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In situ Shear Tests of Soil Sampleswith Grass Rootsin Alpine Environment
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Abstract: Problem statement: The presence of vegetation increases the soil hustibility along
slopes and reduces soil erosion. Its contributsotiuie to mechanical (reinforcing soil shear rescsta
and hydrologic controls on streambank and supatfiahdslides. This study presented the resultsecar
out from experimentaiin situ test focused to study the increased shear resistainsoil blocks due to
root-reinforcement. A shear apparatus was set ugrder to realize the measurepproach: In this
research the researchers tested the capacityaiofincement ofestuca pratensis, Lolium perenne and
Poa pratensis (Poaceae families), Medicago sativa, Trifolium pratensis and Lotus corniculatus
(Fabaceae families) grass species widespread in the Alpine environni@ggults: In situ shear tests
results revealed that grass roots fail progresgiegeld their tendency were to slip, without failing.
Shear-strengths calculated for root-reinforced soth Fabaceae, yielded values between 19 and
166% higher than directly measured shear-strerigtbsil with no roots. The shear displacement had
an increase included between 493 and 1.900%. Téar ghme was always superior. The clod with
roots, after the trials, were always packed toget@enclusion: These data were lower than those
obtained withPoaceae tests (from 50-318%), but the two grass familiesenvfunctional for a grass
mix useful in technical seeding.
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INTRODUCTION models for soil-root interactions have also been
developef!.

The use of vegetation for preventing and  Much has been investigated and written about root
controlling erosion to stabilize soil has been ficed  growth, phenology and function but very little atien
throughout the worfd. has been given to the aspects of grass roots aonger

This property has been showed through seversgtabilization of slopes. Their contribute is effeetin
literatures studies and research based on backsimal the first 30 cm soil depth after few months froneith
where displacement has been accurately supengsed, seeding.
in situ and in laboratory shear tests of soil blocks with ~ The contribution in shear resistance offered by
roots, on in laboratory root tensile strength &8s Poa pratensis root has been studied by Tobiésin a

The magnitude of these effects depends on rodest site on a hillslope in the Alps (Switzerlangjng a
system development, that itself is influenced bynyna shear box (508600150 mm deep); he measured that a
factors such as the genetic properties of specidshe  slope stability increase respect the rootless\aoiing
site environmental characteristics (soil textured an between-2 and 55%. Lawreneeal ' tested soil with
structure, aeration, moisture, temperature, cormipeti Pennisetum purpureum, Cymbopogon microtheca,
with other plants). Themeda sp., Neyraudia sp, Setaria anceps and

There are two main mechanical effects of rootsimperata sp.used a shear box (2&50x100 mm deep),
The small size flexible roots mobilize their tessil a hand-powered jack, a dial gauge and a compression
strength by soil-root friction increasing the corapd  force transducer; the increase measured respect the
matrix (soil-fiber) strengti’?, whereas the large size rootless soil was included between -48 and 56%.
roots that intersect the shear plane act as inaid Wu and Watsdfl made trials in the Ashley Forest,
anchor§** and can tend to slip through the soil matrixin New Zealand, with various species of 6-8 years
without breaking, mobilizing only a small portiof o planted trees, dominated Winus radiata; they used
their tensile strength®'**®l In additional analytical hydraulic jacks, that acted on steel plates plaoed
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trench 0.5 m deep, a pressure transducer, a rotary Shear resistanceis described by Mohr-Coulomb
potentiometer attached to the tree stump and wegrtic law:
flexible plastic tubes (placed in the block andduas a
simple slope indicator); the measured and caladlater = ¢’ + ¢’ Ctany’ 1)
shearing resistances were about 21.6 kN.

Normaniza and Barakb%h made shear strength Where:

tests with a simple field inspection vane. ¢’ = Effective soil cohesion [kPa]
In view of this, the objective of this study is ¢’ = Effective stress force that is normal to theps
describe the shear apparatus designed and realized [kPa]

purpose and present the obtained results. The @psar ¢’ = Effective angle of shear resistance [°]
was carried out to investigate the strengthenirigcef
of plants on soil shear strength properties. A When the soil is subject to shear strengths, tigere
phenomenon of shallow landslides has been simulate. the mobilization of an adding opposition due to the

