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#1308y

arg
Wit o Ui ®
o. Anuduluazianuisunl ®
. YUY ®
m. IRTZIULALALDD198Y ®
< Hyulazdyydnval o
¢ laswadaveunaeiinnsgi o
5. defansansuduluniseenwuuideuiiefuniuuiuiulm <
Wand o N5RTeRALsawsiuRulnafidluntseanuuy o
0. MItvuamsEiuTasInssiuuiulmildlunsesnuuu o
b.  NMTIATIEAAMTINTZIUNUAULLA (Seismic hazard analysis) =
WAl @ N3EITIATNAFEUFIUTINLAL TR TaY o
Wnd & NIIATITRRAZENLUUITBUKAZINANSUSENOUR DS UL SINSE i LHUAL N o0l
@il © NseBnLUURoURULALALY (Earth and rockfill dam) @
@l b MsvonuUUounsundadIsimn (Concrete gravity dam) b
bo Teyadmiumieneiiiessnuuy b
bl  NMTIATIERENITAN (Stability Analysis) mno
Llo.e NTNTUNADLIAIN Mo

plolo myamminilunsdisng o AldRasansenuuy
(Basic Loading Conditions) mo
bloa nasnnuUasnseildlunisesnuuuideunsuninuuudisimin ne
blo.e MINANATIYENTsuABURSALUUEIMT (Overturning) o
blo.d MIIATEANRdousivesdounsuninuuugnimin (Sliding) ol
GROR mﬁmiwﬁmaﬁuﬁgmﬁﬂ (Base Pressures) nen
©.lo.00 mﬁlmwﬁmaaLmﬁLﬁmﬁu’[,uéhlf?iauLLazgmim (Stress Analysis) anen
lnuaudITouasiuUIANTTUUFALALEIUIIN UNINUIFBNYATANENT (UI19UL) n
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#1508y (@)

el
dufl o nseenuuulAsIas9e1AI5UsENOY (Appurtenant structure) anen
me  N1TADNTEAULTINIZYILHUAUdmMTUNToONLUUDIANTUIZNDY oo
mlo  NSEDNIDNTIATIZH e
mlo.e J0N9@nn (Static Base) ne
colo  IDNATIEATINaAERS (Dynamic analysis) e
o NISANUARILUT (el
mene NIMAUAATLNLALL <o
a.alo  AMANURYDNIAALATTIUIIN <o
en.en.en  N13%129 (Damping) (ICOLD, Bulletin @) <o
oo ussunienusuRuln (Hydrodynamic loads) ol
aa¢ wsiomnuduiulm (Dynamic earth loads) (G
M. mﬁimﬁmﬁﬂmmﬂ, FBnseanuuy, miheusiwaznsindeuiifivedly <o
o  I9N1599NLULDIANTUTENOU (Appurtenant Structure) &en
n.c.e 91ANTNNSEUTNEL (Spillways) @
n.c.o Ui%@‘ixmﬂ‘fﬁ, flashboards, wavgunsad (operating equipment) &
oo Ve (Water Conduits), ‘Uiz@LLaz’na‘? (Gates and valves) <&
nee 1msTuth metnivienassdnii (ntake/outlet towers) &
n.<.& U%@fmasmmiﬂisﬂauﬁm
(Navigation locks and other appurtenant structures) <&
n.ao A¥NIU (Bridges) &

AN & nMrsaliunisiveussiiuanulasasdeaunldiululagliu
sausansziiueufulng <o

Reference o)

fa o o

lnuaudITouasiuUIANTTUUFALALEIUIIN UNINUIFBNYATANENT (UI19UL) i
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NUIN &

UNu

2, 4
@. AMUUUUILLATLANUITUE

9AINYNTLNTI MUUANITTULINUN AMUATUNIY AUAINUYBIDIATTRALHUAUT
599500115 TUNMIAUN LS T U U ALAUL WA b&oe MUNTEIVTLRAIUANDIAS
WA, bdbl FMnuaawsInseyuiuaulmnldlunisesnwuueInsnIval Inge1A1sAIuALAINNY)

N3ENINAINEIATEUARNEY “W@ouiuiniiuare1n1sUsenouniinugu oo 1.” Tngligung
viheaugsuiaveuldimuandninaeinnsgilunsesnwuulivanzaniulasaiienang1n Jadu
N11999N155IUTIUALUTUUTUNUIUINTTIUNTRONLULTBUT DU VN LA DIANTUTENB UATY

onasatull Matlielvileunareiaisusenovlunnuuinaiuisasuusinseyiunuaulnalaegis

Japnny

. VBUUY
.6

.o
weuRul

.o

b.&

Aruana9InsgIulunsseniuueuLlosaIsuks LAl

MvuanaainesgulunsUssdiuanudasadesunldnulutagdussnsinssyi

AsaungulasIasaloy o1msUssnau wiolasiniseraiuin Tuynawin

ATEUARUL aUUTEIANA DN BLAYY WauAuauWUEIN WauliuauwnuRAuviled

WBUABUNIAGINUIMUNTIATIUADUNIALALABUNIAUASA Laze1A1TUTEN U NN NYUTETUNUN

AU

b.¢ hinsaunguernsdtinnukarseuudwaUsenu

a. UINTFIULALANDIN9B

M. e

ICOLD: International Commission on Large Dams
- ICOLD Bulletin o@ Dam design criteria - Philosophy of choice (o)

- ICOLD Bulletin e/lo Selecting seismic parameters for large dams - Guidelines
(oxme)

- ICOLD Bulletin @wo Design features of dams to resist seismic ground motion
(wooe)

- ICOLD Bulletin @oe Seismic design and evaluation of structures appurtenant
to dams (bool)

fa o

v

lnuaudITouasiuUIANTTUUFALALEIUIIN UNINUIFBNYATANENT (UI19UL) ®
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ICOLD Bulletin eew Selecting seismic parameters for large dams (voe®)

- ICOLD Bulletin @ @ Small Dams: Design, Surveillance and Rehabilitation
(woe»)

- ICOLD Bulletin @&= Dam Surveillance Guide (voo)

- ICOLD Bulletin @oel Regulation of dam safety: An overview of current practice
worldwide (wob&)

mlo  USBR : United States Bureau of Reclamation
- USBR (exe)

- USBR (eceiey)

Design of Gravity Dams (eceo)

- Design Standards No. @ : Seismic Analysis and Design (ooad)
e.en USACE : United States Army Corps of Engineers

- EM eeeo-b-blboo Gravity Dam Design (o)

- EM eeeo-b-po&o Response Spectra and Seismic Analysis for Concrete
Hydraulic Structures (eeee)

- EMeeeo-b-po&ae Time-history Dynamic Analysis of Concrete Hydraulic

Structures (woom)

- EM eeeo-b-vo&en Earthquake Design and Evaluation of Concrete Hydraulic
Structures (wooey)

- ER eeeo-w-ecob Earthquake Design and Evaluation for Civil Works Projects
(wobe)

om.€ FEMA : Federal Emergency Management Agency
- Earthquake Analyses and Design of Dams (boo&)
en.& ASTM : American Society for Testing and Materials

ab NYNTENTN AMVUANTeeNWUUlATIATINeIANT WasdnyzuarAMauUAvesTannly
lunulaseaineas (eeoo)

oo Ak A1UNNUULEUIELAS LNUNSNINTEITNIALALEILINGDL

- BUINNNNISIAYINSIEUNTUS LI URNANTENUAILINA DY LATINITWAILILAAIUN
(lo&ob)

fa o o

lnuaudITouasiuUIANTTUUFALALEIUIIN UNINUIFBNYATANENT (UI19UL) ©
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e NSUYAUIENIU :
- BUIMNLAYMA NN NS NWUUIBULAUNNULAED1A5USENOU (BEed)
C MIMLAZAA NN NS US I SIANITAUANUUADANETDY (beoe)

- 1IN UROU MIvedeuianauiminssudmiurilsnunegeuUsei
nilnAvesnsualseny, dinidsuasiau (eede)

ne  NSUlYsIENThaLHdLL
- UYN.@moe-emob-ve
Mn.e0 NTUNINNAN

- AllensesnuuuarINULATaUUTERULNUALINY (seew)

v

<. denuuazdygansal

(eg3¥1griuUNg)

&. 1A3985 19U NN NINTFIY

JUN o LaANURINITIATIEaENsA TN AFuRuS LaznetsiudmTunIs
NAIININTFIUENTUNITIATISARAZ NRUU DU BT UKIINTEIRRUAL AT InesuaziBen
agludiumeqnlouddassaiweaiiomaasioluil

NN @ UM
PN a ¢ 1 I a =

WNAT o MTIATIERALTHLAUlnATlElunseanluy

NUINN o NTETIAENAFBUFIUTINUALIANFITDU

NN & NTIATITRLAZONLUY USenaumniy
Ul o NMIDENUUUWDUAULAEAUAN (Earth and rockfill dam)
dUM b NMIDDNUUUWOUABUNINAUINULA (Concrete gravity dam)
duil m NMIPRNLUUIATIES1991AN5UTENOU (Appurtenant structure)

~ o a ~ a o A g v Y] ' °
nIndl @ n1sandunisiiedssiiuninulasndod euildnulutagUuaeusinseii
whiuAUl?

U7 b uansunufansiinsgsitazdndunaieUsziduauvasadoid euildemly
J29Uu Feazdiswazidonlumnni ¢ lnedlassairavesmsisgiilidsainnsinnesiiie
gonuuudeulu Giwﬁumqﬁt,ﬁ'u%ga As-built drawing, ﬁﬁaaﬂamimaﬁmmmLi'al,wiuﬁulmﬁ‘ﬁuﬁ
vhay, feyaiedesiietangnssudeu msaseuliivueugndesueinsiinsziaindeyanisniiain
uazmsdIaznnaeudmiudeuildnuegluilagiu

fa o o
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b. TN UAUIUNTTEENRUULTDULNA I UNI UL LAY

qnsana AU (e¢em) WTusindeaiarsandewulunsesniuullouiesuseenis
mevauDIINLIINTEYHuAulmlaeg1asniy eldiduniswuiAasudulunisesniuy
(Conceptual design) lnailsnsazidunaail

.o  WOAMUNUIYDITEUUNTBRNEUBI I UNNTEFE AU VBITEUUNTOIRINNISIAOU
loavesainlou, N1INIAFILANANNATL 130 N15vduvessoudouldgnudau (SPUUNTRIAISINGD
&o%)

ol ldianunuilaunaiuisagadulaloaminiinsassunnaigly (Self-healing material)
MUUaUUL1ves Sherald (woxx)

b IWAUYUNNANNNINUNG WWULRLAIN & WATAINUNR WU oo AT [WUAU
a d' [ = a . . v @) o
o WaANGesianNaunsadia Liquefaction launduianay

o.& n339aeulaniaia Liquefaction 1AUZIUIIN wazu1nTn15lun1sUsUUTe e
#sanlunsyraeniagmindnesn

oo HeANaIntulaen1sIlATIERat esnINYesaIntulanedd Pseudostatic Analysis
Junsisusu
.o W Free board a1nlenafaziin Seiches way Seismic Deformation

b lunTAANUELwWeANgAUEs vTeReen1sUTEndndneai1e AlseenLuUlag
RATUNGANTTULT 0UALATIEMA83S Dynamic Response Analysis kadnduazdodinaunsay
AunsneInsNTIATIent liutunailaenaasdiilaligndes

fa o o
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Hazard Classification
(ICOLD or FEMA?)

¥

Ground motion level by hazard classified
(MCE,SEE,OBE)

l—l

Material Properties

Field Test
criteria

Laboratory Test
criteria

| Material Properties I
I

v v
‘ Static Soil Properties ’ ‘ Dynamic Soil Properties
2DI3D 2D/3D Field Test

criteria

Site investigation
and Soil testing
(Criteria)

Site investigation
and Soil testing
(Criteria)

Laboratory Test
criteria

v

| Pre-Earthquake Analysis

@ — ¢
Material Properties

Dam Type &

Analysis Type

] v
Freeboard ofdam Seepage Analysis
Seismic wave vs wind wave (2D)

o gﬁimuhﬁlg?aer:TgD) Deconvolution G, Gmax, G/Gmax curve, Damping -Linear
Az - Foundation with "Soil" layer AR - EquivalentLinear
(criteria) (check with Vs). =NonLinean
-1-D analysis using SHAKE or 3
similar software.

