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GENERAL INTRODUCTION

GENERAL INTRODUCTION

Roads are one of the most important infrastructures in the modern world. They are built
for social, strategic, and economic purposes: development of trade, urban comfort, and

connection of isolated localities.

They exist in various forms: roadway, track, secondary road, main road, highway, and
airstrips. The administrations and companies responsible for the road networks must ensure the

best operation, maintenance, and development of the roads.

The economy in a road project involves optimal use of local materials and natural
resources existing in the vicinity of the site under consideration. Thereby, it is necessary to direct
the research toward dune sand, which is known to be abundant in the northern Sahara, which
includes a large part of Algeria. This can constitute an alternative to the use of dune sand in the

construction of roads.

The present study proposes to test a material composed of dune sand associated with a
geotextile (DS/GTX) as a pavement body. The original idea, at the base of this approach, is the

use of sand dunes recognized everywhere abundant, therefore almost free.
The main objectives are:

e Improvement of the mechanical behavior of dune sand.

e Contribution to solving the challenge of the scarcity of noble materials for the
construction of road surfaces.

e Use of a material already harmonized and compatible with the arid geoenvironmental
conditions.

e Contribution to the development of rural areas.

The assumed technical approach is expected to solve the problems indicated above. The
idea is to use local sand with a perforated geotextile fabric, in order to determine the optimal
layout in terms of toughness. The key parameter investigated is the bearing capacity of the

compound through the California Bearing Ratio (CBR) test.

The test procedure being well standardized, the current study foresees a modification in
the tested material. The soil compacted according to Proctor procedure is replaced by the dune
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sand/geotextile (DS/GTX) compound. All other aspects of the test are kept the same. The layout

and placement of the GTX strips are considered the input variables.

The structure of the thesis is based on four main chapters:

The first chapter is a bibliographic review. It consists of the concepts related to the
materials used in road construction in southern Algeria as well as summarizing the
general information about the tests used on the roads. Also, it is a brief explanation of
pavement structure.

The second chapter is an explanation of the used material properties as well as a brief
presentation of the used tests.

The third chapter presents the obtained results, This is done by tables and means of
graphs. Additionally, it contains the analysis and interpretation of the results.

The fourth chapter shows the comparison of used methods, according to duration,
workforce, technical means, and final costs.

The last chapter is a reminder of the relevant results mentioned in this study. On occasion,
recommendations are indicated, as well as proposals for the continuation of the work

carried out.
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Chapter 1: CONSTRUCTION MATERIALS IN SOUTHERN ALGER
1.1 INTRODUCTION

In the south of Algeria, and to a lesser degree in the north, the roads are recognized to
be degraded to the point of being barely usable. This state is due to several factors including,
in particular, their old age and their previous construction techniques which were adopted in
the 1950s. Also, the climatic and geo-environmental conditions have contributed to the
degradation of these structures called roads: sunshine, winds, and silting up. , intense daily
and annual temperature gradient. Other potential factors are considered for the same
contribution to the poor quality of built roads. The scarcity of good quality (so-called noble)
materials is required for the sustainable construction of such structures. Heavy traffic, even if

not intense, is also a feared parameter in view of a road's firmness.

This study aims to use dune sand in the face of all the constraints mentioned. This is in

spite of the recognized mechanical defects of this one.

this chapter is a review of general notions on geosynthetic materials and their uses. It
is based on a type of perforated geotextile to highlight the importance and applied technique

of using these materials.
1.2 VARIOUS MATERIALS USED IN ROAD CONSTRUCTION

When constructing roads, the method is to use a lot of different materials like stones and
pebbles of all kinds and sizes. And it's a priority to ensure these materials live up to the
construct requirements and standardized quality. Because of that, this sheet will mention the

important qualities of the resources that play a part in road structure:
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Table 1.1 summarizes the main information about the usual materials used in road construction.

