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Abstract:

Introduction/purpose: Geosynthetic materials have been successfully used
for soil reinforcement to improve bearing capacity. In this article, geotextiles
are used as tension material for the reinforcement of a mixture based on
dredged sediment from the Cheurfas dam (Mascara) and quarry sand.

Methods: Immediate bearing index tests were carried out in the laboratory
to study the mixing behaviour, and the three-point bending flexural test was
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carried out on prismatic specimens to study the traction capacity of the
mixture. Mixture samples are selected and tested without reinforcement.
Then, by placing one, two and three layers of geotextile at a certain depth
of the sample, the effects of a number of layers and type of geotextile and
geogrid on increasing the bearing capacity of the mixture are discussed.
Results: The results of these tests show that the bearing capacity of the
samples reinforced by geotextile and geogrid is increased compared to that
of the unreinforced samples. Based on the results obtained from Proctor-
IPI, their values do not permit the movement of construction machinery
during the construction of pavement layers. The Immediate Bearing Index
values are found sufficient for pavement layers. Geotextile infroduction
increases traction strength and improves stress distribution on soil samples,
with the effect being significant for woven geotextile blends.

Conclusion: All things considered, the results point to the possibility of using
reinforced local soils as an affordable and practical option for building
pavements. To guarantee long-term performance and optimise building
methods, more research is advised.

Key words: geotextile, sediment dredged, Cheurfas dam, soil
reinforcement.

Introduction

The uses of geotextiles in many engineering applications have
become more apparent proving to be an effective way to improve soil. In
the first applications in roads and airport runway constructions, the
emphasis was placed on the separation function of geotextiles. Resl &
Werner (1986) carried out laboratory tests on the soil reinforced with a
non-woven needled geotextile under axisymmetric loading. The results
showed that the geotextile layer placed in the middle can significantly
increase the bearing capacity of loose soils of the foundation. Fannin &
Sigurdsson (1996) studied the performance of an unpaved road reinforced
with different geosynthetics. Many papers have examined soll
reinforcement by geotextiles (Bergado et al, 2001; Raymond & Ismail,
2003; Park & Tan, 2005; Yetimoglu & Salbas, 2003; Patra et al, 2005;
Varuso et al, 2005). Current research mainly emphasizes the strength,
mechanism and bearing capacity of reinforced soil (Haeri et al, 2000;
Michalowski, 2004; Zhang et al, 2006; Madhavi Latha & Murthy, 2007;
Duncan-Williams & Attoh-Okine, 2008). Dredging sediments from the
Cheurfas Dam in Algeria were studied for their potential use in road
embankments. The sediments were analyzed for their physico-chemical,
mineralogical, and mechanical properties, and it was found that a
treatment with sand, lime, and cement was necessary for their valorization
(Bourabah et al, 2010). This article presents the immediate bearing index
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and the tensile strength by bending performed on a mixture of 35%
sediment and 65% sand reinforced by a geotextile and a geogrid placed
in one, two and three layers. It also compares the bearing capacity and the
tensile strength of unreinforced soil reinforced with geotextiles.

Material properties

The soil used is composed of sediments dredging of the Cheurfas
dam and quarry sand; the two materials are from the region of Mascara
(Algeria). The properties of these materials are shown in Table 1. In this
data base, sediments can be classified according to the Road Earthworks
Guide (GTR) in class A2 and sand in class B2. Three types of geosythetics
are used as reinforcement, a geogrid (Geol) made of polyester, a non-
woven geotextile (Geo2) and a woven geotextile (Geo3), both made of

polypropylene.

Table 1 — Geotechnical characteristics of the Cheurfas dam sediments

Table 2 — Geotechnical characteristics of quarry sand (Djbel Amanfous)
Characteristics Value
Maximum grains size, D max 2
(mm)
Grains size < 2mm (%) 100
Grains size < 80um (%) 11.01
Unit weight of solids, ys (KN/m3) 25.5
Methylene blue value 0.26
Visual sand equivalent value, ESV | 53
Piston sand equivalent value, ESP | 52

Characteristics Value
Unit weight of solids, ys (KN/m3) 25.17
Organic content, % MO (a 450°C) | 5.15
Methylene blue value 25.17
Liquid Limit, WL (%) 3.66
Plastic Limit, WP (%) 57
Grains size < 2um 27
2pm < Grains size < 80um 46%

