismic Description of Seismic Zone Seismic
Zone Coefficient
1 Minor damage, distant earthquakes may cause 0.005

damage to structures with fundamental

preiods greater than 1.0 sec; corresponds to
intensities V and V1 of the Modified Mercalli

scale. —

2 Moderate damage; corresponds to Modified 0.10
Mercalli Scale VII.

3 Major damage; corresponds to Modified 0.15
Mercalli Scale VIII and higher.

4 Those areas within Zone 3 determined by the 0.20
proximity to certain major fault systems.

Seed(1979) galanindandmsu

Pauniaurudu lmuazimanusanduauiipeniy 0.75g SIN5OATILH Pseudostatic Loaldar

F.S. 9009 1.15 waz K, = 0.10 §1%3U M=6.5 uag K, =0.15 §%5U M=8.25 ”
AU NANIMNITNUTNUBZFIUTIN MAITIAINTTNLEE) AUIFANIINAETNT NININEIULNBATEITAS




Site Specific Seismic Hazard Analysis

(SHA, PHA)

SEISMIC HAZARD MAPS

psuilaanuuazusII ans1suda(n.)

Seismic Hazard Map for Southeast Asia

Warnitchai and Ade Lisantono, 1996
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OBE: Operating Basis Earthquake

Earthquake that shall not cause any problem with the operation of the dam 1f
lower than OBE. (50% probability of exceedance in 100 years)

MCE: Maximum Credible Earthquake

Earthquake that shall cause the operation disruption, some damage shall be
found but the total failure shall not be occurred if lower than this.

48
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Criteria for earthquake events recorded by SMA

Expected behavior if over Required action

Immediate visual inspection,
instrumentation analysis for every
Possible minor damage to
OBE 6 hours for 48 hours or unitil
dam body but shall be safe
normal, possible for reservoir
lowering

Vertical | Horizontal
level

1 0.059 0.092

. _ Downstream warning issue,
Major damage is expected,

_ Evacuation preparation,
Risk of dam break

2 0.217 0.322

Immediate reservoir lowering




18 0'0°M

15 00N

102 liil'ﬂ"E

MAIN DAM  >>100.56E 17.76 N
SADDLE DAM >>100.39E 17.83 N

PGA U5211940.20-0.25 ¢

o Site Class Soil Type Average Shear Wave Velocity (m/s)
gﬂ“ 3.3-6 A ﬁ‘uu%a F_,:S,BO >1,500
3 1 v " ﬁu 760 < V < 1,50’0
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J MAIN DAM >>100.56E 17.76 N
Lans
> SADDLE DAM >>100.39E 17.83 N

PGA U5231940.03-0.04 ¢

Thailand

PGA voaEuan lvnulamaiies
10 % NAMganNlumunal 50 1
;'.':"' A - =
f (199 Return Period 500 ‘IJ)
J

| f E (Firm Rock)

1301: M.D.Petersen ,5. Harmsen , C.Mueller ,K.Haller ,J. Dewey , N. Luco ,A. Crone ,K. Rukstales and D.Lidke (20§§)
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AMMOTH LAKES CA 193D

Seismic Coefficient (k;)

= (.5 or 2/3 of PGA

=SMDBE station: CWVK
COwner: GOMG
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Feak acc: -222.8
Component: 80
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a 4 v = 1w
NﬂﬂWﬁ?LﬂﬁW%‘Viﬂ?ﬁJNUﬂﬂﬂﬁmi‘%} Ky tinny 0.15¢g

Safety Factor, F.S.
SLIP SURFACE
EGAT GERD
Downstream Slope 1.054 1.050
Upstream Slope 1 (Smaller) 0.956 0.938
Upstream Slope 2 (Larger) 0.996 0.982
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Dynamic Response Analysis

Instrumentation analysis

Dam Properties

| EX-Data I

Settlement Fiezometers
Fomt l
Consohdation
Pore pressures
settlement

Static Properties

Dymnamic Properties

Dol sampling
Laboratory test
(Clay core)

The suitable
probability
density function

Empirical dladel
Geophysic Testing of dynarnic sodl

3

1. Basic soil propetties !

2. cohesions

3. friction angles

propetrties

1. Coheszions
2. Friction angles
3. Gmax's

H |
~N

1. Strian dependent behaviors
2. Mamruum shear modulus

4. Drampiriz ratic's
5. Bhrain dependent
characteristics

I Frobabilistic IModel I

Eecorded acceleration time
histones of mterested sources
trom network located arcund

the waorld

thomceanmnes

Setsmic harard analysis

L

I Input parameters I

L

IModel stage construction I

2. Slope stability

1. Seepage analysis

3 D i alysi !l _ _
ynaric response analysis -
. Beistric permanent analysis

5. Ligquefaction potential analysis

Actual resistance
capability of SnkD) to
idbvmamic excitation on
each modes of fadlure