(criteria)

Inifial Stress

Liquefaction - . [ Dynamic Response Analysis Analvsi
e A Seismic Hazard Analysis Potegﬁal Analysis Stability Analysis + nalysis
Seismic Zone Characteristics ety

* Radius - ' l ! ]

+ Typed i Deterministic Seismic '

: Properties of Source : Hazard Analysis (DSHA) | | Earth-flled Dam Gravity Dam Appurienant Stucture —

. (Dcﬁlrigemhmg required Criteria to select ! i « Slope & Foundation Sliding Sliding Mode of failure (Criteria)

. either DSHA or | i Stability (Local + Overturning Overturning - 0 i
« Attenuation Model A h I i . I . § vertopping
eruaon HodelApproac PSHA method Y Pr°bda/b\"'51|]° .Se';';'_ch ' Overall) Bearing Capacity Displacement/Deformation + Post Earthquake and Liquefaction Stabilty
\ J : azard Analysis (PSHA) ! Stress in dam body and foundation Story Drift ° CERIE A
: i Foundation Bearing Pressure
Concrete/Steel Stress

v

Seismic Loading

*  Earthfilldam and Gravity dam according to MCE, SEE, OBE (ICOLD,2010)

¢  AppurtenantStructure according to MCE, MDE,
¢ Return period

l—‘—l

Dynamic Response Analysis

p
Static-based Analysis

« Peak Ground Acceleration (PGA) -> [PHA, PVA] (Criteria)
« Magnitude (M) and PGA for Liquefaction analysis

-
Dynamic Response Analysis
« Target Response Spectrum

A\

« Acceleration time history -> amount of motion?

CEE(SSSeE2000) Static Analysis Seismic Analysis Static-Based Dynamic Response Static-Based Dynamic Response
LEM +FEM Pseudo static, LEM Analysis Analysis Analysis Analysis
Acceptable Factor of Safety Acceptable Factor of Safety Acceptable Factor of Safety
(Criteria) (Criteria) (Criteria)
- Limited stress and location of - Stability
resulted force - Stress
o -F.S. -Internal Force
Required Dynamic deformation
anlysis ? (Criteria)

Seismic Load Determination (USER, 2015) Static-based Analysis

UM o WHUAINTITIATIZARELATUNITOINUUULYDULNDTRIT UL TINTEYIINUALLA7

lngAugIduuaimulmnTTuUginazgIusINn

LN INYIFULNWASAERNS (U9
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Material Properties

Material Properties I

v v
‘ Static Soil Properties ’ ‘ Dynamic Soil Properties
Field Test 203D 2Di3D Field Test

As built Drawings,
Design Reports,
Construction

criteria

Site investigation
and Soil testing
(Criteria)

Laboratory Test
criteria

Instruments data
-piezometers
- setlement point

T
i
i

v

Dam Type &

=|| Pre-Earthquake Analysis

criteria

Site investigation
and Soil testing
(Criteria)

Laboratory Test
criteria

‘ |
|
o v
Material Properties

Analysis Type

Hazard Classification Dam Modeling S G, Gmax, G/Gmax curve, Damping - Uiy
(ICOLD or FEMA?) | (2D/Equivalant 3D) - Foundation with "Soil" layer curve - EquivalentLinear
Recorded Seismic v v (criteria) (checkwith Vs). - Non Linear
v Data Freeboard ofdam Seepage Analysis -1-D analysis using SHAKE or ole
) . -Accleration v/s ime Seismic wave vs wind wave (2D) similar software.
Ground motion level by hazard classified (criteria)
(MCE,SEE,OBE)
¢—1 [ Dynamic Response Analysis inital Stess
Liquefaction i
e N Seismic Hazard Analysis Polegﬁal Analysis Stability Analysis + Analysis
Seismic Zone Characteristics (et
* Radius [ Ittt ittt i i ¢
*+ Type& Deterministic Seismic
* Properties of Source Hazard Analysis (DSHA) ’ Earth-filed Dam Gravity Dam Appurtenant Structure ) -
. Pcer:fe“r igenching required Criteria to select « Slope & Foundation - Sliding Sliding Mode offailure (Criteria)
i either DSHA or Stability (Local + * Overturning Overturning « Overtoppi
+ Attenuation Model A h ilistic Seismi ; . pping
enuaton Hodel Approac PSHA method Probabilsic Seismic Overall) + Bearing Capacity Displacement/Deformation « Post Earthquake and Liquefaction Stability
N J Hazard Analysis (PSHA) + Stress in dam body and foundation Story Drift glCEcknogioing
Foundation Bearing Pressure
i Concrete/Steel Stress

Seismic Loading
e  Earthfilldam and Gravity dam according to MCE, SEE, OBE (ICOLD,2010)

Dynamic Response Analysis

+  Return period Static-Based
Analysis

LEM + FEM Analysis Analysis

*  AppurtenantStructure according to MCE, MDE, OBE (USACE,2007) ‘ Static Analysis ]

Seismic Analysis Static-Based Dynamic Response
Pseudo static,LEM

Analysis

] [Dynamic Response J

| E— E—

(STaﬁc-based Analysis

* Peak Ground Acceleration (PGA) -> [PHA, PVA] (Criteria) Acceptable Factor of Safety Acceptable Factor of Safety Acceptable Factor of Safety

« Magnitude (M) and PGA for Liquefaction analysis (Criteria) (Criteria) (Criteria)

- Limited stress and location of - Stability

s resulted force - Stress

Dynamic Response Analysis -ES, -Internal Force

« Target Response Spectrum

« Acceleration time history -> amount of motion?

A\

Required Dynamic deformation
anlysis ? (Criteria)

(USBR, 2015)

Seismic Load Determination Static-based Analysis

UM b wnudansieszikazaliunisineusaiivanuuasadevasisunldeululagiudeusinssiiuruiulm
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NUAN &
a ¢ 1 1 a d'
A159LASIZAALTIBNUAU N TTIUN15aRN UL

6. NSAIMUAAITLAUVDILIINTLVUAUlIN Y lun15aRNLUY

MsfmunszR TSI sEuuAUlmdldlunsiinsginareenuuuideuazgnimun
pusEAUALSUnsIBvaTouTiuuziilag ICOLD Bulletin ebel (319 bolom, bole) uazthlulilag
Fnulounsuasinudwindey (eeoo) WiiedwunseiuausunsIsvead oudusunisine
wansenusiedsuIndesludussdlingt JUfl e uanmdnnisvesnsimunsEiuANLS U884
Weuuaz M9 o uansnslrazuuuLazsEiuNsT LMLz Tnenansiuund & see
lAuA Low, Moderate, High uag Extreme

Classification of dams

|
l l l

Classes depending on Classes depending on assessment of Classes depending on

geometric size failure consequences or hazard potential geomelric size

"

| assessment of failure

+ + ‘ consequences

Height of Volume of " - Environmental
) Loss of life Economic loss
dam reservoir damage
‘ ; + Y ‘
+ Y

Assignment of responsibility
for independent dam
supervision to different
authorities/bodies
(on occasion)

Differentiation of requirements for dams

UM a 1ANNTTIUUNTLAUANDUATIBVDUYBY (ICOLD Bulletin oow, bold)

A1519% @ STAUAZLUUVDILAAZUYHATITLAUAINNIUATIHANALHUUSIN (ICOLD Bulletin
o'oel, bold)

I \ Classification Factor

Capacity (10° m?) >120 | 120-1 1-01 [ <0.1
(6) (a) (2 (0)
[ Height (m) I sas | as30 | 3015 | <15
(&) (a) (2) (0)
Evacuation requirements >1000 1000-100 100-1 [ None
(Mo of per (12) (8) (a) ()]
| Potential downstream ‘ High . Moderate ‘ Low ‘ None
damage (12) (8) (@) [(©)]
Total Classification Dam Category
(0-6) | (Low)
(7-18) ' Il (Moderate)
(19-30) ' Il (High)
(31-36) . IV (Extreme)

fa o o
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deldduunsgiuaudunnsvenieundifazannsadonsefuvosesvunausudiulmld
AunanTsILun Tngededemmunain ICOLD Bulletinaer (bomo) F4iluunflfaaiatsun
Useinn lawn MCE, SEE way OBE lngluusasUszsinnazddoninualunisidanldaiusanseyn
uufnlmn musgduauduassvendeudldsiuunludunsn m13ell o Wuanstarvuaves
ICOLD Tutssidtudandna sdldnadangnsensas davuanisiutmin anudiuniu aruasmuges
pmsuaziiuAuiisesiummslunmsiuniunssduaniiouvesusuiulm waeese Iyt Auss
fllunsesnuuuiiuazdasldsiluniiaiifmuslungnsznsaeadendn Admualdlunisauau
9113 FeduAfivseduldamnmednanazdeshluifisusuaildanngnssnse wa. beoe
Tnsidendunnifielilunsimseioanuuusiely

A15199 @ Yan1uualunisiaenldAnseauvansInserinwruAul®laIn ICOLD Bulletinoes
(wowo)

sefuamdsefeveadou
vuawiuiln sgRuguiTagen SEAUNEN sedus
(Extreme or High) (Moderate) (Low)
MCE v 4oL a1InaANaUTUIAAIIIN MCE v
paafiasansEAuil v asnannauTwInaInn MCE la
(Maximum Credible Earthquake) a
SEE* Deterministic Deterministic Deterministic
(Safety Evaluation Earthquake) Eonwendulva 84 (84" percentile) Fonwesidulvai 50 e 8a Bonwedidulvail 50 (50"
Fafloun Mean + 15D (50" to 84" percentile) percentile)
Probabilistic {@en#i mean AEP laueana | Probabilistic denii mean AEP Probabilistic i&enil
1/10,000 Laussnan 1/3,000 mean AEP laussnm 141,000
OBE* fmnaangafvunmIoanuuy (Seismic Building Code) fiasaniinugdigh (Retumn Period) 475 9
(Operation Basis Earthquake)

mean AEP: mean annual exceedance probability

a ¢ 1 [] 1 a . . .
. N15ILATIZIASINTZIUEUALLRD (Seismic hazard analysis)

NF991NLAAITEAUVBTINTEYIURUANIN A1nTUAElAYINITTATIERIAILTINTEI

wuAulralugliuudmnysA1nas eI uAuAusEAUAINg 11 1nen153LAT189 Seismic hazard
. v Ay o A = = a LY &

analysis AaTUABUAKARS Flow chart Tusull « uaslistwazBendesioluil

w.e  MAUARIEAUINUNLATING

blo  VYILVDULIANUNAIULUISAL oo NLALUAT INAUNLATING (ATUNANLNUN VD
ICOLD Bulletinee® (woeo) Uag ak., beoo) Hiomnuavaulwaiuiilun1sinyiveyasosideuilngs
waLAUAUL7

A [%
Y (Y

.o WITUVRUWANUTAULUISAT oo Alaluns ANHUNLATINTINNUNTNIUAGARE
melulssmelnesalyl

w.ao n38 197 @unsadiveuaiuinuwuial oo Alawns nwunlasiNg
lfinsansidudeyaunuisosdouiindwarlassasawunduresnsunsnensssd @Uuillu
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Material Properties
[ Material Properties ]
|
. v
Static Soil Properties [ Dynamic Soil Properties
Field Test 2D/3D L Field Test
ICOLD (2016), USBR (1997, 2001), RID (2002) v v ICOLD (1999, 2016), USBR (1997, 2001), RID (2002)
ite i igati i Site investigation and Soil - ]
- Soil and rock classification by using SPT ASTM D248, Sits mvestlga.t ion and Soi t gt' - Shear wave velocity testing ASTM D8295, D1586, D5778
ASTM D 3441 testing esiing (i.e. SASW, MASW, Micro-Tremor, down-hole, up-hole, cross-hole, ,
- Geophysics (RID, 2002), Seismic Survey, Ground (Criteria) (Criteria) seismic refraction survey)
penetrating Radar
- Boring, test pits, trenches (RID, 2002)
Laboratory Test Laboratory Test
ICOLD (2016), USBR (1997, 2001), RID (2002) ICOLD (2016, 1999), USBR (1997, 2001)
Testin Testing
Ph g | o - Resonant Column test ASTM D4015 - Dynamic shear modulus
0 g - Cyclic triaxial test ASTM D 5311, ASTM D3999 - Dampling ratio