80um < Grains size

49%
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Study of mechanical behavior

Compaction and bearing parameters depending on the
type of geotextiles

The experimental program includes three series of tests, depending
on the type of geosythetics, to study the effect of three selected
geosythetics (Photo 1) on the mechanical performance of lift. Each series
includes three cases of reinforcement, namely the number of layers (one,
two and three layers). During compaction, the geotextile material is placed
in the form of a disc. A new sample of geosythetics was used for each test,
to avoid any fatigue in the sample. Depending on the type of geosythetics
and the number of layers, Proctor tests were carried out for five water
contents between 8%; and 16%. The results of this program are presented
in the following curves, which are the results of the Proctor test, as well as
those of the IPl. The characteristics at the Proctor optimum are shown in
Table 3.

Geol Geo2 Geo3

Photo 1 —Geosythetics (Geol is a geogrid, Geo2 is a hon-woven geotextile and Geo3 is a
woven geotextile

On the graphs of IPI, w, and yq (Figures 1-3), it can be noticed that
the evolution of the compaction curve is substantially the same regardless
of the type of reinforcement, which means that the compactness of the
granulometrically corrected Cheurfas sediment reinforced by
geosynthetics is not influenced.

In terms of immediate bearing, it is noted that the measured values
decrease more rapidly with increasing water content after the optimum
Proctor, which indicates a sensitivity of the bearing with the water content.

The penetration resistance values of 2.5 mm and 5 mm were obtained
from the IPI curve corresponding to both unreinforced and reinforced
samples. The greater of the values calculated at 2.5 mm and 5 mm
penetration were taken.
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Figure 1 — Evolution

of ya and the IPI as a function of w%, the soil reinforced by Geol
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Figure 2 — Evolution of ya and IPI as a function of w%, the soil reinforced by Geo2
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Figure 3 — Evolution of ya and IPI as a function
of w%, the soil reinforced by Geo3

Table 3 summarizes the density of the dry material and the
corresponding optimum water content, thus the desired values of IPI for
unreinforced and reinforced with the three types of geosynthetics by one,
two and three layers at optimum and at 98 % and 95% of the density of
the dry material.

Note that the optimum of the state hydric values is practically the
same. Thus the IPI values at the optimum and at 98% of y4 opm are below
the values recommended by the GTR guide, which means difficulty in the
movement of machinery on the site.

On the other hand, 95% vq40pm Values of the immediate bearing index
are much improved than those obtained at the optimum and also at 98%
of ydopm ; this increase is attributed to the decrease in water tuner.

This indicates that the integration of geosynthetics does not influence
the bearing capacity of the mixture. Under these conditions, it is
recommended, during the construction of pavement embankments, to take
the water tuner corresponding to 95% vd4 opm in Order to guarantee the
movement of machinery without difficulty.
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Table 3 — Summary of the Proctor-IPI test

Type of Number | Wopm | Ydopm (KN/m3) | IPlopm | IP1 98% IP1 95%
geosythetics of layers | (%) opm opm
Without 0 13.26 19.41 4 24 28
reinforcement
Geogrid 1 12.00 | 20.70 10 29 27
(Geol)

2 12.28 | 20.84 4 20 22

3 12.10 20.77 3 12 /
Non-woven 1 13.40 20.40 4 28 30
geotextile
(Geo2) 2 12.20 20.55 14 25 34

3 12.80 20.80 10 16 19
Woven 1 12.60 20.60 4 13 25
geotextle 2 12.80 20.70 3 12 /
(Geo3) ' :

3 12.30 20.70 5 14 23

Influence of geotextile types and numbers on flexural
tensile strength

An experimental procedure was carried out on prismatic specimens
to study the influence of the geotextile type and the importance of the
number of layers on the traction strength. In the presented experiment, the
mixture is humidified with an optimum water tuner of Proctor and made in
awooden mold (4x100x16 cm3) to achieve a prismatic (4x4x16 cm3) form;
at the same time, the geotextile is placed in one, two and three layers

(Photo 2).

Photo 2 — Sample maker
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The experiment consists of applying a vertical load (Photo 3a). At the
end of the test, the layers of the specimen reinforced by the geotextile
Geo3 are separated; on the other hand, the layers of the specimen
reinforced by the geotextile Geo2 stayed stuck to each other (Photo 3b),
which reflects the difference between the interfaces of a non-woven
geotextile which is rough and a woven geotextile which is smooth.
Consequently, it reflects the influence of the roughness of the geotextile
face on cohesion with the soil.

