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ABSTRACT

This study was undertaken to assess the interaction behaviour of soil jute

geotextile. The thesis presents the results of an investigation into soil - jute

geotextile interaction by means of pullout tests. For this purpose a large size pullout

box was designed and constructed. Pullout test results can be severely affected by

boundary conditions, in particular by the lateral earth pressure developed on the

front wall of the box, short lengths of jute geotexti Ie, depth to length of

reinforcement ratio, relation between soil particle size and container volume, side

friction developed on the wall and soil dilatancy. In order to avoid this effect,

sleeves at the front wall and fiber glass sheets were used in the front and side walls

of the pullout box. Two types of untreated jute geotextiles samples were obtained

from BJMC and BJRI. Mechanical and Hydraulic properties of these jute geotextiles

were determined following the ASTM standard test methods. Dredged fill sand

samples used for the pullout test were collected from the stack yard of Kaliakoir By

Pass Construction Project, Joydevpur-Tangail Road, Gazipur, Bangladesh. The

Index and shear strength properties of sand samples were determined following

ASTM standard test methods.

Soil reinforcement interaction is a primary issue for designing'of any reinforced soil

structures. The soil to jute geotextile interaction parameters are influenced by

interaction mechanism between sand samples and jute geotextiles, physical and

mechanical properties of sand samples (density. grain size distribution, shear

strength of sand samples) and mechanical properties (tensile peak strength), shape

and geometry of jute geotextiles. The soil to jute geotextiles interface friction

parameters (interface friction angle "8" and coefficient of interaction "C;"") for

different surcharge pressures were investigated. For this purpose, a number of

pullout tests were carried out to evaluate the intcrface friction parameters of two

types of jute geotextiles (Wool Pack and DW Jute Bag) and sand samples. The

results of this study indicate that the dredged fill sand soils can be successfully

reinforced with jute geotextile rcinforcements and the coefficients of interaction (0)

are equal to 0.9 - 0.95 for all tests indicating good bonding between the tested soil

and jute geotextiles.
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Additionally an assessment of technical and economical feasibility of jute geotextile

reinforced steep sloped embankment is also presented in this study. It has been

highlighted that despite the extra cost involvement for jute geotextiles used as

reinforcements, the net benefit that can be accrued from the other components, e.g.

cost of sand, cost of clay, cost of saved lands, revenue earned from the saved lands

etc., can be very significant for different heights of embankments .
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CHAPTER ONE

INTRODUCTION

1.1 Gcncral

The use of various reinforcements to improve the tensile capacity of soils has been

widely used in many soil structures, especially in the construction of reinforced carth

walls, reinforced earth embankments, reinforced slopes, embankments on soft soils,

vertical landfills and foundation soils. The interface friction or the interaction

behaviour (interface friction angle "0" and coefficient of interaction "C;"') between

the soil and reinforcement is a very important factor for the design of these

structures. These interaction propel1ies are used to check the anchorage or pullout

capacity and to determine the required anchorage length behind the slip plane. The

use of reinforcements will provide additional shear stress in the soil mass through

the tensile force in the reinforcement, which will increase the strength of soil-

reinforcement mass, and hcnce reduce the horizontal deformations, and thereby

increasing thc overall stability of the structure. Synthetic geotextiles are now being

widely used for a number of different geotechnical applications. The functions are

mainly filtration in cross plane flow, reinforced earth structures, separation of

dissimilar materials, reinforcement of weak soils, drainage in in-plane flow etc

(Koerner, 1997). Synthetic materials dominated the field because of its special

characteristics like high strength, high thermal insulation, low specific gravity, good

resilience, chemical inertness and resistance to moth and bacterial attack (Talukder

et aI., 1988). Recently developcd wovcn geotextiles are even ultraviolct degradation

protected. The main feature of gcotextile for which it has seen unrivalled growth

with a forecast by the United Nations International Trade Centre (UNITC) of 1,400

millionm2 produced by the new millennium is the prolonged design period of 100 to

120 years (Jute Manufactures Development Council, 2004).



The conccpt of reinforcing poor soils has continued until the present day.

Geotextiles were the first to use in erosion control applications and were intended to

be an alternative to granular soil tilters. Thus, the original and still sometimes used

term for gcotcxtiles is 'filter fabrics'. The work originating in the late 1950s using

geotextiles behind precast concrete erosion control blocks, beneath large stone riprap

and in other erosion control situations (Barrett, 1966). In the late 1960s, Rhone-

Poulenc Textiles in France began working with nonwoven needle-punched fabrics

for quite different applications (Koerner, 1997). Emphasis was given on reinforcing

unpaved roads, beneath railroad ballast, within embankments and earth dams. The

primary function in many of these applications was that of separation and/or

reinforcement. The Dutch and the English can be given credit for early work in the

use of geotextiles. ICI Fibers was a major influence in the use of nonwoven, heat-

bonded fabrics in a wide variety of uses. Mirafi, Inc. imported the first nonwoven

used in the U.S. from ICI Fibers in the late 1970s (Koerner, 1997). Today many

manufacturers are involved in the production, sales and distribution of geotextiles. A

number of conferences were held exclusively on the subject of geotextiles. More

recently, conferences have addressed the entire breadth of geosynthetics, the major

ones being those held in 1977, in Las Vegas in 1982, in Vienna in 1986, in Hague in

1990, in Singapore in 1994 and in Atlanta 1998. The culmination of this activity was

the formation of the International Gcosynthetic Society (IGS). At about this time the

synthetic industry had managed to penetrate the jute market.

Geosynthetics were first introduced as reinforcement material for reinforced soil

structures in the 1970s (Holtz et aI., 1997). The considerable increase in the use of

geosynthetics in the reinforced soil structures led to the development of testing

procedures to evaluate their interaction properties.

The advantages of geosynthctic reinforcement over conventional steel

reinforcements were given by Lee (2000) as;
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I. Geosynthetic reinforcemcnts arc more tolcrant to diffcrcntial movements than

conventional reinforccmcnts, because of the excellcnt nexibility and uniformity of

geosynthetics.

2. Geosynthetics are more resistant to corrosion and other chemical reactions.

However, one of the major disadvantage of geosynthetics is that it has a

considerable creep with time, especially in regions that experience higher

temperatures, which should be considered in the design by applying a factor of

safety that include creep effects.

As mankind seeks to reduce the connict between the expanding world population

and the limited natural resources available to it on the one hand and between the

daily deterioration of the environment and the exploitation of natural resources for

industrialization on the other, it is now realized that the promotion of a fiber other

than natural cotton and synthetic cellulose has become very important. It is

estimated that the demand for fibers for clothing alone will rise from the current 60

million tons up to 130 million ton per year in the year 2050 (Kozlowski, 1996), not

mentioning the fiber consumption for various other purposes. Although the

invention of synthetic fibers has brought un uncountable benefits in our everyday

life, many of the drawbacks of using geosynthetics have started to change our

attitude toward them.

In view of these developments, jute, a natural fiber has come up to supplement

and/or replace synthetics, has been receiving increasing attention from the industry.

The past success of jute is due largely to its environment friendly characteristics.

Jute fiber is comparable for superior to synthetic fiber in physical and chemical

characteristics. Jute is an annually renewable energy source with a high biomass

production per unit land area. Jute is biodegradable and its products can be easily

disposed without causing environment hazards. By rotating with other crops, jute

improves soil fertility and increases the productivity of other crops. The use of jute

as a geotextile will help to; at least partially solves the two biggest environmental

problems we are facing today: deforestation and soil erosion (Liu, 2004).
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In this connection, two seminars in London and Geneva last year brought together

key jute producers with invited researchers, environmental consultants, suppliers,

contractors and specifying authorities. Specifications were agreed which jute

geotextiles would need to meet to satisfy environmental and geotechnical engineers.

The obvious uses in erosion control were generally known, but it was interesting to

note that composite products involving jute in combination with synthetics, or jute

together with coir, can offer optimum solutions in other areas. Some applications are

clearly suited to jute, but the material characteristics need more elaboration.

Besides, a good number of researchers and pilot projects have been undertaken in

France, England and India under the auspices of United Nations Development

Programme (UNDP), United Nations International Trade Centre (UN lTC), Jute

Manufactures Development Council (JMDC), Agricultural and Environmental

Engineering Research, (CEMAGREF), France, Silsoe College, England and

Grenoble University, France in order to assess the technical aspects of jute

geotextiles for civil engineering applications for which geotextiles have been

successfully used (Jute Manufactures Development Council, 2004). The main reason

for drawing such attention to jute geotextile materials may be attributed to its low

cost compared to synthetic geotexti les in many countries and worlds growing

concerns over the ecologist imbalance.

The early examples of use of jute are also very rich. To assist in the invasion of

Normandy, the British Army developed a machine to lay canvas or fascine rolls to

provide roads across beaches and dunes (Thomson, 1988). Jute fabric soaked in

bitumen was used in military road construction in Burma front of South East Asia

during the Second World War (Kabir et aI., 1994). Traditionally soil filled jute bags

have been extensively used in military application and in erosion and flood related

civil engineering applications. Using jute to protect large areas from erosion,

including high-attitude ski-slopes with signilicant precipitation, has been tria led by

Francoise Dinger of CEMAGREF. The ability of jute to absorb five times its own

weight of water (3 kg per m3 of slope) was demonstrated. The retained water firstly

attenuates the run-off into the drainage system and is then released gradually to soak
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into the adjaccnt soil to nourish the vegetation from severe frosts, so aiding growth.

Barbara Lois SIRAS Company described the extensive environmental works

undertaken in France using jute geotextiles, including rehabilitating mine dumps,

restoring the Rhone riverbanks and the vegetating high altitude steep slopes at the

Winter Olympic ski jump in Savoie. Landscaping of slopes alongside the TGV rail

line and along highway cuttings and embankments showed the effectiveness of the

geotextiles. Recently, strengthening of a road with jute geotextiles in Kakinada port

area of Andhrapradesh, India was effectively done (Rao, 2003). Application of jute

geotextile has significantly improved the pavement performance.

1.2 Background of the Research

Roads in Bangladesh are generally constructed on em1h embankments raised above

the highest recorded flood level in order to keep the roads operational even during

the worst flooding situation. The embankments are constructed using silt and sand

predominant borrowed materials and/or dredged materials having Liquid Limit and

Plasticity Index of soil fraction passing 0.425mm sieve not to exceed 50% & 25%,

GoB (200 I and 2005). The borrowed materials are classified as per AASHTO, GoB

(1999). Due to low angle of repose (15° to 25°) of these fill materials, very flat side

slopes of I V:21-1to IV:31-1are provided. GoB (2000 and 2006), GoB (2000a and

2006a) and GoB (1999 and 2005). It may be noted that provision of such flat side

slopes requires acquisition of a lot of revenue earning agricultural lands. Further, the

embankments constructed with such highly erosion prone materials like silt and sand

require protection. Usually, a 1.0 to 2.0m thick clay cladding is provided on the

slopes in order to prevent erosion of the embankment core materials due to rain cut

and seepage forces induced by drawdown of flood water. On top of thc clay

cladding, vegetations are grown for ensuring long life of the clay cladding itself.

However, the clay claddings always rcmain vulnerable to vandalism and, therefore,

requires periodic maintenance. It should be notcd that in this system of road

embankment construction, it is assumcd that the system will remain impervious

during its service life i.e. no water will flow into the embankment material through

bottom, across side slopes or through the road structure at top.
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Another important aspect is that in most of the cases the road embankments are

constructed on soft subsoils. In order to improve the shear strength and

compressibility properties of the subsoils, preloading without vertical drains,

preloading with sand drains and preloading with synthetic prefabricated vertical

drains (PVD) are most commonly employed, GoB (2000 and 2006), GoB (2000a &

2006a). Surcharge for preloading is applied with the embankment core materials. A

synthetic geotextile separator is laid at the base, i.e. at the interface between the soft

subsoil and the embankment materials (surcharge) in order to avoid mudding effect.

The filling of the embankment material progresses in stages as the shear strength and

the compressibility properties of the subsoil improve due to expulsion of water. For

high embankments (>4.0m), a synthetic gcogrid reinforcement is provided at 3.0m

height from the base in order to avoid local instability of next stages of embankment

fill during construction, GoB (2000 and 2006), GoB (2000a and 2006a). Once, the

full height of the embankment is attained, the compacted embankment core material

is used as the subgrade for construction of flexible road pavement structure.

