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Horizontal
- Headwater and tailwater pressures

- Earth and silt pressures

- Wave pressure.
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Gasic loading conditions

Unusual - Construction

Usual - Normal operating construction
Unusual - Flood Discharge (SPF)

- Inertial force (Dam body)
- Hydrodynamic forces

Vertical

Hazard Classification
OBE, SEE
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» Basic loading conditions [«
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Extreme - Construction with OBE

Unusual - Normal operating with OBE
Extreme - Normal operating with SEE
Extreme - Probable Max. Flood (PMF) J
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- Dead load

[ Static Based J

Inertial force (Dam body)
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Seismic coefficient method
(Pseudo-static)
LEM / FEM
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[ Dynamic Response Analysis ]
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Nonlinear Time
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1. Factor of Safety (F.S.)

- Sliding (USBR, 1976), (USACE, 1995), (RID, 2002)

- Compressive Stress (Foundation) (USBR, 1976), (RID, 2002)
2. Stability Criteria

Acceptable

kResultant location at Base (Overturning) (USACE, 1995) J

) Response spectrum ) .
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- modal analysis ) history - direct
Force Methods modal analysis . .
procedure integration procedure
FEM procedure FEM
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- Foundation Bearing Pressure (USACE, Fs ks waven
1995)
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USBR (1976)

Load Condition Usual Unusual Extreme
Min. F.S. of Sliding 3 2 1
Min. F.S. of Overturn - - -
e | widdsusluaaunin Min. F.S. of Compressive Stress (Concrete) 3 2 1
i . w399
ANNNSULSIVDY | Auvidause | MABUAT | gaeinensawun o . . Min. F.S. of Compressive Stress (Foundation) 4 2.7 13
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USACE (1995)
FS
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wian1saiun Middle 1/3 3.0 <wouln 40 | 03f 0 e el s
- = Resultant Minimum Foundation Concrete Stress
g a : o ! » 2/3 Load Location Sliding Bearing
wian1saaUng | Middle 1/2 2.0 <oyl 2.7 05f" [ 0.6f, Eondsiion of Base o3 S —— -
Lﬂﬁmqﬁgj%"]gju,ﬁq , o Usual Middle 1/3 20 < allowable 0.3 0
q . = ' y 2/3

e Within base 1.3 <1.3%Mwedln | 1.3 09f' | 1.5f — —— . e— 651 0812
z Extreme Within base 13 < 1.33 x allowable 097 1.5 2%

Note: f! is 1-year unconfined compressive strength of concrete. The sliding factors of safety (FS) are based on a comprehensive field
investigation and testing program. Concrete allowable stresses are for static loading conditions.
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Load Condition

F.S. of Sliding

F.S. of Overturn

F.S. of Comp. Stress

Usual 3.0 1.5 4.0
Unusual 2.0 1.3 2.7
Extreme 1.0 14 1.3




Loads
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ﬂlorizontal (USACE, 1995)
Headwater and tailwater pressures (H1, H4)
- Earth and silt pressures (H2)

Wave pressure (H3)

Dead load (V1, V2)
- Uplift (v3)

Vertical (USACE, 1995)
Inertial force (Dam bodly) (H5) (Seismic coefficient method (USACE, 1995))

Hydrodynamic forces (H6) (Westergaard formula (USACE, 1995))

Inertial force (Dam bodly) (V4) (Seismic coefficient method (USACE, 1995))
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Load Condrion No. § Load Congiton No. § Load Gondition No. 7
- Normal ng Extreme - Normal Opergting Extreme -
Conditions with Operating with Earthquaks {MCE) Maximym Flood (PMF)
Basis Earthquaks (OBE)
Normad Pool Nermal Pool Probaple Maximum
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OBE %
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(USACE, 1995)
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Unusual - Construction : [euasiaaialvug
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Usual - Normal operating construction : szauinlueie aqwiwummuﬁ’ﬂ LAZAIUNIY

Weoueyh Min. Tailwater

Unusual - Flood Discharge (SPF) : seauiiluens agiiseduiigean uagamumeilouagi
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Max. Tailwater

Extreme-construction with OBE : L%‘LAﬂiNLﬂ%ﬁﬂﬁﬁﬂ wazSULsEUAL (Operational Basis
Earthquake, OBE)
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Unusual-normal operating with OBE : szautlueis agﬁssm‘ummum mumm‘ﬁauaqﬁ
Min. Tailwater Sunssunufulm (Operational Basis Earthquake, OBE)
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Extreme-normal operating with SEE: sefuiiluens egfisvaudniuin aumeliousyd

Min. Tailwater %’ULL‘NLLN'uaulm (Max. Safety Evaluation Earthquake, SEE)

Extreme-Probable Max. Flood (PMF) : szsiutitlusns ogfiszsiu Probable Max. Flood

(PMF) mumaﬁu‘laua%}ﬁ Max. Tailwater
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Tugensusziiiu Seismic Hazard 1d%aszauausuussvasidufulwadu OBE Au SEE usviluluiFos Gravity Dam &sld
OBE fiu MCE
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nouiinel PGA uldiiasieat ladinisaaveursenisll neunlagdunlaluem Seismic coefficient (K,)
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