L . i . . Layer Dimensions of
Number|Nomination ingredients Mixing method Experiments _aye IMEnsions o
thickness gravel
Experiments on asphalt:
e Penetration
e Density
- Cold mixture: Experiments on gravel:
40-50 e Particle size analysis
cold-open asphalt e Los Angeles 0/3
Asphalti te: i
Surface sphaltic concrete . e Purity 3/
1 e asphalte - Hot mixture:
layer i From 8/15
e Gravel (150-190) Experiments on sand:
. _ 5to7cm 15/25
Asphaltic concrete e Sand equivalent
e Stability (concrete)
surface coating Experiment on concrete:
e Marshall
e Thickness
measurement
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e Marshall Erom gg
Light asphalt mixture Lightweight concrete mix e Duriez 71012 cm 8/15
15/25
Base class e Crushed pebble stones
e Treated crushed _
pebble stones (cement, teff...) Sravel mist ° C;OmF:aC“O” From 20 to 0/3
[ ]
o toff ravel mixture (Proctor) 30 cm 3/
e Crushed pebble stones
e Treated crushed 0/3
Base laver pebble stanes (cement, e Gravel mixture / 20cm 3/8
Y teg...) 8/15
o te
e Original soil c i
Earth layer e Treated soil Soil * ~ompaction
) (Proctor)
¢ Replace soil
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1.3 Common Road tests
1.3.1 California Bearing Ratio

California Bearing Ratio (CBR) aims to give the relative resistance of the soil after
being compacted according to the Proctor procedure test procedure This test consists of
pushing a piston placed on the surface of a compacted sample until the depression of 10mm is
exceeded. The bearing index is a comparative ratio of the resistance strength of the tested soil
to that of a California reference soil. The comparison ratio is the maximum value of the force
recorded, identified at the depressions at 25mm and at 5.0mm. The CBR test is carried out in
particular to evaluate the workability of the soil composing the base layer of a roadway, as

well as the backfilling layers.
Application domain: Road geotechnics - pavement design
1.3.2 Particle size analysis

The particle size analysis of soil progress is as follows: We bring a weight of sand of:
1.5 kg, then bring a series of sieves on top of each other, where the sieve with a smaller
diameter is from the bottom to the sieve with a large diameter from the top. After that We
empty the weighed sample over the upper sieve. We operate the device (electric vibrator) for
an estimated period of 10 minutes. we take each sieve separately and make sure that each
sieve only keeps what is the largest in diameter. Weigh the remaining grains from each sieve
Weigh the remaining pass-throughs in the base container less than 0.08 mm in diameter. It

allows a standard nomenclature of the tested soil and its classification.
Application domains: classification, Predict, roughly, the mechanical behavior of the soil.
1.3.3 Specific weight

The specific weight of the solid grains is defined as their unit weight reported to that

of water. The unit weight of the solids is their own weight reported to their volume.

Application domain: needed for large grain soils. the grains need to be at the

maximum dimension of fine sand and present an already important cohesion.
Moisture content

The water content of a soil is the ratio between the mass of water contained in this soil
and the mass of the solid grains composing this soil. Water content is often expressed in

percent (%).
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Application domains: Almost all areas of geotechnics

- Prediction of soil behavior

- Correlation to other physical and mechanical soil parameters
1.3.4 Direct shear test

The shear resistance of a soil is defined as being the greatest resistance that this soil

can develop against applied tangential stress.
Application domains:

Used in Geotechnical calculations

1.3.5 Sand equivalent

The sand equivalent test is carried out on the fraction of grains with a size of less than
5mm. The test in question gives an estimate of the fine elements existing within the soil.

These fine elements are considered impurities.

