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PROTEZIONE SUPERFICIALE DEI PENDII mediante TECNICHE DI INERBIMENTO

prevenzione dall’erosione
¢ stabilizzazione di coltri superficiali di versanti

Erosione

progressiva rimozione dalla superficie del suolo di strati di terreno, attraverso il distacco ed il trasporto di singole
particelle, ad opera di vari agenti fisici (acqua, vento, ghiaccio, neve)

Frane
movimento verso valle di porzioni di terreno di varia forma e con diversi cinematismi

In entrambi i casi, nel nostro clima e sul nostro territorio: ruolo fondamentale dell’acqua.
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Assorbimento di parte dell’energia cinetica dell’acqua battente e
ruscellamento al di sopra della coltre vegetale

Orvieto (TR) — Versante «sigillato» dalla coltre vegetale
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qualche definizione...

VEGETAZIONE:

assembly of plants (herbaceous or tree plants),
irrespective of their botanical species, incorporating both the above-ground portion and the embedded roots.

In questo contesto, trattiamo prevalentemente
“fibrous and small sized” roots with tension dominant mechanisms.

ROOTS TRAITS (FROM STOKES ET AL., 2009 - PLANT SOIL):

A trait is defined as a distinct, quantitative property of organisms,

aring
ateral tensioning [
Lateral compression before failure &

: Lateral compression after failure

usually measured at the individual level and used comparatively across species.
A functional trait is one that strongly influences organismal performance (McGill et al. 2006). <!
Plant quantitative traits are extremely important for understanding the local ecology of any site. Figue 1. Actiaton ofroo reiforcement i tension cracktop nse) and i comresson zone fbottom nset during

shallow landslide initiation. Left side image shows the representative soil volume elements under different stress
configurations at different locations in the landslide

NATURE BASED SOLUTIONS (NBS): SCHWARZETAL., 2013

characterized by the use of natural materials, usually live material often combined with dead or inert material,
and are based on design choices and technical solutions to preserve the territory, environment, and landscape.

Case
Case
Case
Case
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SOIL (GROUND) MECHANICAL REINFORCEMENT
traditionally since the ’70s
geotechnics on the soil reinforcement provided by roots...

Definition of the main factors which mutually affect soil properties and root growth and architecture, at different
scale of investigation, through innovative exp. techniques and equipment

How to properly measure soil reinforcement (proper evaluation, increased soil strength overestimated ?)
How to predict soil reinforcement (different models/approaches)

Find a compromise (?) between modelling of complex phenomena and current practice for risk reduction

Seismic conditions: is it still possible and how to account for the mechanical effects of roots ?
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PHENOMENA AND COUPLED PROCESSES UNDERLYING SVA INTERACTION
advanced, late ’90s, birth of work of geotechnics on SVA interaction...
in the last 20-25 years

plant transpiration and soil water uptake — vegetation cycles
soil water retention properties - drying/wetting cycles

soil hydraulic conductivity and volume change upon shearing (unsaturated rooted soils)

local geomorphological factors and initial hydraulic conditions
climate change impact
predisposing factors and effects of phenomena and processes on slope stability assessment (primarily)

=
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SHORT TERM GOAL: Assessment of SVA INTERACTION

® Proper understanding of mechanisms/processes involving all the “environmental compartments”
and their mutual interaction,

® Investigation of SVA interaction through experimental, analytical and numerical studies.

¢ Wwind;

i SR solar radiation;

i Rrainfall rate;

T, atmospheric temperature;
i RH relative humidity;

E evaporation rate;

. Ttranspiration rate;

i Llleaf interception;

H | R,y runoff;

: Infinfiltration rate.

THM
boundary
conditions

THM
boundary

THM soil
conditions | } properties o
/

ECSMGE 24

(Stasietal, 2024)  (Ngetal 2016) 7 ONSOILMECHANICS AND.

—_— GEOTECHNICAL ENGINEERING

COTECCHIA, CECCONI, TAGARELLI
25 AUGUST 2024, ECSMGE24, WORKSHOP TC106

THM boundary conditions (Tagarelli & Cotecchia, submitted)
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LONG TERM GOAL: Design of NBS - Support to the planning of earth use A3 ESMCE 24

ON SOIL MECH,
—_— GEOTECHNICAL ENGINEERING

Key activities for disaster risk reduction: COTECCHIA, CECCONI, TAGARELLI
25 AUGUST 2024, ECSMGE24, WORKSHOP TC106

® structural + non-structural measures into natural resources management approaches (NBS),
through strategies for the reduction of disaster risk and adaptation to climate change (e.g.: UNISDR,

2015)

(geotechnical) systems’resilience t for natural hazard risk reduction @
)

@)
)

United Nations

Sendai Framework
for Disaster Risk Reduction
2015 -2030

® Supportto the planning of land use.
Reducing deforestation and soil consumption represent critical issues to meet the 2030 global goals.
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a _ , Deformed root
| -

interazione terreno/radice: radice singola

radice 7 Shear zone
deformata . . . .
P incremento di resistenza al taglio: |
\1 } LN VTN VNN
i At, =t (cos0-tan @ +sin 0)
{ fr-[ r r
| Tx
_____ s . . . [ntact root
T V/a _ t.: resistenza a trazione radice [kPa] ’
z Tr zona_ di Deformed root
taglio b
l Tr
‘—r-"F""T TR TN YT FTRSTINY
Wt
il
i}
™ radice
intatta GRAY E LEISER, 1982
Intact root
FAN and SU, 2009
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radice
deformata . . . .
’ incremento di resistenza al taglio:
RN
i
f — . 1
(e At, =t (cos0-tan @ +sin 0)
{
T V/a _ t.: resistenza a trazione radice [kPa]
2 T zona di
r y
taglio
l Tr
‘—r-".'""T TR 7T TR
i<
il
i}
GRAY E LEISER, 1989

...dalla radice singola all’apparato radicale:

A(z
In generale, incremento di resistenza al taglio (RR): ‘ At, (Z)= k-t - ’A( / =k-t_

IS

* [ fattore empirico (=1.0 +1.2)
* RAR = A,(z)/A4,, : rapporto di area radicata ()

* t,:sforzo ditrazione (medio) mobilitato nella radice (¢,,, <t,)
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Il profilo RAR tipicamente diminuisce con la profondita (z)

REFS. (solo alcuni):

ABE & ZIEMER, 1991;
FEDDES ET AL., 2001;
OSMAN & BARAKBAH, 2006;
ZUO ETAL., 2004]

impianti radicali
profondi
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modello geometrico: sistema radicale “fascicolato”

r
0,
e RAR % y . RAR g/;)
0 005 010 015 020 025 030 0 : : -
0 T T h 0.0 T T / .ﬁ—H
7/
il numero di 0-25 g
radici n(z,d) B 7
) | /
variacon z 0-50 ' 4
!: e con il diametro 05 i NRARM ,[9]
h . — b)=e I—
HH della radice ,
i r with ¢=0.6m, f=1.3
i 1.00 @
—— — $ 1 -
r n
:'_, (J:_E 125 Eragrass
e BN Run
N Ay 1-50 A #1 [Preti et al., 2010]
l' B - . #2 _Z [
; ] o RAR(z)=RAR,, e "
! (]
A 175 = #3 with RAR,, =0.2%, b=1.5m
o ¥ . #4
k= R —i 2-00 * #5
\ 4 v #6
y4 2:25 X #7
_ 2 2:50
A(z)=mn-(ztanB+r) zm

mn “funzione random” genera il numero di radici n (z,d,)
Ar (Z) - Z n(Z’ di)' a, ; per ogni strato e diametro della radice CECCONIETAL., 2013, 2015
i=1 m classi di diametro, n variabile con z (n =10 - 40)
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osservazioniin sito NECESSARIE

Root area ratio, RAR: %
after two weeks

(a)
from CAPOBIANCO, 2023

S.no. Species RAR profile Root type  Root property Potential application
1 L. leuco- VHtype  More root concentration  Reinforcement and
cephala, P. at the top and decreases  erosion reduction
cerasoides gradually along the potential
depth
2 B. variegata, ' V type Root concentration uni-  Reinforcement for a
P. granatum, form along the depth, mass movement
S. mukorossi indicating seldom
branching
% BRE5-G10-05 ‘ 3 % —F— oros. WAL and UDAY, 2022
BRID-G5-A5 BROO-G5-A5
BRB5-G10-A5 BRBS G10-A5
%?001 0‘61 011 :ll 10 0.001 0. 01

Root area ratlo RAR: %
after four weeks
(b)