Recently, Bangladesh Jute Research Institutc (BJRI), Bangladesh Jute Mills

Corporation (BJMC) have developed designed biodegradable jute geotextile in order

to rcduce the problems associated with the inherent drawback of biodegradable

characteristics of jute natural fibers to a considerable degree, Mohy (2005).

Bangladesh Jute Mills Corporation (BJMC) have developed jute geotextile products

such as jute prefabricated vertical drains (JPVDs) which may be used in place of

synthetic vertical drains. It may be appreciated that in order to gain more economic

design, three different alternatives of road embankment construction may be adopted

using jute geotextile and related products. These proposed alternatives along with

current practice of road embankment construction are given in the Table 1.1.
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Table 1.1 : Current Practice of Road Embankment Constrnction in Bangladesh
and Prooosed Alternatives
Current oractice Alternative 1 Alternative 2 Alternative 3
- Side slope of - Side slope of IV: - Side slope of - Side slope of IV:
IV: 211 to IV: 3H 2H to IV: 311 due IV: O.5f! to IV: 0.511 to IV: IH
due to low angle to low angle of If! may be may be provided
of repose of repose of dredged/ provided using using jute
dredged/borrowed borrowed jute geotextile geotextile
materials materials reinforcements reinforcements
Clay cladding of - Clay cladding of - Clay cladding - Clay cladding of

1.0m to 2.0m 1.0m to 2.0m of 0.3m to 0.6m 0.3m to 0.6m
hickness required thickness required thickness may be thickness may be
I,

for erosion sufficient for sufficient foror erosion
brevention of core prevcntion of core erosion erosion prevention
naterials materials prevention of of core materials

core materials
- Synthetic PVDs - Natural JPVDs - Natural JPVDs - Natural JPVDs
used for ground may be used for may be used for may be used for
improvement ground ground ground

imvrovemen/ improvement improvement
-Synthetic - Jute geotextile - Bo{{om most - Bottom most jute
geotextile separator may be jute geotextile geotextile
separator used at used at the base to reinforcement reinforcement will
the base to avoid avoid mudding will play the play the secondary
mudding effect effect secondGlY role of role of separator at

separator at the the base
base

-Geogrid - Jute geofexlile -No .- No reinforcement
re inforcement reinforcement may re injorceme11l required at 3.0 m
used at 3.Om be used at 3.Om required at 3.0 m above base
above base to abo Fe base /0 aboFe base
avoid local avoid local
intrusion of fill intrusion of fill
soil soil
-No toe drain - No toe drain - No toe drain - A gravel toe drain
providcd for provided tor provided for may be providedfor
drainage. System drainage. System drainage. System drainage. System
remains remains remains becomes pen'ious.
imnervious. impervious. impervious.

It is appreciated that although physical. mcchanical and hydraulic propcrties and

interaction properties with soil of geosynthetics (synthetic geotextiles and synthetic

geogrids) produced at home and abroad are well known; .the similar properties for

jute geotextile and jute geotextile products manufactured by BJRI and BJMC are not

yet fully known. Mohy (2005) carried out a study to determine the physical,
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mechanical and hydraulic properties of some available treated and untreated jute

geotextile products. However, soil - jute geotextile interaction properties are yet to .

be determined for the products produced by BJRI and BJMC. Research to date has

been focused on the evaluation of the interaction properties of the synthetic

reinforcement in granular soils. This is primarily due to the extensive use of

synthetic reinforcement in reinforced soil walls and embankments. The advantages

of using synthetic reinforcements are their higher corrosion and other chemical

resistance, their excellent flexibility and uniformity. Although there is an increased

interest in the use of jute geotextiles as a soil reinforcement in reinforced walls and

slopes, limited research had been done relevant to the evaluation of the interaction

parameters (i.e. interface friction angle "/)" and coefficient of interaction "Ci")

between the filling soils and the jute geotextiles.

Further, the cost effectiveness of using jute geotextile reinforcements for steepening

the side slopes of the embankments also require to be studied in the context of

Bangladesh.

1.3 Objective of Research

Based on the problems identi fied in the above section, the present study is designed

to fulfill the following objectives:

a) To carry out pullout test in the laboratory under different surcharge loading in

order to obtain soil-jute geotextile interaction behaviour in unsubmerged condition.

b) To undertake a technical and economical analysis of jute geotextile reinforced

steep sloped embankment in the context of Bangladesh.

IA Methodology

A brief description of the methodology/experimental design to be followed in

conducting the study is given below:

a) Dredged/borrowed materials used as core materials in the embankment

construction of Kaliakoir By Pass Construction Project, Joydevpur-Tangail Road,
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Gazipur, Bangladesh has been collected. The index properties and shear strength

propertics of these soil samples werc determined by laboratory testing as per ASTM.

b) Untreated jute geotextile samples were collected from BJRI and BJMC. The

index properties and mechanical properties of these jute geotextile samples has been

determined by employing the ASTM test standards commonly applied to the

determ ination of the properties of synthetic geotexti les.

c) Pullout tests have been conducted in a pullout box of 1.2m x 0.9m x 0.9m size

(Palmeira, 1987; Fannin and Raju, 1993; Farrag, 1993; Adal1l1r et aI., 1994; Wilson-

Fahmy et aI., 1994; Ochiai et aI., 1996; Alobaidi et aI., I997; Koerner, 1998; Mak

and Gnanendran, 2001; Pamuk et aI., 2001; Aiban & Ali,2001; Teixeira et al.,2001;

Farrag and Morvant, 2004; Abdelrahman et aI., 2007) by placing jute geotextile

sample in the dredged fill material. Pullout force was then applied to the jute

geotextile sample under different surcharge loading in unsubmerged condition.

d) The above step has been repeated for differellljute geotextile samples.

e) In order to assess technical and economical feasibility of jute geotextile reinforced

steep sloped embankment in the context of Bangladesh. Limit Equilibrium Method

of reinforced-soil embankment design outlined by Koerner (1998) was employed.

The mechanical properties of jute geotextiles obtained from this study were utilized.

In order to assess the economic benefit of the soil reinforced system, the material

cost and price of acquired lands found in different specifications and schedules of

different organizations have been considered.

1.5 Organization of the Thesis

The research work conducted for achieving the stated objectives is presented in

several chapters of this thesis so that the steps involved in the study may properly

del ineate the methodology. A brief description of the contents of each chapter is as

follows:
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Chapter Two starts with a literature review on soil-reinforcement techniques with

special attention to the interaction behaviour between soil and reinforcement and

how it has been measured. Thereafter a review on soil-jute geotextile is presented.

A brief description of the equipment and procedures used in determining the sand-

jute geotextile interface parameters is presented in Chapter Three. The tests were

mainly conducted on the jute geotextile samples using large size pullout box for

pullout tests. There were two different types of jute geotextiles used for pullout tests.

This part is mainly concentrated on pullout tests. The description of the test

apparatus and experimental techniques for this research has been discussed here.

Chapter Four deals with test results and discussion. Here the laboratory test

procedures and results of all tests performed are presented with graphs and charts.

At the end the test results of pullout tests are presented, which are then analyzed to

determine the soil-jute geotextile interaction properties.

Assessment of technical and economical feasibility of jute geotextile reinforced

steep sloped embankment in the context of Bangladesh, is dealt in Chapter Five.

Limit Equilibrium Method of reinforced-soil embankment design outlined by

Koerner (1998) has been employed. The economic benefit of the soil reinforced

system is presented in this chapter with a cost comparison where the material cost

and price of acquired lands found in different spccifications and schedules of

different organizations will be considered.

Chapter Six includes the conclusions and recommendations on the basis of the

present study and eventually recommcndations for the future work are presented. As

in much research, the prescnt work provides some answers and raiscs additional

questions. It is hope that thc answers obtaincd in the present work will be useful to

progress in understanding soil-jute geotextile interaction behaviour.
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CHAPTER TWO

LITERATURE REVIEW

2.1 General

Many researchers have investigated the interaction behaviour of the soil -

geosynthetic interface. Parameters such as moisture content, soil type, geosynthetic

geometry and stiffness, confining stress and soil density have been the principal ones

under their investigations. This chapter summarizes the findings of previous works

conducted in their area, in addition to theoretical background. However, jute

geotextile may be envisaged as a potential alternative to geosynthetics in many civil

engineering applications specially in the application of soil- reinforcement

techniques. In this Chapter, first, summarizes the findings of previous works

conducted on geosynthetics. Then, the interaction behaviour of soil - jute geotextiles

are outlined.

2.2 Interaction Behaviour of Soil - Geosyntheties

Tatlisoz et al. (1998) compared the value of the apparent friction angle between soil

and geosynthetic with the internallriction angle of the soil tested. They defined the

term called "Coefficient of interaction" or "interface efficiency", Ci, as:

Cj = hi! + O"Utanoil .
C + Gntancp

. 2.1

In which Ca is the adhesion between soil and the geosynthetics, 0a is the interface

friction angle, c is the soil cohesion, <pis soil internal friction angle, and Gn is the

applied normal stress. When the soil tested is sand, the coefficient of interaction

reduces to :

Ci = ta no, 2.2
tan<p
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According to Tatlisoz et al. (1998), thc coefficient of interaction for pullout depends

on the perccnt area of the geosynthetic, area of the bearing surfaces perpendicular to

tensile loading, bearing capacity of the surrounding soil, soil type, and the length of

the embedment specimen. While for the soil- reinforcement direct shear interaction

mechanism, the shear resistance is a combination of the direct shear resistance of the

soil area in addition to the soil - reinforcement interface. If the interaction

coefficient is less than 0.5, it means that there is a weak bonding between the soil

and the geosynthetic. On the contrary, if the interaction coefficient is greater than 1

it means that there is a strong bonding between the soil and the geosynthetic. "The

need for studies about frictional properties on geosynthetics originates from the

observation that the value of the interface friction along a contact surface between

soil and synthetic matcrials can be lower than the value of the internal friction angle

of the same soil: in this case a weaker surface along the geosynthetic/soil contact

may develop" (Cazzuffi et aI., 1993).

Lopes (2002) stated that the principal parameters that affect the geomaterials -

geosynthetics interaction properties are interaction mechanism between geomaterials

and geosynthetics (direct shear or pullout mode), physical and mechanical properties

of geomaterials (density, grain shape and size, grain size distribution, water content),

and mechanical properties (tensile strength at ultimate and at 5% strain), shape and

geometry of geosynthetics. He also identified two interaction mechanisms that can

be clearly differentiated in reinforced systems during direct shear tests: a) skin

friction along the reinforcement, and b) geomaterials - geomaterials friction. The

"skin Friction" refers to the interface friction between the soil and the geosynthetic.

It occurs only between soil and any type of geosynthetic (geotextiles and geogrids).

It can be seen from Figure 2.1 that both the longitudinal ribs (LR) and transversal

ribs (TR) contribute to the shear strength for geogrids. Geomaterials -Geomaterials

friction refers to the friction that occurs in the openings of the geogrids (soil to soil

shear strength) during dircct sl~~ar test. He also states that the contribution of the

passive thrust mobilization on the bearing members of the geogrid mechanism is

almost negligible for the direct shear interaction mechanism. The degree of

interaction between soil and reinforcement as well as the failure mechanism
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developed is a function of the reinforcement form. In Table 2.1 some typical

reinforcements are shown with the main mechanisms involved between them and the

surrounding soil. Dyer (1985), using photoelasticity, has clarified and identified

different mechanisms of interaction between soil and reinforcement. Of great

importance is then the identification of the right mechanism and the choice of a

convenient and accurate way of measuring the magnitude of bond stresses between

soif and reinforcement.