This investigation provides values of root sheardevelopment of tensile strength inside of roots ted
resistance of grass species that can been usedtmlc  whole soil has a greater resistance.
soil erosion and to revegetated soil. Among the various approaches, the simplified

models based on theguilibrium-limit of the strengths

Shallow landslides: An hillslope can be perturbed by show a validity confirmed byn situ and laboratory
shallow and or superficial landslide. They can bestudie§”?*l Through their simplicity, these models can
stabilized either by reducing the failure forcesbyr ~ be used both in the evaluation of natural slopbilitta
increasing the resistance ones. Vegetation comgsiio ~ and in the area of works which will use plants cowg
mass stability by increasing soil shear strengthuph ~ This method is based on the hypothesis that theisoo
root reinforcemerf. cylindrical, linearly elastic, perpendicular thrdughe

In particular the shallow landslides are situagion critical slip surface and that the shear resistamgle
where the failure interests a soil depth of ab&6a cm  of the soil is not influenced by the roots (Fig. 2)
and they can be generated by a storm event in few The shear strength of the roots is divided in a
hours, reaching very low speed (until 1-5 km ™)m tangential factor (opposed directly to the sheegss)
low value in comparison with superficial landslide and in a perpendicular factor that increase thenabr
where the soil depth is about 80-100 cm and spee®fress, so Coulomb law becomes:
(until 50 km mmn?)#%27],

The forces acting on hillslopes can be compared = €+ on' [am'+ (Ax/A) LTg Lserd + (Ax/A) [Tr U

thinking the boundary balance of a prismatic and 0¥ Hany’ (2
inflexible element, inside a slope with a indegnit
length (“indefinite slope” Fig. ). Where:

Soil cohesion
Stress normal to the shear area
Angle of internal friction of the soil

The force of gravity acts on this element dividing c ,
itself in a tangential component (shear strengtig) ia  ON
a perpendicular component that creates frictiomait ¢ 4 '
opposite verse to that of shear strength, to whieh (Ar/A) = Relationship of root area

cohesion of soil particles (shear resistance) babet 9 Distortion angle of the root (that is variable)
added. caused by the shear stress

Tensile strength activated by the root (a
passive strength)

—
Byl
1
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Detormed root
sl ~ 0] Fyg
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o

Shear zone

Stable substrate

L——“‘"’E Unbroken root
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Fig. 2: Model of reinforcement with  roots
Fig. 1: The indefinite slop&’ perpendicular to the shear dfea
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Fig. 3: Location map of the study areas: A = Briels®

(Ghiaie), B = Bricherasio (Belvedere), C = Bibiana

The third addend in the Eq. 2 is referred to allyar
activated strength: in fact the matrix should have
swelling contemporary to the shear displacement.

Regarding this modified Coulomb law, it is clear

that the tensile strength of the roots and the rshea

strength of rooted soil are directly related.
According to the W& and Waldroft”! model, the

root reinforcement depends on many factors: Tensile

strength, density and depth of roots that differain
significant way depending on considered speciesllo
environmental characteristics and spatial varigbihif
vegetation properties. In particular, root densityws
an extremely high variability in the space, bothtlie
vertical and in horizontal planes.

Area description: In situ tests were realized in three
pilot sites situated in Italian Alpine environment,
Pellice Valley, in the west of Piedmont (Fig. 3wd
sites are located in the municipality of Bricheoasi
(“Ghiaie” called Site A and “Belvedere”, Site Bp@in
the municipality of Bibiana (Site C). These sitesrev
selected for the shear tests as being representi#tihe
range of soils in the environment and were stubietth
in the main chemical physical, biological parameter
and in mechanical properties (Table 1 and Fig..4-6)

Pellice river runs Pellice valley and is a lefatla
tributary of the Po river. Most of the slopes (arixular
in the lower part) are dominated by till depositsat
consist of Late Pleistocene and Holocene till diépos
detrital sediments, alluvial deposits, landslidesh a
thickness of 10-30 m. Greenstones schist, micatsahd
gneiss are the dominant lithotype outcropping.

