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Key points

= The mountains of Campania (ltaly) are hit by rainfall-
induced landslides on slopes mantled by shallow
pyroclastic deposits laying on limestone bedrock.
= Triggering is due to reduction of suction caused by
the accumulation of infiltrating water within the soil.
= Infiltration and drainage control hydrologic balance
of the cover and timing of pore pressure build-up.
= Two landslide events (December 1999 and December
2019) on deeply studied slopes allow checking the
validity of developed predictive models.
= The two events are compared in terms of:
= antecedent and event rainfall;
= modeling initial conditions and hydrologic
response of slopes to precipitations.
= Hydrological conditions predisposing the slopes to
failure are identified.
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Landslides in
1999 and 2019 ﬁ%

Map of the area hit by
landslides in 1999 and
2019, with indication of
the two studied slopes,
the approximate
locations of the
landslides of the two
events, and the rain
gauges (CP1 and CP2,
Civil Protection Alert
Network; HS, Italian
Hydrologic Service; CS,
monitoring station at
Cervinara slope).
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Study area 300 IT 0

Mediterranean climate. 250 >0
Mean annual precipitation about 1400-1600 mm. 500 100
Annual potential evapotranspiration 650-800 mm. —_ —_
Dense woods, chestnuts and oaks, up to 1000 m 5150 1505
a.s.l., beeches prevail at higher altitude. 100 200

Annual groundwater recharge about 200 mm.

50 1 250

Layered SOII prOﬂIe at Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Ce rvinara, and main phy5|ca| H PET (z=320m) B PET (z=760m)  ® mean monthly rainfall

proeperties of the soils

30-50cm
0-30cm Layer Thickness Yd Porosity | Clay fraction ks ¢’ ¢’
(cm) (kN/m3) (%) (%) (m/s) (kPa) | (°)
Topsoil 30-50 8.3-11.1 59-69 4-16 - - -
Coarse pumices 0-30 11.2 52 0 5x10°-1x10> - -

90 - 140 cry
Ashes 90-140 6.6-8.7 68-75 2-5 1x10%-6x10° 0 38

0-300"\;
» Fine pumices 0-30 12.0 50 0-4 - - -
S Altered ashes 30-60 11.5 55 2-10 8x107-1x10° 11 31

EGUSSEy  EGU General Assembly, Everywhere 7 May 2020 M


mailto:roberto.greco@unina2.it

° Landslides on pyroclastic slopes in Campania (Italy): the events of 1999 and 2019

® Emilia Damiano, Luca Comegna, Roberto Greco, Pasquale Marino, Lucio Olivares, Giovanni Francesco Santonastaso, Luciano Picarelli
Dipartimento di Ingegneria, Universita degli Studi della Campania ‘L. Vanvitelli’, Aversa, Italy — roberto.greco@unicampania.it

The two landslides

Triggering rainfall 300 mm in 48 hours.
Debris avalanche evolved as channelized
debris flow running 2 km in a stream until
hitting the town of Cervinara.

Estimated mobilized volume 30000 m?3.

\ '"‘ ),: , 509%
SAN MARTlNO /
L(,;“VALI.‘E CAUDINA

Trigering rainfall 290 mm in 60 hours.
Debris avalanche evolved as channelized debris
flow running 1 km in a stream until hitting the
town of San Martino Vlle Caudina.

Estimated mobilized volume 10000 m3.
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100

Antecedent and event precipitations ~
Rainfall of 1999 and 2019 recorded by rain gauges < N
operating in the area (HS, talian Hydrographic Service; £ 1 ~_
= / N~
. . . . 2 Sw”
CP1 and CP2, Civil Protection; CS, Cervinara slope s / T S
. . . = // — \.7(\
monitoring station), compared to mean monthly 3 ~ ~
precipitation of 2001-2017. [ —~
§ —December 1999 —December 2019 —Landslide threshold
Period HS CP1 CcP2 cs CP1 # Landslide 1999 # Landslide 2019
1999 | 2019 | 2019 | 2019* | (mean 2001-2017) | T T 11111 T T I1]
January 113.4 [ 260.4 [ 302.0 | 296.1 226 1 10 100
February 103.7 91.2 153.6 127.8 168 Time (hours)
March 188.9 | 618 [ 926 | 796 201 . . .
Aoril 1702 | 918 | 1380 | 1127 7 Trer_1d of the mean ralnffall intensity
May 112.4 | 241.8 | 291.8 | 281.3 87 during the triggering rainstorms of
June 114.3 19.4 20.8 21.9 71 15_16 December 1999 (HS raln
July 63.7 51.4 69.0 49.7 54
August 319 | 186 | 266 | 175 e gauge.) and 19-21 December 2019
September 855 | 36.0 | 49.8 | 543 94 (CS rain gauge).
October 1288 | 492 | 796 | - 124 The red line indicates a previously
November 219.5 | 446.0 | 708.0 - 214 d | d hvsicallv-b d infall
Pre-event | 75.5 | 552 | 90.2 | 56.9 cveloped physically-based rainta
December | Eventrain | 309.2 | 170.2 [ 296.8 | 279.5 intensity-duration  threshold  for
Total 4746 | 279.2 | 501.2 | 3973 193 Cervinara slope (Marino et al., 2020).
Year 1806.9 | 1646.8 [ 24530 - 1602