{e.z. Intensity)

—— 1o babalistic

e — tentative
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é}* www. n Srinagarind Dam

\ ¢ EGAT Public Campég,p I.qup‘.i pb

. lgé 185.00 m.
Constructlon 17é H.W.L. 180.00 m. 8.00
started: 1973 1502 > susem.
130- Lo
11(% 277 105.00 m.
90- |
First filling: 1977 -
50—
(\)\ [ \5\0\ [ \1(\30\ [ \R_\JO\ [ \230\ [ \2\50\ [ \30\0\ [ \3%0\ [ \4(\)0\ [ \4{_\)0\ [ \5(\)0\ [ \Séo\
Vear e e Rock Foundatioin m)
; - Impervious core fill E Filter layer fill E Transition fill
32 Y ears (Clayey Sand, SC.) (@ <150 mm.) (@ <300 mm.)
Rock fill (smaller size) E Rock fill (Larger size) @ Riprap
(9 <700 mm.) (9 <1500 mm.)
Location : Western part of Thailand, 2A seismic zone
Type of dam : Rockfill with center impervious core
Height : 140 m.

Reservoir Capacity : 17,745 million m’
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RTS : 1983, 5.9 Ml , , _
Epicenter with magnitude >5 Ml

Epicenter distance from dam 58 km from 1973 — 2006.
Source: U.S. Geological Survey (26206)
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Seismic safety analysis of dam as a preventive maintenance
program by using dynamic response analysis

M <a; Pe No Liquefaction No Deformation
a - a (1-Pue) (1-PojE)
ay - ag
az - a4
>ay, Newmark's
Deformation < EL1 NF
Po/e EL1-EL2 SEC
>EL23 : O/T O I
Liquefaction Slope Failure < EL1 NF
PLe (Flow Liquefaction) EL1-EL2 SEC
Per >EL23 o oIT
No Slope Failure No Deformation
Pg = Peak ground acceleration probability of exceedance (1-Pgp) Ppon
Pr/e = Probability of liquefaction given to event Newmark's
Deformation < EL1 NF
Pp/e = Probability of deformation given to event Po EL1-EL2 SEC
>EL23 ® o/T
Pr/L = Probability of slope failure given to liquefaction
Pp/L = Probability of deformation given to liquefaction Soralump (2002)

Seismic performance (short term) : Crest deformation

(long term) : SEC
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System performance . Critical acceleration
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Soralump (2002)



HW.L. 180.00 m.

LW.L. 159.00m

0 50 100 150 200 250 300 350 400 450 500

' -_'i.f; Sandy Clay with rock fragment
& O0f quartzite and limestone.

65



"

SASW Testing for Gmax by Utah State University (Dr. James A. Bay)




" NSRS ODULUS

Maximum Shear Modulus (VMPa)

4500

4000

3500

3000

2000

1500

1000

500

Rockfills Zone (SASW)

Impervious Zone (SASW)

/ Filter & Transition Zone -

-

——
i i
-

L~ Kokusho and F5ashi (1982) ,
— - T ffo —r
— ——"__Reekfills Zone
A— Kokusho and Esashi (1982)

- — =
..—.-——-——-—-—.-—-n-.—- -
——— L

200

I 1 1 I

400 600 s00 1000 1200
Mean Effective Stress (KPa)

67



Strain-Compatible Properties for linear-equivalent method

Modulus

Reduction

1.0

0.9
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0.7

0.6

0.5

0.4

0.3

0.2

0.1

|| HN\‘

\HHH‘ | \HHH‘ R 25

| |
e . B Damping
_ - |
\ Ratio (%)
_ — 20
* / } — 15
—@— Rockfill and Transition Zone N N
T (Gazetas,1992) /
Fiter ,, — 10
] (Seed et al.,1986) > y %
—<— Impervious Core / -
(Vucetic et al., 1991) / \
_ / . .
R R R AR B R R 0
0.0001 0.0010 0.0100 0.1000 1.0000

Shear Strain (%) 68



" J
Limitations of time history records for analysis

e o e e o P 0 P P ot P e s

v M ol e

e e e e e e e A I v et S e B P et L P PN i et

1. Lack of strong ground motion records useful in the
region

2. No reliable attenuation model for the country

3. Limited trenching and dating has been done
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Input Ground Motions

et [ L gl

uv%&wWWLMJ wv T

M=5.4-84Mw

213 rock and outcrop
ground motions from
35 major earthquakes

were used

Predominant Period (s)

0 50 100 150 200 250 300 350 400
Epicenter Distance (km)
40
= 35 [ | EM=6-7 [
< 30 —|
§ B M=7-8
< 25
=
g 20 |
= 15
: p—
£ 10 1
5 5 _ [ !
o T T T T . T . T L T |_h T — T I_- T —
o o o o o 0 o o o o X\
‘e, %z, “*, %, %%, %, %, “x, ° 'Q, 7
2, 05 TO; 0, O Q5 C» Qp 0y 7, ¢

