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Observed behaviour of Italian dams
under historical earthquakes

The presentation reports the results of the activities carried out
by the ITCOLD Working Group "Observed behaviour of
Italian dams under historical earthquakes".

The ITCOLD Working Group is composed as follows:
Angelica Catalano (Chairman), Rosella Caruana, Federica Del
Gizzi, Adriano De Sortis, Giovanni Marmo, Fabio Sabetta,
Massimo Rescigno, Alfredo Rossi




Summary

* Preliminary remarks: the Dam Authority post-earthquake
procedure

* Observed behaviour during historical earthquakes:

« Selection of dams for the historical survey

e Check-list

« Observed seismic effects

e Conclusions




Dam control - post-earthquake procedure

The procedure

Controls for events of magnitude M= 4

« Dams inside a specific area depending on the magnitude of the
earthquake

- Dams near the area if with effects at the dam site

« Controls: immediate visual, instrumental measurements

- Dam Engineer =2 Report of dam safety




Dam control

First area : no control
except for the case
that the earthquake
has been felt at the
site of the dam

Second area:
immediate inspections
and all essential
measures for safety
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Observed behaviour of Italian dams under
historical earthquakes - Selection of dams

» First step: selection of dams to be studied (from 539 to 100)

« Method: selection of the cases with highest seismic input

» Possible criteria to compare the dams:

1. design seismic action reported in the current Italian Code

2. collection of the seismic Intensities (DBMIO4 database) during past
earthquakes

3. estimation of shaking parameters (Maximum Acceleration) during
past earthquakes
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t. Observed behaviour of Italian dams under
historical earthquakes - Selection of dams

- - - F
Criterion 1: Design Lu:%i_u:
seismic action :

« The national d
territory is divided AMBIESTA
into cells 2

CA' ZUL ¢
For each vertex the J CA'SELVA

peak ground PONTE RACLI | I
acceleration (PGA) UL
is defined
(probabilistic
seismic hazard)

BARCIS ~ & RAVEDIS

« This approach does
not consider if a
dam has been really
involved in historical
earthquakes e 717 m




Observed behaviour of Italian dams under
historical earthquakes - Selection of dams

Criterion 2:
Macroseismic

Intensity

-« DBMIO4 database
collects the ‘g
Intensity for KA MR zun
several locations °J CA: SELVA

. . . PONTE RACLI I

(municipalities, _ o. ' 4
villages) BARcls;‘:' & RAVEDIS :

e Is>=VIata
maximum distance
of 10 km

- 77 dams selected




Observed behaviour of Italian dams under
historical earthquakes - Selection of dams
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Criterion 3: Attenuation Laws

j@hﬁeys et &l [ 1994)

- CPTIO4 catalogue collets the - ., (hiardtindeSiro (1981) M=6
Magnitude for each T :”f
earthquake T

- From Magnitude and distance = :u.. N

Tento etal (19920

H“"."'\-»'-.
a strong motion parameter can “Sa
be estimated z / N,
- Attenuation law: Log (PGA) = - | £ / “‘“‘:h
1.845 + 0.363*M - Log (R? + Sabetia e Fuglicse (1986) NN
52) 1/2 i \”b'

- PGA = 0.07 g (corresponding
to Iycs = VI).

« 100 dams selected
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Observed behaviour of Italian dams under
historical earthquakes - Selection of dams

CORFINO 10 0.450
CASTEL S. VINCENZO 8 0.178
CROSIIS s

MURO LUCANO 0178
VASCA OGLIASTRO 0.089
BASTIA 0.283
VILLA PERA 0.142
MULINELLO 0.089
ACCIANO n
FIUMARA GRANDE 0.089
MONTAGNA SPACCATA 3 0.178
MONTAGNA SPACCATA 1 0.178
SAN PIETRO Uy
MONTAGNA SPACCATA 2 0.178

Criterion 2 Criterion 3




Study of the dams

« 100 dams selected — each dam describes an experience

« — Each dam has over than 1 event higher than 0,07 g

« — Total examined events are much more than 100

For each dam inspection data and information (stored) in
archives and at_dam site

A Check List was developed to collect information




Effects on the shores

Check-list

of reservoir

—
CHECK LIST FOR

Seismic event

complementary and

auxiliary structures

Check after

Effects on dam and

Effects on discharges
and on
complementary and
auxiliary structures

liquefaction, uncontrolled seepage,
possible overflow, breakage of

Mechanical blocking of the moving
elements, mechanical instability of
the gates, put mechanical elements
out of use

Effects on the shores
of reservoir

Stability of the banks, description of
the landslide, interference with the
dam body, interferences with the
gates and accesses to the dam

out of use

Stability of the banks, description of
the landslide, interference with the
dam body, interferences with the
gates and accesses to the dam
the gates, put mechanical elements