Figure 2.1: Interaction mechanisms on geogrids (after Bergado ct aI., 1993)

Table 2.1 : Common Types of Rcinforccmcnt
reinforcement type

mechanism
frictional J bear inn

,

.~ ~
,

plain metal J---C>---I :strip
, ,

:

~

,
~

,
ribbed metal t----O----+---istrip ,,

,

~

I

geotextite r$l" ~:1..) ,,
I

~ ~~

,
geogrid ~

I

"" ,

Therefore, the total direct shear force can be given as:

Ft = Fs-s + Fs-g- __ •••.•..•..•...••............... .2.3

Where,

Ft= Total direct shear resistance force
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Fs•s ~ Soil to soil direct shear frictional soil

Fs•g ~ Soil to geosynthetic direct shear frictional force

Bergado et al. (1992) suggested the following equation to calculate the frictional

resistance force for the direct shear interaction mechanism on sands:

F, = Cln• A . [ads' tanl) + (1- ads) . tan (jlds] 2.4

Where,

Ft ~ Direct shear resistance (kN)

A ~ Total shear area (m2)

Gn ~ Normal stress at shear plane (kPa)

ads ~ Ratio of reinforcement shear area to total shear area

o ~ Interface friction angle

<Pds ~ Friction angle of soil from direct shear test

Equation 2.4 can be divided into two equations, one that calculates the frictional soil

to geosynthetic direct shear force and another one that calculates the frictional soil to

soil direct shear force. The frictional soil to geos)nthetic direct shear force can be

formulated using Mohr - Coulomb criterion as:

Fs-g ~ (Ca + G". tanoa) . As.g ••.•.•.•.•.•.•.•.•. 2.5

In which Ca is the adhesion between soil and the geosynthetics, 0, is the interface

friction angle, Gn is the applied normal stress and As_g is the area of the interface

friction, which is the interface area between the soil and the geosynthetic. The

frictional soil to soil direct shear force can be formulated using Mohr - Coulomb

criterion as:

Fs.s ~ (C + G". talHp). As.s 2.6

In which C is the cohesion of the soil. <Pis the soil friction angle, Gn is the applied

normal stress and As-s is the area of the soil to soil friction.

The frictional soil to geosynthetic shear stress or pullout resistance (t) from pullout

test can be computed using the following Equation:
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.; Tull / 2.A 2.7

In which Tull is the ultimate pullout force from pullout test, A is the embedded area

of the geosynthetic speeimen.

This empirical relation is defined as the average resistance method. The pullout

resistance is related to the surcharge pressure as follows:

.; C + Gntan /) 2.8

In which C is the adhesion intercept and is zero for cohesion less soil, Gn is the

surcharge pressure, and /) is the interface friction angle.

Ultimate or applied pullout force, TUII ; 2A .• ; 2bL Gntan/)

Where, b is the Strip width, 2bLGn is the Resisting pullout force of the reinforcement

For the measurement of soil-reinforeement interaction accurate testing conditions

must be chosen to measure bond stresses between soil and reinforcement. Although

some studies using triaxial tests can be found in the literature, testing procedure

under plane strain conditions are preferred because this is the most common case in

real reinforced soil structures. In Table 2.2 some of the testing procedures that have

been used to study soil-reinforcement interaction are presented. The most common

testing methods are direct shear and pullout tests. Boundary conditions may change

from study to study using these tests. Boundaries seem to vary more among pullout

tests than direct shear and they also appear to influence pullout test results more than

direct shear tests.

Despite some differences in equipment or boundary conditions, McGown et al.

(1978), Jewell (1980) and Dyer (1985) reached similar fundamental conclusions, as

follows:

a. The most effective way of placing the reinforcement is in the regions of tensile

strains. In regions of compressive strains the reinforcement may not affect or may

decrease the strength of the reinforced soil.
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b. Reinforcement longitudinal stiffness is a very important variable for the response

of reinforced soil samples. The composite material can present a brittle behaviour,

depending on the stiffness of the inclusion.

c. Reinforcement bending stiffness is not of major importance in the behaviour of

reinforced sand samples undergoing direct shear.

d. The form and degree of roughness of the reinforcement is of utmost importance

for the load transfer between soil and reinforcement and for the overall strength of

reinforced samples. Dyer (1985) has emphasized the fact that the main mechanism

of interaction between a grid reinforcement and the surrounding soil is due to

bearing.

Table 2.2 : Some Plane Strain Testing Configurations for the Study of Soil-

Rei nfa reellIen tIn teraetion.

test'ng ;..rocedure author I
pia.....,.str,),,, IJr"r cell MeGo •••.n et ill 11978 I

@Q,
direct shear Je .•.•.ell (1980), Oyer (1985)

LSJ
---

Delma!> et al (19791. Dyer 119851. Degoutte oS. Mathieu [19861. Elias 11979l.
Koivumciki t19831, M,yamori et a111986J. Palme;ra 119B'). Perrier ,t

8 • 1 (19861 . S~rsb)' 8. M.:ar.•.•r>aI119831. Shen et al (19791

pull- out Ch.mg el at 119771, OyN1198SI. Gardner t Morgado t198t.J. Ingold &

Tt:mDle~an 11979), J •.•••e1l11geOI, Shen et ill 11979)

E3
---_ ..._- _ .... _.-

Bliv •.•1 8 Gesiln 119791. Oelm.1s cr aI11979). RO .•.•.i.' ct al (19851

~ -~
-_._ ... - ..

Schlosser ,Elias 11978/

~--- _ ... .._._--- ._ .._- _. ._. ------ -----_ ..... - ----
Terre .=.,nr,ee I S{hlllSSCr & 1I as n9iB)

~;::'::'. .~..
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In Figure 2.2 possible internal failure mechanism in a retaining wall structure are

presented as an example. It failure along surface 1-2 occurs, the mechanism

involved in region A is of sliding of soil on the plane of reinforcement. If failure

along surface 3-4 prevails, soil and reinforcemcnt, as a composite matcrial, is

sheared. In the case of failure along the length 5-6, because of insufficient

anchorage, sliding of the reinforcement inside the soil matrix takes place. Based on

this example, the choice of direct shear tests and pullout tests to represent each

specific situation scems sensible.

4
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r"':,":, "_.' .... -.~..•
" ,

. , ,

• / :~':.::.-., .~.
, /~potential failure surfar, ,

---------c r;"
I IVB
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1 I..---- 1. 1\ " 6...------------ / '-( -----I -I
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Figure 2.2 : Failure mechanisms in a reinforced soil retaining wall

A good guess for the orientation of a planar failure surface in Figure 2.2, based on

earth pressure theories would rcsult in a angle of n/4 + '1'/2 with the horizontal

measured from the bottom corner of the wall, 'I' being the soil friction angle. For

most granular backfills, this cxpression would lead to orientations between 60° and

70° for the failure plane. As a result, valucs between 20° to 30° are obtained for the

angle formed by the normal to thc failure plane and the reinforcement direction (8 in

Fig. 2.3) at the intersection between failure plane and reinforcement plane (region B

in Fig. 2.3). In fact, in direct shear tests with the reinforcement inclined to the shear

plane, values of 8 = 30° have been found to be the Illost efficient orientation for the

reinforcement (Jewell,1980; Gray & AI-Refeai,1986) which is also the direction
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where coincidcnce bctwccn rcinforcemcnt oricntation and direction of minor

principal strain occurs in a dircct shear box when tcsting dense sand.

In the case of direct sliding of soil on reinforcemcnt, Sarsby & Marshal (1983) have

shown that a polymcr grid reinforcemcnt (Netlon SR2) can develop an interfacc

friction angle equal to the soil friction angle. Jewell et al.( I984) proposed an

equation to obtain a friction coefficient between soil and reinforcement in direct

sliding as a function of thc soil strength parametcrs, reinforcement form and

geometry. For a potential failure surface intersecting the reinforcement layer, Jewell

(1980) has demonstratcd that a limit equilibrium analysis may be successfully used

to obtain reinforcement forces in a direct shear box.

The freedom of choice of boundary conditions for pullout tests seems to be either an

advantage or a limitation of the test. An advantage in the sense that simple boundary

conditions can be chosen to eliminate some obstacles to the interpretation of results

and a limitation because, ifsome precautions are not taken, the result of the test may

be affected by the boundaries. Angles of friction between soil and reinforcement

obtained in pullout tests greater than the friction angle of thc soil alone have been

reported in the literature (Schlosser & Elias, 1978). This has been attributed to

boundary conditions or soil dilalancy.

The usual criterion to check the rcliability of a test rcsult is that the interface angle

of friction between soil and a plain sheet of reinforcement can not be greater than the

angle of friction for the soil alone. A collection of data on direct shear and pullout

test results is presented in Figurc 2.3 and 2.4. The figurcs were originally collected

from Palmeira (1987).Reinforcements presenting bearing like mechanisms were

avoided in ordcr to have a common basis for comparison. Reinforcement types are

various geotextiles and plain metal shccts. It can be seen that, independently from

boundaries and test arrangements. two marked patterns of results arise in Figure 2.3 :
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Figure 2.3 : InTerface direct shear test results (after Palmeira, J 987)
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I. Most of the interface friction angle values (8) are smaller than the soil friction

angle (<p). Values of8 greater than <pmay be expectcd to be due to boundary or scale

problems or to inaccurate measuremcnt of the soil friction angle. Also, most of the

values of interface friction angle for geotextiles arc within the limits 0.75 <p< 8 < <p;

2. Plain metal reinforcement, besides showing a larger scattering of results,

presents smaller values of interface friction angle 0.3 <p< 8 < 0.7<p.

Figure 2.4 shows the data collected from the literature regarding pullout tests. Tests

results from real reinforced walls were avoided because of the difficulty of

controlling factors that may affect test results, such as : influence of construction

procedure, more difficult control of soil properties, tests being performed in a

reinforced soil, and boundary effects. Schlosser & Elias (1978) have presented a

large number of field pullout test results performed by the Reinforced Earth

Company. Test results from reinforcements presenting bearing-like mechanisms

were again avoided. It can be observed that the bulk of the test results, in fact,

presents interface friction angles smaller than soil friction angles. The same reasons

given in the previous paragraph for values of 0 slightly above <pmay be applied.

Some results are well above the value of the soil friction angle. Some reasons may

be found in the following explanations:

I. Boundary Conditions: influence of factors like friction on the front wall of the

pullout box and depth to length of reinforcement ratio are usually ignored.

2. Stress Level: it is not common to find reference to the stress level at which the

friction angle of the soil was obtained. Comparisons between soil friction angles

and interface friction angles, obtained at different stress levels, appears to be

common. The assumption of constant soil li'iction angle, independent of the stress

level, is not correct. In Figure 2.5 the dcpcndcncy of the friction angle on the stress

level for sands is shown (Bolton, 1986). Figure 2.5 shows that the friction angle

obtained for a sand is dependent on whether a plane strain or an axisymmetric

condition is imposed to the samplc. In rcal reinforced soil walls the vertical stress
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near the wall can be greater than the stress due to the weight of the soil alone (Smith

& Wroth,1978; Juran et al.,1979). Smith & Wroth (1978) have reported pressures at

the base of reinforced earth wall models, near the corner of the wall, up to 2.5 times

greater than the pressure due to the weight of the soil.

3. Scale: may impose additional difficulties in intcrpreting results. The influence of

factors such as the relation between soil particle size and container volume, side

friction and low stress levels must be quantified and take into account.

locao

8

plane strain tests

10e 1000
me~"'elft(l,ve slrus lkPlJ

,
"

]1> ••.••.p,69

o
o

16

, "
€..- ,

triaxial tests

100 1I)O~ .( coo
~~n el~ul ••e ~!..os (iI?~l

\, 1:1= 1.0,,,,,,tl

1•. ',0.75,,., .

,
10

== 10

Figure 2.5 : Friction angle dependance on stress level (after Bolton, 1986)

The simple comparison between a test result and the soil friction angle is not a

guarantee of accuracy for the result or reliability in the test procedure. Figure 2.6

shows the histogram plot for test results presented in Figures 2.3 and 2.4. Figure 2.6

emphasizes the higher adhercncc betwcen soil and geotextiles compared with plain

steel reinforcement. There are fewer pullout test results published in the literature

than direct shear test results. Howevcr. the same trend is observed in the case of

pullout tests. A larger spreading of rcsults is a measure of the effect of different

boundary conditions but, for geotextilcs. the mean value of Mp from pullout tests

compares very well with the value obtained from direct shear tests.
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Wang and Richwien (2002) compared the results from direct shear and pullout test

and concluded that the direct shear tests gave much smaller values in terms of the

mobilized friction. They proposed an approach from which the pullout friction can

be estimated from the direct shear interface friction angle, the friction angle and the

dilatancy of the soil (these three parameters can be obtained from the direct shear

test). For theoretical analysis, the authors assumed that the strip is stiff and that the

sand is elastic. They relate the coefficient of pullout friction f* and the direct shear

coefficient of friction fwith the dilatancy angle of sand q:> in th'e following equation:

f* ~ f/I-(2 (l+v)/(1-2v)(1+2ko)) ftan 1jI •••••• 2.9

Where v is the Poisson's ratio and k" is the coefficient of lateral earth pressure at rest

for sand. Ingold (1982) stated that the coefficient of friction measured by a direct

shear test is often different from the value measured by a pullout test, and in some

cases the pullout test can give values up to 13 times greater than the direct shear

tests. When comparing both the pullout and direct shear test. Ingold (1982) also

concluded that the direct shear test does not model the behavior of a reinforcement

strip subjected to tensile load, and so docs the pullout test.