*Cervinara rain gauge (CS) out of order for 25 days in October and November 2019.
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Simulation of slope response by mathematical modeling

Geom.etri'cal <':haracteristico Cervinara slope San Martino slope Coupled unsaturated
Slqpe |ncI|na_t|on angle, 5 (°) 40 42 and saturated flow
Soil cover thickness, H. (m) 2.0 1.5 ;

Slope length, L (m) 200 200 domains
Epikarst thickness, H, (m) 14.0 14.0 (Greco et al., 2018).

a)

(a) coupled unsaturated and saturated
flow domains;
(b) model of the soil-bedrock interface.

Saturated flow in the perched aquifer in
the epikarst:

oh d ) dh
N, E = g [Keh (SIHIB + g)] +
dp — 4s
Unsaturated flow in the soil cover:

a9y _

05 = 5 k@) (sinp +50)] +
—[k(¢>(cosﬁ+ ) - a)
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Slope stability analysis

The factor of safety is calculated under the hypothesis of infinite slope:

p oo im _ ¢ + yd cos B tan ¢'C x(Y)y, Y ta@
=

!/ .
T yd sin
40 °
// suction stress
<&
30
~
§, <><> /
2 o ) .
£ /)” Experimental data of suction
c < .
g . ¢ stress of Cervinara  ashes
" £” (Olivares et al., 2019), fitted with
© the model of Greco and Gargano
. (2015) and used for the
0 20 40 60 80 100 120 calculation of soil shear strength.

soil suction (kPa)
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Modeling results

14-16 December 1999
Simulated soil moisture profiles

Cervinara _ . San Martino

0 0 :
—14/12/99 6.00 —14/12/19 6.00
—14/12/09 18.00 —14/12/09 18.00
0s | —15/12/09 5.00 —15/12/09 5.00
‘ —15/12/09 16.00 05 —15/12/09 16.00
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E 1 E
N N
1 -
) / /
//
2 —— 1.5 — :
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0[] 0[]
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Modeling results

14-16 December 1999
Simulated safety factor profiles

Cervinara San Martino

0 0
0.25 _:;F______J,n=-;-;=1_—__ —————————
0.25 2 !
0.5 —16/12/09 1.40
0.75 —16/12/09 2.40 0.5 1-—15/12/09 23.40
E 1 —16/12/09 3.40 € 0.75 | —16/12/09 0.40
© —16/12/99 4.40 e —16/12/09 1.40
1.25 : ‘ ! . |—16/12/19 2.40
1.5
1.75 1.25
2 1.5 —r——

EGUSsmoy
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Modeling results

19-21 December 2019
Simulated soil moisture profiles

Cervinara San Martino
0 —19/12/19 10.45 ‘ ' 0 —19/12/19 10.45 N
—20/12/199.00 —20/12/199.00
—21/12/19 2.45 —21/12/19 2.45
0.5 H —21/12/1915.00 —21/12/19 15.00
—21/12/1919.30 0.5 H —21/12/1919.30
E; E
N N
1 /
1.5 _—
2 1.5
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Modeling results

19-21 December 2019
Simulated safety factor profiles

Cervinara San Martino
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Conclusions

- The two events had similar rainfall depth (300 mm),
but 2019 was longer (60 hours vs. 48 hours).

- Before the rainfall event, in 2019 slopes were wetter.
- Only steep and thin soil covers failed in 2019.

- Dry conditions at the base of the soil cover
hampered drainage of infiltrating water in 1999.

- Wet conditions at the base of the soil cover favored
drainage of infiltrating water in 2019.

- The interplay between hydrological processes
determining initial conditions (causes) and rainfall
event characteristics (trigger) led to slope failure.
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We will be available in chat for any question
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