) 700
600

500

4()0A
300 1
L 4

200 1

100

4

0 10 20 30 40 50 60

Depth (cm)

# Spanish broom G
M Spanish broom M

A Spanish broom Spedaletto
4 Spanish broom Gabbiola

PRETIETAL., 2010
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UNIVERSITA DEGLI STUDI
DI CASSINO E DEL
LAZIO MERIDIONALE

"R

l9rg >

ROOT REINFORCEMENT (RR) : scala di osservazione e comprensione dei meccanismi

Rhizosphere

Soil block

porzione di terreno Root hair — o
che circonda le radici
delle piante da cui
assorbono i nutrienti ‘ f
essenziali + acqua Root —
(comprende \ f
microorganismi, batteri

benefici e patogeni,
funghi)

Bulk soil — . -

Individual plant,

Scale: Rhizosphere Individual root Root bundle population or Slope
community
Unit for size: pum to mm mm to cm cm cmtom m to km SCA LA ! ! !
| %
Root feature = Shear resistance along * Root morphology Root reinforcement value * Root system architecture * Spatiotemporal pattern

related to root
reinforcement
in question:

the root—soil interface

* Effect of root hairs
» Effect of mycorrhizal

fungi

Effect of root exudation

-

(diameter, length,
tortuosity etc.)

Root mechanical traits
Root failure mode
Root—soil friction

Root diameter spectrum
Root orientation

Root spacing

Root failure order

Load sharing among roots
Root system architecture

* Root demography

* Spatiotemporal pattern
of root reinforcement

of root reinforcement

* Slope stability and

roots’ contribution

MAOQ, 2022
[Plant Soil]
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Overview of roots’ features for geotechnical purposes (terminology)

Roots features commonly Acronyms Description

evaluated in geotechnical studies

BRANCHING POINT DISTANCE BPD average distance between two branches on a root

LEAF AREA INDEX LAI sum of the upper-side leaves’ areas per unit soil surface

ROOT AREA/VOLUME RATIO/ROOT VOLUME RVR - RVD sum of root’s section areas/volumes per unit soil section/bulk
DENSITY volume

ROOT ORIENTATION RO root inclination angle

ROOT LENGTH DENSITY RLD sum of root lengths per unit soil bulk volume

ROOT DECAY RATIO RDR volumetric percentage of root decayed, with respect to the whole

3§ 33

root architecture’s volume

ROOT/SHOOT BIOMASS RB dry/wet root or shoot (above-ground plant) mass. sometimes

normalised per unit bulk volume of soil

BASAL DIAMETER BD tree diameter at 1.3 m above the ground surface
PLANT SPACING PS distance between plant individuals
SEEDING DENSITY SD seed mass per unit soil surface

STOKES ET AL. (2009)
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§ - DICASSINO E DEL
T, t.\ : LAZIO MERIDIONALE
1

Scaletta

Introduzione

Posizione del problema

Un po’ di storia...

Modelli - RR

Esempi di calcolo: coltri superficiali
Evidenza sperimentale

Interazione SVA

Condizioni sismiche: cenni

A.D. 1308

uni Manuela Cecconi IL CONTRIBUTO DELLA VEGETAZIONE NEL RINFORZO MECCANICO DI COLTRI SUPERFICIALI DI VERSANTE
pg IARG 2024 - SCUOLA DI DOTTORATO GNIG - Gaeta, 03/09/2024



INCONTRO ANNUALE DEI RICERCATORI DI GEOTECNICA

, Cam 0 Domswoeoer )
Iar AU L DasweRooua UNIVERSITA DEGLI STUDI DI CASSINO E DEL LAZIO MERIDIONALE
] ) S GAETA, 4-6 SETTEMBRE 2024
radice singola [t wwmwa _[

PP Is a correction factor _-__N© |2‘ SWWM-Wu

k") considered?
(k%) : Yes l |3. SWWM-Wu-Preti

No | Root orientation
Is a continuous / factor (k) = ? L
sl m e (k=10] (4. Revised SWWM-Wu
SCALA ROTTU RA r;;?;::r:m:;.:;;t - et - [ |5 =
«SIMULTANEA>» stress delivery s ' :

ATINVHA WMM

explicitly considered ? Yes 6 wwvroraidron |
------------------------------ [-————————--___________________________________________L’__“!_]__I_.'»Tgrln_rtio._sit_\f__@i_____________________ '?.RevisedWWM-WaIdmnl
. @ Is root slippage /" onsidered ? Yes i&. ren | ------
a p pa ratO ra d | Ca I.e (o, By 700t ) Is root intra- considered ? P

diameter variation 0 19‘ AFBM

displacement X
considered ?
l Yes |

jm. RBMw

How the energy

R OTTU R A Is root faliure Energy/work | is shared ¢ [12. FEM-WDia

driven by load among roots?

«PROGRESSIVA» "™ , il [13. Fomws

|

!

|

|

In which form the l
| Specific load is shared Evenly shared | IM. FBM-N I
l

|

|

!

|

I |s

ATINVH WG4

among roots? How the for
Based [ rensteor ) s shared ([ Proportonal © [15. FBMm-DIa
Is the load ;‘_5“;‘1 on Lpullout strength J A mone ocreT romdufmwmr
) sharing law .| . | n‘:'Elc‘;m;?f;l [ Proportional to | I"E' FEM-S
es I genefiC or metric? . root ared
specific ? | Tenslle stress | |l?. FBM-Waldron
Is root intra- o 5
| Generic diamctc:\.rarimion @ |!B FEMe
‘ considered ? Yes llQ. FBMcw
(adattato da MAO, 2022.
Nota: refs. indicati per i diversi models)
S Manuela Cecconi IL CONTRIBUTO DELLA VEGETAZIONE NEL RINFORZO MECCANICO DI COLTRI SUPERFICIALI DI VERSANTE
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RR: ROOT REINFORCEMENT models REFS. (solo alcuni...)

(MAO, 2022)
WU, 1976;
L WALDRON, 1977;
Modelli - WWM FAMILY WU ET AL., 1979
GRAY & LEISER, 1989;
Scala: GRAY & SOTIR, 1996;

WANG & LEE, 1998;

POLLEN ET AL., 2004

POLLEN & SIMON, 2005

Ql & HU, 2006;

Apparato radicale SCHWARTZ ET AL., 2010, 2013;

WU, 2013;

CAZZUFFI, CARDILE, GIOFFRE, 2014;
CECCONIETAL., 2014

DIAS, PIRONE, URCIUOLI, 2017

Singola radice

Nel secondo caso, rottura «simultanea» delle radici

In tutti i casi, RR € rappresentato dall’incremento di resistenza a taglio At JIET AL.,2020

(se MC failure criterion =) incremento di coesione) MELER, 2021
. F;a Manuela Cecconi IL CONTRIBUTO DELLA VEGETAZIONE NEL RINFORZO MECCANICO DI COLTRI SUPERFICIALI DI VERSANTE
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PO LB estRste
a e

Risultati di prove di taglio diretto su provini ciclindrici (diam: 200mm)

+ Only soil
454 Elygrass
B Eragrass
A Pangrass
Vetiver

CAZZUFFI and CRIPPA, 2005

Shear stress t [kPa|

Normal stress o, [kPa)

CAZZUFFIETAL., 2014

A.D. 1308 we——
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M) RRAE DI CASSINO E DEL
1] Voo ih LAZIO MERIDIONALE

RR: ROOT REINFORCEMENT models REFS. (salo soun

(MAO, 2022)
WU, 1976;
L WALDRON, 1977;
Modelli FBM - Fiber Bundle Models FAMILY WU ET AL., 1979
GRAY & LEISER, 1989;
Scala: GRAY & SOTIR, 1996;

WANG & LEE, 1998;
| _ POLLEN ET AL., 2004
Apparato radicale POLLEN & SIMON, 2005
QI & HU, 2006;
Algoritmi FBM SCHWARTZETAL., 2010, 2013;
WU, 2013;
CAZZUFFI, CARDILE, GIOFFRE, 2014;
CECCONIETAL., 2014
DIAS, PIRONE, URCIUOLI, 2017
JIET AL.,2020

MELER, 2021

RR & ancora rappresentato da incremento di coesione

A.D. 1308
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00 |0, st
2 =

Modelli FBM - Fiber Bundle Models FAMILY

o

Is root tortuosity
Is root slippage / considered ?
Is root intra- / considered 7\,
Mo, by root | . . -.
. diameter variation

considered ¢

{ Evenlyshared

.
U E.F
&

How the energy /

_ raportional to

I :‘ 1..
R (o)
| 10 d

In which form the \
load is shared
among roots?