Check before 2002 — check after

bngitude, Elevation of top
ight of dam, year of
bn, strategic structure or

bnt, distance from

re Imcs(DBMI04), pgv,

, level of reservoir at the time
hquake

Ibefore 2002 — check after

2002 extraordinary procedure

Effects on dam body

Effects on discharges

and on
complementary and
ancillary structures

J

instability of dam body,

g of joints, breakage sealing
element of joints, breakage of
drainage system, screen break in
foundation, overflow, breakage of

Mechanical blocking of the moving,
mechanical instability of the gates,
mechanical elements out of use

Effects on the shores

Stability of the banks, description of
the landslide, interference with the
dam body , interferences with the




Observed Seismic Effects
Results

In some cases we did not find data; especially for the most early seismic events.

The examined cases showed that:

1) In most cases dam and power plant are not influenced by seismic event;

2) Two earth dams showed damages resulting in needed repair work: Ogliastro
and Acciano

« QOgliastro basin: Lesions of the bituminous facing with consequent
leakage of water through the dam body;

e Acciano dam: Longitudinal lesions parallel to the top of the dam
together with transverse lesions;

3) Piana degli Albanesi masonry gravity dam:

« Release of water through the structure without compromising the
stability of the dam;

4) For power plant, some damages that often didn’t prevent normal
functioning;




The observed seismic effects

The first group of dams

(N.A = NO DATA FOUND, N.F. = REGULAR OPERATION, S.L.O. = LIMIT STATE OF OPERATION, S.L.D. =
LIMIT STATE OF DAMAGE, S.L.V. = LIMIT STATE OF LIFE SAFETY, S.L.C.= LIMIT STATE OF COLLAPSE)

Date of seismic End of
IDAM event Distance | Msp pga(@) |Imes PGV construction |Effects observed
BARREA 07/05/198} 11 57 o1po 8 b, 1 1p51 NF
ANCIPA 31/10/196f 1p 54 o1ps .5 8 1p53 NF.
SELVA 07/05/198} ob s o1f2 7 ).9 1458 N.F
SCANDARELLO 12/03/195p Bid 5 o1t 8 B 1927 NF
PIAGANINI 06/04/200 30f 6B 0,00 6 47 1955 N.F.
PROWIDENZA 06/04/200p 20B g3 o1B2 b5 7 1h47 NF.
RIO FUCINO 06/04/2000 231 43 od17 5.5 6.1 071 NF.
SELLA PEDICATE 06/04/2000 201 43 0134 5.5 7 171 NF.
POGGIO CANCELL! n6/04/20d0 247 43 ot 5.5 7.8 1969 N.F.
PPIANA DEGLI ALBANESI 15/01/1964  Outside selection criteria 7 S.LV.
PIANA LECL ALRANES C3/5a 2008 6]t s 003 7 8 1923
MASSERIA NICODEMO 00/09/1998 47 44 o2 6 12 175 N.F.
COLLEMEZZO 14/10/196p 7k 45 002 B B.8 1p28 N.A.
CORFINO 07/09/192p gls 68 odio o {88 1914 NF.
CASTEL SAN VINCENZO 07/05/19¢4 15 5p7 o312 8O 158 O5F.
CRQSUS 06/05/1916 g5 6f3 0312 05 171 foo1 s.LO.
TASCA OGLIASTRO 13/12/19% 22 spL odal 5.5 3.9 P70B.L
MU 237T17198p 19B 649  02p7 B0 403 117 NF.
VILLA PERA 26/11/1974 Ll 543 020 15 1psa 155 N.F.
MLNEEES +84:2199( 3l 54 o2l1 45  1l6 1470 S.L.O.
Jacciano 26/09/13%5 8p 545 02p2 5 15 1p86 S.L.D.
CROSIS — J09/1976 g5 5pL 0402 b5 {71 foo1 s.Lo.
MONTAGNA SPACCATA 3 07/05/19g4 7 567 040 B0 131 1osBG.
FIUMARA GRANDE 13/12/199p 5 541 01b7 §.5 .8 1970 N.F.
MONTAGNA SPACCATA 1 07/05/19g4 73 5p7 __ 0des B0 0.3 se.0.
MONTAGNA SPACCATA 2 07/05/19g4 7|5 5b7 ot B0 0,1 se.0.
AMBIESTA 06/05/197 18p 643 01po $.5 B.,5 1p59 S.L.O.
GROTTACAMPANARO 07/05/1984 132 5p7 o6 7,0 6.1 Josa.NF
CA'SELVA 06/05/197f 28B 643 01p7 .0 5.5 1p63 N.A.
CAZUL 06/05/197 5p 6 oodo 4.0 5,0 S.LO.