Chenggang (2004) tested both direct shear and pullout tests using three different

soils on three types of reinforced materials: warp-knitting geogrid, plastic geogrid
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with one direction tcnsion and woven gcotextile. The soils used in his study were

sand gravel (<p= 35°, c = 0), coarse sand (<p= 31.5", c = 0), and granite residual soil

(<p= 23.9° - 29°, c = 14.6 kPa.). The size specimens for direct shear tests were 100

x 100 x 120 mm and for pullout tests were 200 x 200 x 60 mm. The results of

Chenggang (2004) direct shear tests are slllnmarized in Table 2.3. On Table 2.3, O,g

is the soil to soil to geosynthetic interface friction angle, C, is the adhesion between

the soil and the geosynthetic and <p.is the soil friction angle.

Chenggang (2004) concluded that for the roughest geosynthetic used which was the

warp - knitted, the interlocking effect was very significant and the shear band

produced was the thickest and the strength was the largest. lt is interesting to notice

that in this Chenggang's technical paper there was reported adhesion (Ca) for sand

tested with geosynthetics.

Table 2.3: Chenggang's Test Results (2004)

direct sheilr test l}ullout test
Soil GeosYlllhetic Ca

Ca (kPa) 8,c (0'9 I C1J,) (kPa) OSlo: (("g I C1J,)
plas[ic geogrid 2 30.5'" 0.84 2.6 33.6(0 0.96

Snnd \\arp - knilled
gravel ceoerid :'.1

...... '? 0.94 3.5 37.20 1.09.'.1..1

woven geotextile 5.7 ]5.R" 0,69 9.1 ]20 0.57
plastic geogrid 1.5 .,S..1C' a.Rl) 4 2830 0.89

Coarse warp - knilted
- S311d !!eo!!rid 5A 30,2'" 0.95 0.8 32.6° 1.05

woven geotextile .1 27.2° O.8~ 1.8 31.30 1
Granite warp - knined
residunl !!.t'o!.!rid :-:.6 2X.I" 0.96 :15 31.5° 1.1 1
soil \\0\',-'11 gi.'llIC.'lill.' ,.3 27,.l" 0.93 7 26.9° O,Q3

Several researchers have carried out the pullout tests of reinforcements in soils

(Ingold, J 983; Rowe et aI., 1985; Palmeira. 1987; .Juran, 1988; Bergado et aI., 1992;

Fannin and Raju. 1993; FaJTag, 1993; Adanur et al..1994; Wilson-Fahmy et aI.,

1994; Mallick et aI., 1995; Ochiai et al.. 1996; Alobaidi et aI., J 997; Koerner, 1998;

Mak and Gnanendran, 200 I; Pamuk et aI., 200 I; Aiban & Ali,200 I; Teixeira et

al.,200 I; Farrag and Morvant, 2004; Abdelrahman et aI., 2007). These pullout tests

were originally carried out for the purpose of clarifying the pullout mechanism of
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the reinforced soils. The method of preparing the sample, soil utilized, reinforcement

material, testing procedure and thc size of the pullout test apparatus werc among thc

factors studicd. Figure 2.7 to 2.20 showing the different sizc & types of pullout

apparatus wcre used by the researchers for conducting laboratory pullout test. A

comparative study was conducted by Juran et al. (1988), but becausc of the different

test conditions such as soils and apparatus used in each test, their studies were

restricted to qualitative rather than quantitative basis. The results of pullout tests

have been used for investigating the mechanism and evaluating the design and

analysis parameters of reinforced soil structures. The test conditions are very

important for the determination of these parameters. The interaction between soil

and reinforcement is frequently evaluated in terms of apparent interface friction

factor evaluated from the pullout tests as recommended by Ingold, 1983; Rowe et

aI., 1985; Juran, 1988 and Christopher, 1988.

Rowe et al. (1985) evaluated the soil-geosynthetie interface strength properties of

geosynthetics in conventional granular fill and light weight (saw dust) fill. They

conducted series of direct shear tests and pullout tests, which were performed to

determine these properties for a number of different geotextiles and geogrids in both

granular fill and saw dust. For both woven and non-woven fabrics, the interface

friction angle (0 ) was the same in both direct shear and pullout modes. But for

geogrid "Tensar SR2". the interface friction angle (0 ) measured by direct shear test

was essentially the same as that of the soil (i.e. 0 = q>= 30° ), and the interface

friction angle measured by pullout test was significantly lower (i.e. 0 = 18° ).

Koutsourais et al. (1998) also compared the results of pullout and direct shear tests

of geosynthetic reinforcement in marginal cohesive soil, in terms of interface

friction angle (0 ). They concluded that the pullout tests truly simulate the pullout

failure, and the pullout tests provide approximately 13% to 17 % higher soil

interaction values at low confining pressures « 4 psi) and provide essentially the

same soil interaction values at higher confining pressures.
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Cowell and Sprague (1993) compared the pullout pcrformance of geogrids and

geotextiles in uniformly fine sand. They investigatcd the differences in the pullout

performance for geogrids with and without junctions and for geogrids and

geotextiles with similar stress-strain characteristics whcn tested in uniform fine sand.

The pullout resistance at 0.75 inches of displacement for the geotextiles tested was

significantly 50% to 67% lowcr than that obtained for geogrids of similar strengths.

The removal of the junctions from the geogrid tested reduced the pullout resistance

of the geogrids by less than 10%.

Bergado et al. (1992) conducted pullout tests of steel geogrids in weathered clay,

and compared the laboratory and field pullout test results. The laboratory pullout

tests were conducted on various reinforcement sizes, mesh geometry, and

compaction conditions of the weathered clay. The field pullout tests provided higher

pullout resistance than the laboratory tests. The total pullout resistance of the

geogrids is the combination of the frictional resistance and the passive bearing

resistance. Though the tests were conducted with steel geogrids, they provided the

effect of cohesive nature of the soils and provided the necessary formulations for

passive bearing resistance for cohesive soils. The passive bearing resistance (Fb) was

related to the bearing capacity factors in the Terzaghi-Buisman bearing capacity

equation. Two failure models were adopted to evaluate the bearing capacity factors,

namely the bearing capacity failure model (Peterson and Anderson, 1980) and the

punching shear failure model (Jewell et aI., 1984). The prediction for passive

bearing associated with the bearing capacity failure model formed the upper

boundary while the prediction associated with the punching shear failure model

provided the lower boundary. Lin et al. (1996) studied the performance of polymeric

gcogrids in compacted cohesive lateritic soil and complemented the analysis done by

Bergado et al. (1992) and presented identical conclusions. Lin et al. (1996) used the

same failure models to evaluate the passive bearing resistance of polymer geogrids

and came up with conclusion similar to 8crgado et al. (1992), i.e., the bearing

capacity failure and the punching failure modes appeared to be an upper bound and

lower bound envelope for the pullout capacitics of the polymer grid reinforcements,

respectively.
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The total pullout resistance for gcotcxtiles is contributed only by the frictional

resistancc. Thc frictional rcsistance for geotcxtiles is evaluated using Mohr-

Coulomb yield criterion, which depends on thc soil properties (i.e. soil friction angle

and soil cohesion intercept), interfacc friction angle, interface adhesion, the

embedded area and applied confining pressure (Koutsourais et aI., 1998).

Ochiai et al. (1996) evaluated the pullout resistance from pullout tests of geogrids in

uniform fine sand. In their study, both field and laboratory pullout tests were carried

out in order to clarify the pullout mechanism, and to determine the parameters

needed for design and analysis of the reinforced soil structures. In order to evaluate

the pullout resistance, two evaluation methods were defined the Mobilizing process

method and the Average resistance method. Based on the pullout mechanism, the

Average resistance method was further sub-divided in to three methods which are

called the Total area method, the Effective area method and the Maximum slope

method. For practical use, the pullout test with small vertical stress is recommended,

together with the total area method, for evaluating the average resistance from the

test results (Ochiai et aI., 1996).

Aiban and Ali (200 I) carried out a research to study the frictional characteristics of

sand- geotextile-sand and sabkha sand-geotextile-sand interfaces and to compare the

pullout resistance of nonwoven geotextiles taking into account different test

parameters. An experimental setup was developed to conduct the pullout tests. These

test results have indicated the existence of three stages of deformation in the

geotextile under pullout testing, which ultimately lead to the slippage of the entire

geotextile strip. The pullout tests results indicated that high tensile strength

geotextiles require a large pullout force in the case of the sand-geotextile-sand

interface, whereas the least extensible geotextile rcquires the maximum pullout force

in the case of the sabkha sand-geotextile-sand interface. It was also found that the

geotextile surface texture and extensibility are the two main factors, in addition to

the mass per unit area of the geotextile, in the ease of sabkha sand-geotextile-sand

interface.
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Teixeira et al. (200 I) carried out a rcseareh to evaluate the soil-geogrid interaction,

conducted to quantify the contributions of passive and intcrface shear mechanisms to

the overall pullout resistance of geogrids. An experimental testing program was

conducted in this investigation using both large scale and newly developed

individual rib pullout devices. The large scale pullout tests were conducted using

uneasily coated geogrid specimens with and without transverse ribs. On the other

hand, the individual rib pullout tests were conducted using individual longitudinal

and transverse ribs. For the dense mesh geogrids used in this investigation, the

development of passive mechanisms in front of geogrid transverse ribs was found to

influence significantly the interface shear mechanisms that develop along

longitudinal ribs.

Adanur et al. (1994) carried out a study, development of a pullout box and observed

the effects of normal pressure and displacement rate on pullout performance of

woven and nonwoven geotextiles. Three types of woven and four types of nonwoven

geotextiles were used. Three levels of normal pressure and two different

displacement rates were used. An Instron machine were used together with the

pullout box to apply the pullout force. Plots of maximum pullout capacity and

displacement values were made. Effects of different granular soils were examined.

Alobaidi et al.( 1997) carried out a research to present a numerical method to predict

soil- geotextile interface friction parameters. A strain softening model was used to

simulate the relationship between shear stress and horizontal displacement at the

soil-geotextile interface. Pullout tests were performed on two types of geotextile,

with different tensile stiffnesses, embedded in a granular soil. For each geotextile,

pullout tests were performed at contining pressures of 20, 50, 100, and 200 kPa. It

was found that, unless breakagc or the geotextile occurs, the peak pullout force

oecurs after a small displacement of the free end or the geotextile. At the peak

pullout force, the maximum shear stress occurs near the free end of the geotextile

while the shear stress at the loaded end is at or near a residual value.
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Mak and Gnancndran (200 I) studicd on progrcssivc failure occurred along the

interface of soil-geosynthctic experimentally with internal measuring devices such

as the mounting strain gauges and tcll-talcs on the cmbedded reinforcement; and

sometimes by comparing pullout test results from diffcrent apparatuscs. A series of

paramctric studies were performed to examinc thc influence of the factors such as

pullout box length, front boundary, characteristics of thc soil reinforcement system

on progressive interface failurc. Pullout box length) .Om to 3.0m, width 0.5m, depth

0.6m has been analysed. The front boundary includes length of the exit sleeve used.

The influence of soil models has also been included. This study indicates all three

factors can have a significant impact on the as measured pullout response. However,

conservative pullout strength for design may be deduced.

Pamuk et al. (200 I) studied on the long term interaction and pullout behavior of

geogrid embedded in clay subjected to sustaincd and repeated loads. Pullout box of

length 0.6m, width 0.2m, dcpth O.3m has been used in the study. Under repeated

loading conditions, differcnt frequencies and intensities of tensile load were applied.