Application domains:

The test applies in many fields, Such as:

* Choice and control of soils usable in mechanical stabilization
+ Control of soils used in chemical stabilization

» Choice and control of aggregates for bituminous mixes

*  The equivalent of sand and granulometric analysis of soil, are two methods to classify the
soil the solid grains. And this makes it possible to know the properties of this soil. thus to

know which is valid or not for the construction.
Proctor test

Proctor experiment is one of the most used tests in road geotechnics, Its goal is to
determine (in the laboratory) the maximum dry density of the soil material and the optimum

water content related to certain compaction energy.
Application domains:
Evaluation and control of compaction of backfill materials.

The following table summarizes these tests:
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Table 1.2: Summarized information about the most utilized experiments

Designation Standards Principle Unit
_ _ NF P8-540 Weight arrangement of different
Particle size ) )
01 ) ASTM-D 422-63 | aggregate particles according to Curve
analysis - )
their dimensions
. ) EN 1097-6 Measuring weight of a specific
02 | Specific weight KN/m3
volume
] EN 1097 Measuring mass of a specific
03 | Volumic mass g/lcm3
volume
_ NF P 15-461 Measuring the proportions of
Chemical _
04 . certain components such as %
composition _
(Si0,CaCo03).
o ) P 94-078 Measuring the bearing strength
California bearing )
05 i ASTM D 1883 of the soil compared to a %
ratio
BS 1377-4 referential value.
P 94-093 Finding the relationship between
Proctor
ASTM D 558, D | the water content and the dry
06 | estandard test ] ] ] Curve
698 density of the soil according to
*Modified test . .
BS 1377-4 specific compaction energy.
ASTM-D3080- Obtaining the ultimate shear
) 90 strength, internal friction angle,
07 | Direct shear _
cohesion, and shear stress
deformation properties.
EN 933-8 Determination of the percentage
08 | Sand equivalent ASTM-D 2419- | of fine materials (clays and %
74 impurities) present in the sand.
NF P 94-077 Measuring the soil resistance
09 | Simple pressure . . KN/m2
against compression.
NF P 18-554 Determination ~ of  moisture
10 | Water content ASTM D 2216 content of soil. %
BS 1377-2
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1.4 OVERVIEW OF PAVEMENT SIZING
Designing pavement structures is an important step in the road project study. This
includes a special selection of the necessary materials that include the required properties and
the determination of the thicknesses of the different layers of the paving structure. Well
technically diagnosed materials must be selected to ensure good mechanical properties that
allow the pavement to withstand all loads throughout its life. This goes according to the
following basic considerations:
- The traffic: All vehicles using the roadway (weight, frequency, speed, etc.)
- The road environment (primarily the climate)
- The supporting soil
1.4.1 Definition of the roads
e In the geometric sense: the developed surface of the road on which vehicles travel.
e In the structural sense: all the layers of combined materials which allow the absorption
of loads.
1.4.2 Different pavement types
From the construction point of view, pavements can be grouped into three main
categories:
= Flexible pavement: most used type, consists of two construction elements soil and

stony materials with spread or tight grain size and hydrocarbon binders which provide
cohesion by establishing flexible bonds between the grains of stony materials.

» Rigid pavement: consists of a Portland cement slab that flexes elastically under loads,

resting on compacted soil, or on a thin foundation of crushed stone or gravel, or on a
stabilized foundation.

= Semi-rigid pavement: intermediate case between flexible pavements and rigid

pavements.

Figure 1.1 shows a diagram of the usual materials utilized in the road domain.
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Pavement
¥ 1 +
. Semi —rigide ..
Flexible structure wlructare Figide structure
AR AR C CEMENT
B NTG B NTG GT ~
e — ——
G5 G5 G5
i e ——— P
AR AL
E ._:;- E ,_:;- /;S: asphaltic conerate _\\
AG e AG: asphaltic gravel
g I =—
HTG HTG WTG: Non treated gravel

.5 ground subgrade

- /

Figure 1.1 the usual materials utilized in the road domain

1.4.3 Main design method

There are two main family methods for designing a road:

The empirical methods derived from experimental studies on pavement performance.