Ogliastro




Ogliastro

Ogliastro basin
H= 22 m

Volume L. 584/94 = 4,31 x
106 m3

There were lesions in the
bituminous lining

SEISMIC EVENT 13/12/1990
Imcs =6,5

M=5,41

D=2,2 Km

PGA=0,241g



Piana degli Albanesi

17



Piana degli Albanesi

Cracks in the internal passages with an
e uncontrolled release of water without
_— - compromising the stability of dam.
; H= 38 m

Volume =
e 32,75 x10% m3

SEISMIC EVENT 15/01/1968 BELICE
« lmcs=7
PGA < 0,07 OUTSIDE SEL

.........

to the interndl passage
AL 1 )

310

P




CONCLUSIONS

The study shows that the dams generally have a good behavior under
seismic events;

Controls allow a level of maintenance and safety that can be considered
satisfactory;

Monitoring activities reduce risk of critical behaviour during a strong
earthquake;

The activities of the group have been presented at the 9th ICOLD
European Club Symposium, Venice 10-12 April 2013,: "Observed
behavior of Italian dams under historical earthquakes" A. Catalano, R.
Caruana, F. Del Gizzi, A. De Sortis
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Strong motion data recorded during the

2016-2017 seismic sequence in Central
Italy

Preliminary remarks

Adriano De Sortis

Roma 6,7 Febbraio 2017



Summary

Locations of the main shocks and main seismic sources

Large dams in epicentral area

Large dams and seismic sources

Strong motion data recorded near large dams

Post-earthquake experimental modal analysis




Seismic sequence In Central
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24/08/16
24/08/16
26/10/16
26/10/16
30/10/16
18/01/17
18/01/17
18/01/17
18/01/17

2.33.29
1.36.32
19.18.06
17.10.36
6.40.17
13.33.37
10.25.24
10.14.10
9.25.40

Events with Magnitude = 5

42.792
42.698
42.909
42.88
42.832
42.477
42.494
42.529
42.547

13.151
13.234
13.129
13.128
13.111
13.281
13.311
13.282
13.262

8.1
7.5
8.7
9.2
10
8.9
9.1
9.2

5.4

5.9
5.4
6.5

5.4
9.5
5.1

135
155
159
161
151
188
140
161
153
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Aerial vertical displacement measured using
Interferometric satellite radar (26/10, 30/10)
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Large dams in
eplcentral area
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Large dams in
epicentral area
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Large dams in
epicentral area
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Large dams and
strong motions
stations (RAN)
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Large dams and
strong motions
stations (RAN)

Image © 2016 DigitalGlobe
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PSA (cm/s/s)

2000

1800

Scandarello Dam (AMT 1.7 km dist.) upstr-downstr

"2016237013629.10.AMT.NOR.asc.A05——
"2016237023327.35.AMT.NOR.asc.A05——

1600

1400

1200

1000

800

600

400

200

"2016300191806.35.AMT.NOR.asc.A05"
"2016304064016.80.AMT.NOR.asc.A05"
"2017018092536.95.AMT.NOR.asc. AO5———
"2017018101406.80.AMT.NOR.asc.AO5———
"2017018102521.28.AMT.NOR.asc.AO5———
"2017018133334.52.AMT.NOR.asc.AO5——

[ Modes 1-3

Period (S)




PSA (cm/s/s)

Scandarello Dam (AMT 1.7 km dist.) abut-abut

1600 l |
"2016237013629.10.AMT.PAR.asc.AQ5*——
"2016237023327.35.AMT.PAR.asc.AQ5*——

—1400+— —— 20163001 71036.10.AMT.-PAR.asc.A05" —
"2016300191806.35.AMT.PAR.asc.A05"
/\ "2016304064016.80.AMT.PAR.asc.A05"

1200 | "2017018092536.95.AMT.PAR.asc.AQ5——
"2017018101406.80.AMT.PAR.asc.AQ5——
"2017018102521.28. AMT.PAR.asc.AQ5*——

1000 | "2017018133334.52.AMT.PAR.asc.AQ5"——

800 |-

Modes 1-3
600 |-
400 |-
200 |-

O ——
0 | .
0 0.5 1 1.5

Period (s)



Post-earthquake experimental modal analysis
Scandarello dam

Sl Uaes of St Dt o A Tt S

Mode 1 f=5.7 Hz

nnnnnnnn

Mode 2 f=6.9 Hz

nnnnnnn

FZB
SCARICO DI FONDO

|
by
M——W %{”"J&; s e Mode 3 f=8.9 Hz

15 velocimeters deployed at the dam crest

2 hrs. ambient vibration measurement (12 Nov. 2016)

spectral analysis and peak picking

comparison of modal frequencies and deformed
shapes with historical data (1988 and 1993): forced
vibration transfer functions

good agreement of dynamical parameter before and
after the 2016 earthquake




Fiastrone Dam (MNF 0 km dist.) upstr-downstr

PSA (cm/s/s)

