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L_AQUILA 2009-04-06 01:32:40 - IT.AQK - Italian Strong Motion Network @

The Mainshock
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Nearest Station to Epicenter: L'Aquila Park Universi  ty
Engineering Department

m | " ECS8 Soil Class: B
l'nu“lm R epi (km) : 1.8 km
« In 6 April 2009, L'Aquila clock
stopped at 3:32 a.m.

MI=59; Mw=6.3

Up-Down Component PGA : >355 cm/sec2

Lot Comurai e > = S
« A strong Earthquake occurred in Abruzzo Region

in an high hazard area
(Probabilistic seismic map for Italy — INGV 2004)

12/02/2017

The Impact CNOCl

- Very Strong/Severe Earthquake

Power Earthquake EQ Classification — - Moderate/Heavy Potential Damage
Mw = 6.3 - Focusing of Wave Energy in South-East Sector
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The Effects CNOCl

Extended damage
in the L’Aquila town and sourroundings on

Buildinas Infrastructures Induced Geotechnical Events

Number day

N° Death people: 309
Heavy Final Balance ~ N° Wounded people: >1600
(€) Cost Damage: >10 MId €
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The Seismic Sequence CNOCl

r# Sequenza sismica
S aggiomata al giorno

Classificazione in base
alla magnitudo (M)
2rcM<30
O maMisd

T oammes

P s

Andamento della sequenza

dal 01.12.2008 fino al 6 aprile

4 ()t 5apeie ore 13.32
fino al 03 maggio

L'Aquila
Seismic
Sequence
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The Instrumental Seismicity Nl

12

1980-2006 Instrumental Database
L’Aquila Seismic Sequence occurred
equidistant in an Appennine Chain NW-SE ~ ©
section between 1984 Val Comino
Sequence (Lazio-Abruzzo) and 1997
Colfiorito-Norcia Sequence  (Umbria-
Marche)

11987 Colfiorito-Norcia EQs |

1984 Val Comino EQs

SE
Colfiorito Norcia

Fucino Val Comino
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Distance along the Apennine (km)

The Historical Seismicity

115 L'Aquila (AQ) DBMI INGV

ulll
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1451 & 2009 L'Aquila EQS are considered Twin Events
TR ~ 550 years
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The Fault

Seismogenetic Fault Systems Activated

M. Gorzano Fault

Paganica (Mw =6.3) - L'Aquila
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Paganica Fault / E

cncCl

Paganica fault system showed

a max Surface Coeseismic Slip

~15cm

The Strain

GPS Survey
(Cheloni et al. 2010)
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Good Fit Data

CcNCl

Interferometric Syntetic Aperture Radar (INSAR Survey)

(Atzori et al. 2009)

Extended Collapse Area
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The Fault Slip Model

LAquila Faglia di Paganica
P 4 (2
)ﬁé AR A )

From Hypocenters and INSAR data a Fault Slip Modeli s
defined:

~
CcnCt
Surface Slip Model Projection

13°250"E

47° SW dipping Normal Fault ~16 km long and ~12 km wide,
with a maximum slip ~90 cm at ~ 9 km depth.

Atzori et al., GRL 2009
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Slip model DinSAR data
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The Stress Change

Coulomb stress change on faults surroundings Paganica Fault
due to the slip enstimeted from the INSAR Slip Model
(Walters et al. 2009)
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CcNCl
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Profondita (km)

The Central Italy Seismic Evolution CNCGI

1997 — 26 Sep
Mw = 6.0
«Colfiorito»

2016 - 30t Oct
Mw = 6.5
«Norcia»

Colfiorito Norcia 20 16- 1 7

Campotosto L'Aquila Fu(iino
i |
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'( 2016 - 24" Aug
. |Mw =6.0
o A«Amatrice»

2017 - 18" Jan
~ [Mw=55
/| «Montereale»

2009 - 9t Apr

The Post-Seismic Dams Control 'clalel

2009 L'Aquila Sequence involved many Enel Dams in Post-  seismic Procedure Control
(Circ. Dams National Service, June 2002)

2009 6t April
Mw = 6.3
«L’Aquila»