The so-called "rational methods based on the theoretical behavior study of
pavements,

The most widely used methods of dimensioning pavement structures are:
CBR (California -Bearing Ratio) method

Method taken from the catalog for the dimensioning of new pavements.

10
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1.4.4 CBR method

The CBR method is a semi-empirical method which is based on a punching test applied
on a sample of the supporting soil. The latter is prepared by compaction at 90% to 100% of
the modified Proctor optimum.

According to BOUSSINESQ's theory for the pavement to hold the distributed vertical
stress must be less than a limit stress which is proportional to the CBR index. The pavement

thickness is given by the following formula:

100,/p(75 + 50 log )
t =
Iepr + 5

With:

t: equivalent thickness

I.p: CBR index of the supporting soil

N: daily number of unladen HGVs over the year.
P: load per wheel P = 6.5 t (axle 13 t).

Log: decimal logarithm.

1.4.5 New pavement sizing catalogue method
The use of a design catalog adopts the same settings used in other pavement design
methods (traffic, materials, subgrade). These parameters often constitute input data for the
dimensioning and the choice of a given pavement structure.
The new pavement design catalog method is a rational method based on two theoretical
approaches.
- Empirical approach.
- Theoretical approach.

Figure 1.2 shows a summarize diagram of the new pavement sizing catalogue method

11
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Catalog approach

Traffics

Materials ressources climat

Geotechnical studies

\ 4

network level determination

Determination of the HGV
traffic class in the year of
entry into service

\ 4

\ 4

determination of the class of
the pavement subarade

1.5. Conclusion

\ 4

Choice of one or more sizing
structure variants

Determination of the optimal
sizina structure

Figure 1.2 New pavement sizing catalogue method

This chapter is a review of general concepts about materials used in road construction,

which are lacking in quality materials.

The materials to be used must be technically diagnosed. They meet the requirements of

construction and standard quality, as each material has its own intrinsic properties. The

diagnosis varies according to the material.For the optimal diagnosis of the materials used, it is

recommended to diversify the applicable experiments (physical - chemical - mechanical).

Pavement structure design is an important step in the road project study. The design of

the road depends on 3 criteria: traffic, climate, and the choice of materials used.

12
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Chapter 2: EXPERIMENTATION ON THE USED MATERIALS

2.1 INTRODUCTION

The purpose of this chapter is to assess the characteristics of the materials used: dune sand
(DS) and the geotextile (GTX). The composite material is designated by the abbreviation
(DS/GTX).

This characterization is, in fact, required for the identification of these materials. The
results of the tests carried out on the DS/GTX material will obviously depend on those relating to

the individual materials and also on the methodology adopted for the performed tests.

The scheduled tests are carried out on each elementary material (DS and GTX), then on the
DS/GTX compound. The main test carried out is the one named ‘California Bearing Ratio’
(CBR). This test is selected considering its suitability for the evaluation of the soil bearing
capacity, and also the availability of the test devices within the soil mechanics laboratory of the
University of Ouargla. The dune sand used in this study comes from the region of Ouargla. The
GTX is chosen on the basis of its availability in Algeria and its (deliberate) worst-performing

targeted type. This is to consider the most economical conditions of the product.
2.2 CHARACTERISTIC OF USED MATERIALS

The usual physical and mechanical characteristics of the two elementary materials (DS and
GTX) are reported in table 2.1. The parameters relating to the sand are measured in the
laboratory, and those relating to the GTX are copied from the technical sheet of the product.
Indeed, the measurement of the characteristics of the GTX is not possible because of the absence

of specific devices.