In the last twenty years,
precipitation measured in this part of basin isada
1.092,3 mht%l. Precipitation mostly occurs as snowfall
from November to April in the upper part of thelesl
and generally as rainfall in spring and autumnhveit
maximum in May and September.
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Fig. 4: Grain size in Site A (Bricherasio-Ghiaie)
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Fig. 5: Grain size in site B (Bricherasio-Belvedere

Table 1: Site description fon situ shear tests (depth: 0-150 mm)

Site A Site B Site C
Site geographic coor dinates:
Latitude N 44°49' 10" 44°49' 35" 44°47' 50"
Longitude E 7°19' 07" 7°18' 10" 7°16’ 41"
Altitude [m MSL] 357 402 437
Physical characteristics of the site soil (depth: 0-150 mm):
Gravel (%) 24 32 21
Sand (%) 33 42 36
Silt (%) 34 20 43
Clay (%) 9 6 0
USC classification SM SW SM
pH 7,6-subalkaline < 5.5-peracid 5,4-peracid
Plasticity index 91,79-strongly 80,05-strongly 3rery
plastic plastic plastic
Test 1:
Mean moisture 48,88% 31,20% 36,16%

content
Grass species Festuca pratensis Festuca pratensis Festuca pratensis

Loliumperenne  Loliumperenne  Lolium perenne

Poa pratensis Poa pratensis Poa pratensis
Test 2:
Mean moisture 23,06% 28,47%
content
Grass species Medicago sativa Medicago sativa

Trifolium pratensis
Lotus corniculatus

Trifolium pratensis -
Lotus corniculatus

the mean annual

In these siteFestuca pratens's, Lolium perenne and
Poa pratensis; laterMedicago sativa, Trifolium pratensis,

Lotus corniculatus has been seeded. The amount of seeds
has been chosen in according with the agronomic

requirements of each speétsNo fertilizers has been
added. Each site had a total surface of about’50 m
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Fig. 6: Grain size in Site C (Bibiana)
MATERIALSAND METHODS

Two sets ofin situ shear tests were performed (in
not drained conditions): the first one during J@087
with the Poaceae the second one during April 2008
with the Fabaceae (Table 2).

An equipment was created for providing accurate
and reliable information and simulating a shallow

Fig. 7: Shear test apparatus set up for the expaitsn

The sheet frame, closed to the soil with 4 pile
shoes; the shear box push up by the hydraulic
jack; the load cell and the slide-wire
potentiometer

translational failure down to a depth of 100, 26@ a Fig. 8: Particular of the shear test apparatusafshex

300 mm, according the Authors’ will.
A sheet frame was designed and constructed. A[,

and load cell)

able 2: Description of the tested species duirirgitu shear tests

shear box can run along two guide rails and ar

pecies Characteristics

hydraulic jack (driven by a power plant) was seategs

between the box and the frame. The sheet frame is

1200 mm long and 660 mm large; the shear box
measures 30{B00x100 (or 200, 300) mm deep (Fig. 7
and 8). A load cell (located between the axis drel t
hand-powered jack) and a slide-wire potentiometer
were used to quantify the force needed to sheasdhe
sample and its displacement. A steel plate witldgui
rails and the same method of slipping of the siear
was made for measuring the basal and the lateodl ro
resistance. Lubricating oil was put along the guiits
for reducing the friction with the shear box (highe
values of friction; 2% of the strength acquired thg
load cell). All the system was made closed to thié s
with 4 pile shoes, 900 mm long.

F

The shear surface was imposed at a depth of

0,1 m. The speed trials was controlled by the power
plant: In every trial the oil pressure for the hsdlic
jack was carefully increased from 0 bar to a maximu
of 10 bar.

The trials were made eight months after the
seeding: Generally they were 12 trials/specie foatw
concern the measure of basal resistance, 3 tpelsits
for what concern the value of lateral and basal
resistance.

oaceae Festuca pratensis Cold resistant, sensible to dryness and
high temperature, bears inundation for
long period, excellent for cut and for
pasturing, soil ph included between
5,5 and 6,5

Sensible to dryness and high
temperature, sensible to coldness,
bears high moisture in the soil, soil ph
included between 6 and 7

Very slow in the germination, high
resistance except during high
temperature in the summer period,
when it is in the vegetative rest,
demanding of water, soil ph included
between 6 and 7

Bears dryness and high temperature,
cold sensitive only at the beginning of
his growth, sensible to the water
stagnation, not suitable to
unconsolidated soil poor of potassium
and limestone, soil ph included
between 6,5 and 8 (not acid)

Needs wet soil and sunlight, sensible
to dryness and high temperature, more
resistant thaiMedicago Sativa to the
coldness, suitable to superficial soil,
soil ph about 6

Bears wet soil and dryness for long
period, suitable to superficial and clay
soil, optimal soil ph 6,5 (but it resists
until 5)

Lolium perenne

Poa pratensis

abaceae Medicago sativa

Trifoliumpratensis

Lotus corniculatus
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Some trials were considered not correct for eglern the valid tests made with tHeabaceae are shown in
factors (presence of gravel or old roots into thié bad  Table 4. The trials made with thloaceae are used in
function of the data recorder for the air moistuje All association: In Table 3 there are the average data.