Strain distribution along the Icngth of confined geogrid was measured using strain

gages and an advanced data acquisition system. The front end displacement was

mcasured of the geogrid. It was found that as the applied static or repeated load

increased, creep at an increascd rate developed in the embedded geogrid. The creep

intensity was highest near the load application. However, frequency variations (0.1

and 0.5 Hz) of applied load did not show a significant effect on creep strain rate.

Creep strain rate under static loads was larger than that under repeated loads. The

confining pressure had significant influence on the creep rate as well as on the strain

distribution along the embedded gcogrid. Ultimate pullout resistance was not

significantly different under static or repeated loading.

Koerner (1998) suggested the following considerations that are important for a soil

pullout test box sctup :

i. The test box must be deep enough to permit soil deformation above and below

the reinforcement as it pulls out of the soil mass. This requires 300mm of soil

above and below the reinforcement.
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ii. The test box must be long enough to allow for the applied stress on the

reinforcement to dissipate fully. A box at least 1.0m long is necessary.

iii. This large test box functioning at a high normal stress, requires a very strongly

braced and supported system.

iv. Reinforcement being quite strong will require a high strength withdrawal system

for the actual pullout 10 occur.

Many researchers have discussed the importance of using the coefficient of

interaction (C,) as a design parameter (Cowell et aI., 1993; Koutsourais et aI., 1998;

Tatlisoz et aI., 1998). According to these researchers, the coefficient of interaction is

the ratio of interface strength between the soil and reinforcement to shear strength of

the soil. Cowell et al. (1993) evaluated the soil interaction coefficients of geotextiles

and geogrids in sand, the C; values ranged from 0.8 to 1.0. However, Koutsourais et

al. (1998) evaluated the coefficient of interaction (C;) of geotextiles and geogrids in

clay, and they obtained C; values that ranged from 0.5 to 0.9. Tatlisoz et al. (1998)

studied the interaction between reinforcing geosynthetics and soil-tire chip mixtures.

In there study, they evaluated the coefficient of interaction for different

geosynthetics with different soil combinations. The C; values obtained in the study

ranged from 0.3 to 1.5. An interaction coefficient greater than unity (C; > I)

indicates that there is an efficient bond between the soil and the geosynthetic and

that the interface strength between the soil and the reinforcement is greater than

shear strength of the soil (Tatlisoz et aI., 1998). Similarly, if the interaction

coefficient is less than 0.5 (C; < 0.5) indicates weak bonding between soil and

geosynthetic or breakage of geosynthetic layer (Tatlisoz et aI., 1998).

The shear stress distribution along the length of geosynthetics using pullout tests

was first introduced by Holtz (1977). In his laboratory study of reinforced earth

using woven polyester fabric, he conducted friction tests, and in these tests a system

of small magnets was attached to test specimen at every 150 mm to measure

deformation. The location of each magnet relative to its initial position was observed
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and recorded several times during the pullout test. Thus, the difference between any

two relative moments represents the measure of the net deformation in a given

section of test specimen. After measuring the deformation along the length of the

test specimcn, the corresponding strain and then the corresponding stress in a given

section of the test specimen was calibrated.

Ochiai et al. (1996) also evaluated the shear stress distribution of geogrids tested in

sand. The deformation along the length of the geogrid was measured using LVDTs,

and therefore the average shear stress between the given sections was calculated.

Both studies concluded that the shear stress is maximum at the face of the

geosynthetic and gradually decreases along its length.

The normalized method to determine the pullout resistance factors was

recommended in the FHW A 1996 manual (Elias and Christopher, 1996). In the

FHWA 1996 manual, the pullout resistance factors F' (friction-bearing interaction

factor) and a (scale correction factor) were evaluated, both theoretically and

experimentally. The experimental procedure rccommended laboratory or field

pullout tests to evaluate these factors. To determine the scale correction factor (a),

the pullout tests was recommended for different lengths \~ith varying confining

pressure. For geosynthetic reinforcements. thc F' was referred as the interaction

coefficient (C,). The recommendcd value of a for design using geosynthetics was

recommended in the range of 0.6 to 0.8.

2.3 Intcraction Bchavionr of Soil-Jutc Gcotcxtilc

Many researchers have investigatcd the interaction behavior of the soil-geosynthetic

interface. But a very fcw rescarchers have conducted the study on the interaction

behavior of the soil-jute geotcxtile. Muhammad (1993) carried out a study to

determine the interface behavior of soil-jute geotextile. An accurate estimation of

the friction angle between various geosynthetics and soil is imperative in the design

of any geosynthetics application. Since the jute geotextile could come in contact

with sand particles in earth reinforced embankments, it is necessary to understand
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the sand-jute geotextile interaction as well. Interface friction angle is the maximum

interlock angle bctween two different materials at which relative displacement

between the two materials become imminent.

Muhammad (1993) conducted two laboratory test in order to determine the interface

friction angle between sand and jute geotextile. First was the conventional direct

shear box test where high normal stresses used and the second was the simple

laboratory test where lateral force applied by pulling a circular plate of jute

geotextile over a sand layer at a range of low normal stress. The properties of the

jute geotextiles used in these test have been described by Karunaratne et al.( 1992).

The soil used in these experiments was uniform medium sand.

From the direct shear box test the internal friction angle for dry sand and saturated

sand are found to be 38.4° and 36.9° respectively. It is clear that insertion of jute

geotextile causes a reduction in friction angle. For saturated sand and jute geotextile

of 500 gm/m2 the reduction is 3% while for saturated sand and jute geotextile 600

gm/m2 is 7.3%. The reduction in value for interface friction between jute geotextiles

and saturated sand may be due to the smoothness of the jute geotexti Ie fibers whieh

come in contact with the sand particles.

From the pullout test it is found that the interface frictional values for jute geotextile

of 500 gm/m2 and jute geotextile of 600 gm/m~ are 34.3° and 31.7° respectively

which are lower than the values obtained from the direct shear tests. This may be

due to less shearing stress developed in the pullout test and low magnitude of

applied normal pressure. Mohy,2005; Muhammad, 1993; Rao et aI., 1994; Kabir et

aI., 1994 determined the Physical, Mechanical and Hydraulic propcrties of jute

geotextiles and it has been observed that jute geotextile is sufficient to retain sand

particles. The tensile strength of jute geotextiles determined by wide width strip

method are strong enough to use as a reinforcement in the earth reinforced

embankments.
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Jute is one of the oldest surviving agro-industries in Bangladesh and has been

traditionally in use for flexible packaging, especially sacks. The special physical

attributes of jute have opened up new avenues for diversification promoted mostly

as a result of global concerns for cnvironment. Jute geotextile is one such diversified

product of jute with designed biodegradability and increased hydrophobicity which

has proved to be highly effective in addressing a number of soil-related problems in

civil engineering. Functionally,jute geotextile does not have much dissimilarity with

man-made Geotextiles.

Jute geotextiles undergo designed biodegradation in soil; the decomposition of fibers

takes place within ecological cycle, climatic conditions and soil properties. A few

types of jute geotextiles treated with various chemical compositions designated by

treatment I, treatment-II, treatment-III and treatment-IV respectively and then tested

their biodegradability, durability, moisture holding capacity in a standard laboratory

test. Results of above treated jute geotextiles are shown in the Table 2.4. A summary

of test results conducted by Rao et al. (1994) are also shown in the Table 2.5.

Table 2.4 : Biodegradability, Durability and :\Ioisture Holding Capacity of

Treated aud Untreated Jute

Types of product Biodegradability Durability Moisture

Time in Weight Time in holding

month loss (%) year capacity (%)

Light weight Hessian 3 30 0.25-0.80 12

Treatmcnt-I 12 15 0.50-1.25 9-10

Treatment-II 12 10 2.0-5 6-8

Treatment-III 12 5 >10 5-6

Treatment-IV 12 1-3 >20 3-4

after Mohy (2005)
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It is observed that untreated jute fabrics are susceptible to microbial attract and

undergo degradation in properties during accelerated soil burial test. Copper

napthenate plus acrylic and CCA+Acrylie binder treated fabrics give better

performance than that of untreated fabric for same duration. Most promising results

are obtained from jute fabrics treated with coal tar and Anthracene oil.

Table 2.5: Summary of Test Results Conducted by Rao et al. (1994)

Properties Jute based geotextile types

JGTI JGn JGn JGT4 JGTS JGT6

Physical properties

Material composition 25%1+ 50%J+ 75%J+ 75%J+ 75%J+ 75%J+

75%PP 50%PP 25%PP 25%PP 25%PP 25%PP
Role width, length (m) OS,!0 05.10 05,tO 05,10 05,10 05,10
Weight (gsm) 282 270 272 220 353 500
Thickness (mm) 2.6 3.8 2.t 2.6 4.3 4.9

;\'lcch:lllic:l1 Properties

Tensile strength (kN/m) 6.7 2.65 8A3 0.25 2.65 4.2
Percentage Elongation at 21.6 98.7 29 83 89 95.8
maximum load (%)

Survivability Properties

Puncture resistance Falling 9.5 2.0 9.5 .1.0 0.5 0.5
Cone Method (mm)

Elongation (0101) - 70 - 100 60 60
CBR resistance (kN) 1.54 0,42 1.92 0.07 0.24 1.49
CBR Elongation (mm) 48 92 42 68 80 60
Index Puncture (kN) 0.34 0.18 0045 0.036 O.t3 0.50
Index Elongation (mm) 14 28 14 29 31 22

Hydnwlic Properties

Permittivity (mm/scc) 0.1 2.59 0.03 1.8 3.9 2.0

after Rao et al. (1994)

Based on the results presented above summarized in Table 2.5, Rao et al.( 1994)

attempted to categorize the jute based geotextiles fabrics as to their suitability for

various geotechnical functions presented in Table 2.6.
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Table 2.6 : Categorization oL/nte Based Geotextiles

Fabric Typical function

Type Separation Filtration Drainage Reinforcement

JGT I Y Y Y Y

JGT2 Y Y Y N

JGT3 y y N Y

JGT4 N Y Y N

JGT5 Y Y Y N

JGT6 Y Y Y Y

Y : can be used; N : cannot be used

Jute is biodegradable, photodegradable, thermal degradable, high modulus, less

extensible, hygroscopic, coarse fiber. In tropical, humid, rain fed and frequently

flood affected countries like Bangladesh quick biodegradability of jute is a

disadvantage for its use in geotechnical application. To overcome this disadvantage

numerous study/research works have been performed by different researchers,

organizations and institutions for last few years. Recently a wide range of jute

geotextile has been developed in the laboratory of Bangladesh Jute Research

Institute (BJRI) by blending jute with hydrophobic fiber like coir or by modification

with bitumen, latex and wax resinous materials with the collaboration of Bangladesh

Jute Mills Corporation (BJMC).

Hence, soil-jute geotextile interaction properties are yet to be determined for the

products produced by BJRI and BJMC. The pullout box used in this research has

been designed and constructed based on the size and configuration used by the

different researchers in this field (Figure 2.7 to 2.20)
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CHAPTER THREE

LABORATORY INVESTIGATIONS

3.1 General

The present research is carried out to investigate the soil-jute geotextile interaction

behaviour. The research is concentrated primarily on the pullout test for

determination of soil-jute geotextile interaction properties (interface friction angle

"6" and coefficient of interaction "Cj'} Tests were conducted using different jute

geotextiles such as wool pack, OW jute bag placed in the dredged fill sand as soil-

reinforcement subjected to different surcharge loading.

The physical properties of the sand used were determined using ASTM test methods.

The maximum and minimum density of the sand sample were determined by using

conventional ASTM method. Direct Shear Tests were conducted on air dry sand

sample to determine the angle of internal friction.

The physical and strength properties of jute geotextiles were determined using

ASTM test procedure. Soil-jute geotextile interface friction angle was determined by

conducting pullout test. To obtain the similar initial porosities of the sand bed, the

sand spreader was calibrated for its height. The total works were carried out in this

research are presented through a flow chart as shown in Figure 3.1.