Is root faliure \ |
driven by load )|
sharing? \

[ Allow progressive
failure

Specific Evenly shared

—_—  How the force /
N . __.-" rnpumuna to
Is the load | Based on f s shaned A\ m l
' which root aMONg roots? \ e
haring law | : 4 P
® ; 1 mechanical
genericor | . / ——[ootares
| Is root intra-
- diameter variation <
considered ? Yes
(MAO, 2022)
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28 RRAE DI CASSINO E DEL
( | Voo ih LAZIO MERIDIONALE

Basic prinCIple Of a Standard FBM: Wu/Waldon (WWM) Fibre bundle model 1 Fibre bundle model 2

What is the most
accurate value of this
reduction coefficient?

The maximum load withstood by the bundle of fibers is lower than the sum of
each of their individual strengths (rottura non simultanea)

Simple rules:
- aninitial load is added to the bundle, containing a number, n, of parallel fibers.

Root reinforcement

- Although at first the load is distributed equally between the n fibers,
once the load is increased sufficiently for a fiber to break,

the load that was carried by the fiber is redistributed to the remaining intact roots, each of Reinforcement;y,
which then bears a larger amount of the load than before.

Strain

Reinforcement,,

MELER, 2021

- If this redistribution of load causes any further roots to break, Nota:
further redistribution of load occurs and so on until no more breakages occur. . . . . ..
ipotesi: relazioni empiriche tra
- Another increment of load is then added to the system, and the process is repeated until

either all of the fibers have been broken power law fUﬂCtiOﬂ

The simplest of FBM models assume that the load from the broken fibers is tensile strength M root diameter
distributed evenly between the remaining intact fibers, elasticity modulus
according to their diameters. POLLEN AND SIMON, 2021

A.D. 1308 we——
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AN

80 : SO E‘i’érgﬂggglgﬂhl.f
.Y

o |

Risultati sperimentali di prove a trazione su specie erbacee

tensile strength vs. root diameter
[CAZZUFFI E TIRONI, 2003; CAZZUFFI E CRIPPA, 2005; BONFANTI E BISCHETTI, 2009; BISCHETTI ET

tr [MPa] 200 T L] T T T T T T l T ' T
AL, 2003; BISCHETTI, 2003] B
180 Vetiver
—— FEragrass
160 ® Elygrass
- \ —¢— Variant 1
140 m —k— Variant 2
5 \.\ —HB— Variant6
120 K . —&— Variant 7
- \ '\ —+— Variant 13
100 i —@— Variant19
5 ‘\Vw \ —#— Variant 22
80 .' A\ —@— Variant 23
- \ \k & —&— Variant9
60 \ N —@— Variant 12
40 e
I S, Ki‘lﬂ»ﬁ:--—
|k ’\«_\‘ - .
20 et ] — ";;El—. ——
| T"-I-f B g e |
O 1 1 1 1 1 1 1 1 [ 1 »
0 0.2 04 0.6 0.8 1 1.2 1.4 1.6 1.8 2
GIADROSSICH ETAL., 2017 d{mm]
»20 ool Diameter (mm)

t, = f(diametro) = a-d™? [MPa]

coefficienti a, b funzione della specie

4 .
BOLDRIN, 2023
(after SIMON, COLLISON 2002)
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E)ﬂ -l - DICASSINO E DEL
* s i & LAZIO MERIDIONALE
L b ra Al
o\

Scaletta

Introduzione

Posizione del problema

Un po’ di storia...

Modelli - RR

Esempi di calcolo: coltri superficiali
Evidenza sperimentale

Interazione SVA

Condizioni sismiche: cenni

A.D. 1308

uni Manuela Cecconi IL CONTRIBUTO DELLA VEGETAZIONE NEL RINFORZO MECCANICO DI COLTRI SUPERFICIALI DI VERSANTE
pg IARG 2024 - SCUOLA DI DOTTORATO GNIG - Gaeta, 03/09/2024



INCONTRO ANNUALE DEI RICERCATORI DI GEOTECNICA
UNIVERSITA DEGLI STUDI DI CASSINO E DEL LAZIO MERIDIONALE
GAETA, 4-6 SETTEMBRE 2024

UNIVERSITA DEGLI STUDI

A DI CASSINO E DEL
's N LAZIO MERIDIONALE

schema molto semplice di pendio indefinito SF (z) , pera=30°¢=30°
Ar, [MPe] 0o 1 2 3 6 8
0 002 004 006 008 01 ! 4 5 7
" 0.0 ] 1 L} ] L} ] L} L) H
00 1 1 T T ﬂ
_ A
A ° ——F
i A . ® | _m
- P
_& .J’
05 2 05 LA
r's i —
L ‘;A L A7
10 5 1.0
&
tand’ c+AT (z
fano. Yz -coso.- SInQ 15 15 Con vegetazione —
— — —&——— FSrc=0
[
20 Senza vegetazione
20 o) FS_c=5 [kPa]
———B — —- FS_c=10[kPg]
— — —f — —  F5.¢=0
25 b)
Z[m] v T ]
25
Z[m]
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00 |0, st

Schema (molto semplice) di pendio indefinito: effetto specie veg.

profilo RAR (z) FS (2)
At,
0 0.05 01 0.15 0.2 0.25 0 0.04 0.08 012 0.0 0 1 2 3 4 5 6 7 8
0.0 T 1 o O 0.0 T O @ E
..Q;"—l— “mfE a vy s owml
D a A 0 a =
xS | e a s .«:ﬂ a | m
..U A A 0 h
0.5 —o m 05 I o 0.5
ox _ mla deo _ @
=3 o8 | —| =
: -F[ d:.
> m Cam
(I)’ , ( ) 1.0 : 10 &F 1.0
, tan c ~‘-A‘t_ z )
SF(z)= + L i ‘:;.
fano.  yz-coso.- SIno p
1.5 15 —aw 1.5
4 Eragrass :i. a Eragrass Eragrass

— —« — - Variante 1 i * Variante 1 Variante 1
— —@ — - Varante 6 e — —am— - Variante 8 - Variante 6
20 o Variante 10 2.0 (oo ° Variante 10 2.0 : Var:uante 10
— —+ — - Varante 11 — —¢ — - Variante 11 - Variante 11

25 25 25\

Z [m] Z[m] Z[m]
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) [- Pt DI CASSINO E DEL
1] AN LAZIO MERIDIONALE

pendio indefinito: effetto specie veg.

FS (2): ¢’ =0, ¢’ = 30°

FSua 100 ¢
9.0
8.0
- =
70 //
i / /
6.0 L/ pd
- rd -]
5.0 T." [3 / )/ &
i / id / &
4.0 4
i z %{9}‘/ ) & Eragrass
' ai a0
SF(z)=1ame c'pAT,(2) TV 2 & Variante 1
tano.  yz-coso.-Sino 2.0 N B Variante 6 [
a © Variante 10
1 i ¢ Variante 11 | |
0.0 1 1 1 L 1 |
0 0.01 0.02 003 0.04 0.05 0.06
AIA, %

FS vs. RAR per diverse specie erbacee (z> 0.5m)
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s gty

Schema di cuneo piano_contributo apparato radicale

FS
(0 At.(z)=1.2-t -RAR(z) 0
H tang cA+[At,A'+A4") 05
S = + :
tan W sina
1
E
15
scivolamento piano:
H=10m,
. cosy o Zp v =20 kN/m?3 )
A= Zp sin(y—a) A7 = sina ¢ =25° a=26°
sinyicosa t. .= 1MPa
A/ + AII =7, — l/) : ) 2.5
sin(y — a) sina

BIONDI and CECCONI (2024, in preparation)
Manuela Cecconi
unipg
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oy | GAETA, 4-6 SETTEMBRE 2024

Scuola di Dottorato GNIG in Ingegneria Geotecnica 2024

Consolidamento dei terreni e delle rocce
2 - 4 settembre 2024

Il contributo della vegetazione nel rinforzo meccanico di coltri superficiali di
versante

Manuela Cecconi

A.D. 1308 ==

Dipartimento di Ingegneria, Universita di Perugia unli p
manuela.cecconi@unipg.it ety
DIPARTIMENTO DI ECCELLENZA
MUR 2023/2027
PARTE_2
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Scaletta

Introduzione

Posizione del problema

Un po’ di storia...