(Sieve analysis ASTM D4643-93, ASTM D422-63, ASTM D2487, Atterberg's Limit ASTM D4318-00, Relative Density test ASTM D2049, Moisture Content ASTM D2216, Unit weight ASTM
D2937, Specific gravity ASTM C136-05, C128-01, ASTM D854-02)
- Strength testing
(Su from Unconfined Compression test ASTM D2166 or Vane shear test,
¢, ¢ from Unsaturated-Unconcolidated Undrained triaxial compression test (UU-Unsat) ASTM D 2850 and
¢, ¢, ¢', ¢’ from Consolidated Undrained triiaxial test (CU) ASTM
- Permeability test (falling head, pressurized head, constant head) ASTM D2434, ASTM D5084
- Compaction test ASTM D698-00a, ASTM D1557-02a ASTM D5080
- Californai Bearing Capacity (CBR) ASTM D1883-99
- Dispersive soil Testing
(Pin Hole Test ASTM D4647-06e1, Crumb Test ASTM D6572-06, Dispersion Ratio Test ASTM )
- Rock for construction material
(Durability test ASTM C535-03, Dilution Turbidity Ratio ASTM D7315-17 , Dispersion Ratio Test ASTM D4221-99, Point loading test ASTM D5731-16 , Abrasion test ASTM C136-05, C128-
01, ASTM C33, Absorption Test ASTM D6473-15, Soundness Test ASTM C88-99a)
- Swelling soil testing ASTM D4546-21

- Cyclic Hollow cylindrical Torsional shear test ASTM D4253, D4254
- Bender Elements ASTM D8295-19

JUN & uaneuInsgIumMsasLasnagauitiedes inelilddeyanmauifvasiagmisinuadndaansuasnanans
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NUINN &

N15ILATITIRLAZDDNLUULYDULAZDIATSUTENDU
LN SULSINTENURAU LA

inasianpsgilunseenuuuidounazermsUszneuiiislfsesiunssnseviusudulmazle
osuneludud Matinsieseinazesnuuulnefiansanusinseyiunuiulmazdonieiiestunis
SaszAluaninznissunssnindeluaninzadng (Static condition) Fafuinausiuad Ui &7
destuayldesunglundensu TnesiwasiBonavuiadu o drusid

@. NIPDNWUULYIUAUWALIAUNY (Earth and rockfill dam)
. NMFODNUUVITOUABUNINAIUMLN (Concrete gravity dam)

on. NM9ONUUUIATIASI991ANSUTENDU (Appurtenant structure)

49U o N15PBNLUULYBUAUKAZAUAYN (Earth and rockfill dam)

JUN © wanaumounisinTeiiienisesnwuuilloufukariuay laun WeauAuauiewed
WoURUONLUIEIU Lay WauRuauknuAwuilen elwaunsasulsiwnuaulmldegislaondy 99
SwazlRuAN TR IEAUsEnaumetunoudAyfwmalUll

0.  mMsdenfifiveanuudian Wuiuuusiass b if ie o 4 ddeRinnsuniiieafy
ANYAEYBIIaRYT (Valley shape factors) AuduvaIgIue (Steepness of abutments) kag AW
Liiaiiauovesanmssdling1wesguideu (Heterogeneous of dam foundation) Tnefuugiililu
ICOLD 2liuil eloo %38 a&x B4 ICOLD Iszyilasyhlumslinneiludnuue 33 fanufivame
oguda Cuusanmienruagviean mnssdivevesgiunnuasgiududeuandoliAnnimse
fitumneinstunaziilugnisiady nsdimsimseisionuusians e 37 feevhlidunnlamgy
pgalsiaunsasinanlidndudesddiuudiass s Shauely uranunsalduuudiaoaiiouwin o If
16 Tnenislduuudians b 97 wangquidnfaiuisasniunisla (Equivalent mD) (ICOLD, XXXX)

| & A A A A P ) & A '

drunsidendseinnilesuiiiiendesmieiulaenisidendseinnilauainan Valley
shape factor anansaldmuitenuziives 13103 (oges) WaNa1sansuivdaduduqiutaya
WaguAY anmsalIne1g1usn Falivewuzineglunnsgiudievensuvalseniu essydely)

1 < =% ) o [y d' d' ¥ % d” d' 1 a d' a 1 d' a

2819l5ARNY ICOLD Hdauzindmsulounazdaasialunuiniuiulyg Wouhuay wullauiuny
wNUAUWLE Wau Concrete-faced rockfill (CFRD) shudalaumauninalsinvgn tulssnnaou
e uUaenisLasiingAnssuisousulailolasunsinszyiunuduln

(J A v = v a d' 5 ! [ S A U

b, NMIAmMUATEEEIRERY (Freeboard) afaiiansanaugnauilugruiuinens

& = Y% A% . d I a . a A
Jumilaarntusumiioutainaunay (Wind fetch) n3oanuiudulug (Seiches) lneidanani
wnnIAtaAmiase s ldaieEeIsIniun IR suaUTEMUAIN UL Vi)
NsAIMANLEIesRa UL lssInuruAulIealdaunsvineay W aunisves Seiichi Sato
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(@exx) #50 Demirel and Aydin (woeb) WWusiu MlA1AMSIgIATesiuAuINUUALL (Peak
ground acceleration, PGA) N4 luaunisaanarindunaainnisiiasigst Seismic hazard analysis Tu
YUADUTIUIN

o, NI9ILATIZANTINATY (Seepage analysis) Atun1sluan¥Uy b %30 m 46 A3
NI IUTN o. Y9EINTIATIENILNYITOWIEUTOU FIUTIN Lag FIUTU VBATaURAUNY Fuay
wsaaunsunInamtn sadseasuszneulsufiinerdesdu onmssyuneinau Wusu

< ms’?lmwzﬁmmﬁmawaammﬁﬁuL%uLLazgmsﬂﬂ (Slope and foundation stability)
suflumsiaseianutuaduanzusinseyiiaing (Static analysis) l6a b dfuay o i35 fae
WUUTIaeaNnavIna ( Limit equilibrium method, LEM) #30 35 tluddiuud (Finite element
method, FEM) Tnemns1aaaussunun1siiviresanduluy Local uag Global way szununisidad
Nuduid oudl asvinlhid ouuanld (Dam breach) nsradeustsaiadusumdovuazineun nns
fudunTIeT s udunisliy o annzldun wdnasadunisneadns (End of construction) SeeuLn

LA uf'n (Normal operation) %38 Normal active pool kay s UWIanaI88 19520152 (Rapid

drawdown) M9an1nzUnfkazaninzkluaulng nsain1sIAsIsriwsanseyink uauluiaiunse

aliunislalaedSiadauaing (Pseudostatic analysis) n1elduuudnassaunadnin (LEM) N3t
] I a & a d' a I3 a ¢ . .

AL IR UAULAIVDINUAY (PGA) 71 15 IUNI5IATIZTRUINNNAVDINTITILATIEI Seismic hazard

analysis

Miinsinsziasnsdiunmiulasndovesaintuardasiionsansfussnouyed
AnuTHuANlnly o sUsuuliun nsfiansandtausruAulngaalulwIsIveg1ufY)
(Peak horizontal acceleration, PHA) wag miﬁmimﬂ'wmmLi'aLLm'uﬁulmqaq@ﬂymmﬁqLLaz
LUV (Peak vertical and horizontal acceleration, PHV wag PHA) laglad anA18ns1&3unIy
Uaansefiaianainitsaesnsduild (Lower factor of safety) siafiAnaanas swasi uiuluuIAs

anusalduiiuaswmilsvesainnusduiusu Buusunasrdauiuiulmetlndiuiieny a13ag
fsanldwindy Melnasendenudnulusasdindnflasunisseusuaidn waziarsanldlay
HoanwUy
HOanLUy

A1 Seismic coefficient 1 1ULITIULATLUIA S (kh uaE kv) FMFUNITTLATIZI
Pseudostatic fanan axltivinduaswmilsvesiinussgagavsieuseliag (kh = PHA/wg)
(kv = PHV/l0g) (Seed, aaeie) MT197 o LARIAISAIIEIUAINUaRR BTl seusUlav0INTILATIEN
\@fosnmuesarnduuazgIusndeisaunadiiadildnaiu Tngusulieanuinsgiunsy
YaUsEn U (o&ed) kag ICOLD (woseo)

¢ lawvhlumsiesgideitatiouadnd neldinusishndmamnutasadeiidmuaiiy
Fissmedensesnuuuaiaiaileuiarsruussuistinglufudouiosuusanseriusiuiulm tasas
anunsmuAuNIsAnTosunniiliivaendtld (Seed, axe) fetmnnsiinanisinseidasiiation
adndlaisinunueiffvualdldnineanuindeuszlivasndoiaueluid ssfsauyigiulunis
ArmeiiFududulllag Conservative (@M3ANG, beeo) nian1sooniuuiafiagliuLnmueiad
SamdanudasadedfmunduasululildlunsufiRrsusnauasunasian foonuuy
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annsaldnadenlunisiinsiest Dynamic response analysis iilansiaaeungAnssuninulasnds
vauzBauAulmlidnauty Faawhlilddeyanginssunisiadeuss anmidu anmieion uay
useiuvetesdUsyneudouazuasndanisinunuivln mamiLaaiﬂmaaaaﬂﬂimaumqG]suaq
Founnnusanszvhusiuiulu (Seismic deformation analysis) #se1avinlilddeyafidaiauniniu
dmiunmsesnuuuesdusznoudvesiideuliiinnnuvasads TasazliléResannssd
pasnsieidundndnsioly uisgfiansananwginssueavasndeluguuuunsfidine dsagle
nanaludiudnly

pg19lsAmuMTIATIERRINaMAEiliANTUT U NTULAL NS WEINSNINNIINITIATIEY
Unfisnn uazdaaiiun1sinieilagdllisn g idletrmusniinuwuuasinenamansuazauy
anulaeaduliousauiy Snnsuensdininduusindi (input parameters) lillaldunegnsgndes f
gy linmsiiaszvianatnlalageiniiagasiaasu (Verify) Inslanigogedaluiuiiussivalne
wiuAulnililaindwazusaneiiazililadeyanginssudounldiiieriinisnsiaaeunuuingses
Y] ! v & = %% o = aNay 1o & v o a a ¢ = Y  aa
AaNAT ATl USBR (woed) Jtlaliteuusihtansaitlidnludesinidunmsiinsginsdeguimeis
NINamaniainan laellsvazidensal

o. Januaaveukazgusnlilimudsssionisinaninmal (Liquefaction) wazlifiiu
willeanlimenisivasuudas (Sensitive Clays)

b, Weugnasavulasidulumuunnsgiuwasundnaulnnnuuiwiuliggalives
11 «¢ Wesiudvasaflaannsmeageuluiesdufinis wedaunuiuiuduinsuinnin oe
Wesidud

o ANUA1RTUYNT aulUTUAUNT ©.& e (WUITIULUIAG) haL/73oTLdUTEAULN
(Phreatic Line) aganninanaliaumuvingi