In total, six pullout tests were performed. Three of them were on wool pack samples

for different surcharge loading and the rests were on OW jute bag samples. Jute

geotextile samples were placed over the 400 mm deep sand fill measured from the

bottom of pullout box. In preparation of the sand lill in the pullout box, initially a

base sand bed was formed into the box using the sand spreader. The reinforcing jute

geotextiles were placed on the layer of fill at a height of 400mm from the bottom of

pullout box. Finally, a top sand layer was formed onto it for incorporating the

41



Design and Coostruction of Pullout Dox
[Fabricatioo of pullout box wilh stccl
fmme (Size: 1.2m x O.9mx O.9m)j

Fahrication of Sand Spreader/Sand Screencr

Sample Collection :
(i) Jute geotextile (Wool pack & OW Jute bag)
eollecte<!from BJMC

(ii) Sand (Dredged fill sand) eollecte<! from Kaliakoir
Dy Pass, stack yard of Abdul Mooem Ud

Laboratory Test on Jute Geotextile : Lahoratory Test on Sand Sample :
(il Mechanical Properties (Wide.~idth strip tension (i) Index Properties (Gmin size, Max. & Min. density
test) Specific Gra\ity)

(ii) Hydraulic Properties (Apparent Opening Size) (il) Shear Strength Test (Di<t<:tShear Test)

1
Calibratinn of Sand Spreader/Sand Screener for the
determination of relatinn of Height oflall vs Density

(i) Sand bod formation in the pullout box using sand
spreader at a constant beight of falling

(ii) Place the jute~textile sample in the pullout box
nver the sand

Apply tbe pulling force on jute geotextile througb
the pulling rod and clamp, load disks arc placed on
pulling rod

I
Record the pullout force vs displacement readiog
until the pullout slip of jute geotextile oo:ured.
Repeat the filling of&ullout box, place jute geotextile
and test carried at di erenl sureharge loading

I
Plot the gmph of Applied pullout foree vs Resisting
pullout foree on jute geotextile for different sureharge
and iute o,otextile samnles

I
Determination of Friction angle 8 from pullout I
resistance of jute geotcxtile

Figure 3. J : Flow chart of the thesis works carried out in the research
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surchargc loading. A multilayer of bricks with loading wcights also placed ovcr thc

top sand layer for incorporating of surcharge loading. The thickness of the top sand

layer over jute geotextile varied and maintained to 300mm for the first pullout test,

500mm for the second pullout test and finally placing of brick layer with loading

weights over the 500 mm top sand layer for the third pullout test. The variation of

top sand layer with brick layer loadings introduced the different surcharge loading

and investigate its effect on friction angle between soil and jute geotextile.

3.2 Collection and Selection of ,Jntc Gcotextile Samples

A careful thought has been given in selecting the samples for the research. For

collecting samples, International Jute Study Group (IJSG), Jute Diversification

Promotion Centre (lDPC), Bangladesh Jute Mills Corporation (BJMC) and

Bangladesh Jute Research Institute (BJRI) were contacted.

The IJSG is an intergovernmental body set up under the aegis of UNCTAD to

function as the International Commodity Body (ICB) for Jute, Kenaf and other

Allied Fibers. The IJSG is the legal successor to the erstwhile International Jute

Organization (IJO), was established on 27 April 2002, to administer the provisions

and supervise the operations of the Agreement establishing the Terms of Reference

of the International Jute Study Group, 200 I. The organization is the outcome of a

series of meetings and UNCT AD conferences, which commenced in March 2000 in

Geneva and concluded in April 2001 in Geneva. The head office of this organization

is situated in Manipuripara, Dhaka. Jute Diversilication Promotion Centre (JDPC)

was set up by the Ministry of Jute, Government of Bangladesh through an office

Memorandum on 31 October 2002. The JDPC has been created with the vision of

reviving the past glory of jute as "Golden Fiber" through extension of uses of jute by

vertical and horizontal diversification and thereby improving the socio-economic

conditions of the all section of people involved directly and indirectly with the Jute

Sector. The Bangladesh Jute Mills Corporation (BJMC) was established on 1972 in

order to overall operation, management, maintenance and future development

agenda of all the jute mills of Bangladesh, considered as the world's largest state
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owned manufacturcr and exporter of jute products. Bangladesh Jute Research

Institute is regarded as the countries oldest and only jute research organization,

established on 1951 in order to regulate, control and promote agricultural,

technological and economic research on jute and allied fibers and their manufactures

and dissemination of results thereof.

Considering the climatic condition, I3JRI has developed as many as fifty types of

jute products by blending jute with hydrophobic fiber like coir or by modification

with bitumen, latex, wax resinous materials with the collaboration of I3JMC and

other governmental and non-governmental organ izations since its inception of

technological research on jute since 1963. Three samples were selected from BJRI

and BJMC (Figure 3.2). The salient properties of the samples are presented in Table

3.1.

Table 3.1 : Salient Properties of Samples

Trade Source Condition Commercial Characteristics
Name Width- Wt. Colour Packing

Length
(inch)

Wool BJMC Untreated 27-54 11.501bs black & 25-50
Pack natural packs/bale

Canvas BJMC Untreated 36-45 14-20 black & 1000
ozs/yd2 natural yds/bale

DW BJMC Untreated 29-43 2.782 Ibs black & 500
(Double natural packs/bale
Warp)

Jute Bag
Source: Bangladesh Jute Mills Corporation Handout,2003

It may be mentioned that none of these samples were manufactured for the purpose

of geotechnical engineering application. These samples are selected for this study

for inclusion of materials having varied physical and structural properties and also

local market availability. The Jute is a densely woven fabric by using relatively flat

type of yarn. It is manufactured in I3JRI sample producing factory mainly for

research purpose. The Canvas, Wool Pack and DW Jute Bag is a very densely

woven fabric, woven by round twisted yarns. Canvas, Wool Pack and DW Jute Bag
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used to mainly produccd in ABC Mill of Adamjcc Jute Mills. After the layoff of

Adamjee Jute Mills, all the machines were transferred to Latif Bawany Jute Mills

situated at Demra of Dhaka. The Canvas is the least porous out of the four and is

now produced in Latif Bawany Jute Mills. The Twill is also woven by using

relatively flat type yarns like Jute. It is manufactured in many jute mills of

Bangladesh.

3.3 Tests Performed on Jute Geotextile

It is mentioned earlier that since there are no specific standard test methods for

determining or evaluating physical, mechanical and hydraulic properties of jute

geotextile, which are fast becoming attractive in the field of geotechnical

engineering because of its ecological, economical and aesthetical advantages to date,

the methods commonly employed for geotextiles were adopted.

To determine the mechanical properties of jute geotextile wide width strip tension

test was performed. To determine the hydraulic properties, apparent opening size

lest was carried out. As a whole total two tests were performed. The tests were

performed as per ASTM test standards. An overview of tests performed is shown in

Table 3.2.

3.4 Collection and Selection of Sand Sample

The sand samples collected and selected for the pullout tests were dredged fill sand

and were used in the construction of Kaliakoir By Pass GoB (2006) & GoB (2006a).

3.5 Tests Performed on Sand

The grain size and density properties. specific gravity, direct shear test etc. on the

selected sand samples were carried out in the laboratory to determine the index and

shear strength properties. The results are reported in the following articles.
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Table 3.2 Tests Performed in the Research Worl<

SL ASTM ASTM Test Name Properties to be

determined

1 D 4595 Standard Test Method for Tensile Mechanical

Propel1ies of Geotextiles by the Wide Properties

Width Strip Method

2 D 4751 Standard Test Method for Determining Hydraulic

Apparent Opening Size of a Geotextile Properties

3 D 422-63 Grain Size Distribution (Sieve Analysis) Physical Properties

4 D 854-98 Specific Gravity of soil Physical Properties

5 D3080-98 Direct Shear Test Shear Strength

Properties

6 D4253 & Maximum and Minimum Density Test Physical Properties

D 4254

7 D 6706-01 Standard Test Method for Measuring Interface Friction

Geosynthetic Pullout Resistance in Soil Angle

3.5.1 Grain Size Distribution and Specific Gra\'ity

Grain size distribution test were conducted following the method described in the

ASTM D 422-63. Similarly specific gravity of sand were tested as described method

in the ASTM D 854-98. Fineness modulus. grain sizes, uniformity co-efficient, co-

efficient of curvature and specific gravity of sand are presented in Table 3.3.

Fineness modulus of tested sand arc 0.92. Fine contents (material passing through #

200 sieve) of sand are 11.70%. The uniformity coefficients of sand are 3.28. The co-

efficient of curvature of sand are 1.6. According to unified soil classification system

the sand tested fall into group sr (poorly graded sands) clean sand.

Table 3.3 Grain Size Properties and Specific Grayity of the Soils Investigated

SL Specific % of Fines or EfTective Fineness Uniformity Co-
No. Gravity Sand % of Silt grain Modulus Coefficient efficient

and clay dia, (Co) of
D60(mm) curvature

(C,)
I 2.51 88.3 11.70 0.23 0.92 3.28 1.6
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3.5.2 Maximum and Minimnm Density

In granular soils the void ratio plays an important role in the engineering properties.

Range of void ratios that may prevail in a granular soil mass depends on the grain

size distribution, the shape of the particles, the degree of denseness and the degree of

dryness. Since it is reported by several researchers (i.e. Bishop, 1961; Cornforth,

1964; Lee, 1970 etc) that the range of void ratios for a granular soil varies with the

angle of internal friction of the soil, it was conceived that comparison of engineering

properties for different granular soils can be made by taking void ratio as a base

parameter. Of the two granular soil at the same void ratio, one soil may be in a dense

state whereas the other may be in loose state. So relatively density of granular soil is

much more significant than void ratio alone. So the maximum and the minimum

void ratios of the sand used were investigated. The maximum and mmllnum

densities were determined by using both conventional (ASTM) methods.

(a) Conventional Method

For the determination of maximum void ratio sand was poured in the mold (without

collar) through a funnel. The outlet of the funnel was kept as near as possible to the

sand surface. Care was taken so that the mold suffers no vibration. When the mold

was filled with sand, the top was carefully trimmed off and then it was weighed. The

void ratio was calculated accordingly. A number of trials were made and the

maximum void ratio of these trials was recorded as emax and the corresponding

density as Ymin. The results are presented in Table 3.4.

To obtain the densest condition, a steel compaction mold (proctor's type) was filled

up by sand. The mold was then vibrated with shaking table at a vibration rate of 60

Hz. A number of trials were made and the minimum void ratio of these trials was

rccorded as emm and the corresponding density as y""". The absolute maximum and

minimum densities obtained using both the methods are considered in the estimation

of relative densities.
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Table 3.4 Maximum and Minimum Density of Sand

SL Loosest Condition Densest Condition
No. Ydm;n (kN/m') I Cmax Ydm" (kN/m') I Cmin

1 13.0 I 0.89 16.79 I 0.466

3.5.3 Direct Shear Test

ASTM 03080-98 described direct shear test method was used to determine shear

strength parameters of the sand. A schematic diagram of the direct shear test is

shown in Figure 3.3 and general view of the apparatus is shown in Figure 3.4. The

shear box is composed of two parts, the upper half which is immovable and the

lower half which is capable of sliding. The lower half of the box has its sliding

system on ball bearings placed on a special track on a supporting frame, which

enables sliding strictly in one direction. The inside dimensions of the box are 2.5

inch dia and 1.0 inch height. Pour the soil in a smooth layer and weight to determine

the soil to be used. Put the upper grating or stone and loading block on top of the

soil. Measure the thickness of the soil specimen. The sand was tested in oven dried

condition during the investigation. The shear force can be applied via a variable

speed motorized device. Alter placing the loading plate on top of the soil, normal

pressure is applied. The shearing force is applied through the variable speed motor

until the shear failure occurred. This is indicated by the decrease in peak shear force

as registered in the proving ring. The same procedure continues for different

magnitudes of normal stress to obtain a well defined shear stress-normal stress plot.

Direct shear test was performed for dry sand (Pd = 15.66 kN/m3 to 15.80 kN/m3
). A

wide range of normal stresses were applied to obtain the internal friction angle of

dry sand.

3.6 Laboratory Test of .Jute Geotextiles

Being a growing industry, the geotextile currently does not yet have a completely

unified set of worldwide standards and test methods. Yet the activity toward such an

ultimate goal is very intense (Koerner, 1977). As observed by Koerner, many of the

test methods are not fully standardized as far as their test procedures are concerned.