450 | |
"2016237013633.87.MNF.NOR.asc.A05———
400 "2016237023328.75.MNF.NOR.asc.A05——
i - "2016300171034.56.MNF.NOR.asc.AO05" ]
"2016300191803.58.MNF.NOR.asc.A05"
350 |- "2016304064016.46.MNF.NOR asc.AQ5"

"2017018092544.53.MNF.NOR.asc.AO5———

"2017018101414.45.MNF.NOR.asc.AO5——
300 |- "2017018102528.98.MNF.NOR.asc.AO5—— -
"2017018133342.18.MNF.NOR.asc. A0S

250 | N

200 - Modes 1-3 ]
150 |- N :
100 |- .

\/ ’\
” % S >~ e :

0 | | | |
0 0.5 1 1.5 2

Period (s)




Fiastrone Dam (MNF 0 km dist.) abut-abut

PSA (cm/s/s)

450 | |
"2016237013633.87.MNF.PAR.asc.AO5———
400 "2016237023328.75.MNF.PAR.asc.AO5——
- 20163001 71034.56.MNFPAR.asc.AQ5*—
"2016300191803.58.MNF.PAR.asc.A05"
350 | "2016304064016.46.MNF.PAR .asc. AO5" — _

"2017018092544.53.MNF.PAR.asc.AO5——
"2017018101414.45.MNF.PAR.asc.AO5———
300 |- "2017018102528.98.MNF.PAR.asc.AO5—— -
"2017018133342.18.MNF.PAR.asc.AO5———

250 | N

200 Modes 1-3 )

150 - .

100 | f/

&%
0

0 0.5 1 1.5 2
Period (s)




PSA (cm/s/s)

Poggio Cancelli Dam (PCB 0 km dist.) upstr-downstr

1400

1200

1000

800

600

400

200

"2016237013630.59.PCB.NOR.asc.AO5——
"2016237023328.82.PCB.NOR.asc.A05——
"2016300191807.82.PCB.NOR.asc.A05"

"2016304064018.29.PCB.NOR.asc.A05"

"2017018092536.43.PCB.NOR.asc.A05——
"2017018101405.93.PCB.NOR.asc.A05—— -
"2017018102520.01.PCB.NOR.asc.AO5——
"2017018133333.41.PCB.NOR.asc.A05*——

- 7\\
%
1.5 2

Period (s



PSA (cm/s/s)

2500

Poggio Cancelli Dam (PCB 0 km dist.) abut-abut

2000

1500

1000

500

"2016237013630.59.PCB.PAR.asc.A05——
"2016237023328.82.PCB.PAR.asc.AO5——
[ 1] Fll

"2016300191807.82.PCB.PAR.asc.A05"
"2016304064018.29.PCB.PAR.asc.A05"
"2017018092536.43.PCB.PAR.asc.AO5———
"2017018101405.93.PCB.PAR.asc.AO5——
"2017018102520.01.PCB.PAR.asc.AO5——
"2017018133333.41.PCB.PAR.asc.A05——

1 1.5
Period (s)




PSA (cm/s/s)

Sella Pedicate Dam (SPD 0 km dist.) upstr-downstr

500 | |
"2016237013631.47.SPD.NOR.asc.A05——
450 |- ﬂ "2016237023329.70.SPD.NOR.asc.A05——
1] I:"
"2016300191808.70.SPD.NOR.asc.A05"
400 | "2016304064019.16.SPD.NOR.asc.A05"
v "2017018092536.91.SPD.NOR.asc.A05*——
350 |- "2017018101406.15.SPD.NOR.asc.A05*——
H "2017018133333.12.SPD.NOR.asc.AQ5——
300 | \/
250 |
200 | JJ ‘ \/ | \\/
150 |
f
100 |
—
PSS —
0) ' | :
0 0.5 1 15

Period (s)




PSA (cm/s/s)

Sella Pedicate Dam (SPD 0 km dist.) abut-abut

700 | |
"2016237013631.47.SPD.PAR.asc.AQ5:—
"2016237023329.70.SPD.PAR.asc.AQ5:—
"016300171038.47-SPD.PAR.asc.A05"

600 "2016300191808.70.SPD.PAR.asc.A05"
"2016304064019.16.SPD.PAR.asc.A05"
"2017018092536.91.SPD.PAR.asc. A0S ——

500 |- "2017018101406.15.SPD.PAR.asc.AQ5——

400

300

200

100

"2017018133333.12.SPD.PAR.asc.AQ5——

Period (s)
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