€Y (b)
Photo 3 — (a) bending of a test specimen,
(b)specimens after traction

The flexural tensile strength after 7 days is determined by the
following formula:
. 3F, - L
¥ a.b-h2
where:
F: the maximum load;
L: the free range;

b: the width; and
h: the thickness of the prism.

The experimental program consisted of two series, each series
consisting of three cases of reinforcement depending on the number of
layers.

The results of two series are shown in Figure 4 below:
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Figure 4 — Resistance t2o traction as a function of the number of layers (N)

Resistance to traction gradually increases with the number of
geotextile layers, reflecting the effect of scale on the specimens. In each
of the three cases of reinforcement, the tensile strength of the row
reinforced woth Geo2 shows a significant increase compared to the row
reinforced with Geo3. This shows the importance of the soil-geotextile
interaction: the roughness of the Geo2 geotextile produces cohesion with
the mixture, while no cohesion occurs due to the Geo3 geotextile. It is
noted that the rigidities of the geotextile have an essential role in improving
the tensile strength of the mixture.

Conclusion

The objective of this study is to contribute to the concept of safe,
durable, and sustainable services and to build economic systems from
reinforced indigenous soils for use in the road sector. The main findings of
this study are summarized as follows:

Based on the results obtained from Proctor-IPI, their values do not
permit the movement of construction machinery during the construction of
pavement layers. From a geotechnical point of view, It has been shown
that for 95% of the dry material density, the values of the Immediate
Bearing Index are usually sufficient for all cases of reinforcement to be
used in a pavement layer.

It appears from the traction test by bending, that the introduction of a
geotextile in the mixture leads to an increase in traction strength and to
improved stress distribution in the soil sample. This improvement is
observed for both types of geotextiles. Also, the improvement in strength
depends on the geotextile type. The effect is significant for the blend
reinforced by the woven geotextile (Geo2).
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Estudio experimental del comportamiento mecéanico de sedimentos de
presa reforzados con geotextiles y geomallas
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CAMPO: mate,riales
TIPO DE ARTICULO: articulo de revision

Resumen:

Introduccién/objetivo: Los materiales geosintéticos se han utilizado con
éxito para reforzar el suelo y mejorar la capacidad de carga. En este articulo
se utilizan geotextiles como material tensor para el refuerzo de una mezcla
a base de sedimentos dragados de la presa de Cheurfas (Mascara) y arena
de cantera.

Métodos: Se realizaron ensayos de indice de carga inmediata en
laboratorio para estudiar el comportamiento de la mezcla y el ensayo de
flexion por flexion de tres puntos sobre probetas prismaticas para estudiar
la capacidad de traccién de la mezcla. Las muestras de mezcla se
seleccionan y prueban sin refuerzo. Luego, al colocar una, dos y tres capas
de geotextil a una cierta profundidad de la muestra, se discuten los efectos
de un nimero de capas y tipo de geotextil y geomalla en el aumento de la
capacidad de carga de la mezcla.

Resultados: Los resultados de estas pruebas muestran que la capacidad
de carga de las muestras reforzadas con geotextil y geomalla aumenta en
comparacion con la de las muestras no reforzadas. Segun los resultados
obtenidos de Proctor-IPl, sus valores no permiten el movimiento de
maquinaria de construccion durante la construccion de las capas de
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pavimento. Los valores del indice de Rodamiento Inmediato se consideran
suficientes para las capas de pavimento. La introduccion de geotextiles
aumenta la resistencia a la traccién y mejora la distribucion de la tensién
en las muestras de suelo, siendo el efecto significativo para las mezclas de
geotextiles tejidos.

Conclusion: Considerando todo esto, los resultados apuntan a la
posibilidad de utilizar suelos locales reforzados como una opcién asequible
y practica para la construccion de pavimentos. Para garantizar el
rendimiento a largo plazo y optimizar los métodos de construccion, se
recomienda realizar més investigaciones.

Palabras claves: geotextil, dragado de sedimentos, presa de Cheurfas,
refuerzo de suelos.