& AIAILLIHUITIVENER (Peak Horizontal Acceleration, PHA) fignuveadouluiiiy
0.,mE¢

& andudssdnianuasadiy (FS) luannzaindmsunnisidaneavinliseavdu
Wauanad #oau1nnin e.¢ Wneldrranusuinludideui nsdnewiauruiulnifnainnisel
(nevlufesgavinenuiieglusedugean sua. vise seAuinasgaineinuin

b SYeAUTUAY (Minimum Freeboard) dadlitiaenii e 9 & Wasidusvaninu
=~ v (% | A Y Ao I3 ~ [} = 1 < f{ 1 a
gevauleu uagsatlidosndt e v (szviieduninluiiesessumdulugiaiuiinnusausuaulng
A dl' U dl' Ql'o.l dl' G| 1 I3 go" I =3 t:l'il a 1
PI9N1IARDUAIVDITOLADUN VB UNS DN TLE1AULN L TUUSLAUTNABINAITUILENANEIANN)

o, hUAlAT9a519U5ENaUN 913 bR S UAINULA 88 INNISAA BURAIVDIA U DU SIUD
lassasienaneliiianisinwzaglunsesuuuunmsidRiuuauy 9

atlmnfienudndusasfinnundouiismeuazliilulunuieulaves USBR (woee) fi
211130 TUNITIATIBANITESTUAIETTNINAMI AN TUT BN TIATILYING ANTTUNITNOUAUDIN
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[

namanifauansdunounsiinneilusuil o FesasBennisiinngivssnaudaedunoudidy
Fsteludl

o, windeulilfidulumudeuuziimes USBR (eoee) Sududesinsiinsgingde
3UINWIINTEIUH WAL (Seismic deformation analysis) 1agld35 n1sTasginianarans
(Dynamic analysis) 11531A5129% 5 913 ududa8n15 Traeanuasussluaniizadn (nitial Stress
Analysis) Bsazfinnsan doyadidutureanisneadraieu (Staged construction data) wenanil
nMsUfuLiisunan1siingediid ou azdeadudunisany Uszinisneateilddnsvuinld
(Instrumentations data) 1y 1a3esflansaaiaauduii (Piezometer) 13 asiensratantsngns
(Hydrostatic settlement) Wudu i elinanisTasgiianuutuduasaonndestungfinssuass
vosdounniian

b.  15aenlY wuuTIaed b A (D) n38 WUUTIa8Y @ ild (aD) lun15TLATIEY
LLNuﬁulmﬁm%’uL%'auﬁ?u%uagjﬁ’ué’ﬂwmmaqﬁaum WAZ/MT8 aNINEIEIN1VRIgIUTINLAZEIUEY
Jeoududdy Wesan ussnsgyhainuwsudulm anansodsaliiAnnismgasiiuansisiu 31819
thlugtlymnissida viensduirududeuls Tunsdiiidesnsnadnéfiuansnmsinvesnsidesy
uarnIINgai Luudiass m Saeglvimnuwiuduareazidoafiunnnia asmlsﬁmm m'ﬁmswﬁ
778 wuuTaes b divaevidida (Equivalent D) fannsadudunsléiguiu 4935 dazgaeli
AaNIAIUAMYBININIAFuANFN LA NSRBI I LT Ul

o, dwdumsiengiannzadndisudu (nitial stress analysis) Y9 lauLAZE LN 157
Tndudosiansannuantivesiagman o b du liun o) Auaudidiunisivady (Permeability
characteristics) Saifun1susifsnruannsavesdulunsliiduinu fedwmalnensssionisauey
ns¥a@uvesiluifou ) auantAduiids (Strength characteristics) iumsysddsauaunsn
vosdulunmsiuiminuazusadou fududshdylunisussiiuaiosninvediasiaine auauds
wianilanunsanldannnns nageuluauny (n-situ testing) wie naaeuluiealuinis (Laboratory
testing) ilalildtayaiiusiug Ao Srununansmaaeuiildundursdesnnifiane el
annsaidusunuresquanifivesiulunuuiaedldesnamnzauuaziniedie nsiideyafifiame
xiglianauliviueulunmsesnuuy

< \dleld auautRvesianainnisvadey win fumeusioludonisiden WUUTIRDITAN
(Material model) fiinzaudnsunishasgianizadndisusu (nitial stress analysis) 78:dau
WAZgIUIIN MSdenkUUTIaesnITA i Anssuvesiannielausanssii wu Anuduiussendng
Stress-strain 71 vJ U unuvesTan YT AR Taealunds wuudiass Mohr-Coulomb & udu
qumaaawqmmimu (Soil constitutive model) Uy Elastic-perfectly plastic mmumﬂmﬂ‘um
LSUE]uLLaWUuMuﬁ’mi’]ﬂ \losnanunsneSunengAnssuvesiunaziiuldegamng azftuamavaama
Fudy

¢ lunsdesigrinisideguaieiiniananians atunsadienldisnisinsiedila
warnnatey ldi1esidusuy W@adu (Linean), W aduauya (Equivalent linear), #5e lali@aidu
(Nonlinear) @a2uau1savinlanq835 Iwludiodiuud (Finite-element) w3 Inllusdnivotsug
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(Finite-difference) \ilas1ansn1sideguonsvadiasiadneiu mslinsgimanidsnuianisfivnsan
NaNTENUIINNISAALS UL Tl e uduLAY (Excess pore pressure) lufiudusanae Tnesdau
Inguas mMsiengrinisidgguaiedsniamamansazandunislusuiuuves laluuwan (Time
domain) staelannsadnuimginssuvedassairsiiudsuuvasiuaunanld Jeqtuiivenduas
ponfiumasinuefigniwund uiiiosesiunisinsiesivssinnil 1y OPENSEES, PLAXIS, MIDAS
way FLAC tudu ognalsfianu nsdinssimanisingnldlunisdiasmgfnssudoundu (Back
analysis) titevhanandlanginssuvesdouiiesldsuusuruiulmanudamindu fadu lilnstiod
msieseivaiumsaansainaiiuiuey uiivsslonilunisuans wnlduvesnisdesuuas
ngAnssudug veslassasnediu si'fqLﬂwﬁa%aa"wﬁ’zgzi"m%’um'ﬁﬁmimﬂumsa%’wLéﬁ"auimiw'%ami
Usuusaideunile

5. AuaudRTAgMImamans (Dynamic material properties) finvmiddnyeeedslunns
Anzvnginssuvesiannelausinsgyinanuruaulng Lﬁaqmﬂamamﬁ’ﬁmdwﬁ%w?{ammaqlﬂ
AUENTI Stress-Strain MW N1sidenisnsiased liresfunuy Bady (Linear), Wiy
auya (Equivalent linear), v3e laiiBadu (Nonlinear) agdswasiomsfiansanamaudiimai lasvily
ud AuanUATannianamanddingnimildlunisiiasigsiusznousie: A1 Shear Modulus
Reduction (G/Gmax) L‘f‘]whﬁ'LLamﬁqmmmawmimé’mﬁau%ﬁamLﬁam'mm%mﬁamﬁwfu'
Shear Modulus (Gmax) ﬂ@lmamaaumamm’mwmwmmammmn Damping Ratio (§n31d7u
N199124) LﬂuﬂWlmuaﬂaammmmimamamiumiaﬂwauwaamumﬂmsauaymau nsiaenld
ﬂmauummmuammﬂmENLUumammeEﬂ‘wmimiaLmﬂ“uﬂmaaiﬂmmﬁmqwamamumm
WaUEN mmﬁmiaLmﬂ“ﬁlmvuﬁlwmw o lunaiiasgiul venantunistmuaisnsmaaey
ARINIUNTIALIATIE LAY ORNKUUNINAFANT

0. eduskuAulmAldlunisiiesient (nput ground motion) dmsunisTasginiside
SURIETENImamEn Ty nafuuziues USBR (soed) masindsuteyanduusuiulu (nput
ground motion) a8stias & A dwmsunisiiaTziudazass (Liazgausznaudiesduszneuly
LTIV b YA LATIUIAY @ YA) dmFUNTIATIZALUY @osiii (Two-dimensional analysis) s
ava¥esUuuunnedeuiivesiufuldfe wo sULUU TnsusazuUaLININBIRYsENOUIULIITIU |
9 Pnukuiulm ¢ ads uarosddsznouluwnuusazgnnisgnialdvidufionts wiev-ve
1 uay e-milon veadeu (Madsutiwesadu) 110 bo JUkUUNMITIALT aunsndaidon
fufindeya b i @ g0 Aansouansdssadnsidululdiommnannsiiesgildogiamnzay

Nen

q

<. msdeduuiuAulng (nput ground motions) lUldlunuudiaes Jusnduinavdes
fuladn deyarduwiufulmdinan wganiusmunisdugasuiuvesnsdulmiguuuudiass
lnaunfuds Tuiinvewrufulmluefninaglideyanfunsunulng o dunisduiiuuds (Bedrock

. &4 da a & a ¢ = Y aa s _a ¢
outcroppings) #37HIALLTY Felun15iAsierinisnovauswaznIsidegunle3sinludiediuud
(Finite-element method) N1siadaufivesiiududnzgnlaungiuveuuuidtaes vilisesdnig
USuunusaseanin “Deconvolution” el UseiRiiaiaiuLse (Acceleration time history) 91A79
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1198ANTU A ANUANTNADINITIATIEH Tnenlundd nszulIun1stagisuduannTuinlaaniatuy
u ud3dldrennisinseinisneuaueegdty WU SHAKE iWeUsuuideyanduuruaulnily
WMHNZaUAUANANUBIFIULUUTIADY

FEMA (oooe) ﬁmmm%uﬁuﬁqﬁm%“uLﬂugwmwmﬁaaq fio Fufinuuds (Bedrock
outcroppings) ifANAHEIAAUEEU (Vo) > ebo wns/Auil G?faagﬂﬁ%”’uﬁu mnsuiunds o Udiw
5ua§§ﬂaQTUuWﬂLﬁui‘dmﬂgmlfﬁ'au orimunld “dufuude” Hugruvesnuudraes edpaiuly
mudermundeeluil:

- A1 Vsap B03RUMTDRUNDELATEAY “TuRuuTy” desdldl = dao wns/Aud

[%

- Anady Vs dmsududulag Aflanumun > o.¢ s Segldszau “dufuuds”
wfpdliitosndt moo WRT/AUT wag

- “FURULTY” $a9EANUANNINNTT mo LIRS AINTEAURIAU

& MAWINNITUATIEY MSEETUNIEAERSUBUTOU LAY NANTIATIENNLATEgN
dnlglunsussdiu anuduawesdeu lugduuusngg dsil:

. dnanmnisiinnisdudiududeu (Overtopping): mimméh‘uaqé’mgﬁ'au (Crest
settlement) liim51Au @o% Vo3 5383 Freeboard flooniuuly (ICOLD, boes) wazAININIA
vesduidouainuuuirassmsazsenhluifisuiugudeyanismaivendeuanusanseyiusuiu
Tnfldunsmeunsuanfufivausu wu Swaisgood (voom)

~ afesnmvesatnd eunduiaunuiulng (Post-earthquake sliding stability)
Snsnarurulasasevenaiosnimideaindeu (Factors of safety) AdsiiAiAu e.o Famuialag
T893 uLsNdourIRund Liaud AUl ¥30 Residual Shear Strengths @usuAuiiloniaiia
Liquefaction (FEMA, woo&)

= o g . v ) a Y & =g v |
- mMsdegUvesiantunses (Filter) Avdasdaunisanunitavestunsasidanlaly
PRUNINIATINTIVAIANUNINAY (Wieland, boee) 9813lsAinu Tunsmazaeainn1siasizinisiva

FUMILANUNUIVDITUNTBINL A DLALE99EA B9t AR IIdIUAINLUaBAN BYRIa1AT UL DU LT B8N

@).n
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YouRUALI WunuuUAsluges [WARdN NTVINLINIUAT

A5199 e LNAUIINISANNUAATIDNTIEIUANUUADAN BN LYEISUDBNLUULYBU

Min. Allowable F.5.