Table 3: Average data results acquired in Testiie 2007

Shear Peak shear Shear Root Average increase iverade increase
time strength displacement area peak shear strengn displacement
Site Grass species [sec] [kPa] [mm] [%] due tos o) due to roots [%)]
Site A non rooted 33,5 1,2 10,0
Festuca pratensis 40,0 51 24,9 0,024 325,0 16,4
Festuca pratensis** 56,1 11,7 67,0 875,0 2131
Lolium perenne 86,6 4.4 57,3 0,012 266,7 167,8
Lolium perenne** 77,8 10,5 72,2 775,0 237,4
Site B non rooted 21,8 1,9 25,8
Lolium perenne 22,4 9,4 12,0 0,008 394,7 -53,5
Lolium perenne** 18,7 10,9 15,0 473,7 -41,9
Site C non rooted 20,7 8,2 9,2
Festuca pratensis 80,0 12,3 16,3 0,020 50,0 77,2
Festuca pratensis** 125,7 17,8 49,5 117,1 438,0
Lolium perenne 155,7 20,4 37,8 0,026 148,8 310,9
Lolium perenne** 92,1 20,8 47,3 153,6 414,1

**: Measured basal and lateral resistance

Table 4: Data results acquired in April 2008

Name Shear Peak shear Shear Root Average indneaséverage increase
of the time strength displacement area peak sgteargth  in displacement
area Grass species [sec] [kPa] [mm] [%] due tosr{if due to roots [%)]
Site A Non rooted-average 3,2 7,8 11
Medicago sativa 54 11,3 42,2 0,07 19,2 1.688,9
6,0 14,3 31,0
7.4 10,5 50,0
4,0 5,6 324
6,8 12,2 35,8
3,2 4,2 24,5
3,6 7,2 22,1
54 11,0 24,1
8,4 8,0 48,6
3,6 8,6 11,7
Average 54 9,3 32,2
Medicago sativa** 8,4 17,1 18,7 84,6 1.166,7
8,2 13,1 28,4
7,0 13,1 21,2
Average 7,9 14,4 22,8
Trifoliumpratensis 6,4 7,1 55,1 0,03 20,5 1.900,0
9,6 12,6 71,2
54 8,5 39,2
7.4 5,7 42,9
3,2 6,3 13,5
4,2 7,4 24,2
3,6 12,6 22,9
4,0 15,3 19,2
Average 5,5 9,4 36,0
Trifolium pratensis** 12,0 12,4 46,3 67,9 2.433,3
10,6 11,6 55,6
12,4 15,2 35,0
11,7 13,1 45,6
Site A Lotus corniculatus 5,6 10,3 25,7 0,10 55,1 794.,4
3,6 16,0 19,9
54 22,5 25,1
14 4,9 6,2
4.4 15,9 23,1
34 12,4 17,2
2,4 12,7 12,3
2,0 7,4 9,4

479



Am. J. Environ. ci., 5 (4): 475-486, 2009

Table 4: Continued

4,2 7,1 12,2
3,2 11,7 9,3

Average 3,8 12,1 16,1

Lotus corniculatus** 5,6 16,1 21,2 114,1 1.016,7
6,0 17,3 10,9
9,6 16.7 28.2

Average 7,1 16,7 20,1

Site C

non rooted-average 15 4.8 2,0

Medicago sativa 2,2 10,1 12,1 0,007 134,8 493,5
2,6 11,0 11,1
2,8 12,1 9,8
2,2 13,6 10,6
4,6 8,8 31,2
54 14,3 19,2
4,2 12,3 6,3
2,2 11,3 5,6
1,8 7,8 15

Average 3,1 11,2 11,9

Medicago sativa** 3,0 11,8 19,8 116,8 643,3
4,4 11,0 15,1
2,2 8,2 9,9

Average 3,2 10,3 14,9

Trifoliumpratensis 4,6 12,3 19,1 0,01 1245 793,0
3,8 12,7 17,2
4,8 5,6 20,7
4,0 9,5 20,7
3,2 5,6 17,8
34 10,6 20,7
4,4 12,6 16,3
5,0 10,6 259
3,2 10,8 14,0
3,8 11,1 17,1
2,2 13,4 13,0
3,6 13,7 12,9