OKkcnepuMeHTanbHOE UccrneaoBaHMe MeXaHUYeCKoro NoBeaeHns
AOHHbIX OTMOXEHWI NNOTUHbI, YKPENEHHbIX FTE0TEKCTUNEM U
reopeLueTkamm

Asnu Mekcun?, koppecnoHaeHT, Moxammed CapoyH?, Xadxu HO3epa?,
Xaned benmaxan?, Om6u ByrysHuHa®
2 YuusepcuteT Tywmn Myctadbl Ctambynu, dakynbTeT Haykn 1 TEXHONOMMAM,
kadpegpa cTpouTensCcTBa,
JlabopaTopusi uccnefioBaHuns CTPYKTYpbl 1 MEXaHUKM MaTepraros,
r. Mackapa, Amxupckas HapogHas [JemokpaTtudeckas Pecnybnuka
6 YHuBepcuteTckui ueHTp Anb-basaa,
r. Anb-basaa, Amknpckaa HapoagHas OemokpaTtnueckas Pecnybnuka

PYBPUKA TPHTW: 67.09.00 CtpouTenbHble MaTepuanbl 1 u3genus
BWO CTATbW: o63opHas ctatbs

Pesrome:

BgedeHue/uenb:  [eocuHmemuyeckue  Mamepuasnbl  yCHAEWHO
ucrnonb3yromcesi 0Nsl YKpEernneHusi epyHma 3a c4em ro8bluEHUsT €20
Hecywel cnocobHocmu. B 0daHHOM uccriedosaHuu 2eomeKcmursib
ucronb3yemcsi 8 Ka4ecmee HamsiXXHo20 Mamepuarsa 0715 yKpernneHus
CMecu Ha ocHoge QOHHbIX omiioxeHul ninomuHsl Yeypgpa (Mackapa) u
KapbepHO20 necka.

Memodei: [psimbie ucnbimaHusi uHOekca Hecyuwjeli criocobHocmu
nposgodunuce 8 s1abopamopHbIX YCrIO8USX 8 pamkax UucrbimaHul
rnosedeHusi cmecu. VicribimaHue npoYHOCMU Ha MPexmoYeyHbIl u3aub
rpo8oousiock 8 YUMUHOpUYEeCKUX rpobupkax Orsi NpoeepKu mse2oeol
criocobHocmu QOaHHoU cmecu. Obpasubl cmecu b6biu omobpaHbl U
ucnbimaHbl 6e3 ykpernneHusi. 3amem Ha onpedeneHHoOU arybuHe 8
npobupky 6binu dobaesneHbl 00UH, d8a U MpU C/10s 2e0MeKCMuris ¢
uenbl uccredosaHUs  BMIUSIHUSI Konudecmea Cc/ioee U muna
2eomeKcmuris Ha Hecyuyr criocobHoCmb CMecu.
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Pesynsmambi: Pe3ynbmamsbi ucrbimarull rokasasnu, 4mo Hecyuwasi
crocobHocmb  06pasyos,  YKPENeHHbIX  2eomekcmunem U
2eopewlemkol, ysenuyueaemcsi o CPasHeHUI C HEeyKperseHHbIMU
obpasyamu. Pesynsmambi ucnsimaHul Proctor-IPl noka3zanu, 4mo ux
3HayeHusi He Oonyckarom O08UXEHUsT cmpoumesibHOU MeXHUKU fpu
yknadke crioeg OopoxHOU 00ex0bl. YcmaHo8rneHo, 4mo 3HaqyeHusi
rnokasamernsi Hecyulel crnocobHocmu AocmamoyHbl Ond  croes
OopoxHol 00exdbl. Mcrionb3oeaHue 2eomekcmuss rnosbiwaem
MPOYHOCMb CyeryieHusl U yrnydwaem pacripedesieHue Hazpy3ku Ha
obpa3subi 2pyHma, npudem sghghekm fiyyuie ebipaxeH y mkaHbix sUd08
2eomeKkcmurisi.

Bbigodbl: Yuumbsieas ece ob6cmosimenibemea, pesyibmamel yKka3bieaom
Ha 803MOXXHOCMb UCIMO/b308aHUS YKPENEHHbIX MECMHbIX 8UG08 2pyHmMa
8 Kadecmee Mpakmu4yHo20 U 3KOHOMUYECKU 8bl200H020 pelueHusi Ons
cmpoumesiscmea OOPOXHO20 rlofiomHa. PekomeHOyemcsi nposecmu
OanbHeliue uccriedosaHuss C Uenbilo  onmumMu3ayuu  Memodos
cmpoumeniscmea U 2apaHmupogaHusi  OnumesisHo20  CpoKa
3KCrTyamauyuu.