2009 9t April
Mw =5.4
«Campotosto»

Neerest dams
on Campotosto Lake,
Vomano and Tronto

‘ .
River

+ Seismic Epicentre + Seismic Epicentre

@ Dams inside the controlzone ———————————» | N°14 ;R =74km

O Dams near to the control zone for 20% radius increase —» | N° 11 ;R =88,8km
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@ Damsinside thecontrolzone —— » (N°9:R=53km

ams near to the control zone for b radius increase —» | N° 2 R = 63.6 km
O D th | for 20% radius il N )
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The Dams PGA CNCl
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Campotosto Lake

CcNCl
2009 April 6th:

Impounding:122 000 000 m3
Water Level: 1309,50 m asl

RIO FUCINO

' TOWN

DISTRICT
OWNER ENEL PRODUZIONE S.P.A.
(SITORAfE ‘53&7&0)'” 218000 000 m?

ITALIAN LAW 7

MAXIMUM WATER LEVEL 1318.25 m a.s.l.

NORMAL WATER LEVEL 1317.50 m a.s.l. R o

MINIMUM OPERATING LEVEL 1294.00 m a.s.l.

SEISMIC ITALIAN CLASSIFICATION (2009) 2ST ZONE 16
'YEAR OF COMPLETION 1971 (AFTER RAISING)
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Sella Pedicate Dam
Characteristics

CcNClL

Caicestrureo 2 230 + 220 kg
i cementa per m?

DAM TYPE (MaiN) PG — Gravity (with joints)
HEIGHT

(ITALIAN LAW 584/94) 20.75 m
CREST LENGTH 638.28 m
CONCRETE VOLUME 120 000 m3

N. oF BLOCKS 51

i e >
ma,
“/one marnoss - aremacea del FiOCeT

~ Puowi pieromeiri per sottopressioni

—24328— - -
— 25000 — —— o
Variabite da
00 « 2,00

nulh socmale y (133440

s marnosd—are™

[©

aces

(127,59 Cighio dign

3489 /(7)

e 200
500 T
-

Cunetta

Roccia marnaso —
“{®

DAM TYPE (Lerrsipe) | TE ie — Earthfill (earth core) j ShESES AR e e
HEIGHT i,—'q } T
(ITALIAN LAW 584/94) 14 m : T T
CREST LENGTH 17825 m A i o
t 7 iniezioni termare 1) Mucleo: fimi con K= 10
CONCRETE VOLUME 22000 m3 et B cormt it o
Sella Pedicate Dam 'clalell
Monitoring system
Pendulums
. . Measure
Physical Quantity Points Pressure gauge (manometers) o ‘
i
- e sezone A i sezone o5 ‘ ‘
Reservoir Level 1 - L
Air Temperature 3 conciozs B
Water Temperature 4 0 g g
Snow 1 o s ¥ ‘N’
Rain 1 O I -
Dam Leakeges 2 o~ e E o ’\J
o AL
LaGo o cawpOTOSTO
Downstream Seepages 12 o $
Piezometric Line 42 PANTA iy i
Uplift 22 = CONCIO 36 —LTU
Concrete Temperature 9 152750 ac 12750 g
: - il seone cc 7 sezone 0o . .
Joints displacements 31 g
w k-]
Fissures displacements 4 | s ) ¢
Dam Rotations 71 so coonpRoMETRIOTICI
= D25 CR25.
Levelling displacements 55 Lo .
g % ewoo B renvoL0
Planimetric displacements 6 o e s . B, oo 5 rowsen
Monitored points (total) 264 — W e, ™
L scsseo
>
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Sella Pedicate Dam
Effects

Inspection evidences

PERCORSO N° 1
PERCORSO N° 2
PERCORSO N° 3
PERCORSO N* 4
PERCORSON*® &
PERCORSO N° 6

LAGO DI CAMPOTOSTO

GALLERIA DI DRENAGGIO LATO L'AQUILA

GALLERIA DI DRENAGGIO LATO TERAMO

o

19

Oil coming out from pendulum tank

Sella Pedicate Dam

C
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[
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|