Average 3,8 10,7 17,9

Trifolium pratensis** 4,8 17,5 21,9 169,6 920,9
4,4 12,0 15,2
4,6 9,1 24,4

Average 4,6 12,9 20,5

Lotus corniculatus 5,2 14,3 19,0 0,03 166,2 765,1
4,2 11,7 18,7
4,0 8,7 17,1
8,0 17,3 17,0
5,2 12,4 12,5
4,8 13,7 15,0
4,8 10,2 25,5
4,8 12,8 18,8
2,8 15,4 13,3
6,8 16,3 29,6
2,6 10,9 9,1
34 8,6 13,1

Average 4,7 12,7 17,4

Lotus corniculatus** 8,2 14,7 32,8 192,2 1.305,5
8,6 13,9 34,8
5,6 13,2 17,1

Average 7,5 13,9 28,3

**: Measured basal and lateral resistance

RESULTS are compared directly with the data of soil in alzse
of roots, acquired in the same day and in the same
The trials were influenced by the depth of theplace (they were considered the landmark).
shear surface, the soil moisture and the different The resulting curves for non-rooted and rooted
period passed from the seeding to the test. Thdtses samples was compared and it was noted shear time,
obtained in the shear tests made with rooted samplegeak shear resistance, shear displacement, roaf are
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soil moisture and average increase in peak shear In the rooted samples, the shear plane was

strength and average increase in displacement @lue bbserved to assume a level form beneath the slsar b

roots are calculated (Table 3 and 4). this is due to the fact that the system weight idely
enough for these sort of tests.

Test 1-June 2007: These tests were made during and _ ,
after rainfalls, situations similar to those befdte  ROOt area: After the trials the Authors evaluated the

generation of a slip landslide on a mountain slope. o0t area (i.e., the diameter of the roots thassrihe

Observing the graph of data acquired (Fig. 9 anghear plane) with the use of a gage. In this wagan
10), the trend is similar to a line and it can lsily be estimated the tensile strength of every speuieita

recognized the point of the shear strength , the and ~ 2daptableness with the Alpine soil.
its respective shear displacement. Seeing Table 3, it can be seen thalium perenne

is thePoaceae with the highest value of root area in the 3
sites (0,026%, Site C)estuca pratensis grew up better
in Site A. The worse results is given Bga Pratensis,
that did not develop in all the soils used, forlsoi
properties and weather conditions not favorable.

Site A

Site A: The soil moisture had a high value: 48,88%.
In this site the rooted samples showed a mean
= = increase in peak shear strength over the non-rooted
e [ samples change from 266,7%o0lium perenne) to
o L G 325% (Festuca pratense).
W 0 10 10 e The value of the root area were comprised
between 0,012% Lflium perenne) and 0,024%
Site B (Festuca pratensis) and in every shear test the roots
were unthreaded, almost never broken. This factquo
that only a part of the tensile strength of thegkdoot
was mobilized and this happened because the roots
were several with a small diameter. So the frictiath
] . the grain soil is low.
T ' T 1 - The average increases in displacement due to roots
N e T E— were always positive: The value were included betwe
N | | ) 25 mm (Festuca pratense, 16%) and 57,3 mm
T (Lolium perenne, 237%).
. 2 0 o 80 Observing the data obtained from tests that
measured basal and lateral resistance, a gre@aiser
in peak shear strength in rooted clods with
Festuca pratensis and withLolium perenne: The value
obtained was of 875 and 775% respectively. The
fasciculate roots incorporated a great soil surthed
friction with the soil became higher.

Site C

o [k

Site B: The number of tests that could be carried out
was limited by a dry winter. The chemical and pbgki
soil characteristic do not permit the developmédithe
species planted, consequently the shear testsadata
less if compared which other sites . Lolium perewas
the specie that survived The soil moisture hadtia ra
) ) value of 31,20% (low even with the rainy days).