In the U.S. the ASTM has a standards committee specifically organized for
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geosynthctics (035); howevcr, therc are also worldwide organizations. Fcw ofthcm

are: International Organization for Standards (ISO), German Standards Committcc

for Geotextiles (DIN), British Standards Institution (UK) etc. Geotextiles tests can

be divided into two categories: Index tests and Dcsign tests. Index tests are relatively

simplc to perform and provide basic properties primarily for purpose of quality

control. Such properties are also of value for classifying geotextiles, however, and in

some cascs they have been empirically related to engincering behavior. Design tests

attempt to model the anticipated field conditions and frequently involvc a

combination of the geotextiles and the proposed fill material in an appropriate

manner. Such tests gencrally employ relativcly complex apparatus and are often

both expensive and time-consuming.

It may be noted that since no standard test mcthods for determining engineering

properties of jute geotextile are available to date, the methods commonly employed

for geotextiles may be adopted. Muhammad (1993), Rao et al (1994), Kabir et al

(1994), Mohy (2005) adopted the same procedure. Two properties namely apparent

opening size (AOS) and tensile strength, which are important to relate jute geotextile

as a soil reinforcement in the reinforced earth embankment construction. A brief

description on each test based on ASTM is appended below:

3.6.1 Mcchanical Propertics

The mechanical properties indicate thc geotextile's resistance to tensile stresses

mobilized from applied loads and/or installation conditions. The properties are

determined by two types of tests. Some arc performed with thc geotextiles by itself

and called index or in-isolation tests. while others are associated with a standard soil

or with the sitc-specific soil called performance tests, The mechanical tests

performed in this study are wide width strip tcnsion test

3.6.1.1 Widc Width Strip Tcnsion Tcst

The most common wide width test is ASTM 04595 and ISO 10319. In this tcst a
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relatively wide specimen is gripped across its cntire width in the clamps of a

constant rate of extension (CRE) type tensile testing machine operated at a

prescribed rate extension, applying a longitudinal force to the specimen until the

specimen rupturcs. Tensile strength, elongation, initial and secant modulus and

breaking toughness of the test specimen can bc calculated from machine scales,

dials, recording charts, or an interfaced computer. The equipment to be used in this

test must be a constant rate of extension (CRE) type that should conforms to the

Specification D76. Figure 3.5 shows a standard tensile testing machine (Autograph

Instron) with a maximum capacity of 1000 kN. It has automatic load and elongation

recorders and special jaws with sera ted faces as shown in Figure 3.6 to firmly grip

on the specimen to prevent slippage. These special jaws are capable of testing up to

300mm wide specimens and permit no rotation about the grips.

Typical responses of geotextiles made from different manufacturing processes are

given in Figure 3.7. It may be noted here that the vertical axis is in force per unit

width of fabric (i.e. kN/m), which in not a bonafide stress unit. To obtain stress

units, this value is divided by the geotextile's thickness, but this is not

conventionally done, since the thickness varies greatly under load and during the

extension process.

The strain rate commonly used in this test should be given careful consideration.

Haliburton et al.( 1978) has suggested using 150mm wide X 300 mm long specimens

at a strain rate of 2% min while Andrawes et al.( 1984) recommended 200mm wide

X .100mm long specimens to be tested at the same rate. ASTM wide strip standard

test uses a 200mm wide X 100mm long specimen at a strain rate of 10% min. The

difference in specimen size and strain rate adopted by various researchers raises the

question as to what effect the specimcn size and strain rate will have on the results.

The determination of the wide width strip force-elongation properties of geotextiles

provides design parameters for reinforcement type applications, for example design

of reinforced embankments over soli subgrades, reinforcement of slopes. When

strength is not necessarily a design consideration, an alternative test method may be
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used for acceptance testing. Most geotextiles can be tested by this method. This test

method is applicable for testing geotextiles either wet or dry. It is used with a

wnstant rate of extension type tension apparatus .

.3.6.2 Hydraulic Properties

Hydraul ic tests on geotexti les involve new and original tests concepts, methods,

devices, interpretation and databases. The hydraulic tests are necessary and

tremendously important. It has both geotextile tests in-isolation and with soil. The

test which will be discussed is for the determination of apparent opening size.

3.6.2.1 Apparent Opening Size (AOS)

Opening pore size of the fabric controls the filtration performance of a geotextile.

Pore size of the fabric should therefore determine the retention ability of soil grains

and permeability of water. The ideal retention criteria for fabrics should specify an

appropriate fabric pore structure in order to provide adequate seepage and to prevent

piping in the soil and clogging in the fabric. Fabric pore size distribution is the key

parameter that controls a fabric's ability to retain the soil grains. Different effective

pore sizes have been described by Ognik (1975). A term "Steepness factor" defined

as 0501098. where 050 and 098 are 50% and 98% opening sizes respectively, is used

for determining retention criteria. A high steepness factor 01'0.8 to 0.9 is considered

as typically favorable while a value 01'0.3 to 0.4 is unsuitable for soil retention.

Calhoun (1972) developed a test for equivalent opening size (EOS) to characterize

the soil particle retention ability of various fabrics. The test involved in the

determination of the size of the rounded sand particles which when sieved through

the fabric will pass only 5% or less by weight. The EOS was defined as the

"retention on" size of that fraction expressed as a U.S. standard sieve number. The

EOS test only provides a method for determining the relative size of the largest

straight through openings in a fabric. Two fabrics may have similar EOS values but
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dramatically different pore structures and porosities, for example, those found 111

woven versus non-woven fabrics.

Apparent Opening Size (AOS), 095 is a property of geotextile, which indicates the

approximate largest particle that would effectively pass through the geotextile. A

test for measuring the apparent opening size was developed by the U.S. Army Corps

of Engineers to evaluate woven geotextiles. The test has since been extended to

cover all geotextiles, including the non woven types. The AOS or equivalent

opening size (EOS) is essentially same. The equivalent ASTM test is designed D

4751. The test uses known diameter glass beads and determ ines the 095 size by

standard dry sieving. Sieving is done using beads of successively larger diameters

until the weight of beads passing through the test specimen is 5%. This defines the

095 size of the geotextile's opening in millimeters. It may be noted here that the 095

value only defines the one particular void size of the geotextile and not the total pore

size distribution. AOS, EOS and 095 all refer to the same specific pore size, the

difference being that AOS and EOS are sieve nlllllbers, while 095 is the

corresponding sieve-opening size in millimeters.

In the ASTM sieving method, a geotextile specimen is placed in a sieve frame

(Figure 3.8), then standard glass beads are placed on the geotextile surface, a

mechanical sieve shaker shakes the geotextile and frame laterally. It imparts lateral

and vertical motion to sieve, causing the particles thereon to bounce and turn so as to

present different orientations to the sieving surface. The procedure is repeated on a

new specimen of the same type of geotextile with other various sizes of glass beads

until its equivalent or apparent opening size is determined. AOS is that bead size for

which 5% or less of the beads pass through the fabric. The ASTM committee D-35

suggests using "static masters" to eliminate the build up of static electricity and to

soak the fabric in water to remove the surface coating II hich may act to clog some of

the openings. As a laboratory sample for acceptance testing, a full width swatch 1m

(I yd) long from the end of each roll of fabrics is taken in the lot sample, after first

discarding a minimum of 1m (I yd) of fabric li'om the vcry outside of the roll. Five
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specimens from each swatch in the laboratory sample is cut to fit the appropriate

sieve pan.

The AOS test is a poor test. This technique is very time consuming and tedious.

Many geotextiles do not have surface films and in general natural geotextiles may

not build up much static electricity during shaking. In order to subject all fabrics to

the same simple procedure for pore-size measurement, a modified method is

developed using a dry sieve analysis, which aims at establishing a characterization

of a fabric with respect to size and uniformity. According to ASTM for AOS test,

the geotextile has to be changed after using a particular uniform size of glass beads

to maintain the jute fabric opening at each time of testing. The proposed method

uses only one specimen to get the value of AOS.

Using a geotextile as a medium to retain soil particles necessities compatibility

between it and the adjacent soil. This test method is used to indicate the apparent

opening size in a geotextile, which reflects the approximate largest opening

dimension available for soil to pass through. Test method D 4751 for the

determination of opening size of geotextiles is acceptable for testing of commercial

shipments of geotextiles.

3.7 Calibration of the Sand Sprcader/Screencr

Fresh calibration of the sand spreader/screener used in the study was conducted. The

density of sand deposited by a sand spreader/screener depends on the width of gap

through which the sand falls i.e. the height of fall (Abedin,1986). In the present

investigation the gap width of the sand spreader/screener were maintained fixed

throughout the sand deposition procedure. As such. the density could be considered

to bc a function of height of fall only.

In order to calibrate the sand spreader/scrccncr for dcnsity against height of fall,

thrce cylindrical density pots of J08mm diameter and 41 mm height wcre placed in
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the bed of pullout box. After deposition the pots were then removed from box and

weighed after leveling the surface using a straight edge.

The volume of each pot was measured by pouring water, and the density of the soil

was calculated. The average value obtained from the three pots was taken as the

density of the deposited bed for a particular height of fall. The calibration was

performed using different heights ranging from 700 mm to 1050 mm.

3.8 Sand Bed Formation

The pullout box brought to such a position under the sand spreader that it covered

the whole box area. During operation, the swaying of the sand spreader/screener was

prevented by top level and mid level bracings bolted with the vertical threaded stand

of the spreader. The initial height of the screener was adjusted by using the nuts of

threaded stand of the spreader. After approximate 50 mm of deposition the sand

spreading were stopped and the screener was raised to keep a constant height of fall

and the sand was spreaded again. The operations of pouring, spreading and raising

were continued until the depth of deposition is slightly higher than the required layer

thickness.

The excess sand beyond the desired layer thickness was pushed to the edge of the

box and eventually removed with the help of a /lat bottom shovel. During leveling

operation a spirit level was used to check the top level of the layer. The required

depth was obtained by adjusting the control nuts of the sand leveling apparatus.

For entire testing program the sand bed was 1()J'Jned up to a desired depth. The

reinforcingjute geotextile layer was then laid on the top of the level sand bed before

the addition of more soil. Required depth of sand was sprayed from the spreader

over reinforcing layer. The excess sand beyond the desired layer thickness was

removed by using a leveling apparatus.
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3.9 Pullout Test

Pullout tests were conduct to investigate the soil-jute geotextile interaction

behaviour in the laboratory. The sand used in the investigation was air dry sand

collected from the stack yard of Kaliakoir By Pass Construction Project, Joydevpur-

Tangail Road, Gazipur, Bangladesh. A horizontal strip of jute geotextile having

width 300 mm and length 900 mm act as a reinforcement embedded in the dredged

fill sand in to the pullout box. In order to reduce the boundary effects jute geotextile

specimens of 900 mm to 950mm long and 300 mm wide were tested. In the

following articles the experimental system are described.

The experimental setup consists mainly of a model pullout box made with fiber glass

sheets, a sand screener used as a sand spreader, a brick platform to place the box on

it, a pulling rod to hold the loading disk, a frictionless smooth roller/pulley mounted

on the box front in order to smooth rolling of jute geotextile during apply of pulling

force on it.

The pullout box designed and constructed based on the size and configuration

recommended by several researchers (Palmeira, 1987; Fannin and Raju, 1993;

Farrag, 1993; Adanur et al.,1994; Wilson-Fahmy et al.. 1994; Ochiai et aI., 1996;

Alobaidi et al.,1997; Koerner. 1998; Mak and Gnanendran, 2001; Pamuk et aI.,

2001; Aiban & Ali,2001; Teixeira et al..200 I: Farrag and Morvant , 2004;

Abdelrahman et aI., 2007). The box was used in the investigation where the jute

geotextile placed as soil-reinforcement in the dredged fill sand. The skeleton of the

box was constructed of37 mm X 37mm X 5 mm mild steel angles. The members of

frame were connected to each other by providing necessary bolting and/or welding.