Modelli - RR

Esempi di calcolo: coltri superficiali
Evidenza sperimentale
Interazione SVA

Condizioni sismiche: cenni
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LAB. TESTING: roots/rooted sof

large direct shear equipment
(300x300x1 80 mmﬂ)

tensiometer

[} direct tensile test equipment { o and
(2x ® 100 mm h 40 mm) | ) : psychrometer

,Morutoring
s artital i T

"\\ "“5 %utg_de,-.j-':-

Weather
“rmonitoring s
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M) (-" R DI CASSINO E DEL
1] S~ & LAZIO MERIDIONALE
R f’?{

(‘:)l e Pl

a 10 kPa (o 30 kPa e 50 kPa
Prove TXCD @ g . ©) 10 - ©)200 -
80 4 ======B01:(1.001; 0.00) 180 1 NI PR
FORESTAETAL., 2020 = =—vB5;(1.069;012) | __ 120 1 —_— =160 { J=~~
F 104 - =vce(1197,027)| © 4 & Sm.eel
2 gg 4 — —vD5 (1.181;031) | £ 1001 / - = 140 4
= = = 120
4 50 4 ~" g 801 @
& P & S 100
7 40 4 S = % 60 4 3
5 - 5 = 80
=1 30 . / - 2 /] E
2 i : T 40 B sm—B02; (0.905;0.00) -2 60
2 204 2 ====VA5; (1.056; 0.08) | @ 40 a—F03: (0.949; 0.00)
o o [ vEs; (180 0.10) == VA4; (1.030; 0.15)
10 -« = VC5; (1.250; 0.23) 20
: ! — — VD4 (0.996; 0.19) . .
04 : . : 03 . . , o4 . . . Hardening behaviour
0 0.1 0.2 0.3 0 0.1 0.2 0.3 0 0.1 0.2 0.3 . . .
(b) Axial strain, g, (d) Axial strain, g, () Axial strain, €, incremento della resistenza a tagllo
0 0.1 0.2 0.3 0 0.1 0.2 0.3 ] 0.1 0.2 0.3 . . .
0 - - : 0 - - ) 0 1 - - - incremento della rigidezza
0.01 %3 0.01 -
——- k'-_-""-:"" —
“‘r Wi -
£0.02 £0.02 1
8 g
w I w
20.03 ‘ £0.03 1
@ - @
g 0.04 ] B E 0.04
£ —B02; (0.905:0.00) S
BO1; (1.001; 0.00) 0.08 4 [====VvA5; (1.056; 0.08)
0.05 H| e==vBs: (1.069; 0.12) ———=\/B&; (1.186; 0.10) 0.05 1 m— BO3; (0.949; 0.00)
= « = \CE; (1.197; 0.27) - = \/C5; (1.250; 0.23) === \/A4; (1.030; 0.15)
008 4L — = \/DE; (1.181; 0.31) o1 d— - \DE; (1.051; 0.29) 0.08 — = V/D4; (0.996; 0.19)
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5
W

400 X
Prove TXCD ) _ H ® Roots Measured R =0.014
Increment in mechanical ! @ Bare Measured ! 4
parameters H
Failure envelope i R,=0.014
: 300 °
5.0 - (b) ACr . - 41 i P !
¢’ i R =0.018 R?=0.96 ‘4
. - 40 1 v Ve
4.0 39 : E . ¢ a
— 160 5 3.0 1 o ~ P2 20 R, =0.015 - -
o L 38 & 1 o ol 2 A
3‘5140 5:20 i A X : R,=0.016 . . :
o o - 37 H s ® e®
") 0O A I -
g 1.0 A L 36 : 100 ® o R,=00137
= A I <’
? 0.0 & ! . 35 : ‘e R,=0012
5 ABare 0.0 0.1 0.2 0.3 i R,=0.014
2 <o Gr1 RVD (%) I
a OGr2 i »
G 3 Table 3. kDetails of parameters at fajlure stage for vegetated soils :
o I grouped in RVD classes and bare specimens. : 0 50 100 150 200 250
X Gré RVD &) |
. Group a(kPa) M  C,(kPa) &'(°)  Average  SD : (Ps- U,) + S, 48 (kPa)
Bare 0.0 14 0.0 35.2 0 0 1
’ AT G Bono oW ok i i L
Mean effective stress, p' (kPa) Gr3 25 16 13 387 021 0.02 1 soil
Grd 4.1 17 21 40.4 0.28 0.02 1
Note: a, intercept of failure envelope in g-p” plane; M, slope of failure enve- ! m 1,42 1_45
lope in g-p' plane; C,. root cohesion; ¢, integrated friction angle. 0 10 3
FORESTA ET AL., 2020 :
FORESTA ET AL., 2020 ¢ 35.1 35.8
FRACCICAETAL., 2023
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Scaletta

Introduzione

Posizione del problema

Un po’ di storia...

Modelli - RR

Esempi di calcolo: coltri superficiali
Evidenza sperimentale
Interazione SVA

Condizioni sismiche: cenni
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“f:”
VERSITA DEGLI STUDI

m- “ DICASSING £ DEL
' L LAZIOMERIDIONALE
\ 1’@ s .

Multiple interactions between roots and hosting soil

Strucure

Chemicga| Propertjes

Soil-Root
interaction®

SaJlnlea4

State

Hvdro-mechanfcap &

Propertjes (modified from LOADES ET AL., 2010).

/?"éir Hydraulic properties
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S ““BEHE “ ©| DICASSINOE DEL
W /’W‘ /' LAZIO MERIDIONALE

SR | |
B _I,f I \ " SPECIE SPECIE ERBACEE
— 4 ~ ™~ P // ARBOREE COMUNI
£y | R i) -

I| S T ey fflr \-H" ?__-F- .l(/”— D_
.-'-""‘-\. -'"II'\-.“. . I | L__-.:"\-\. -o-"'_'-l e .—_..—"'--. _.-'. _-Rn/z )_
TN N\ AT S C\
S N, B P N .ol
F % : — 'ﬁﬂﬂhuﬁ Snow ¥ A
;o pret / Ny -u20> S
k

\
/ / Snow strorage "\

I [0 | 1 1
radiation less : ;

. M.ﬂ'ﬁxw-_ﬂ"
IﬂEDming solar \ \ \ ﬁ

reflected radiation . § \ < VTV -
equals net 12° g&/ —— _— t ettt
radiation (R,) 01.;.0‘5 o o MR o Phreatic P H,0
n e v P T -
ot & & -7 surface
A e A
pyo™ e et + B
yar x-ﬁii@o * 2
E'q'ﬂ';ﬂ #ﬂ .e-"'i;,,"‘?; x g ?‘E,
: & .-;3#’5@@ I (adattata from TAGARELLI, 2022)
Evaporation ™ > _ -\ — Well
el dﬂj'& I
A Ay o 4
' Ve BLIGHT, 1997
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r;.ﬂ  BE © © DICASSINOE DEL
| © . L LAZIO MERIDIONALE
CU \ PR

24 | 5

. Wwind; Water balance
. SR solar radiation;

R rainfall rate; Inf _— R — (R == ET +LI)
T, atmospheric temperature; off

RH relative humidity;

E evaporation rate;

T transpiration rate; Interazione terreno (non saturo)/radice:
LI leaf interception;
Rogr runoff; Water uptake

Inf infiltration rate. g ) R, )
Modifiche suzione e conducibilita idraulica

Variazione resistenza a taglio terreno radicato
(adattata from COTECCHIA ET AL., 2024)
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Soil retention properties

misure indipendentidiw, s

VegTm  NoVeg 1m

55
50 & o
L ]
45 s
40 P IR
35
— NoVeg
é 30
=
D .
s o o |nSitu_Veg
e o ¢ |nSitu_NoVeg
Veg: 444 Lab_NoVegDrying L dici difi
i . . gedpgs  Lab NoVegWetti
capacita ritentive hd LoV € radici modificano
pill basse 444 Lab_VegWetting le proprieta ritentive
—— Fitting_NoVeg
0 :‘ I | ||||||| I I \|||||| I I \IIIIII | I \IIIIII | | \|||||| | | \|||||| meg_veg delterreno
1 10 100 1000 10000 100000 1000000
Suction [kPa] log axis
TAGARELLI ET AL, 2023
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Soil retention properties

i Soil with roots - dryin
measurements done after 24 hours of suction | ® (R, 0.008, samplenfl 3?