Fig. 9: Typical measured shear stress Vs shear The trials gave results different one from anather
displacement for the three test site. Comparisorhere was an increase in peak shear strength (395%
between non rooted soil and rooted soil withthe percentage increase in the basal resistanage)a b
Lolium perenne and Festuca pratensis (June  decrease in displacement (-53% respect to the omted
2007) sample).
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Site C: In this site the moisture in the soil had value ofRoot area: As it can be shown in Table 4,
36% due to high presence of silt (43%). The rooted.otus corniculatus is the Fabaceae and in general the
samples had an increase in shear resistance (4,thkP grass specie with the highest value of root arethén
average increase for tlestuca pratensis, 12,2 kPa for  sites (0,1%, Site A)Medicago sativa showed the worse
the Lolium perenne). For rooted samples the maximum value (0,007%, Site C).
shear resistance coincided with a greater displanem
The increase was 16,3 mm for tRestuca pratensis  Site A: Medicago sativa increased the strength of
(77%) and 37,8 for theolium perenne (311%). 19,2% (9,3 kPa-the worse increase among the
Root area was greater than one estimated ifrabaceae) and the displacement of 1688.9%wntus
Ghiaie: 0,02% forFestuca pratensis and 0,026% for corniculatus showed a massive development of the
Lolium perenne. roots (root area = 0,102%) and the best results in
strength increase: 55,1% (12,1 kP&jfolium pratensis
TEST 2-April 2008: The test developed in this month increased the strength of 20,5% and the displactafen
were made after spring rain event, but less pertist 1.900% (36,0 mm-the best increase).
than the past year: So the moisture in the soilvzdde The data obtained from tests measuring basal and
of 23,1% in Site A and 28,5% in Site C. These value lateral resistance Medicago sativa 84,6%; Lotus
influenced in particular the tests made in Sitenmon  corniculatus 114,1%; Trifolium pratensis 67,9%)
rooted soil because the included gravel had a murper showed values that grew up in proportion with those
resistance in a drier soil (greater friction amahg  acquired in the tests measuring basal resistance.
particles): In fact the results were increased air f
times than those obtained in 2007. The site B le@nb Site C: Medicago sativa and Trifolium pratensis
abandoned because of the previously unsatisfactorshowed very similar values in peak shear strenttt2(
results. kPa and 10,7 respectively) and root area (0,007 and
0,01%). The great difference lives in the shear
displacement: The root ofrifolium pratensis had a
lateral growth and reached an average result ¢8 17
mm, Medicago sativa had a vertical growth and reached
an average of 11,9 mm.
b | | | [ _ Lotus corniculatus showed good attitude to grow in
[ S a humid area. For this reason it present an higrevia
Bl P e e o root area (0,030%) and in the increasing in shear
s ghr Sl strength (166,2%).

e [kl

60 120 M40 DISCUSSION
A [mm]

The results obtained from the trials (Fig. 11-46
important because implement the data regardingtun s
| shear test. It is not possible carried to haveretia
| and or equation to explains and describe contobubif
‘ ' ' ' I grass roots on the shear strength of soils, beczase
|
|
]

Site

species has its mechanical properties. Accordirt) wi

Normaniza et df¥ the great variability in shear

RO strength is due to many factors: Particle-size
B e compositions of the soils tested, chemical and ighys

g | gl - " - L
| M e characteristics, densities, moisture and cohesigh w

: e the root&, the presence of voids (that, for example,
— Non rooted soil = = Medicage sative — - Trifolium pratensis - Lorus comiculatus gives greater displacements before reaching th& pea
shear resistance), old roots in the soil non-unifor
Fig. 10: Typical measured shear stress Vs sheatistribution of the roots.
displacement for the two test site. Comparison  Despite the variability of the data, the rise rear
between non rooted soil and rooted soil withresistance, as displacement increases, is selfmvid
Medicago sativa, Trifolium pratensis and  rooted samples. The point of peak shear resisthase

Lotus corniculatus (May 2008) been measured quite easily using the apparatusgedp
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Fig. 11: Variation of the measured peak shear gtren Fig. 14: Average
Vs peak shear displacement of every single

trial for Medicago sativa, Trifolium pratensis,
Lotus corniculatus Test June 2007, Site A

A [mm]

Fig. 12: Variation of the measured peak shear gthen
Vs peak shear displacement of every single

trial for Medicago sativa, Trifolium pratensis,
Lotus corniculatus Test June 2007, Site C