(Rapid Drawdown)

Operation Condition Shear Test Analysis
Statics Seismic
Wowdsasraada Total Stress
UU (Unsat) 1.30° 1.108
(End of Construction}
sewhaAuAnh Effective Stress .
ol 1.50* 1.108
{Normal Operation)
syauihlussanaetnai Total/Effective Stress "
cU 1.25% 1.00*

Fiu1 - AAwUann  (A) WnasnyuavanTuTaleny, 2545

(B) ICOLD,2010 Srall Dams Design, Surveillance and Rehabhilitation
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[ Pre-Earthquake Analysis ]

I

Dam model geometry (2D or 3D)
(Criteria: Valley shapefactor, steep Dam Type selection ]
abutments and heterogenous foundation)

|
[ Freeboardofdam ] ¢

sections)

(Seismic wave vs wind wave) J 2D 3D0r3D equwalent (several cross-

v

Reservoir water level
Criteria

Liquefaction potential analysis
(e.g. Seed ‘s method)

—

[ 2D or 3D Seepage analysis ]47

y

|
|
|
i
|
i —bl 2D or 3D Stability analysis ]
|
|
|
|
|
|
|
|
|

l

_— . L 4
[ Seismic hazard Analysis ] Earth-filled Dam Gravity Dam
» Slope & Foundation Stability - Sliding
(Local + Overall) - Overturning
‘ * Bearing Capacity
+ v » Stressin dam body and foundation etc.
Static Analysis Seismic Analysis
LEM + FEM Pseudostatic (LEM)
|
v
Acceptable Factor of Safety Details shownin
Crlterla} next sections
. Seismic deformation
Dynamic Response -
Analysis analysis required’:
(USBR, 2015)
(Criteria)

UM © TuRBUMIIATIZINANTTRRNLUULTBUANLAT AUANIND S UL TIN Tz uNLAL LN

l

Appurtenant Structure \
Sliding
Overturning
Displacement/Deformation
Story Drift
Foundeation Bearing Pressure
Concrete/Steel Stress efc. /

Details shown in next
sections

lngAudITouariuulmNTTIUTALALEIUTIN INNINUFBNYATANENT (U1UL)
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Post-earthquake analysis [«—»| Verify with Swaisgood (2003)

\ 4

Not Meet
requirements suggested by
USBR (2015)

Dam's foundation consists of soi
ayers (V < 760 m/s)2

Deconvolution from free-field to
desired depth with V> 760 m/s or
deep firm-ground Vg, > 440 m/s

Required deformation
analysis (using
dynamic response
analysis)

A
Earth-filled Dam

v

Material model
selections

y

- Equivalent linear analysis
- Nonlinear analysis

Mode of failure

Y \ Overtopping
. - Crest settlement allowance should not exceed 50% of the designed
Seismic Hazard Analysis Staged consiruction data/ Dynamic material properties freeboard (ICOLD Bulletin 148, 2016) 0 ’
Inst tations dat ?
etmeniations ¢ad g G,DGma?(, TR U Post-earthquake stability
amping curve) - Overall factors of safety should exceed 1.0, calculated using material
A strengths after earthquake or residual strength for liquefiable materials
4 2D or 3D o Equivalent (FEMA, 2005).
Earthquake motions or 3Dor (?ullva en Cracking / Piping
(=5 motions (USBR, 2015)) mode ‘_ - Deformation of filter must ensure its serviceable width remains at least
Horizontal and vertical ground _ Analysis Type half of the original (Wieland, 2014). Seepage analysis must be performed
motions Time domain analysis using the remaining filter layer thickness, and factor of safety should
A : :
- Linear analysis exceed 1.3.

Initial stress Analysis
using FEM

(FEMA, 2005)
No special Remedial
action needed actions/Design
A adjustment
Deconvolved earthquake required
motions

¥
[

Dynamic response analysis

A

Acceptable with respect to

JUN o TUMBUNITAATIENLINDNTTRDNLULYRUALLA HUANINBTULTINTEIUNUAL IR IT M InaAans
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1 dl dl = 1 901 %4 .
A9UN o N152DNLUUVLYIUABUNIANIIUINUN (Concrete gravity dam)

JUN & LAl unaunN1sIATIEiliea kU auABUNTAa UM IAT UL S W uAulng
MeilvliauarsuiuuresdaunsunInluunminusenaume

- \Weumaun3m (Conventional concrete dams)
- \FeunounInuash (Roller-compacted concrete (RCC) gravity dams)
- High - paste Content RCC. (Cementitious Content =e&o kg/m.en)
- Medium - paste RCC dams (Cementitious Content @oo - @& kg/m.en)
- RCD dams (Low - Cementitious Content)
- Lean RDD dam (Cementitious Content < e kg/m.a)

- Hard - fill dams

[
Y [

1 a a ¢ ao &
YNUINYALLBYAUVBINTTILATIIECLNDBDBALLUUNAIY

fa o o
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[ Gravity Dam

ﬂ;ﬁds

v

i~

Horizontal

Headveater and talwater pressunes

Hazard Classification

n,

OBE, SEE

- Earth and silt pressures

:

Waove pressure, i

inertial force (Dam body)

=

» Basic loading conditions f+———

Hydrodymamic forces

]

ﬂash: loading conditions

/.:.m.u-.n.u.M.—

Unusual -
Extreme
Unusual -
Extrems
Extreme

Unusual - Construction

Usual - Normal operating construction
Flood Discharge (5PF)

- Comstruction with OBE
Normal operating with OBE
- Nomal operating with SEE
- Proboble Max. Flood (PAMF)

~

/

Vertical [

- Dead lood

’ [ Static Based ]
Uplift
inertial force (Dam body)

Seismic coefficient method

(Pseudo-static)
LEM / FEM

;

'

Equivalent Lateral

Force Methads

v

[ Dvnamic Response Analysis J

'

~

Stress Criteria

~

f/- Acceptable
1. Factor of Safety (F.5.)
- Sliding (LSBR. 1976). (USACE, 1995), (RID, 2002)
- Compressive Stress (Foundation) (LISER, 1976), (RID. 2002)
2. Stability Criteria
I\‘- Resultant location at Base (Owertumning) (USACE, 1995)

1995)

.\jUSAEE 1995}

/

Acceptable

- Foundation Bearing Pressure (LSACE

- Concrete Stress (Compression & Tension )

.“fﬂespcmse spectrum N N Monlinear Time
Time history-
- modal analysis history - direct
modal analysis . .
procedure integration procedure
procedure FEM
Lx . AN
WnuAITIaanl
-..\1 - i LT LI R RTLEATE 5
ATITUUTIYE AIWLIIE T oy g LT TR waadndt
'II'| '.|'|
wmnal ﬁnlﬂlw #a 'mirﬂ!.w'nn Frn J_J Wt
LTi5m
F& F5
R Isiund wigdle 13 | 30 ¢ Fwouiln ao | osf; 0
/| wmnaalaund migdle 12 | 20 ¢ fwnailn 27 | osq | osi
marmafhousigegn | Withinbase | 13 | st sudloosln | 13 09f | 158"

JUN & TUABUMSIATIZINDDBNLUULTBUABUNTAG UM AT ULT IR UAL LD

lngAudITeuasiauIIFINTTUUFAKAETINTIN UNTINEISENEATAIENS (V1Y)
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B.0 Yoyad1niun1TIATIZitiNeaaNIUY

b.o.o ToyawsinseyuHuAuliuauln lhanduneunisinsiedt Seismic

hazard analysis

bol WMinuazusinsyiresudou ussnseyindinszvinfusudou fausenneuen
azusafesaniminddowss aunsautseanldiiu b wuu Aeusinseyilunuisu wasuss
nszviluunfs Tnsusanseyiiinanuiuiulmledsaduuseans uiuiulm (Seismic coefficient
method, USACE exee) wansluguil «

H3

84 —
y
h
H6
T
S hg H2
——

4

UM & dmitinuasisaiinsesindanaaunaunin

N) LSINTLIN IULUITIU

H1 WS9AULIfUSINALILIDU LEULUIAIUAIINANVDITEAULN

1 2
H; = EYwh
) ow = wiEntnUeeul
h = ANNANYBINAULTRUN (3.)

fa o (-
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H2 useusdlesanmissiuanvesmenauusnamidou

H3 wsanszunnditinanAdunseyidund il ousiustaussfitinanua iy
pavaserfu i lRAnAdy

He useuhsuduriedou

H5 Inertial force TULUISIVYBINIAABUNS ATDILT BUT LA AT U UL LAR

wHuUAUI (USACE, oced)

g M = wnaveddeu
a = eusslunuiiieanuuRuln
(Horizontal earthquake acceleration)
W = dwmdnveudeu
¢ = ;nusafesnusdiugiwedan
ke = dudszAnsusanssiunupulmlueesu

(Horizontal seismic coefficient)

H6  wssruisIlesnuEudAulm (hydrodynamic forces)

2
He =5 Ce (k) y (/hy)

Ty Ce = HuUssAviitusgiummunuosiuay
AunsduazieueuEuAUl (USACE,
X&)
y = szezaninhdumiethauiisesui
WAT0UN

) 35IN52TULUIAG

V1 dMUNUeRU8UARUNIATINTIIDIANSUSENDUUUF DY

v2 dhmidnnsgifeguuanaviinidou Wuihmdnihuesiminemeneud
nunal

V3 LLiﬂﬁusﬁmaﬂﬁﬂﬁgmL%u (USACE, eoxed)

Va  Inertial force luuuaf 1989118A0UNT AV0 LT s Ut LANT v ILAA

WALl (USACE, oced)

fa o (-
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.o ASIAATIZHLEDYTAIN (Stability Analysis)

0.lo.6 NINITTULENLTAIN

TOMTUAN U UET TN INVRLY auABUNTAKUUA I T nd T UNN
GHYPPANIENG LR N (TR

o A v v d" LY .. 1 1 [
N MLUaUITABEINNTIAUNIUNISABUL (Sliding) lheenaUaandy VN9
FEAUAULUITIUNTBINAASIIULUITIV 119bUALATIET10T0U AILLLITOEABANUKUIFIUIIN DT
F1UTINNTBIFUFNTOU

1 Aa X o A v L a cal v o Y
) ‘VTU'JEJLLiQV]Lﬂ@SUUIUG]'JLSUEJULLa$§WU§']ﬂGU3W@Q‘lNLﬂULﬂmGVW]‘l@ﬂ']Wu@‘lj

A Fidourzdeaunsaduvuniswana (Overturmng lmamaﬂaa@ma
wﬂqi“mummmsw niluglassedaiou MULUITOYFDANULUIFIUTIN mmﬁuﬁwusmmaasum
o

funismeluiideufimsasiaaeuiadosnnlann suvisfindidad ousl
ﬂ'l'mJ?{sJumJaqm'mqa U%leﬁﬁﬂ’lﬁﬂizqﬂGTTU@x‘iLL’Nﬂ’i%VT’] (High concentrated loads) U338y
olusAmafunioveadavualngnelulassaiiandou uaguinudiinnldsuudasaiaduiism
wilernuazduet

ool NsARUIENsuTlUnsaiAg o AldNasaeenuuU (Basic Loading
Conditions)

\esanusenszyiina i swiamualudsduldldnseyifudd oundeufu
Fatunnshnszianusiunsesideu Sesndudouennsdifusinseinazansnsanseingamiule
mflu'ﬁzé’ummqw,l,wummmiaimiﬁl,ﬂm%a FEAUAMNFULTIVBLMANISalaLTaRUseanlaTY o
AU Aie man1salun@ (Usual) mansaliiaun@ (Unusual) Uaetnsnisais1eusiasan (Extreme) N3
At anlunsdisng 9 RS N00NUUUENTILUD0R S o N3d] (USACE, oced) Sl

) gmsaldnung deleuadraasa (Construction)

- Weauasiuasa FelidnnsdniAuiin

LTS IAUUAUNTLY B ULAEANUTINBLY DU
& a d' o a a .