ilibration and 2 hours in darkness (to avoi
b (to auEy Soil with roots - drying

1
1
1
1
1
1
| :
contribution of ?;22(:;%?{;?:;?“0“) n Sealed . Fy (Rv 0010, Sample 6) i
e 10 35 4 Soil with roots - drying !
B ~ | + ry g 1 0 6
~ - * (R, 0.015, sample 17) ! .
| ™ 10" - .A‘ A Bare soil - drying i 0.5
ax :
L ] _ 1
Tensiometer OE“E 100 ‘ 1 RV - VthS..! Vsoil i . 04
= | d 1 L
? | = 0.3
. 4
._% 10 — i 0.2
5 1
@ i
» I 0.1
10 1
i 0
1
102 H 1
| Fraccica, A., Romero Morales, E. E., & Fourcaud, T. (2019). Multi-scale effects on the :
| hydraulic behaviour of a root-permeated and compacted scil. In IS-Glasgow 2019-7th 1
| International Symposium on Deformation Characteristics of Geomaterials (pp. 1-5). 1
104 | EDP Sciences. :
1 .
" (after CUOMO ET AL., 2023)
FRACCICAETAL., 2019
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Soil retention properties
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w etting scanning curves

Merch 2016
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10 100
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—e— RowD {18 m)

0.1 1 'IIIZI 100
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(b) middle vegetation growth

July 2017 \
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- = 1ef BARE \
ey R ow A, {0.3 )

409 —s—RowB{DEm \
——Fow C{1.2m) \
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0.1 1 10 100
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(c) end of the monitoring period

CAPOBIANCO ETAL., 2020
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apro una parentesi: (................

PROGETTO GEST RIVER (UNIPG — CIRIAF + UNITUS + UNISTRA
COLLINA SPERIMENTALE o ' * ) )

«Metodologie integrate per le attivita di manutenzione e gestione delle opere di difesa del territorio™, finanziato dal Ministero
@U N ITUS dellAmbiente e della Tutela del Territorio e del Mare (2018-2021)

COLLINA SPERIMENTALE STRUMENTATA ,

—p— Azienda Agraria Universita della Tuscia, UniTUS - Viterbo
Vol. terreno: 7 x 7 m?, pendenza 17%, altezza max 1.2 m.
® ) Terreno: sabbie argillose con limo

Canalette di raccolta alla base

Simulatori di pioggia (40 — 140 mm/h)

Misure di contenuto d’acqua [Grimaldi et al, 2018; Petroselli A et al., 2019.
Apollonio et al., 2021]

Attivita svolte

* semina di sementi di una miscela di specie erbacee (MC1)

* simulazioni di pioggia (24 h) per diverse configurazioni

di «spessore inerbito»
* misure di portata
* sviluppo dell’apparato radicale e osservazioni in sito

/GEQOTECNICA AGT s
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Specie erbacee MC1

Table 1. Rainfall characteristics during the four tests.

rapporto materiale eroso [kg]/
pioggia cumulata [mm)]

Test rh (mﬂ Rainfall Tvoe  Cumulative Rainfall (" Max Rainfall ) fRainfall Duration)
Mc ! IP Value (mm) Intensity (mm/h) (Wet Period) (h)
_ _ - - 0.08 [from Apollonio et al., 2021]
No.1 0 Artificial 680 170 4 _
Natural 121 426 421 E 0.07 [ Ariificial rainfall
No.2 30 Artificial 3360 140 2 ) | Natural rainfall
]
N . Natural 70 92.2 129 B it
0.3 0 Artificial 4080 170 24 g i
No.4 140 Natural 110 1418 17.5 Ele
’ \ y Artificial 3840 \ 160 ) \_ 24 J E 0.04 _
Collected Data Input [ & 0.03 t
Duration [h] «——  RAINFALL 2 R
Cumulative value [mm] (Natural or Artificial) 'Z 0.02
Intensity [mm/h] 5
E 0.01
Coffg:;flgam o~ m —
2 g 4
4 Soil moisture Test configuration

Qout (runoff) [Is]

Step 1 Step 2 Step 3 Step 4




RAR, porosita ﬁ proprieta di ritenzione

QO air O air o
Wo €o Wie 097
@ water 0.8 -
@ water
) roots A 0-7 1
Vtot 0-6 4
1 L"“;_ 0 5 N
1 Vs 0-4
0-3 4| = Measured (bare)
0-2 - —Fitted (bare)
O Measured (root permeated) lab tests
O-T1| - - predicted (root permeated)
D 1 e | = 1 e | 1 S
eo_RV(1+eo) 0-1 1 10 100
(1) — R 1 1 [da Ng et al, 2016] Suction: kPa
V ) ( + eo) + Tengq_ a2 —H (a)
(2) BN [l + (Lm ) ] m, model parameters
con 3 o _
[Gallipoli, 2003; 2012]
e,. indice dei vuoti del terreno in assenza di radici
R,=V/V..= RAR
N Manuela Cecconi IL CONTRIBUTO DELLA VEGETAZIONE NEL RINFORZO MECCANICO DI COLTRI SUPERFICIALI DI VERSANTE
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Tabella 1 — Caratteristiche fisiche dei terreni in esame

va (KN/m?) Gy €o
Terreno #1: sabbia 16.5 2.67 0.618 I
Terreno #2: limo sabbioso' 18.7 2.764 0.838 08
Terreno #3: limo 16.58 2.72 0.640 I
1 ' < 06
»Terrepo #4: limo argilloso 16.96 57 0.603 =
/sabbioso g
: S B —@— Terreno #1
A —l— Terreno #2
.. . .. 3 0.4 —@— Terreno #3
Tabella 2 — Valor1 di ey, e per 1 terreni in esame Ao Terreno #4
( e f e N e ) I
€ | RAR 0.3% | RAR 3%|| RAR 8% 0.2
Terreno #1 0.618 0.610 0.543 0.433 :
Terreno #2 0.838 0.828 0.742 0.602 0 B S e B
0.001 0.01 0.1 1 10
Terreno #3 0.640 0.632 0.563 0.450 diametro [mm]
Terreno #4 0.603 \ 0.595 \/ 0.529 0 421
—R(1+e) "={> A ) =28 + 30
€= e = — e = -+
R (1+¢,)+1 RAR8%
G‘ F;al p_g Manuela Cecconi IL CONTRIBUTO DELLA VEGETAZIONE NEL RINFORZO MECCANICO DI COLTRI SUPERFICIALI DI VERSANTE
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Risultati

1 1 —
0.9 —
x U.
0.8 ) I
| g‘
3 5 08
o\:. 0.6 N B
2 @
% B —@— Terreno #1 -c% 0.7 —
3 —- Terreno #2 0 -z 44 | loso/sabbi
8 04 ‘ Terreno #3 _6 erreno - IImo argliioso/sabnbloso
N —A— Terreno #4 _8 0.6 — "Bare soil"
© L - Veg., RAR =0.3%
0.2 O 0.5 Veg., RAR = 3%
| ] we Veg., RAR = 8%
O | Ll | I | | I | | I I 0 4 | | | | | | | | 1 | 1 | | 1 |
0.001 0.01 0.1 1 10 01 02 05 1 2 5 10
diametro [mm )
(mm] Suzione [kPa]
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grado di saturazione, Sg

1
0.9 AEV (kPa) AEV [ AEV ( AEV )
' i “Bare soil” RAR 0.3% | RAR 3% || RAR 8%
0.8 3 . Terreno #1 3.0 3.1 32 3.6
] \\ 5 Terreno #2 13.5 13.5 14.3 15.9
#1_no veg. 4~
07 | #1_RAR8% N Terreno #3 5.5 5.5 59 6.6
= v \\ Terreno #4 1.6 6 | 17 JL 19
06 | ——- #3_no veg.
I #3_RAR8% \\ incremento AEV:
——--- #4 no veg.
0.5 | —=.-- #4 RARS%
- \\ =6-7%se RAR=3%
04 A I | L L | L
01 02 05 1 2 5 10 20 50 —18-20% se RAR = 8%
suzione [kPa] (incremento piu significativo per terr. 1)
no effetto porosita iniziale
e chiudo la parentesi: ............ )
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00 |0, st
511 | 2B

In presenza di roots/veg. anche la conducibilita idraulica (sat.) si modifica.
Effetto della crescita/sviluppo delle radici