*
4
&
g
15 A e
& 5
- _\‘ ‘P"
» - > e
o & o
10 2 & 1
I
@
W
4| 9. I I |

>
°
Site B0V Site A 07 Site A 08 Sie C07 SiteC 03

Fig. 13: Average peak shear strength-basal resistan

(L.p.: Lolium perenne; F.p.: Festuca pratensis;
M.s.: Medicago sativa, L.c.: Lotus corniculatus,
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A feature in the shape of many of the curves ofado
samples is a gradually increasing shear resistavittea
first part that represents the soil shear strefatid the
soil becomes more compact-in according with {%si
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and

second, there is a slightly variation of the slapehe
curves, that becomes a little steeples (the ramtsile
strength is mobilized). The rise in shear resistastops
when a plateau is reached, representing the maximum
shear resistance by the rooted material. The plea&rs
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resistance occurred at a greater displacementhi®r t CONCLUSION
rooted samples than the non-rooted ones and the soi
slipping happened in a longer time. This process wa In situ shear tests on root-reinforced soils were
identified by Wu and Wats&h conducted in this research to investigate theluérfce
The results concerning the residual shear strengtim the soil shear strength. It was shown that grasts
demonstrate that it is slightly greater for rootlls increase the shear strength of soil, its displacéme
than non-rootéf’. When the roots failed, they kept the delay the phenomenon of soil slipping and the tessl
soil still packed together and they avoid its biegkup.  more appreciable proportionally to the number aftso
In addition, it is significant to evaluate theitaiie  that cross the shear plane and their diameters.
of these grass species reading the results simwn Recommendation is that soil should be fine enowgh t
Fig. 11 and 12. In site A, the shear strength redch enable the roots to adhere strongly to the soiiges,
higher values than those yielded in site C. Inipaldr  thereby allowing tensile stresses within the rdotbe
Lotus corniculatus trials are collected in the first part of dissipated in the body of the soil. The weak adiresi
diagram, with high shear strength values (22,54 kPaetween the roots and the soil at that site sugdgbat
was the maximum) and low shear displacement valuethis energy transfer would not take place effedyive
(included between 6,20 and 25,74 mm): It grew ufinwi cohesionless soils. Concerning the species tested:
ease, in the natural weather condition found inttin@
site, but its roots are very smadledicago sativa datais «  Festuca pratensis andLotus corniculatus show the
placed in the central part, without reaching higiues main mechanical properties respectively for
neither in shear strength (4,16 + 14,27 kPa) nor in  Poaceae andFabaceae families
displacement strength (11,67 + 49,96 mm): its ra0és «  Lolium perenne is not recommended because it
the greatest in size and they reached the depthait showed a great aerial growth, it is weed and is
30 cm, but they were not manyrifolium pratensis inclined to choke the other grass species
show the highest shear displacement values (untd  Trifolium pratensis and Medicago sativa shows
71,18 mm): it had a root area included between the good mechanical propertieS, but they suffer the

values of the two other species (0,03%). local climate condition
In site C the results are pulled together withdow
values of shear displacement, because they troubled Behavior on these consideration in a mix of grass

develop in presence of other weed species, such ageds to be utilized for increasing the soil reicéonent
Lolium spp. In this areaMedicago sativa showed a it s suggested to include in high percentage seéds
moderate act (peak shear strength: 7,84 + 14,25 kPgestuca pratensis and Lotus corniculatus, in low
shear  displacement: 1,54 mm + 31,17 mm)percentage seeds ®fifolium pratensis and Medicago
Lotus corniculatus was able to colonize the whole stiva and exclude seeds bblium perenne.
piece of ground and the shear tests with this speci  pespite the widen use of vegetation for protecting
were the best made (16,31 kPa was the maximum).  and stabilizing slopes is spreading, there is #ednof
Evaluating the two set of trials it can be seedt th clear know|edge of the way in which the roots \autit
Fabaceae had a hlgher resistance in shear Strengﬂﬂo improve S|0pe condition. It is on purpose tom
(increase the basal resistance until the 325%):bE%¢  these results with tensile tests of the single takén in
species wasFestuca pratensis (peak shear strength: the sites in the period of the shear tests anamtirue

5,1 kPa) that allowed the growth of native speeied, these shear tests mixing in different percentage th
interacting with them, it showed a high percentagespecies tested.

augment in peak shear strengtholium perenne

;howeq an exc_:essivg growth in the aerial part, ingeq ACKNOWLEDGMENT

its cutting 3 times in 8 months: It was a negative
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