Effects
[ 2006 2007
33.0+
Instrumental evidences: .|
1) Inverted Pendulum: A
32.04
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|
R
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Rio Fucino Dam
Characteristics

DAM TYPE (MAIN)
HEIGHT

(ITALIAN LAW 584/94)
CREST LENGTH

Zona dmeins
i el semeies

Ehais &
o
N. OF BLOCKS

o8

2=

Cighio diga (113750
Max_invaso (132550
Ritenuta noemale (114401 | ¢

Canne & drenaggio © = 0,90
interasse 3,00 m

warbony b

Cuncoll di raccolta dreneggl =<

g
S
|

Gafiecia df accasso, ot 2
raccalta & warice drenaggi

(194700

500

ICONCRETE VOLUME

a7

T

cncl

PG — Gravity (with joints)

—Porrett] @ = 080
£ (122298)

prima del sovralso

b1 i cantrllo
deiie. sottopressions

36.70 m

144 m
77 200 m?
12

Zona demanita

Rio Fucino Dam
Monitoring system

. . Measure
Physical Quantity Points
Reservoir Level 1
Air Temperature 2
Water Temperature 4
Show 1
Rain 1
Dam Leakeges 1
Piezometric Line 14
Concrete Temperature 10
Joints displacements 19
Abutments deformation 8
Dam Rotations 49
Levelling displacements 18
Planimetric displacements 12
Monitored points (total) 140

cncCl

ED11K
ED12K
ED22K
ED21K
PIANTA
Long-base extensometers
SPALLA DES
ED22K
ED12K DIGA DIGA ES22K
ED21K
ED11K

1A

ES22K ES21K

ES12K ES11K

SPALLA SIN

ES12K
ES11K

ES21K
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Rio Fucino Dam

7~
Effects C C l

Inspection evidences

L

% == PERCORSO N* 1
= e PERCORSO N° 2
» PERCORSO N* 3
5
gl
B

FORESTERIA

w
v
4
3 CUNICOLO DI ACCESSO
CORPO DIGA

CABINA DI MANOVRA
SCARICO DI FONDO (MONTE)

Some cracks
on the road

gyl
(' ACCESSO LOCALE MANOVRA
//// SCARICO DI FONDQ (VALLE)
4

GALLERIA SCARICO DI ALLEGGERIMENTO

23

Rio Fucino Dam

~
Effects C C \

No instrumental evidences
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Poggio Cancelli Dam
Characteristics

cncl

DAM TYPE (Lerraioey | TE

HEIGHT

(ITALIAN Lawy 584/34)

CREST LENGTH
Dam VOLUME

ie — Earthfill (earth core)
2730m

500 m
720000 m?

Accelerometer System installed at the
dam bottom downstream side on

8th April2009

Passicita & sppoggin

w6 3 8 o 3 s

Terra avgittose impecmestite

L Mesicists 4 sppaggie

Pogglo Cancelll Dam sezz sezs  seza .pzu: C ﬂCl
Monitoring system y ones
PZPAL g \
Fze0a /Vuna
Fasat ¥E: )
PIAE L °
° Fzp | | @ W rbssz PZAO3  PZAD;
ezae P e T S b2 ° i
s pam | O eaner
] v 2 2] @ ) ] ®
Measure PIEP  PE2vA PzcP PZ3V PZADS
Physical Quantity Points| ¢ Piezometers e Pr— im— = .
- m 11 2 S 7
Reservoir Level 1 11750
Air Temperature 2 SEoNER
\SNaterTemperature z:: Assestimeters
now
Rain 1
1317.50
Dam Seepages 4 cenonE s iﬁ
Abutments Seepages 2
Downstream Seepages 9
L
Piezometric Line 73 \
Levelling displacements 23 E X o T o = = = —
Assestimetric displacements 10
Planimetric displacements 18 oo 5 b 80 SR
4 5 6
Monitored points (total 148 .
P ( ) Levelling
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Poggio Cancelli Dam
Effects