Kntoyesble criosa: eeomekcmusib, OOHHbIE OMIIOXEHUS, MI0OMUHa
Yeypgha, apmuposaHue epyHma.

EkcrnepumeHTanHo UcnuTBakbe MexaHU4Kor NnoHallara ceauMeHTa
AobujeHor nckonaBakeM GpaHe 1 ojayaHor reoTEKCTUIIOM U
reoMpexom

Anu Mekcn?, aytop 3a npenucky, Myxamad CapyH?, Xax Jysepa?,

Kaned Benmaxan?, Oméu ByreHuHa®

@ YHuBepauTeT ,MycTtaca Ctambonu”, ®akynteT Hayke 1 TeEXHonoruje,
Opcek 3a rpaheBnHapcTBO,
JlabopaTopuja 3a ncnutrMBame CTPYKTYpeE U MEXaHWKe MaTtepujana,
Mackapa, HapogHa Oemokpatcka Peny6nuvka Amxup

5 YuusepauteTtcku LeHTap En Bajaa,
En Bajag, HapogHa Oemokpatcka Peny6nvka Amxup

OBJIACT: matepujanu
KATEFOPUJA (TWUM) YNAHKA: nperneaHu pag

Caxxemak:

Yeod/yure: eocuHmemuydku Mamepujanu ce ycriewHo Kopucme 3a
ofayasarbe mra jep nobosbwasajy H-e208 Karnayumem Hocusocmu. Y
08oM pady 2eomeKkcmusu ce Kopucme Kao MeH3UOHU Mamepujan 3a
ojayasarbe MewasuHe cedumeHma dobujeHoz rpu uckornasary bpaHe
Yepgpac (Mackapa) u necka u3 kameHorioma.

Memode: Tecmosu HeriocpedHoe UHOeKkca Hocueocmu U38edeHU Cy Yy
nabopamopujckum  ycrioguMa |y  OKsUpy ucrumuearba [roHalara
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MewasuHe. Tecm Ha yepcmohy npu casujarby y mpu madke u3eedeH je Ha
npu3MamuyHUM eripysemama Kako 6u ce ucrumao Kanayumem mpakuyuje
Odame mewasuHe. Enpyseme mewasuHe cy udabpaHe u ucriumaHe 6e3
ojavarba. 3amum cy Ha odpeheHoj dybuHu enpyseme 0odamu jedaH, Osa
U mpu crioja eeomekcmurna u ucriumaHu ymuuaju 6poja crojesa u murna
eeomekcmuria Ha Karayumem HOCU8OCMU MeWasuHe.

Pesynmamu: [lokasaHo je 0Oa je Kanauumem Hocugocmu erpysema
ojadaHuUX e2eomekcmurioM U eeoMpexom rnoeehaH y ropehewy ca
Heoja4aHuUM enpysemama. Pesynmamu mecmoea [lpokmop-UTN
roka3syjy 0a Huxose epedHocmu He 00380sbasajy kKpemare epahesuHcke
MawiuHepuje MoKOM KOHCMPYKUUje KOSTIOBO3HUX criojesa. YmepheHo je da
cy 8pedHocmu HerocpedHoe UHAeKca Hocueocmu O080SbHE 3a KOST0803HE
criojege. Yeofjemse e2eomekcmuna nosehasa 3amesHy uspcmohy u
rnoborbwasa pacropehusare HarloHa Ha y3opuyuma mrna, rnpu 4yemy je koo
MmKaHuUXx epcma eeomekcmuria eghekam U3pakeHuju.

Sakrbyyak: Pesynmamu yka3syjy Ha moayhHocm Kopuwhera ojadyaHux
JIOKaIHUX muroea 3eMsbullima Kao Ha rnpakmu4Ho U UCriIamueo peliere
3a epafemse konoeosa. [llpenopydyyje ce Oarbe ucmpaxueare padu
onmumu3sauyuje memoda epaliera U 2apaHmosara rnepgopmaHcu y
Ayxxem riepuody.

KrbyuHe peuu: eeomekcmuri, uckornaHu cedumeHm, bpaHa Yepgbac,
ojavyar-e mra.
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