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" Performance Based Engineering (PBE)

¥ Performance Based Earthquake Engineering (PBEE)
* .Performance levels

.Soysal

'* Pine Flat concrete gravity dam

q

' Multiple Stripe Analysis (MSA)
*.Incremental Dynamic Analysis (IDA)
8 Cloud Analysis (CLA)

4 .Saouma

5 .[Endurance Time Analysis (ETA)



o 05Lod [y Jloo [ 2152 o9 55 5 s (g sole @ pi

5 @eld G Gy gbaw lp (SseS gl
gl Guesd 5 23 Glagsl llid s Sy
5 om0 gl Sie i 4 4y b (SienS Jete
2 e o ol o Sles pobas 5 T gl S DY e
2 e Wiy (omaie 3505, (sestde S )

9ys0 Jled 4 (0 (Fi9 sl ;0 8 ,Sles

BT (b9
2 ol @@L ezl IDA - (og) saxie sblze 4 azgi b
e glaojle cod)l 5 Lol oyl 5 sloj) (ob)]
Gh9y 5l Gz ol 5 AV oY TS 5 esSnslsals)
O 5 Sl (S (Fig s loyy) oLl sl IDA
Ul ol gl sl o oslizasl )] o5 (slagS)
Sl 0030, 8 Wl (V) U8y pilidl das e Sl
ahaie sgazeslizl Jaw (goue sl ol ploxil sliwl) o
o33 S Sloxio 9 S5 050 43558 (e S 4z LS

8 G e 5 s dlas as e 18, B L
S g0 L sl 0u0 )T obyl cwaie s 0
6&Q)QM6BJ;@W&JGL&|0A&EW
NG PR (5"‘"9)(“'“‘? k)’“" 6)LM5 ;MJP )l 9 Sl A
— Awgs S Joe ool boaw i ey LS,
5 &5bl) el sadgiluans Coas i S5 Jow
2 s oo wlas Slasie ((V44F) 5 (V24Y) 75
Golad s,y aslllas (pl jo cwsl 090 T 2y (V) Jgu

ool oadaid 3 by o e SV

Tlan (Sl wlastine :(1) Jou

oy | lade ales pl—
GPa | 27.58 Ec WVl Jgoto
kg/m3 | 2400.00 | p S
---10.20 Ve Oyl S
MPa | 2.70 ot (S Canglie
MPa | 27.00 Oc 6,Lid Caoglio
N/m | 300.00 Gt CanSl (551
---- | 1.20 S| Semlins Coglie ol o o

Jdow sl NSAG-DRI 5L aco 138l 5 51 gaams (] jo
ooliiul (S35 (i dw bt Gloj azu b (Sealus

" .Damage states
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' Critical locations
* Probable path of crack extension
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1 | Chi-Chi, Taiwan [1999/09/20 | TCU046 76| 1434 |1/A |CWB/USGS
2 | Chi-Chi, Taiwan [1999/09/20 | CHY006 76| 1493 |1/C |CWB/USGS
3 | Chi-Chi, Taiwan [1999/09/20 | CHY035 76| 1812 |1/C |CWB/USGS
4 | Coalinga 1983/07/22 | 1651 Transmitter Hill 5.7 9.2 A GX.

5 | Coyote Lake 1979/08/06 | 57383 Gilroy Array #6 5.6 3.1 B/B | Gx./JUSGS
6 | Kocaeli, Turkey [1999/08/17 | Gebze 7.8 17.0 |A/A| Gx.JUSGS
7 | Landers 1992/06/28 | 24 Lucerne 7.4 1.1 A/A| Gx./JUSGS
8 | Mammoth Lakes [1980/05/25 |54214 Long Valley dam (U/L Abut) | 6.1 15.5 A GX.

9 | Morgan Hill 1984/04/24 | 57217 Coyote Lake Dam (SW Abut) | 6.1 0.1 A GX.
10| Morgan Hill 1984/04/24 | 57383 Gilroy Array #6 6.1 11.8 B/B | Gx./USGS
11| Northridge 1994/01/17 | 24207 Pacoima Dam (D/S) 6.7 8.0 A GX.
12| Northridge 1994/01/17 | 24207 Pacoima Dam (U/L) 6.7 8.0 AJA | Gx./JUSGS
13| San Fernando  [1971/02/09 |279 Pacoima Dam 6.6 2.8 USGS
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' .Peak Ground Acceleration (PGA)
" First mode Spectral Acceleration; Sa(5%,T1)
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) .Base Level Zone (BLZ)
" .Main Body Zone (MBZ)
" .Neck Zone (NZ)
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Free surface: zero pressure

3 Index Point : Node 2093 4

i«

h=116.8 m——!