V) 199N13dUNA WouALUUIUUNG (normal operating)

- iumummwmLmauaamzﬁuﬁﬂmum

- svmummumawauaww UR wqm

- meusuuﬁuaquﬂmgmwau

- wswuflesannnsiuauvesmznauuinavtdoy
A) AM@Hﬁﬁfﬁ?ﬁ]Uﬁﬁ (Flood Discharge)
- izﬁuﬁéﬂﬁ’mwﬁﬂL%@U@Qﬁizﬁuﬁﬁqqqm (Pool at standard project
flood (SPF))
- sefuhduinedeuegfisydugean

fa o
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- usPuTUYRnN AU
- WSIRULERI9INATVIUNNYDIN LN DUUS LIV DUY

0 mgmsalieusigegn deuafuafaddldiinisdnifudn wagiuuss
unuAnln OBE
- Operating basis earthquake (OBE)
- lLiflusudduniideusassuiedou
) wgnsalinung Fousifiunuund warsuusaunuiul OBE
- Operating basis earthquake (OBE)
- sgfuihdunthidousgiisedutuiuin
- seiuihduinedeuegfissduiign
- wssutuveniliguden
- wsudlesnnmisiunuvesmeneuuinamtidou

) wgnIsalTIgusigegn Wausniuanuung

uarSULTIHUAULAY SEE / MCE
- Safety Evaluation Earthquake (SEE) / Maximum credible
earthquake (MCE)
- igﬁuﬁﬁﬂwﬂwﬁauagﬁiz VAU
il

- SERUAUYNERRUBYNTEAUATEA

Y

- useRuTUYRNlATIURY
- WSIRULERIINATVIUNNYDINLNDUUS LIV LD Y

) é%ﬁ]mmﬁ’méidgd@ﬁ) probable maximum flood
- Pool at probable maximum flood (PMF)
- seiuihduiinedeuetisediugean (flood)
- wssutuveniligudeu
- uswiudlosnnmeiunuvesmgneuuinaminideu

.o.a NUNAMUUADANYN LY IUNTITDBNLUULYIUABUNIAKUUAIIUINUN

wnaeinuNlasadenldlunisesniuuiiaunsunInkuuaIntnLansly
M13199 @ INERUININTEAUAINTULTIVBUNA NI 0lkaz ouluN1TTINLTINTEIANe dmTunis
AATBRNOMFEAUILTIANS g IUkaLaD B IAMNSIEa UMY AlsulunsAINNa s LT Sa R

a

AT AdUUSEANS W UALLI (Seismic coefficient method, USACE eced) Matlinaginananila

¥ o

NI1TUINNUNTDNNUAIN USBR (ecero), USACE (oxe®) way nsurauseny (oeed)

fa o (-
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AN5197 @ NUIIANUUAANET MY IUN15NLUULTBUABUNIALUUAIIUINIIN

ANTUWSY | Auneuss | s RUWUTIUUN | %Uw miagusslunaunin
V99 dwsiignu | 1Heuda | mwilgiusn | usedail | wide | wineuseds
Winn13al FS FWIN | U5
FS
L‘Vi&!ﬂ’]'ﬁﬂj Middle @/ 0.0 S‘ﬁlsjaﬂﬁ &.0 o.m f¢' o
Unf
wamsal | Middle o/o | .o <#gouls ©.0) o&f! | oof’ "
HaUnd
w915l | Within base ®.m <&.mx ®.o o f a.&f "
EMRIEAGAGE Aol

0.lo.c NSWANATIVDIVIUABUNIALUUANUINLN (Overturning)

nMsfiasannsnanaiivesiudou aunsansieaeuldaindumisueiuss
&5 (Resultant location) Uus¥WIUTIRiANTaN (USACE, aced) fimisraaussdnsannsamildain
wane3s Wy MnuaTvesluufseugauRuThedeum AT uvesstlukg e 910
N153LA3ERAe38aNnaTndn (Limit Equilibrium Method) %3831nn153LA 1810835 Inlludied
BT

Resultant location = M
>v

MINFMUYBIRTIENEUUTEUIULWINEULAY Bgateuen Middle third 9gvin

= a

TfussRafntuuuszuuiifiansan dmsvannziusanssindumanisalun® drunisvoassdns

zhnsngnglu Middle third veagu wieldlvlusefiaintu dmsuvannziivsinszyindumnnisel

q
AUNA Auriavesussansazdasagnigly Middle half veegiu wazdmsuaniznusenseyiniy

WIANIRIIEUTIEER ArUiUeLsIansIvAasegnelugu

&

.0.¢ N15IATIINISADUAVDUVBUABUNIALUUEISUMLN (Sliding)

nagiaruUasady (FS) sanisideuda iunasimuunaudunwod
Wouron1sideusn A1vesEIuUNMsAouiisensinseyhfivhlfnAnnisdeusgesdiauinni
naifdvue srunuresmMadeusiidesiansaliun ssunusessesenitsiudeutiugiusn ssuy
Iu%gugmﬁm szmmawianﬂimuawiu‘iﬂiqa%ﬁqLs'ﬁ'au AN3ATIVEBUAIILITUAONISLA DUV
oy dnunsamldainaunisfiensdennn USACE (exad) fei

Tr (N tan® + CA)
FS = — =
T T

fa o (-
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1oy FS = dasduanudasast
TF = AWAUMULTUREUEER
= URINTTMLRSTLIUNSEeuFIResan

N = masauvesmsdluwninssilufindeanni
spuNsAeusiifiansan Tnesaunaan
useuTuveh (Uplift)

© = yuduaniuniglu (Angle of internal
friction)

C = usadouuiy (Cohesion intercept)

A = fuflvesssuuiumunsideusn

.o NTIATIZALIWUNGIUTIN (Base Pressures)

iiolidousglunnizauga LLiQUQﬂ’iEJ’W]Lﬂﬂ%uiu%’lu'ﬁ’]m] AeadiAnviiy
HaTvDITITnsEYluLAmarI U UL TR ussuTurenii uaziiiienansenaunss
finsgiuszneudioussUfAzerluiiaisain (Total normal reaction) wagnsideuldedurdasian
(Total tangential shear) dmiuannziusanszyindumgmsaiunfuazivnnisalinund ussiuiigiu
gsgaianaldezdosdaiduniedinieussaunmuiseslivosgiusn uazdmivaniozd
ussnseindumansaiieusigean uswuiigugaanazdefiavinfunionindt e.mm Winvewmie
usauUnMUTEenlueag N (USACE, oced)

¥
=

..o/ N15ATITINUIBLITNAYUTUAIWAULELFIUIIN (Stress Analysis)

msinzimhoussiiintulufidounargiusn SgUsrasiifioTinsed
yYLNALAYAINTEERIvessnsenelufudousarg1usIniAna1nusInsEaINan TR
pfiuanstnsfy udensdnsiAnukuiulm ilensaaeuauivanzanvesuisinlsuuay
AuanTRvesgusnsesiufuieu Inevinsussiiiintuardedldiiunusivesmasussiisenlily
AOUNTALATILTINTITIMLANLANT9T @ MTinszimienssiiAeduluideunasgiuan asld
515 gvlnlud e fluuiuuuLdaLdu (linear elastic static and dynamic analyses) #3913
AAsrginuulai@adu (Nonlinear analyses) V’?ﬂugmwu b 46 waz m 46 lnanan15IATIEREs
anunsauansianslasinuaznsiadeusivesdeuld

fa o
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d7uUf o N150NLUULATIES1981A15USENBU (Appurtenant structure)

Hadeiiddyiiaalunisfiansannisesnuuulassadisernsusenouliannsadiuniu
wuAulm Aonstlestumsitiveslassainefiazinlugnisgdonismuauilugrafvimdanin
uriufulin sy il g Usrasditodielifmnadonlditnslinseyt inusimisusfivon
I wagdmuasgiuanusuuswessiudulmivizay nsfinrsanandwmisazanudidnves
Tas9ains U7 oo wansusudsnsitasssifiooonuuulasiaiisorasuszneulvivasndoainiss
Qe VN7

79N 15U 52 IUAINNANILNT O NS AU ULEUAULIMUBILASIASIS TNaNNISIATIEN
fiog b Usen1s Aensidenseaulsenseyiwiuaulmivinzay wagn15denizn1sieses ael

snuazunna Ul

fa o (-
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Appurtenant Structure
/ Design methods \
~ J 1. Ffaumunumnusazimiinussyn (LRFD)
NUUATEAUAINUAIAYVDIDIANT — Cﬁ - v 2. Fvngussiiganln (WD)
azard Classification . y . see @i
1) Citical structure OBE. MOE. MCE AMUATZAUAMUTIAYYDIBIAS 3. Jomanszat (R.a.a) S
) ) 4. Allowable Strength Design (ASD) (1Asdas19Lén
2)  Essential structure K owable Strength Design (ASD)( : /
| |
3)  Other structure v
\ J [ Design methods ]
|
v v

Rigid Response [ Static Based ]

Freguency > 33 Hz

TUBDIATT

[ Dynamic Response Analysis ]

Frequency < 33 Hz

(ICOLD, 2002) i ! (ICOLD, 2002) 1TUBIANT ¢ ¢ ¢
” hod Equivalent Lateral Force Methods (Response spectrum — modal analysis\ Time history-modal Nonlinear Time history
Seismic coefficient metho - - o . . ) ) _
(AsuseanaLnguLm) procedure analysis procedure - direct integration
(USACE 2007) [
(USACE 2007), (W81d.1301-1302-61) (USACE 2007), (n81e.1301-1302-61) FEM procedure
LEM £ FEM LEM / FEM FEM FEM
& / ] .
- Retaining walls - Intake Towers - Intake Towers
- Spillways - Bridge Acceptable - Bridge
- Spillways (Linear Elastic) - Spillways
|
v v v
/ Factor of Safety (F.S.) / Stability Criteria ) / I / )
_ Slidine MA P- . Internal Force
Sliding (USBR, 1972), (USBR, 1977) (FEMA P-58) (USACE 2007) Stress Criteria
- Overtumning (Resultant location at Base) (USACE 2007) ) ) - Shear (48H.1301-1302-61)**
- Foundation Bearing Pressure (USBR, 1977) (USACE 2007) .
- Allowable Displacment / Deformation (#18IH.1301-1302-61)** - Bending moment (318H.1301-1302-61)**
- Concrete/Steel Stress (USACE 2007) .
- Allowable Story Drift (a1g/H.1301-1302-61)** - Torsion (38H.1301-1302-61)*

\— Floatation (USBR, 1972), (USBR, 1977) % ITUDIANS / \ / \ ** ueAT /

JUN o0 uRURINITAATIEINERBNLUULASIES9R1A1sUsEnauliUaaadBa nLssnseyinwsiuaulng
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o.e NISLABNTEAUKIINTSYBHUAUAINSUNI5BNLUUIIATSUSENOU

M3 & wansdsteiansanlumsusadiuanuingfveddasinisensiuiineainy

v
va o =]

aydofionvazfedumninmsitd veaugadereTinuasningau anugyidesonisliuing
vadlasents anugadeselassadeiiuguiiieafuasigulaaiingidmiunsdisedin (i,
huspUn umsesadlumsdinudiomde [usu) uaskansenusedaindon Meildofiarsan
pmansetananazliilugnisfiansundenssduvesussduasiiieuuiuiulnini ousen sz
wriuAnlmiigldlunssenuutlassainsenansysenouitangd OBE uay MDE wuanstaivunniu
sefuAMNINgAvedlATin1snIsned o ﬁgqﬁﬂwaﬁawamwLL’iqmzﬁwLwiuﬁulmmmzﬁumm%ﬂqﬁsuaq
TA59M581989911 USACE (boloe) Faagsinsainnisseyseiuussnsgsinfiazfosldiunisesnuuui
Jou Feimuamuanudunsevendeunudeuuziiued ICOLD Bulletin oo Uay ocs §99zila
syduusInszyusuAulmnigendn

A13197 & TaNTUNTUNITNNUAAININGANIDAIUAIAYVBI91A5UTENBY (USACE, oke)

Project Direct Loss of Disruption or Loss of Property Adverse
Feature Life? Project Feature Service or Losses* Environmental
Type’ Functionality; Loss of Impacts®

Service or Access for
Lifeline Facilities?®

Non- None expected None or damages are Minimal Minimal damage

Critical cosmetic or rapidly repairable

Critical None expected to | Probable or likely Maijor to Major to extensive
probable or likely extensive damage®

(one or more)

® Categories are based on project feature performance. Project performance could be impacted by
performance of a single or multiple individual project feature within a project or system.

© Loss of life potential is based on failure or inundation mapping of the area downstream of the
dam or within the leveed area. In some cases, inundation mapping may also include upstream
areas.

" Indirect threats to life caused by the interruption of lifeline or other facility services because of
project

failure or operation loss (such as direct loss of [or access to] critical medical facilities, safe water
supply).

< Direct economic impact of property damages, project facilities, downstream property, and
property within the leveed or upstream area, and indirect economic impact because of loss of
project services (such as inundation impact on navigation industry because of the loss of a dam
and navigation pool, impact on a community of the loss of water or power supply).

¢ Adverse environmental impacts caused by the project feature failure or loss of water supply for
environmental purpose, beyond what would normally be expected for the magnitude flood event
if the project did not exist.

®In some cases, major to extensive damage may require extensive mitigation and, in some cases, it

may be difficult or impossible to mitigate the environmental damage.
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15147l o Criteria for seismic design ground motions (USACE, o)

Project | Minimum Earthquake Return | Earthquake Return Period for MDE-GM
Feature | Period for OBE-GM'

Type
Non-
Critical

145-year return period? 975-year return period

Greater* of the following:
1) 2,475-year return period®6

2) MCE-GM (84th percentile values from ground motion
models for source slip rate, SR = 0.9 mm/year,
median or 50th percentile values for SR < 0.3
mm/year, and interpolation for SR values between
0.3 mm/year and 0.9 mm/year (see paragraph 9c(4))

Critical 475-year return period3?

® Earthquake return periods are based on &o years of new project feature service life or
additional &o years of service life for an existing project feature.