6.00e-5
6.00e-5
T s 2 5005 - A < CDM
E s0e £ 5 L 2 ol ¢ CWM
= i - : O F-DC
£ e 2 F-GR
% 4.00e-5 ! > 4.00e-5 é : G-DC
S = gﬁﬁ: O GFO
'E 3.00e-5 ; g \gﬁ A L-LC
9 2 3.00e-5 A O A LLP
% 2.008-5 - 8 % s\,
£ L 2.00e-5 o
% 1.00e-5 i ! g
i O O
0.00 ——— S, 1.00e-5 - Control O ¢ O\\
c cdm cwm F_dc F-gr G.dc G.fo L-lc L-Ip I -------------------------- Do-- o\ .......
BOLDRIN ET AL., 2022 0.00
. I 1 T I 1 I T

LEUNG et al., 2022

0 50 100 150 200 250 300 350 400
Specific root length [m/g] 2

Acronyms: C (Fallow soil), Cdm (Dry meadow
community), Cwm (Wet meadow community), F-dc (Forb
- Daucus carota), F-gr (Forb - Geum rivale), G-dc (Grass -
Deschampsia cespitosa), G-fo (Grass - Festuca ovina), L-Ic
(Legume - Lotus corniculatus), L-lp (Legume - Lotus

pedunculatus)
» { . Root length
Specific root length = "Root mass
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Tensile strength [MPa]

tensile strength and stiffness vs. root water content The drop of root water
content (< 0.5 g/g) induce an

abrupt increase of root

140 6000 ]
130 - (a) S0 (b) strength and stiffness
120 10O p— -
. 5 5000 1 ©
100 - = 4500 — '
90 4 ‘@ 4000 - : :
80 | é 3500 The strength increase is the
3 3000 -g result of root shrinkage with
E 2500 - drying
= 2000 {| o
5 1500 - t 110
>‘2 1000 - = 105 | eeg® . F
l 500 T > . T, = ———
0 : : , : : 0 . . : . . 5 91 ....h:.t . T d?
00 05 10 15 20 25 30 00 05 10 15 20 25 30 oo . .rz'\ak‘:. . T\ 7
Root water content [g g™'] Root water content [g g™'] E zz 1 . .."‘-:';\\:2 v .
S 4 . . e .,
| | . TASE
BOLDRIN ETAL., 2018 root drying » root strength increase 2 ] o o on
(] ®
0.0 0.1 0.2 03 0.4 05 0.6 0.7 0.8

Water loss [g g™']
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NN et DI CASSINO E DEL
| A LAZIO MERIDIONALE
et ("{

Analisi numeriche Vadose/W

Soil - physical properties

. . . H 3 3 . il i i =1.
Ese m p To) d i ca |.C 0 lo (a ncora mo ltO sem p l| ce | ) : Saturated volumetric water content 6; (mm?3mm?3) 0-508 Soil-water retention properties, 1n =139
. o (van Genuchten, 1980) o' =12-2kPa
. = Residual volumetric water content 8, (mm¥mm?® 0-120 Saturate raulic 1-1 x 10~
endio : a =30 dual vol ( ) d hydraul
. . . ) — o ) — conductivity ks (m/s)
Sabb.la fine: (I) 30°,¢’=0 Vegetation boundary conditions
specie erbacea: Eragrass Max. root depth Zma (m) 2m Wilting point (kPa) 1500kPa
Average root diameter (mm) 0-66 mm LAl 27
Eragrass Climate boundary conditions
oy oot = 0-66M, 2, ., = 3m Toax °C) 26°C Wind speed (m/s) 36

Tin (°C) 18°C

Table 1. Hydrological soil properties, climate and vegetation boundary conditions

5. kPa s: kPa

0 5 10 15 20 25 30 30
0 > >
k;=10"m/s _
05 -
10 F
Analisi di stabilita 5 Do
L a— 1l
15 | o Risultati:
T Z +AT Z - —a— {3 .
SE(z)= r_wsar(Z) (2) i == (per evento di pioggia
YZ - cos oL - seno i —o— (B @ t =2+ 4giorni)
L / —=— 115
E:
2

2:0
/\F o
SF (Z) = 1-[- SF(Z)SEZ) tan¢ + ¢ ‘AT,,(Z' 25 ’ 7 9w table 25 - g.w. table
VANAPALLI ET AL., 1996 yzcos'or } tanor  yzcososing . - =
Not-rooted soil - With roots: LAl = 2-7
EN 30 L

(CECCONI ET AL., 2015)
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Analisi numeriche Vadose/W
Esempio di calcolo (ancora molto semplice!):

pendio : o =30°
sabbia fine : $’=30°%c’=0
specie erbacea: Eragrass 7=04m z=18m

SF roots_hydr. + mech.  — - - *

SF, roots_hydr. —g- - P
SF, not-rooted soil 4 - ——
20:
SF T N R e 3 — K — K R N — W — W= K=K

or porzione
; b piu superficiale
6 -
5 F
s —E=2x _e—u—9®

Climate boundary
3 Tconditions

Initial

conditions

80mm

etk ——h——K
- SF@z=18m
5 ...@ @_.

Daily rain

| | | | 1 | | | | L _»

(CECCONIETAL., 2015) 0 2 4 6 8 10 12 14
t: days

effetto mecc.
+idr.

solo effetto idr.

no radici

+ effetto mecc. +idr.

@ solo effetto idr.

no radici

o

0-5

10

15

2:0

~
a0

w
S

SF
0 4 6 8 10, 18 19 20
| 1 1 I 1) I 1 I 1 % | H
- ’& ’ 'S
- ‘_, / _'a’
[ A Y
| f t{
5 A d .-
= L@ -
- i S
» A&f (‘
| aé I
: g}
- 4
- gb
)
I
N - =< - roots_hydr. + mech.
" —@& - roots_hydr.
:‘r:15 days - - Not-rooted
\ &

L]
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E) ﬂ -l - DICASSINO E DEL
" sl & LAZIO MERIDIONALE
bt '-,-."ff't'\.
o | . 5T
(.|

i Wwind; Water balance
: SR solarradiation;

R rainfall rate; —
Tar:':rr:\gsp:aeeric temperature; Inf - R - (ROff + ET +LI)

RH relative humidity;
E evaporation rate;

T transpiration rate; Interazione terreno (non saturo)/radice:
LI leaf interception;
Rogr runoff; Water uptake

Inf infiltration rate. g ) R, )
Modifiche suzione e conducibilita idraulica

Variazione resistenza a taglio terreno radicato
(adattata from COTECCHIA ET AL., 2024)
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::J ﬂ -l - DICASSINO E DEL
| . © "¢ LAZIO MERIDIONALE
cq |

ATMOSPHERIC BOUNDARY LAYER

L S
a e
- t fa n
ECSMGE 24 (i) Folitecnico e H+H s
] = A coupled system Bp)/di Bar LT
= GEOTECHMICAL ENGINEERING - . n i
f uni t AE H p
|
© Wwind; H T
i : ' H e
Hydraulic balance © SR solar radiation; e it
’nf — R — {R + ET +L,) . Rrainfall rate; a
Off . T, atmospheric temperature; o H
. RH relative humidity; t T ’ e
. E evaporation rate;
bl ¢ Ttranspiration rate; a
Energy balance \ Ll leaf interception; SELLERS ETAL. 1986
- © Ry runoff;
G - SR - (H + AET) ;o (J. OF THE ATMOSPHERIC
0 net * Infinfiltration rate. SeIENCES
(Elia etal., 2017) )
Balance equations Nol.ial Physical laws - constitutive properties Bound.ary Bare soil With canopy
variables conditions p ¢ :
*  Darcy'slaw i ) . ' Saturated Unsaturated Saturated  Unsaturated
Mass balance of ¢ Fickslaw { : suface | surface suface |  surface
liqui Pl . Henry's law : . -
iquid Pressures/Fluxes / T T
. Psychrometric law . Air
Meteorological )
. Ideal gas law V-,
. Retention curve factors Water
Mass balance ofgas | P, «  Conductivityfunctions : I r 1y r F
g + __ Diffusion/Dispersion coefficients Foaf R0t a a a a
e Fourier'slaw -
Internal energy T . Heat conductivity Temperatures / Soil ik
balance . Specific and latent heat Fluxes
. Density variation with T ] 1] ‘ rc rc
e  Soil constitutive model and mechanical | Displacements  / (Stasi et al, 2024) (Ng etal, 2016)
Momentum balance | ey Forces (Fraccicaet al., 2022)
F. Cotecchia, M. Cecconi, V. Tagarelli, 25 August 2024, ECSMGE24, Workshop TC106 r rs
5

(Samat & Vaunat, 2078)
(Vaunat et al., 2024)
(Badakhshan et al. 2024)

(Qlivella et al, 1994)
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SVA

interaction

1° LEVEL -

Y

2° LEVEL -

“

ZIN)

VEG)

ROOTS TYPE AND STATE
R.AR

LEAF AREA INDEX
COVER FRACTION

ROOTED/VEGETATED SOILS
---------------------------------- UNSAT ~------eeeeeeee
- M only - M __W_‘E*l_.H <&
Tf Tf
E',G E' G

'f

ROOT TENSILE STRENGTH
LIFE CYCLE
SPATIAL VARIABILITY

SWRC:s = f(9) 1.
E!,G HCF: krel — f(S) as' Cs

(CECCONIET AL. 2024,
SUBMITTED)

(Anselmucci et al.)