I

0= Water
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1,~(0.00,0.00) :BL; Heel
2(5.11,102.10) : U/S; SIC
3-(5.11,122.00) :UIS; Crest
4,-(14.91,122.00): D/S; Crest
5-(14.91,113.80): D/S; S/IC
6,-(40.51,113.80): - —
7-(29.32,98.05) : D/S; SIC
8-(0.00,96.80) :BL; Toe

UIS Slope:1:0.05

D/S Slope:1:0.78
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Truncated Far-End: Sharan boundary condition

‘ |

. (A & Seciments

L=10h=1168.80 m

AR ‘| a(t) Rigid Foundation
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1 | Chi-Chi, Taiwan [1999/09/20 | TCU046 76 | 1434 |1/A |CWB/USGS
2 | Chi-Chi, Taiwan [1999/09/20 | CHY006 7.6 | 1493 |1/C |CWB/USGS
3 | Chi-Chi, Taiwan [{1999/09/20 | CHY035 76| 1812 |1/C |CWB/USGS
4 | Coalinga 1983/07/22 | 1651 Transmitter Hill 5.7 9.2 A GX.

5 | Coyote Lake 1979/08/06 | 57383 Gilroy Array #6 5.6 3.1 B/B | Gx./JUSGS
6 | Kocaeli, Turkey [1999/08/17 | Gebze 7.8 17.0 |A/A| Gx.JUSGS
7 | Landers 1992/06/28 |24 Lucerne 7.4 1.1 A/A | Gx.JUSGS
8 | Mammoth Lakes [1980/05/25 |54214 Long Valley dam (U/L Abut) | 6.1 15.5 A GX.

9 | Morgan Hill 1984/04/24 | 57217 Coyote Lake Dam (SW Abut) | 6.1 0.1 A GX.
10| Morgan Hill 1984/04/24 | 57383 Gilroy Array #6 6.1 11.8 B/B | Gx./USGS
11| Northridge 1994/01/17 | 24207 Pacoima Dam (D/S) 6.7 8.0 A GX.
12| Northridge 1994/01/17 | 24207 Pacoima Dam (U/L) 6.7 8.0 AJA | Gx./JUSGS
13| San Fernando  [1971/02/09 | 279 Pacoima Dam 6.6 2.8 B USGS
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3 | DP1 | DP1/3 | 50% x x x x x x
4 | DPL | DP1/4 | 67% x x x x x x
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15 DP7 DP7/1 v 100% x x x x
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17 DP7 DP7/3 v 100% v v x x
18 DP8 | DP8/1 v v x /v 100% x x x
19 DP8 | DP8/2 v 4 100% x 4 x
20 DP9 | DP9/1 v x x x x 100% x
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22 DP10 | DP10/1 v 4 x|V x x 100% 4
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Near-fault seismic damage patterns and failure scenarios prediction of
concrete gravity dams using nonlinear incremental dynamic analysis

Mohammad Ali Sotoudeh !
Mohsen Ghaemian *2
Abdolreza Sarvghad Moghadam ?

Abstract

Performance based earthquake engineering approach has been under evolution
for seismic safety assessment of structures. Qualitative and quantitative
definition of seismic performance levels is major challenge of concrete gravity
dams. The main purpose of this article is damage patterns and failure scenarios
prediction of structure while they prepare a suitable basement to determine dam
seismic limit-states. Therefore nonlinear incremental dynamic analysis has been
applied to dam-reservoir-rigid foundation system of Pine Flat gravity dam as a
case study under the pulselike near-fault records. Then the critical zones of dam
body have been recognized using a new way and a series of potential crack
paths has been found. The mentioned above paths have been validated through
comparing with authoritative published reports. We observed that the structure
is damaged in certain patterns under near-fault records. Also formation of full
crack in dam body is possible only in four paths before the possibility of total
collapse. Hence three failure scenarios of concrete gravity dam have been
defined in this research, in addition to damage patterns prediction. The results
show that the safety level of concrete dam is increased substantially when the
crest displacement response or drift ratio is limited to the conservative value.

Keywords
Performance-based earthquake engineering, seismic limit-states, crack path,
critical zones
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