13
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Table 2.1: Characteristics of Sand and GTX [1]

Physical characteristics of the sand Features of the GTX (AS10)
Volume mass Sand equivalent | Friction angle
Standards Results
(9/cm?3) (%) )
Physical characteristics
Loose | Dense | Natural SE 0 Surface mass EN 10S 9864 |100 g/m?
state state state ]
Thickness under 20 kPa EN 10S 0.5mm
Mechanical characteristic
sp.l} 1.52 1.75 1.63 79.17 28.44
SpP*
sp.2| 152 | 1.80 | 1.59 70.73 29.48 6 kN/mm
Tensile strength
sp3| 153 | 1.76 | 157 73.08 31.33 EN 150 10319
ST* 7 KN/mm
sp.4| 1.53 1.76 1.57
CBR puncture resistance EN ISO 12236 |1.0 kN
sp.5| 1.66 1.72 1.59
Resistance to pyramidal punching [EN 14574 0.7 kN

14
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Table 2.2: Geometric designing of the used geotextile

Holes diameter (mm) | Spacing (mm) | Number of circles
2 5.7.9.11 16
4 7.9.11.13 16
8 11.13.15.17 16
10 13.15.17.19 16
12 15.17.19.21 16

Table 2.2 shows the geometric characteristics of the geotextile used in this study: diameter

and spacing of each specimen.

2.3 EXPERIMENTAL PROTOCOL

The main test adopted to assess the
bearing capacity of the dune sand/geotextile
(DS/GTX) product is the so-called CBR. This
test is chosen because of its ease of execution
compared to other load-bearing tests lands
(Plate test, pressure meter, triaxial) .The
limited means of experimentation and the short
duration of time allocated for the realization of
this  ‘end-of-study project” (ESP) also
contributed to the choice of this type of test
(the CBR).The tests in question are carried out
in accordance with standard NF P 94-078 and
referred to as CBR despite being carried out on
a compound material: soil + geotextile. These
tests are carried out on dry dune sand filled in
a CBR mold and interspersed with layers of
GTX.

Figures 2.1 and 2.2 show the mean

material used in the CBR test.

L Adjustable
cross-beam

Metric Dial
Indicator

Q Load ring
il

Penetration
Piston

15

P ¢ Control
st cabinet

Figure 2.1: CBR mold mounted on the

compression machine
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3
Figure 2.2: CBR test accessories.

Annular surcharge for plated steel.

Split surcharge weight for plated steel.

Cutting edge for plated steel

Filter paper $150mm (pack of 100)

Modified compaction hammer (¢= 51 mm and H=457.2 mm).

Spacer disc for plated steel, 25.4 mm.

Split NF CBR mold for same as TO089/NF, split longitudinally on one side

© N o g bk~ w DN e

NF CBR mold for complete with collar and perforated base plated steel.152 mm diameter
x152 mm body height.

2.4 EXECUTION OF THE TEST
2.4.1 Preparation of Specimens

In the common case, the CBR test is carried out on the basis of the results of the modified
Proctor test. Specimens are prepared according to the maximum dry density and optimum water
content obtained from the compaction test. As for the case of the modified Proctor test, the

elements larger than 20mm are eliminated.

The number of materials needed to carry out the tests must be guaranteed to be sufficient to
fill a mold: usually 5.5kg for the immediate CBR and IBI tests, and 7kg for the soaked CBR test.

16
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If the test is to be carried out on the soaked sample (Immersed CBR), the water content

after immersion is measured:
= either by weighing the entire mold including the soil
= or on asample placed under the same conditions

The mold containing the specimen is then detached from its base plate, and turned over so
that the upper face of the specimen comes in contact with the base. Then, it is again assembled
into the mold. Proceed with the extraction of the spacer disk, then with the execution of the

punching or the immersion depending on the targeted objective.
2.4.2 Execution of Punching

The punching execution methods differ depending on whether the IBI, the immediate CBR,

or the immersion CBR are sought.
2.4.2.1 IBI test

Place the assembly (compacted soil in the mold, including its base) on the press centered

under the piston, then proceed as follows:

- Bring the upper surface of the specimen into contact with the piston.

- Initialize the force and sinking sensors.

- Perform punching by maintaining the penetration speed at 1.27 mm/min £ 0.1 mm/min.