Lab. testing on roots - rooted soils

(Cuomo & Moscariello) (Paga t al.

large triaxial equipme
(® 200 mm h 400 mm) S

W¥|(Fraccica etal.)

(Yildiz et al.)

Physical modelling

Field testing and monitoring




UNIVERSITA DEGLI STUDI

00 |0, st
2 =

GAETA, 4-6 SETTEMBRE 2024

INCONTRO ANNUALE DEI RICERCATORI DI GEOTECNICA
UNIVERSITA DEGLI STUDI DI CASSINO E DEL LAZIO MERIDIONALE

4 g s
large oedometer cell large direct shear equipment
(® 150 mm h 70 mm) (300x300x180 mm?)

direct tensile test equipment * | and
(2 x @ 100 mm h 40 mm) psychrometer

(® 92 mm h 220 mm) \

from experimental analysis

tensiometer

ROOTED/VEGETATED SOILS VEG
ROOTS TYPE AND STATE
DRY / SAT wrrmrrmrrermrerereeeeee JNGAT LEAF AREA INDEX

COVER FRACTION

M oni J M= ROOT TENSILE STRENGTH
) only woH LIFE CYCLE
= SPATIAL VARIABILITY
75 T
. i
E'G E'.G

Y
M-H -

Tr  SWRC:s = f(9)
E',G HCF: kg = f(5)

M-H-T-
Ty SWRC:s = f(9)
E'.G HCF:kye = f(S) a,

Lab. testing on roots - rooted soils

Physical modelling

¢

BGTHM assessment of SVA interaction

for any geotechnical system (not only slopes)

evapo-transpiration .
. .«Meteorological
4« variables
‘

Twlter um;l; i

w ~TR~~ . GWT evapo-transpiration
—)I-_-"'.‘l‘“- -l run off
Tt Sea desi i evaporation
Hydraulic and root reinforcement; - esiccation
Imechanical lateral | water uptake due to infiltration cracking
boundary —>| tree transpiration “-5-
conditiens | T Tm=mm=—=—= -]
5 :lodal.outwts ¢ ——3 Hydraulic and
input ingredignts -5 mechanical laterall
¥ T boundary
D (ﬂ conditions

& & & &

Hydraulic and ical bottom ¥

to conceptual modelling ) to numerical modelling

ECSMGE 24
/ XVIIl EUROPEAN CONFERENCE

ON SOIL MECHANICS AND
—— GEOTECHNICAL ENGINEERING

(adattata from COTECCHIAET AL., 2024)
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SHORT TERM GOAL: LONG TERM GOAL:
Assessment of SVA INTERACTION Desigh of NBS - Support to the planning of earth use

) ] Key activities for disaster risk reduction:
® Proper understanding of mechanisms/processes

involving all the “environmental compartments” ® structural + non-structural measures into natural
and their mutual interaction, resources management approaches,
* Investigation of SVA interaction through strategies for the reduction of

disaster risk and adaptation to climate change

through experimental, analytical and numerical studies.
(e.g.: UNISDR, 2015)

(geotechnical) systems’resilience f
for natural hazard risk reduction @

Support to the planning of land use.

Reducing deforestation and soil consumption
represent critical issues to meet the 2030 global
goals.
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 BE © © DICASSINOE DEL
" ~JJ\\.  LAZIOMERIDIONALE

Scaletta

Introduzione

Posizione del problema

Un po’ di storia...

Modelli - RR

Esempi di calcolo: coltri superficiali
Evidenza sperimentale

Interazione SVA

Condizioni sismiche: cenni

A.D. 1308
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R DI CASSINO E DEL
cU % b LAZIO MERIDIONALE

Studio degli effetti sul contenimento di movimenti superficiali

* in atto o riattivati:
— azioni‘aggiuntive’ di natura sismica (aggravio)
— problema pratico: valutazione della sicurezza e prestazione sismica
— Interazione terreno-radici
e indotti:
— sisma - fattore diinnesco

— problema pratico: scelta della specie = prestazione sismica

v’ interazione ‘meccanica’ terreno-radice .... come si modifica ?
v’ effetti ‘idraulici’: variazione w, e S, — comportamento ciclico

Come affrontare il problema ? ....

A.D. 1308
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..r ) B 3 : \ - —
I ar BD 3 IR\ ' LAZIO MERIDIONALE
\ G—)_I L * —l
E[—I | "y, - J"‘

805 | DICASSINOE DEL
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Latitude

Longitude

Longitude
1327 135" 138" 1417

144° 147"

'S
w

apme”

- (b)

2018 M 6.7

Seismic station  Arc valeano

2018 (M, =6.7) Hokkaido Earthquake

Osservazioni post-evento
geometria e dimensioni delle s.d.s
s.d.s a profondita superiore della zona radicata

approfondimento s.d.s

Scar depth

Root depth [ P>
<° RITONGA ET AL., 2021
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T AEE T | U

8 U L f}éfﬂ?ﬁ&.gﬁ‘m
Y

EL_I @ B

Sperimentazione

approccio: modellazione fisica in scala ridotta
problema: riprodurre elementi con proprieta meccaniche (rigidezza, resistenza)
e geometria note delle radici

’

elementi “radice” in ABS (acrylonitrile butadiene styrene) stampante 3D, scala 1:10, ripetibili, ‘rappresentativi
prove in centrifuga: modello di pendio, radici ’'sospese’, deposizione pluviale, input sismico)
risposta:a (t), s (t)

70

1:10 scale
root model !

i
- o
# "\'il I

ok

80

S i
<

e e e
0k

05 2.9 : 1.9 T 14

KNAPPETT & CO-WORKERS: LIANG (2015), LIANG ET AL. (2015, 2017)
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N I""'- it DI CASSINO E DEL
rad B | - o LAZIO MERIDIONALE
N . e 3

Evidenza sperimentale

=

¥0

13 ) =12 13 0 =12

1:10 scale
root model

0L

|
Iil
0L

=10(11)

0l

0
=l
o'l
i e = |

|IEs==

; 267 =5 [ |1 =4
OI = 2 = I: z OI = 2 =1 ®
05 2.9 : 19 12 ’ Time (s) CE 2.9 ’ 19 T4
0 20 40 60 80 100 120 140 160
0 “T:-w\m_ T T T T T T |
| | i | | \ [
I | ! | | | [ I
0.01 - | M | | |
E I | | | - | —
= 002 L [ | | | | | [ [
c [ [ I I | | \ [
o2 003 | [ I | | | | [ [ - 61 o/
= h 0
3 o M
E 004+ l l l ' MM“J
123 L L | | | |
O 005 | Root reinforced(TLO3) | | i i | | i
‘ - - - - Unreinforced(TLO4) | | : | i | |
006 - : ' ' : ! ' ‘ LIANG (2015), LIANG ET AL. (2015, 2017)- modificato
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Attivazione .
. ime (s)
meccanismo 0 2 40 60 80 100 120 140 160
. 0 ~ T T T T T T 1
plastico o i . i
001 | \ ‘ : :
E i w _—
= 002 | Y | : i
5 0.03 \""N"" i i i
g ‘ I '.'\M#,L : : : - 61 (yo
E 004 + MM
o ; !
005 | radicato

______ non radicato

006 t
. = 030 | \ oy H ’
interazione . i radici 'attive
\0,27\ i | | |
. . m ) | I accelerazione critica
g W : o
£ 000 i U . IR R — accelerazione critica
E 60 80 100 120 140 160
% 010 ! !
g | |
© 020 : i i
030 L ! pendio non radicato LIANG (2015), LIANG ET AL. (2015, 2017)
radici non 'attive’ modificato da BIONDI e CECCONI, 2023
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M) SRR DI CASSING E DEL
~ | = LAZIO MERIDIONALE
i ("i

Approccio al problema

| r condizioni statiche (RR, WWF - models)
0, :/ 1 L _ ou

. Y=

” 0z

A . A
At="" -t -(sinB+cos0Otan @)=
A As

S

t-(1+1.3)

condizioni sismiche: ulteriori spostamenti ug, interazione (dinamica),
variazione sforzo di trazione

u,=f(z,t,w, V)

interazione dinamica: tempo, rigidezze relative, livelli def.