== Percorso
Percorse
Percorso
== Parcorsoc

Campotosta

A
N e

cncCl

Inspection evidences

casa di guardia

accesso locale scarico
di esourimento e cunicolo

accesso dlla camera degli
stramazzi e cunicolo

accesso dllg camerda pompe

Slight widening of the historical crack

into the bottom culvert 97

Poggio Cancelli Dam
Effects

CNCl

. [EIFIRIAaTe [ATs[o [ o e [F[a[alu]e  t [s[s[oln o [c ¢ wlalulc| s [a]s o] o

Instrumental evidences:

AN

. o -132
Levelling on the crest: =) ?\\ L~
Millimetric lowering of the crest no i —
points after the 2009 April {13 — ) —
sequence. The central part - Central points (3-6) \ —
about 3-4 mm v \ —
o 144 é‘]
[90 [91 [92 [ 93 [94 [95 [ 96 [ 97 [98 [99 [00 [01 [02 [ 03] 04 [05 [ 06 [ 07 [ 08fpo [10 [11 [ 1213 [ 14 [ 15]
B e e S B S s e e | S S T — —
S N A e e
r S N
60 | i e s LN B R = P
v 80 I el e -
//x\\ — [ 1 I B - -
£ -100 — - R e SN B
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— S |
© 120 e ————— e I R — S
— ~— —
] L \L
-140 All levelling points (1-9) [~ [ R e e e e 28
0] I I e e i
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Santa Maria Natural Saddle
Characteristics

Drainage gallery

PERFORAZION! B' DRENAGEIO
HTU6 ¢ SIALSATE
yeGLl virim 255

15011

~

 1329.75

cncCl

Campotosto Road

MWL:
1318.25

Seepages

Santa Maria Natural Saddle
Monitoring system

Piezometers

CcNCl

LAGD DI CAMPOTOSTQ

Physical Quantity Meas.ure

Points|
Reservoir Level 1
Air Temperature 2
Water Temperature 2
Snow 1
Rain 2
Downstream Seepages 7
Piezometric Line 23
Planimetric displacements 4
Monitored points (total) 42

F'ZPA

’

Campotosto Lake

=
S 2
' ao? :
Z <&
X0 -
- 0
o
o
00
L
N
N
s

Rio Fucino

—
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A
y
Q,
N
A\
LK
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Santa Maria Natural Saddle

Effects
No inspection evidences

— PERCORSO 1

—— PERCORSO 2

.

O
~ 0%, —
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o \\ | (o
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o 4, -
Ll
o :
- = |
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- \\\\ e 40Uy
)
LAGO DI CAMPOTOSTO //// s
///
CAMERA E LOCALI _PENDOLI 2

CcNCl

/,/
N\ //ﬁ
-
S GALLERIA SPERIMENTALE
T~

NUOVA GALLERIA DI

DRENAGGIO

31

Downstream <---> Upstream

Santa Maria Natural Saddle
Effects

Instrumental evidences:
1) Inverted pendulums:

Millimetric upstream displacement after 6/7t
April earthquake sequence (1-2 mm). ~

No displacement after 9th 5.1ML earthquake \

"\ LAGO DI CAMPOTOSTO

385~

39.0 —F—

395+

40.0

40.5 4 — i

410+

415+

420

425+

=25

43.0 4

— Upstream-downstream displacement

of inverted pendulum n. 1

— Upstream-downstream displacement
of inverted pendulum n. 2
32
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APR 2009
[01T02] 03] 0405 0607 08091012 [12]13]14 [15] 16 [17 [18 19 [20 [21 [22 [23[24 [25[26 [27 [28 29 [30 ]

Santa Mal'la 104 == — —T——T LT — —T— 1310

Natu I‘al Saddle o Yaterteve r— 1305

Effects ®7|[” Seepage at the end [ [T —[——] ] e

Instrumental evidences: |- Ofdrainge gallery T ss
" 150

2) Piezometers and Seepages: ~ 1290
125

Apparently increasing in value, 1285

but due to very heavy rainfall 10000 T T T T 1280
on 22t April ,

74,1 1275

50, 1270

Water Level
25 1265
== [ | LH L |

[nfrecipitazioni (mm)

1260

1305

1304

1303

1302

1301 o

1300

seiisie = —

Seepages automatic gauge L4 -tHET --t

1299
(“ improper " accelerometer) —HH— T [ [ ] T

1208
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