No scaling was done
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3!ﬂ§1$?‘iﬂ1i‘ﬂ§ﬂﬂ'ﬂl’é)ﬂ‘l"iuﬂﬁl!!ﬂg > > o
v - v Pervious Rock Foudation 22.5 0 40 0.30
HANHADHUNIANIANTHI U . > .
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?2) ) )
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v 3A Rockfill 297 38?9 9-38% 020"
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Figure 5-4 Elastic-perfectly plastic constitutive relationship
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UUAT, gNTANALAS TUWIY (2553)

AMANTAVD I HONTHTUNUVI1a04 Linear Elastic

Y (kN/m3) E (MPa)
Case Vv
3A 3B 3A 3B
1 22 21 90 70 0.25
2 ) 21 60 40 0.25
3 22 21 45 30 0.25

AMANUAVRINUONAHTUIVUT1A04 Elastic-Plastic

Y (kN/m3) E (MPa) (I) (degree)
Case A%
3A 3B 3A 3B 3A 3B
1 22 21 90 70 0.25 41 40
2 22 21 60 40 0.25 41 40
3 22 21 45 30 0.25 41 40
AMANVAVDIHUINAHTUIUVIERY Hyperbolic
k-modulus
Zone Y 3 (I) n k (0) Rf A%
(KN/m”) (kPa)
3A D 41 300 04 1 0.7 0.25
3B 21 40 200 04 1 0.7 0.25
Foundation 23 45 450 0.4 1 0.7 |79.25
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Oedometer test Togo Dam (H=30m)

Total stress analysis

stress: A 0, strain: A € _ a
u=—ag ¢

l (1 ooef.i)/-/

Built—up PWP
Au=BA o1

Pressure O, U

U-T Relation

Consolidation analysis

Au, Ao'=Ao—Aut
Effective stress analysis Consolidation deformation:
strain: A €+ Ae + Aey

Dam Type

Time interval At

]
=Ti]
[7)]
o
+
W
-
.8
+
o
=
'
+
[7]
e
@]
O

Consolidation deformation:

Ae + Aey Narita, 2003

Time factor T

Drainage distance H

2 g Effective Stress a9AAA03IN1
1@« y _ HS9AUH (Pore Water Pressure)

) Center core  (2) Inclined core  (3) Vertical drain  (4) Horizontal drain y o
(one-way) anisotropic (kn>>ky) HazNIINFAN (Settlement)

Dissipation of Pore-Water Pressure



Effective Stress
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Excess PWP
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Elavation (m.MSL)

Maximum mesh size = 10 m.
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Elevation

Elevation (m,MSL)

190
180
170
160
150
140
130
120
110
100
90
80
70
60
50
40

-3

)
3

Distance (m)

Relative horizontal acceleration of dam induced by 1971 San Fernando earthquake. (unit:m/s’)

3

Distance (m)

Relative horizontal displacement of dam induced by 1971 San Fernando earthquake. (unit:m)

M =6.4 PGA = 1.17g 9



Response of core zone

185 185 -
1751 175 | %
165 1 165 %
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Dam High Elevation (m.MSL
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Permanent deformation by Newmark (1965)

Avg. Acc. of sliding mass
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Crest Settlement & Epicenter Distance

Dam Crest Settlement (m)

N
- = s et 8 —ma -—a— 8 r— = o g o
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Epicenter Distance (Km)

83



Dam Crest Settlement (m)
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Comparing between the result from dynamic analysis and

statistical-based method (Swaisgood, 1998)

8
' |® Result from NM’s Analysis ) .
7 1
| « Swaisgood (1998)
*
6

Freeboard 5 m.
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PGA of ground Crest Settlement (m)
motion at dam base (from dynamic Remarks
(g analysis)
Kh=0.10 0.10 Kh used for design by pseudo-static analysis
PGA map of Thailand
0.15 0.29
(Wanichaikul et al., 1996)

Design PGA in highly seismic region.

0.60 1.29
(Wieland, 2003)
1.17 3.40 Maximum PGA used in this analysis.
PGA that make the crest settlement equal to freeboard.

2.20 5.00

(Scale up 1971 San Fernando Earthquake)
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Y-Displacement (m)

X-Acceleration (Q)

0.2

UIUIAY (Dynamic Deformation)

Time (sec)
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mswgﬂﬁ’mnﬂwmasm (Dynamic Deformation)
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Shear wave velocity profile
(Homogeneous zone)

Soft soil Stiff soil Soft rock
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Seepage through crack zone from the
movement (cont.)

The water level are obviously
0 increasing with time.
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Case 3, 4: Dam had moved transversally then dam
section has been decreased apparently.
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Stability Analysis
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