Approcci semplificati (LEM):
* approccio pseudo-statico
* metodi agli spostamenti
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MM it DI CASSINO E DEL
r | SN LAZIO MERIDIONALE

PENDIO INDEFINITO

Analisi agli spostamenti (semplificata):
- determinazione accelerazione critica a, (FS=1)
- sceltainput sismico
- integrazione equazione del moto
- spostamenti

,é\ L
<= 01 ]
o | /]
0 | | 1 1 |

cos B-tan @(1—7,)- [l — Au" (1) |- sinB +(¢' + At)/(y-H)
k(1) = (

a (m/s?)
A r ON-_22O0O-_2NWH~OG
I}
D
>
—

N
1

v (m/s)

Flu %ROOTS - +iiy
o

1

. Lk

FS funzione di:

P —————————— PR S e
o
N
1

* azione sismica (orizzontale, verticale) sinf + ®cos B) tan (p'+(cos BT ®sin B) = koot Ake
* variazioniu
e profondita
(c'"+At)/ (v-H) (=7 )= A )=k -si .
FS = — — +lan " cos -1 r“_) (1 A ) (k, -sin P+, -cosp) BIONDI e CECCONI, 2024
smB-cosB-(l—kV)+kh-c0s B s1nB-(l—kv)+kh-cosB

(in preparation)
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st INCONTRO ANNUALE DEI RICERCATORI DI GEOTECNICA ﬂih
Iof E o0 L |

UNIVERSITA DEGLI STUDI DI CASSINO E DEL LAZIO MERIDIONALE e - W --
GAETA, 4-6 SETTEMBRE 2024 ' S

10
- BIONDI ETAL. 2011 Analisi agli spostamenti (semplificata):
I - diversivalori di a, = kg (diversi sistemi terreno-radice)
1= - database diregistrazioni sismiche
- leggi previsionali dello spostamento
01 -
- Effetto degli apparati radicali:
0.01
: At>0 —> Ak.>0 - Ad, . <0
0.001 i -
0.2 na 0.6 0.8
kc/kmax
k. + Ak _ (..
log dmax = Cl . (SS . ST )— C2 0 = » lOg (dmax / dmax,o) o C2 Akc
kmax k

max

A.D. 1308 we—

uni Manuela Cecconi IL CONTRIBUTO DELLA VEGETAZIONE NEL RINFORZO MECCANICO DI COLTRI SUPERFICIALI DI VERSANTE
pg IARG 2024 - SCUOLA DI DOTTORATO GNIG - Gaeta, 03/09/2024



O » I Cuneo piano: in progress!
- Afj ’s ———a——— SFr c=0
AAA ~——@--— SF_c=5 [kPa]
* _ﬂ_ CECCONIET AL. (2013) | >0 I - *_;:j 2?2:;0 [kPa]
Z[mlas | | Z[ml;s : D
Pendio indefinito Eragrass species . . . . .
pyroclastic sand i Riduzione di spostamenti
o d=0.66 mm i
o =30 ] Koy = 0.35
([)’ = 38° , ¢’=0 Z max 3m i lo (d /d ) _ _CZ'Akc
Y =18 kN/m3 At=15kPa (z=2m) | b \mese ! fma) T
u=0 | ax C,=1.442 (Cat. B)
k,=0, Au* =0 : B Clrvox/Troo = 024~ 1/4
FS,=1.35 i
k.,=0.141 ]

C,=1.766 (Cat. C)
B d,./0dy..,=0.18~1/5
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MM Pt DI CASSINO E DEL
| AP LAZIO MERIDIONALE
L\ f"{

Implicazioni pratiche - Eurocodice 7

Progetto delle azioni (2.4.6.1.(9))

Le seguenti caratteristiche, che possono influenzare le pressioni dell’acqua, devono essere considerate:
— effetto favorevole o sfavorevole del drenaggio ....
— variazioni nelle pressioni dell’acqua dovute alla crescita o alla rimozione di vegetazione.

Situazioni di progetto (11.3.(2) P) «Overall stability»

Occorre considerare Ueffetto delle seguenti circostanze, ove appropriato :
— variazioni climatiche, incluse variazioni di temperatura .....
— vegetazione o la sua rimozione”.

Considerazioni progettuali e costruttive (11.4)
| pendii dovrebbero essere “sigillati”, piantumati o protetti artificialmente.

Pendii potenzialmente instabili possono essere stabilizzati per mezzo di gabbioni, ancoraggi, drenaggi, ....., vegetazione, o una
combinazione di questi.

A.D. 1308

uni Manuela Cecconi IL CONTRIBUTO DELLA VEGETAZIONE NEL RINFORZO MECCANICO DI COLTRI SUPERFICIALI DI VERSANTE
pg IARG 2024 - SCUOLA DI DOTTORATO GNIG - Gaeta, 03/09/2024



INCONTRO ANNUALE DEI RICERCATORI DI GEOTECNICA
UNIVERSITA DEGLI STUDI DI CASSINO E DEL LAZIO MERIDIONALE
GAETA, 4-6 SETTEMBRE 2024

UNIVERSITA DEGLI STUDI

00 |, nemesss.
54 A

5

. o SOIL - PLANT - ATMOSPHERE
Webinar on Rooted Soils _RootS24 Q
a SOIL-PLANT-ATMOSPHERE INTERACTION: § H
Mechanisms, Processes and Geotechnical Engineering Implications g o [
The 2 edition of the Int. Workshop on Rooted Soils will be held online - ;':;:ss;l"s
. . . . . . S . . This will be an opportunity to share the latest updates on the active initiatives, NI ATIICAION
G l ova n n ( B l o nd l, u n ( Ve rS lta d l M es S ( n a with the aim to foster a discussion on possible joint activities of interest to the attendees SEOTECHNIC cAnons

Friday 10th May 2024 at 10:00 a.m. (GMT+02:00)

10:00: V. Tagarelli & M. Cecconi: “1 year from RootS23: updates and initiatives”
10:30: V. Capobianco, G. Scaringi & A. Fraccica: “COST action proposal”

10:50: Open discussion

Federica Cotecchia, Vito Tagarelli, Politecnico di Bari

Alessandro Fraccica, ISPRA, Roma

11:30: Chair: F. Cotecchia
Invited lecture: The mechanics of rooted soils: recent advances
Anthony Kwan LEUNG ==

Dept. of Civil and Environmental Engineering - School of Engineering, (:/
Hong Kong University of Science and Technology, HKUST \
¥ Q&A ‘
© 12:45: Final discussion and closing remarks
f Politecnico o
\l & di Bari

unipg

Grazie,
M.

ROOTED SOILS IN PARTIALLY SATURATED CONDITIONS:
SOME INSIGHTS IN THE SVA INTERACTION

Ws9 Federica Cotecchia | Politecnico di Bari
CROSS-LINKING TCs Manuela Cecconi | Universita degli Studi di Perugia|

WITHIN THE CONTEXT OF Vito Tagarelli | Politecnico di Bari
UNSATURATED SOILS
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TC106 | UNSATURATED SOILS
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INCONTRO ANNUALE DEI RICERCATORI DI GEOTECNICA
UNIVERSITA DEGLI STUDI DI CASSINO E DEL LAZIO MERIDIONALE
GAETA, 4-6 SETTEMBRE 2024

RootS23

SOIL-PLANT-ATMOSPHERE INTERACTION:
MECHANISMS, PROCESSES AND GEOTECHNICAL
ENGINEERING IMPLICATIONS

20t - 215t April 2023
Perugia, Department of Engineering, University of Perugia

The topic of the Workshop is broad and TR
mult|d|SC|lenary, spanning seve-ral sc_|ent_|f|c ! Invited Speakers
fields, each contributing to the investigation °

and modeling of specific aspects of the soil £
~and plant under variz
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Dr. Boldrin
.
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Prof. Tarantino

Prof. Jommi
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Dr.-Meijer

Dr. Yildiz

Prof. Schwarz
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Dr. Mao

3 o Dr. Bertolini
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Not only geotechnical scientists,
but researchers from different several
fields:

-Agriculture and agronomy science;
-Ecology science;

-Ecological Engineering;

-Forest Soil Sciences;

-Forestry Hydraulics;

-Geology;

-Soil physics and biophysics;
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