© A higher earthquake return period for OBE-GM, such as a blo&-year return period, can be
used for a Non-Critical project feature based on the consequences, project feature
functionality, project feature service life, and/or post-earthquake response and repair.

™A higher earthquake return period for OBE-GM, such as a «ei&-year return period, can be
used for a Critical project feature based on the consequences, project feature functionality,
project feature service life, and/or post-earthquake response and repair.

“If the geth percentile MCE-GM (irrespective of slip rates) is lower than the lv,cei&-year
return period GM in a low seismic ground motion hazard region (paragraph «d), the seth
percentile MCE-GM can be considered for MDE-GM of the Critical project feature based on
the significance of the consequences, project feature functionality, project feature service
life, and/or post-earthquake response and repair. However, the selected MCE-GM value
cannot be lowered below «o percent of the b,&w&-year return period GM.

€ A higher earthquake return period for MDE-GM (such as & 000 or @o,000 years) can be
used for a Critical project feature based on the consequences, project feature functionality,
project feature service life, and/or post-earthquake response and repair.

®In regions where mapped seismic sources are not available for MCE-GM determination, a

minimum earthquake return period of b,&s/& years will be used for MDE-GM.

quﬁydauﬁlmw’faw"'mﬁﬁmﬁmwmmai"lﬁ’ﬁgsuma'lm'iﬂizﬂam"lmwé’qmﬂ
wiudnlmn enpsUseneulnvzdesauisafiavldszuisdild was/mie enmsdszneulafimndians
07 azhluganudesiiagyinlhd ouRvAuvuanysal (Fully breached) sfs1nnsdilaianunsa
puuMTIELIeldEndely viensivanlugnstaensdeunduauriliaaidedodou
fognagy mnen1ssTUIet (Spillway) Wanane envasililassadeadindugivinia (gu inlet
structures, chute, and terminal structures) wagthlugnisidavessudevluiian Fsanudifgves
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lassadnenansusgneudinanasgnisaliuiiessylassasnsenmsusznoveenidulassasieiidify
ANgR (Critical) waslassadanluladdaings (Non-critical) Tnadddninaanudssielud

=

— lassasnasayingd (Critical structures) AolassadrsiimniAansivanTolddu
anudovnoidosanuruAulmezdsmansemuiensgaydonisinnudsazsilugmiviveadeu
wdn way/mielassasafieadesiididndug mﬁﬁ’ﬁawﬁawaiﬁlaimmsamuﬂmmﬁzmaﬁéﬂaaﬂ
Mty uas/sseassduneiivensulildsefuiiviheth mssenuuuaslilasiadeawise
Fruniusie MDE et eUaonste Saneiddaswadannsaiivsrnuiazssuistioenangiaiu
ihifietlesiulalideuianmsivinendafnuiuiulmlusesuil Tnglumnemgues USACE (vobe)
¥spyannsoldszduusainssyhuiuiulmessennsusznouiiingfddululddeen Retun period
00,000 U WalTuNsosnLUUMIEoU

a wa

- lagsasrelus1AayTngh (Non-critical structures) Ais 1a53a31371 1IN ANNTTIUR
wselnsuanudemeiiesnuiuaulmazlidwmansenuienisaydensvinudagiiludgnsiva
= [ 1o ' T Ao & a a a ¥ 4
vaudouvan wazkiiluglassadenissruisiridnlumeunteadoudneiie n1sesnwuunisl
lassaieansaldnulandainifaususulm OBE

Temsfiansandnusznmsvildunmstmuanisesniuunsiuussuuulmdmiu
lassa$eermsuszneu uenmtioannaudrAguedasadenfe nsdhidasadavisessuunIuay
navieuvedlassaiiamantu faneduyaainsuargunsaineatne Assrusaauagaanlunis
\idslassadsenasauds ouu 9aseseBaetined avniu Tule wazdnd minermsszuieth
(Spillway) fuszgsrureinegduuy amuautsalunsdifsruuaunulseguaznsliaulsey
s ndudawiupulmiuiiruddyedeis lnsoadeddermsssuisiluiiuiiiietioszune
ihoannsrafuimadouldiuanudemedulasaig uiooradaddludimaredainie
vanewioundanidausuiulniiensssuieth dsdmasenuazaanlumadiddassaiiaiivun
mslisumseenuuulimudemgmssiuiuaulmildonlfedavnyan

f198 1919 U Radial gate controlled crest structure N153UAV0IlATIAS 19 Crest
structure eawallianssadluaTUANNTTEUIEYEY Radial gate Tunsdianiduld aniunisal
é’f&ﬂa'nawﬁ’l"l,ﬂq'miﬁuﬁmé’m%uuazﬂﬁﬂ’wmmaw‘ﬁ'au%ﬁmWwé’q nsalwuiinisidenldnis
ponuwuulusesu MDE Aagianusndy

Y a = P 9] & & \ = o A

JoNansaundnusznisuilefemnlassasisenasuseneuiuludiunilevowdou
W Spillway Meguuiudeunauningin Msnssidnduasseaniiunsiuneutudieseiuuse
nseLHUAUlW A UR DY
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L= ad a 4
enlo N1ILEBNITNIIIAINSHK

TNFIASLIED TN NVBID1ANSUSENBULN BT BISULKUAUL Taandlduwlseasanls
W 35 Aesnsain (Static base) wagismenarnans (Dynamic)

m.lo.e oN19806 (Static Base)

NTIATIEYnIEnn lassasnaazegngliusulesdlaviniunannuedig
YBITFUUAMAIEANULTIGIERNTIU TnenseyiluienesinvuauazaamefmauiIninussyn

)=

dmfulaseasnandaudnugiuninnd me Hz (ICOLD, Bulletin ebm) 3¢
N13MDUANBILUUTAUTNNST (Rigid response) Tunsdifianunsald "n1sisennuiigegaaniufu
Peak ground acceleration (PGA)" @sun1531as1e9% Iaeldisaduusednduruaulm (Seismic

coefficient method) (USACE, 1995) wagnnlaseasnaniininud nugutasnin e 18504 wdodly

AT IRBUANaRTaUNaT N danAd o3 uAMNA WU Iuvealasiase taeld3Satniieuin
(Equivalent Lateral Force Methods) (USACE, 1995)

- 581 uUsEEnS un'udulng (Seismic coefficient method) (USACE
(exx®) “Earthquake Design and Evaluation of Concrete Hydraulic Structures”) DuAseaanile
Ussiuafosnmveslassairsannuaiuiulm wsausiudulmazgnuvaaduusinaiiegraing (simply
as static forces) wazazsIETULT UL LU UERR (hydrostatic pressures) wseuiaessh (uplift)
wsesfuRY (backfill soil pressures) wavusalifudas (gravity loads) N3 nsieilulesiuaziiortos
Aunsiinseilaiiosnimsenisvau (rotational) uagnsidouredlaseaie (sliding) Afodnlassais
Judnguaa (rigid body) useiinsviselasiadiszinnildanninavedasadne aiinduveni
LazHANTENUYBIUTITUAULUUNamans udnasedUssAvSuuAul vuevesAduyseans
wriuAnlm Sldiduavdvesnnusigaaavesiufuiiuanfuavdiunaieon (decimal fraction)
vo9as e ssliuaasvedlan nansEnuveIn1sadsufivesiuiulneusadudienei 3560
Sudszansuruinlmaerldldmdeddnvasnatnvosszuulaswadefuiuaziu (structure-water-
soil interaction) 0l sdnwaizeanisiad sufivesituiy egralsiny 35danandiamsals
wadnsTiaumnaunalfidolasadeiinginssuduinguis

= a

- A ussadmiM e uLN 1 (Equivalent Lateral Force Methods) (USACE,
ORRE) A5 WII@RATA UM TNITEINSUNI159DNLUUBIASIN DA T UNIULE LALLM Taadod1n1s
navauevatlaseasdulugazegluluuausn Inuan1sduasiviounsnenaddiudidglunis
povauadsolnufulmvedaTiasieliuIngte <o Wasidusnsauinnintu AaiuAUNITAULAZAIS
a ) A ° ) ° a v Y Ao | Ao &
HeosUlnevaluvednuausnisiiganedmunisussanausanserimsousinud wimeuminndnduy

dnsun1sesnluunIansUTEULN AL
ada ¢ a -4 . .
ool I5ILATICRLVINAAENT (Dynamic analysis)

a 6" b4 4 aa a s 1 ¥ N ad
ﬂTﬁ’JLﬂ'ﬁ?%ﬁiﬂ'ﬁﬂﬁi?ﬂﬂ’mﬁﬁL?i\‘iWﬁﬂ']ﬂC‘]iLL‘U\‘{LG]Lﬁu o U5etan AB (@) 39
alnasunisnevaussnuulvum (Response spectrum method) Fadun153LATIEAlATIASIUUULT
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unay (o) 33uuuUseiRan (Acceleration time-history method) dsuusgaelddunisdiasizi
1ATIAT1UUULT 9LF U (Linear time-history method) waguwuuliid i@y (Nonlinear time-history
method) M3liaTzidieTsilamamansarliiile (o) lnssaiedamuifugudosnit ma Hz uie
(o) Aosnsusendasunulunisneasna

- J5atUnnsunirsnevauasuuulvig (Response spectrum method)
(USACE (1999) “Response Spectra and Seismic Analysis for Concrete Hydraulic Structures”) 1Ju

a [

ANTIATILTINaA1ENT IAgATMUAAFIEAVBINITADUANDITBILATIATIMUULTLdUABNS
wasufivesiuAulosnuauiulmmeaUnasunisnovauss Sunulninfisiduazuanaeiuly
TuumagnsiaTen 9819l5ARNA59ETILINNANTIRUAN T 1UT A YABN1TAOUAUB I INNAUDY

Tassasaliony TnsundAudiduiulnuafiidiusudfyaviisswemnnasinvotuaazlvuanlalunng

L3 1

AAs1evieg1atias 90 WasidudvesnaravunvedlAsadse N15IATIEluLA (Modal analysis) Ing

UnfagaiiunisiagldgenduisneuimesnilanuaiunsalunismaiunisduasiiiouuasUs1aved

(%
[ Y

lyun (mode shapes) fildrusiudiAganun TutagUuilusunsunisiaseilassasidiulg

ANYAINAINAT?

- AFn9eRUAUILUULT BLd R NUSEI @A L1Ia0 (Linear time-history
method) (USACE (wooe) “Time-History Dynamic Analysis of Concrete Hydraulic Structures”)
WWudsnsimseiidanaransaa1eiun1siaseRaunasuN1IMaUaLB L UUTANA LAAINLLS
wsiudulmazeglusuiuvesUsziinaiuazanuss nadnsazeglugivesusyifinisindeudinay
ANNLATER (W3BUTY) AgegaTesnIsnauauBine axlfinanUssiinsneuauss dslianunsasile
PMNNTIATIZRAUNRTINIROUAUBILUULKNA

- Afmsmevausswuulii@aduniudsyiiiian (Nonlinear time-history
method) (USACE (wooe) “Time-History Dynamic Analysis of Concrete Hydraulic Structures”)
Huisnshnsgidaamans Tngldaumsmandouilaenss driuiaduisfaummaunainniignd
fegdmiunsussifiunmevaussadasaisonisiadousvosiududesnusiuulm 1y
Fupeuldnszuinnmadsiiatuuuiiozduneu Tasdmuaanudu douse) wazninadoudaly
P290a1duq duRausiuauiaiaiidesnis Tneundnaiutureanarngimualfifuduuoy
aanatiionrmazmnlumsdiuan Heulwwesmuaunanimamaniazgnimunduluneududu
uazmeuAuanveInTiunaluuiazate maedeulmvessrutluusastimdiuduagléEuns
Uszifiuuuiiuguvesnalnmsneuauesiiduiivgiuld defvesizdfeausaldfunmslinszsinads
wunagligaduls lunsdlvesnsinsesisuuliidaduy auaudivedassade (rudmgingsunuy
lshdadu) ansaviudsuldludsnmfifiutuuragass fensaaeungfnssunisnavauasi
wanganvanugfiinnsdestiu nmavssgndldnsimssiuouliidaduiulasadisennis
Usgnavagdinegiamensdiiivdngiuainmveadesiansdunaivsdnginssuuuuldidady
uaziinsfigauanugndesvesuudasadsiiaruds dermdmadnssuilidudaduicisenng
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WU NSLANE1IAINLIIRIY Gravity dam tafiesnimlunisideunaznisnyuresudeniuenaindase
warn1skani1 TalUdN1sUAni1IUes intake tower NRslaedase (free standing)

a.en NISNIAUARILUS

AMTUNITIATIEN N158BNLUY 138N15USEIUAMUUADAN BN BIB9S UM LAWY
voslassasand1AgIngd (Critical Structure) naslassasnenludAnings (Non-critical Structure)
ApslinsmuuaiUIag o aeseluil:

a.en.e NSNTAUAATLNUAYLAY

aruisatdanisnisninuaaui uadulualelaegld ICOLD bulletin e
“ Guidelines for selecting seismic parameters for dam projects ” mﬂiﬂiaa%fwawif’mu%y’uﬁul,ﬁa
n1591809NsIAApuUfvesuALa NLHUAYlMLUY Free-field earthquake ground motion &@11198
virld wagmnlaseadieeimssznevinseg uutusiusindangunielaldsey vududu i
Aendunsle m 35 el