- Establish the force-deformation curve corresponding, at least, to punching of 1.25mm,
2mm, 2.5mm, 5mm, 7.5mm, and 10mm.

- Measure the water content of the soil specimen after performing the puncture punchtest.
2.4.2.2 Immediate CBR test

The immediate CBR test is carried out in the same way as that of IBI, with the only
difference of the application of an overload on the tested sample. The load in question represents
that applied on the site. It generally corresponds to stress around 50 kPa. The operator is free to

adjust this load as appropriate.

17
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2.4.2.3 Immersion CBR test

- Position the swelling disc on the specimen before fitting the overloads as indicated above.

- Set up and initialize the swelling measurement device.

- Immerse the assembly so that the specimen is covered by a depth of water of, at least, 20
mm.

- Note the swelling reached after 4 days (+ 2h) of immersion.

- Remove the mold and the test piece from the immersion tank and after draining, carry out

the punching as indicated above.
2.5. CALCULATIONS AND RESULTS

The index measured (whether IBI, CBR immediate, or immersed) is retained as being the

highest value between the following two results:

Penetration effort at 2.5 mm punching (kN)
13.35

x 100(%)

Penetration effort at 5.0 mm punching (kN)
19.93

x 100(%)

18
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2.6 CONCLUSION

In this chapter, the main characteristics of the materials used (Geotextile, DuneSand) are

presented in a brief manner.

The dune sand is characterized as a loose material difficult to deal with. To accommodate
this, the geotextile and the dune sand combination is implemented in order to improve the
performance of sand in terms of mechanical properties and thus make it usable in projects.

Devices and tools have been adapted to study the feasibility of sand for each type of material.

The technology of including GTX in the road base layer is designed with inspiration from
the technologies of GTX usage in general. Thus, practical investigation is mandatory for the

estimation of the behavior of any new designed material.
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CHAPTER 3: RESULTS AND DISCUSSION

3.1 INTRODUCTION

The present chapter is dedicated to the experimental part of the study carried out. It
announces, in particular, the results of the various achieved tests. The tested materials are those
mentioned in the previous chapter. These tests are performed on the same materials (DS and
GTX) but considered as a combination. The test results are interpreted according to the scientific
opinion of the authors, on the basis of the all knowledge acquired during the course of the
master’s and the realization of this end-of-study project. Detailed results of the conducted tests

are presented in the appendices.

3.2RESULTS AND DISCUSSION
3.2.1 Presentation
The results obtained from the various tests carried out are presented in this section. Figure
3.1 is the graphical representation of the results shown in Table 3.1 and relating to sand alone.
The expressions denoted by formula 1 and formula 2 are respectively:

Penetration effort at 2.5 mm punching (kN)
13.35

Formula (1) x 100(%)

Formula (2) |Penetration effort at 5.0 mm punching (kN)
19.93

x 100(%)

Figures 3.2 to 3.6 express the results obtained for the GTX perforated with 2mm diameter
holes and stored in the soil specimen at (respectively): the surface of the soil specimen, at
anchorage of 1cm, 2cm, 3cm and 4cm.

The same test program was repeated for a GTX perforated with a $=2mm and spacing of
7mm. The results obtained being numerous, they have been placed in the appendix of this
memory figures 3.2 to 3.6 for respectively z=0, z=1cm, z=2cm, z=3cm and z=4cm).

After noting that the bearing capacity of the soil specimens is always high for the case of
the GTX placed on the surface, this arrangement was retained: i.e., no more carrying out of tests
with anchored GTX. Therefore, for z=0, the figures A.6 to A.9 shown in the appendix, represent
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the results of the tests relating to the reinforced sand of GTX with the holes perforated and spaced
respectively of

= $2(S9 and S11)

= ¢ 4(S7,S9,S11 and S13)

= $8(S9, S11, S13 and S15)

= ¢ 10 (S11, S13, S15, S17 and S19)

Table 3.2 in the appendix gro