(@) ldyn30395UBE19978 (structure/soil column) wuUU oD lulAseasaves
p1msUsznouuarldusskuiulmviedinisiedeuduiiominuiuiulmisurenesesiuiiu (@
swiutuiin) vide

() M1A1N15:A8 ou I 099wk uAWlMIT veee1wd (Amplified
earthquake motion) ﬁu%‘nmuuqmaqqmaﬁu (soil/support) 13 8¥04.dou LAWINNNTIATIZ
pmsUszneumeldansiedeusiatiug

(o) T1a0UFURUTIENINAULALlATIATIe (Soil-structure interaction)
MINUALUU D (TI009WA150U1 Water-support interaction Wy Radiation damping 5236178)

..o AMFNUAYEIIEALAZFIUTIN (ICOLD, Bulletin olm)

AMaNUAveTan lATIaT 19491 dynamic Young's Modulus kae shear

modulus of elasticity, Poisson's ratio, Wag ultimate compressive, tensile, Wag shear strengths

AslannnterinuaniseaniuukazNvedey ndveyaliiieaneaiasesinisnageulv

a.en.en N394 (Damping) (ICOLD, Bulletin eleen)

N394 (Damping) 1Wudadedrdglunisiuunnisnevaueudnanians
vodlasaaine iunnudiiudseninsquandivesTanuarnsduasifieuninusiuivlu nsviingeie
ynofsrnuiunudeisannisduaziiteulasnsgadundanu Taeiluazuanadudesidudves
n3mu9Tnge (Critical damping) TnsAvualiiduuiuimnismuief dosfigaf azdesiunis
duaziiiouuuuunisdass lasvhlulnssaisnouninaziidinisminsegsening e s €% Fafordue
nsnevaussiioglurredangu uareraifinds eo% Tulassairersunindifinisuaninesgian
dnsulaseasianin uusd ldanismiag m% dmsu OBE way &% @Sy MDE axnsandeya

fa o (-

lngaudITouAsIALIAINTTUUFALALEIUIIN UNINUIFBNYATANENT (UI19UL) <o



wna1sUIszNauNIsUszguesUilsruAiumsIvIMsmaliniasal
1ASINNTINANBINITANRUANUINITOBNLUUBDIANTVAUTENUNAI LT DA UL IFUALL DY
YoHUAULY UranuuLAsIYeAT WARdN NTUNNUNILAT

D199 NN ULAUFINTUNITLEBNAINITUU 9T LNz aNa1In (Newmark and Hall, &l ; U.S.AE.C.
(NRC) Regulatory Guide @.o®) A1N15UUI94AINa 12145980151 U 29 Radiation damping %38
hydrodynamic damping mnfianudifglusuuinass msesdwmnudayanisnaaey

.. wsasufiasarnueiudulng (Hydrodynamic loads) (ICOLD, Bulletin
oben)

Uduriussenineeanadiulaseasne (Fluid-structure interaction) Huds
ddndlelassadednsduiaturouna wu 1 lusasilassairsdinsnovauasdensnszduain
wHuAYl st uUUNarEns (hydrodynamic pressures) aznsyluiiadsannduiuiagfi
Fudaiulaseatne lngazdeinvedlvailiannsodudaldlugauad ussfu hydrodynamic n3z¥in
flountsifiuunauisdudifuinavediasad FudunmsnseilaeUszana (Msdredefiisades
Blevins, ecela ; Kolkman P.A., e ; Goyal and Chopra, e«ce) amﬁmiﬂwmmﬂﬂﬁamwuﬁ
seninevenmnadfulaseadng Aon1siR uws LT mmmaimmimummﬂmimaauVLmLLUU
Fuaniteuredassadieiighuiuresmanfiduiady Tunsinszilasadne usei hydrodynamic 7
WARNUALALLIN 28ABITIUNAULITIRY hydrostatic

on.en.& usafiosanueaiunulug (Dynamic earth loads) (ICOLD, Bulletin elm)

wSIFuaAL o UNNLHUAULYINTAAALSIPUA UL LWL LAY U Tunsdl
Y9Nl Spillway 3emeiuil (Intake tower) Nvegluiiow ussulaudniisAudnd1iiaund
LSIAUADAILABIUNUINITUN I UNITEBNLUULATIAS19A28 (Sinha, ec@e and USBR, eces)

..o NMFTMUMTUNUTINN, IWN1598NLUY, MiIBLIazNIsIATaURINBaN T

n) 15394 MINUIINN Load combinations

wansaiusuAulih i Asusansginduniefisuusigean (Extreme)
LazA5N915AUNTAULSINTEMUNA 09819 A ULILaE9 1NN
LU?{auLLanaaqmmﬁ SIUDILTIAUVDIAY (mﬁimffmﬂ’ﬂmw]ﬂ
91984l@37n ICOLD, Bulletin be) Tl sTaLsanseyaniyhadfu
WSINTEYNINLALAUL

¥) A5n1598NLUU Design methods

29TINIUNYNTENTN (b&od) “MUUANITEBNLUULATIAS181AS

LLaza‘”ﬂwmLLamﬁuamﬁﬁmaﬁamﬁiﬂumﬂmaa%ﬁﬂmms”

- 3Fmbeussiiveulst (Working stress method) 33m15% ALl
Imqaiw‘mmmmﬂmiiuumuﬂwmmmmmumulmavmmmmu
ALY 9 m‘wmwLﬁﬂmﬂmiﬁuumuﬂmmﬂmmmﬁ way
Wisuifleufuanuduiisenli nsesnwuudieismhewsiiven
Tildiulassaiisermsusznovazdosddefianisniunuses
uandLazsdsgUTidIa

fa o

I@EJ@‘HEJ’JR]EJLL@”W%JU’]’JWJﬂiﬁiJU%WLLa $IUIIN UANINYIRELNEATAERS (U9 U) o



wna1sUIszNauNIsUszguesUilsruAiumsIvIMsmaliniasal
1ASINNTINANBINITANRUANUINITOBNLUUBDIANTVAUTENUNAI LT DA UL IFUALL DY
YoHUAULY UranuuLAsIYeAT WARdN NTUNNUNILAT

- 35188 (Ultimate strength design method) A 35n51 L!’]‘VI‘L!ﬂ
UITNNAE aﬂﬂmmamﬂmmmﬂ (Load factors) wagA2sLAuil
mmu%gﬂLﬂ'ﬁsrumaummmmugqqmama@

A) NUILLIIASNISARDUAMNYDN A

nieLIarn1sAd audmeauli 919899UNYNTENIT (oeob)
“ruan1seanuuulasasneeInns wasdnyuslazAuauiRvediant
Tdluailassasieenns”

o.@ 19N1598NUUUDIA15USENBY (Appurtenant Structure)

% .
a.&.e 31A1TNN9ITU8UIAU (Spillways)

lagilueinsszuietnagasniuainlasasanounImEsIman 159910
wruAulinazdulssiinuauniseenwuulasasenengns @auusznouredlasIasanIessuIe

& anunsanualadu 3 Ussiam Tawn 1) inlet structures (inlet and/or crest structures) 2) chutes
(conveyance structures such as a floor slab with walls connecting the inlet structures to the
terminal structure), and 3) the terminal structure (hydraulic-jump stilling basin, flip bucket,

impact structure, etc.).

n) Seismic Analysis

FonszauANTULIakuAulmInwmanaieldlun1seanwuy
1NNIATIEN Hazard classification (OBE, MDE, MCE)

9) N15%U9 (Damping)

Iagduluganismiedanzauveddaseasiee1n1sseuigln ag
58U b B4 @ Wosiud (ICOLD, Bulletin obm)

A MITIMUMIAUTIYN

29TINNUNYNTENTN (o&ob) “AINUANITODNKUULATIATINO1AT

wazdnuazuazauausivesanildlunulasaiieeians” dain

usTyniie sl uiuldun

- wsanIEYINURUALl

- usnswhanthlugiaduth

- ussiliAnannsBanasuiesnainnsdsuutasgumgiuuy
Unfvesdaiidudatulaseaing wu duavernie

- uswuRufiAnenuEuAuln (USBR, &aeey).

9) MURELIazN1stARURAINEaNlR wazdnsduaIuUasnny
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Taevialuuda Inlets Amuaulald azdadulassasradday (Critical
Structure) tagA15oanuUUlAUNIUAD MDE une1aly OBE lanin
inlets ogwiloszaviilusrafiuih dmsulasainedfifiyunseiidudou
L morning glory inlet structure %3® labyrinth Asldn15IIAIIZH
feuuusiaesulii Swazdonuwandlunsed o

A15199 o F5N15IATILNEIUUTENAUVBI81A1552UNEUNEY (ICOLD, Bulletin o)

crest structures

drop inlet structures

response spectrum

Spillway structures Components Usual approaches Recommended
models

inlet morning glory pseudo-static 3D

and

overflow structures :
straight ogee

pseudo-static
using clastic

2D plane-strain or
plane-stress or

crests, foundation
labyrinth 3D
siphon structures response spectrum 2D or 3D

fuse plug structures :
zoned embankment

deformation analysis
Newmark method or

liquefaction potential

2D

chutes

conveyance
structures :

floor slab and
connecting walls

pseudo-static

using elastic
foundation

2D plane-strain or
plane-stress

terminal structures

hydraulic jump
stilling basin

flip bucket
impact structures

pscudo-static

using elastic
foundation

2D

*YUNELR pseudo-static uAludu static based
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sl Useaszureun, flashboards, wazaunsal (operating equipment)

dnsrdrumuvasnse (F.S) vadlaseasrundnazinadu anutausauli/

v o v v @ A i = o w &
ansAugaanaulanglianznsfuusasuauln i FS Amnzaud iy MDE fo o.0 kag
dmu OBE Av o.¢ UuUszhAITeanuuulviinsdtdansideguiionadwmaliusegindauazlyl

aunsabtaula (1ICOLD, Bulletin eeen)

a.c.a ¥oddn (Water Conduits), ‘Ll‘sz@l,l,az’mé’a (Gates and valves)

99BN UUINITFIU
- ICOLD, Bulletin @l “Seismic design and evaluation of structure

appurtenant to dams”
- NONTENTN (o&od) “MNUANITEBNLUUIATIASIDIANT kaganYMEILAY

AasauURveianildlunulasiasisenans”

a.e.c B1A155UUI N9TNUIBmaRstnia (Intake/outlet towers)

919899 UUINTFIY
ICOLD, Bulletin eoem “Seismic design and evaluation of structure

appurtenant to dams”

NYNTENTIN (odob) “AMNUANITEBNKUULIATIATINOIAT Lavd Ny
wazAauURvasianldlunulasiasnenans”
n.e.& Uizgﬁ’mazmmiﬂiznauﬁuq (Navigation locks and other
appurtenant structures)

9198991119 TFIY
ICOLD, Bulletin ebem “Seismic design and evaluation of structure

appurtenant to dams”

NYNTENTIN (o&ob) “MNUANITEBNKUULIATIATINOIAT WavdNYME

wazAauURvesianldlunulasiasnenans”

m.b d@¥N1U (Bridges)

BMIAATILNUALRDNLUUNBINNY “ATloN1TOBNRUUATIIULALUY

WA UHUAUL” ATUNIIaN (bedw)
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