The 900 ml11deep box has an inside dimension of 1200 111111X 900 mm. Schematic

diagrams of pullout test on jute geotextile (Wool Pack & DW Jute Bag) for the

different surcharge pressure of 4.31 kN/I11' to 10.06 kN/m' are shown in Fig 3. 9 to

Fig 3.14. Schel11atic diagral11s of sand spreader/screener are also shown in Fig 3.15

and 3.16. The longer two sides and shorter front sides were bounded by 6 mm thick

transparent fiber glass sheets whereas 3 111111thick MS sheets were used on the
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shorter back sides and on the bottom of box. The sleeve plates of 50 mm in width

were used to minimize the lateral stress transfer to the rigid front wall of the pullout

box. The sleeves were located at 400 mm height above the base of the box. The

glass sheets were supported on nat sides of mild steel angle frame and screwed with

the frame in order to prevent any damage of glass sheet walls during loading. Along

the edges of the glass sheets, silicon rubber was pasted between the edges to have a

leak proof box. An elevated brick platform of height 1250 mm from noar level were

provided at the bottom of the box to rest over it. The platform facilitates the free

vertical displacement of pulling rod during holding of loading weight disk on it. A

smooth friction less steel roller was mounted on pullout box frame in the shorter

front sides. The roller allows a friction less movement of jute geotextile over it while

applying the pulling force. A general view of the pullout box is shown in Figure

3.17.

A pull rod made of 16mm dia mild steel bar bend at top as a hook in order to attach

the mild steel clamp gripping the jute goetextile is shown in Figure 3.18. The bottom

of pulling rod was plugged with a steel plate to hold the pullout force as slotted

loading weight disk.

A mild steel clamp made with two pieces of 6mm thick steel plate gripping the jute

goetextile is shown in Figure 3.19. The clamp contains thirteen nos. bolt and passed

through the two plates. The jute geotextile sample was sandwiched between these

two plates by tightening the bolts and nuts in order to prevent the slippage of jute

geotextile during pullout test.

The sand was poured from the sand spreader which was discussed in earlier m1icles.

The pullout box was filled up to the level of the sleeve. The jute geotextile was then

placed horizontally in between the sleeves and measurement of length were taken

carefully. The extremity of the jute geotextile was then clamped using the clamps.

The bolts that hold the jute geotextile to the clamps were positioned and rolled over

the frictionless pulley. The sand pouring was continued. The ultimate surcharge

pressure for the third pullout test in each sample was achieved with placing of two
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layer bricks with steel weight mould. These loads were placed over a 10mm thick

wooden plywood overlying the sand layer at the top of the pullout box. The plywood

was placed in order to reduce the infiuence of the top boundary and a uniform

distribution of the applied surcharge pressure (vertical overburden pressure)

A series of slotted circular weight disk of 10 kg/disk as shown in Figure 3.20 were

mounted on pull rod to apply a pullout force through the clamping plates. Weights

were placed on the pan of pull rod to pull the clamp attached with jute geotextile

vertically. Vertical displacements were measured by placing a steel measuring scale

between the pan of pull rod and fioor level. Weights were then increased gradually

to record down the exact shearing/pullout force, which was the cause of the jute

geotextile slip or fail against the sand particles. This process was continued for

different pullout forces to obtain the corresponding shearing forces. Graphs for

applied shearing force/pullout force versus resisting pullout force on the jute

geotextile were plotted to obtain the friction angle between soil-jute geotextile

interface.
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Figure 3.2 Untreated jute geotextile samples selected for tests
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Figure 3.3 Schematic diagram of direct shear test
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Figure 3.4 General view of the direct shear test apparatus

Figure 3.5 Wide width strip tensile test using Autograph Instron machine

(after Muhammad, 1993)
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Steel serrated jaw

Figure 3.6 Special jaws with serrated faces for uniaxial wide width strip tensile test

(after Muhammad, 1993)
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Figure 3.7 Tensile test response of various geotextiles manufactured by different

process. All are polypropylene fabrics; test specimens were initially 200 mm widc X

100 mm high (alier Koerner, 1997)
60



Figure 3.8 Jute geotextile specimen placed in a sieve frame for the determination of
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Figure 3.9 Schematic diagram of pullout test on jute geotextile (Wool Pack) for the

surcharge pressure of 4.31 kNim2
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Figure 3.18 A general view of the glass tank with pulling rod

Figure 3.19 Mild steel clamp made with 6mm thick steel plate gripping the jute
geotextile
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Figure 3.20 Pullout load during pullout load test
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CHAPTER FOUR

TEST RESULTS AND DISCUSSION

4.1 General

This chapter presents results of pullout test performed on jute geotextile in the large

size pullout box. The jute geotextiles wcre used as soil-reinforcement in this test are

Wool pack and DW jute bag. The sand used is dry sand.

The laboratory test results of mechanical and hydraulic properties of jute geotextiles,

physical and shear strength properties of sand are presented in this chapter with

discussion.

4.1.1 Wide Width Tensile Properties

The load-extension behaviour of the jute geotextile has been determined by wide

width strip uniaxial testing. The equipment used in this test consisted with a tensile

testing machine (WOLPERT) with a maximum capacity of 1500 kN. A schematic

diagram of the testing machine is also shown in Figure 4.1. It has load and

elongation recorders and jaws with jagged faces ( Figure 4.2) to firmly grip on the

specimen to prevent slippage. These special jaws are capable of testing 200 mm

wide specimens and permit no rotation about the grips.

The test specimens for wide width test was cut 200 mm (8.0 in) wide by 100 mm

(4.0 in) long with the length being designed and accurately parallel to the direction

for which the tensile strength is being measured. The length of the specimen selected

such that it fits the clamps being used. It was kept long enough to extend through the

full length of both clamps, as determ ined for the direction of test. The force range of

the testing machine was selected such that break occurs between 10 and 90% of full-

scale force. Machine strain is set at a rate IO:J: 3 %/min.
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Five specimens each of all Thrce samples wcrc tcstcd in machine direction (MD).

The outcome plots of avcrage widc width tensile strength of tested untreatcd

samples are shown in Figure 4.3. The avcrage strcngth in untreatcd samples at MD

ranged from 16.86 kN/m to 26.0 kN/m, Canvas and Wool Pack sample being the

maximum and DW Jutc 8ag sample being the minimum.

The wide width clongations of all the samples are reported here. The elongations of

untreated samples in MD ranged from 9.0% to 20.0%, Wool Pack samples being the

maximum and Canvas samples being the minimum.

All the tests were performed at a strain rate of IO%/min and an aspect ratio of 2 as

suggested by ASTM for polymer geotextiles. The Load versus strain show that the

maximum tensile strengths develop at the maximum strain and after reaching the

maximum value, the tensile force starts dropping to zero once the fibers start to tear

apart from its twisted yarn. It was observed in this wide strip test that the tension

force keeps on increasing due to reorientation of the fibers until it reaches the

strongest fiber configuration. With tearing off some its fibers, the decrease in tension

is observed.

The wide width strength and elongation of jute geotextile is not much less than

geotextiles. The higher strength and elongation indicates its more ductility and

flexibility than jute geotextiles. The failure patterns, elongations and deformations

for the specimens can be seen in Figure 4.4 through Figure 4.7.

4.1.2 Apparcnt Opcning Sizc (AOS)

Apparent Opening Size (AOS), 0"5 is a property of geotextile, which indicates the

approximate largest particle that would effcctively pass through the geotextile. To

perform the test as per ASTM D 4751-87, a full width swatch I m (I yd) long from

the end of each roll of fabrics is taken in the lot sample, after first discarding a

minimum of I m (I yd) of fabric from the very outside of the roll. Three specimens

from each swatch in the laboratory sample were cut to fit the appropriate sieve pan.
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Thc spccimcns wcrc cut from a singlc swatch spaccd along a diagonal linc on thc

swatch.

As per thc ASTM sieving method, a jutc gcotextile specimcn was placcd in a sicvc

frame. Thc sample was sccured in such a way that it is taut, without wrinkles or

bulges. Care was taken so that the sam pic was not stretchcd or deformed such that it

changcs or distorts the opcnings in the fabric. Then 50 gms of standard sand

fractions wcrc placed on the centrc of jute geotextile surfacc, startcd with the

smallcst diamctcr glass beads that would be tested. A mechanical sieve shaker

shaked the jute geotextile and frame laterally for 5 minutes. It imparted lateral and

vertical motion to sieve, causing the particles thereon to bounce and turn to present

different orientations to the sieving surface. By placing, the sand fractions still on

the surface of the specimen in a pan and weighed. The glass beads that pass through

the specimen were also weighed and recorded. The process was repeated by using

the next larger bead size fractions until the weight of beads passing through the

specimen is 5% or less. The procedure was repeatcd on a new specimen of the same

type of jute geotextile with other various sizes of sand fractions until its equivalcnt

or apparent opening size is determincd.

To determine the AOS of all the untreated samples plotting method was adopted.

Thc plotting was done on the percentage of beads passing the specimen versus the

bead size for each of the bead sizes uscd for each specimen. For each spccimen, the

values of Percent Passing (Ordinate) vs Bead Size, mm (Abscissa) on semi-log

graph was plotted. A straight line is drawn connecting the two data points

representing the bead sizes, which are immediately on either side of the 5% passing

ordinate. The particle size in 111m(abscissa) at the intersection of the straight line

plotted and the 5% passing ordinate is the AOS of the specimen in mm, i.e., the

theoretical bead size that would result in exactly 5% passing the specimen.

The AOS of Wool Pack untreated samples arc presented in Figure 4.8. AOS of Wool

Pack samples are 0.25. The result obtained from this study conforms to the results
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of Kabir et al. (1994) where the AOS of Canvas and Twill was found to be 0.06mm

and 0.6mm.

4.1.3 Grain Size Distribution and Specific Gravity

Grain size distribution test were conducted following the method described in the

ASTM D 422-63. Similarly specific gravity of sand were tested as described method

in the ASTM D 854-98. Grain size distribution curve of dredged fill sand sample is

shown in Figure 4.9. Percentage of sand & fine contents (material passing through #

200 sieve) of sand are 88.30% & 11.70% respectively. The specific gravity of sand

obtained from the test is 2.51

4.1.4 Direct Shear Test

ASTM D3080-98 described direct shear test method was used to detennine shear

strength parameters of the sand. A wide range of nonnal stresses are applied to

obtain the intemal friction angle of sand particles. The shear stress against shear

displacement for dry sand of varying nonnal stresses are shown in Figure 4.10.

Figure 4.11 shows the nOlmal stress versus shear stress for sand from which the

intemal friction angle can be obtained by measuring the slope. The intemal friction

angle for dry sand are found to be 38.66°.

4.1.5 Calibration of the Sand Spreader/Screencr

Fresh calibration of the sand spreader/screener used in the study has been conducted.

The density has been considered to be a function of height of fall only. The

calibration was performed using different heights ranging from 700 mm to 1050

n1l11.The variation of density against height of fall are shown in Figure 4.12. The

maximum density of 14.37 kN/m3 obtained at a height of fall 01'900 mm. The reason

for decreasing of density after a certain height is due to the striking force of sand

particles which increases with the increase of height of fall, causcs displaccment of

particles from its deposition point. Displacement incrcases due to the increase of

striking force, thus resulting increase of porosity or decrcasing density.
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4.1.6 Pullout Test

The laboratory pullout tests were conducted on two types of jute geotextiles (Wool

Pack and DW Jute Bag) at different vertical overburden/surcharge pressure (ranging

from 4.31 to 10.06 kN/m\ Laboratory pullout test results included load and

displacement measurements of the jute geotextile specimen with respect to different

vertical overburden/surcharge pressures and at a constant increment of pullout force

of 10 kg/loading disk. Steel measuring scale were placed at to provide records of the

displacements that determine the displacement and tensile force profiles during the

pullout of the jute geotexti les.

Figures 4.13 & 4.14 shows the results of pullout load-displacement curves at

different vertical overburden pressures for Wool Pack and DW Jute Bag

respectively, each of which tested at different vertical overburden pressures. It can

be clearly seen in the Figure 4.15 that the pullout load increases with the level of

vertical overburden pressure. One can even notice that after reaching the peak

pullout load, the jute geotextile comes out with a smaller load (residual load). This is

the residual strength and it is mostly present at lower surcharge pressures. This

means the jute geotextile still has the ability to resist even after the maximum

pullout is reached. Therefore this resistance could be the "function of soil jute

geotextile interaction or the function of the soil friction angle.

4.1.7 Analysis of Pullont Test Resnlts

As in any conventional reinforced soil structures. the stability of the geosynthetic or

soil-jute geotextile reinforced soil structure depends on two basic components. First

is due to the development of high tensile stresses in the geosynthetics, which makes

the geosynthetic to elongate excessively or break. leading to large movements and

possible collapse of the structure. This mode of "IiIure is called the tension failure or

elongation failure. The second is the pullout failure of the geosynthetic or jute

geotextile. The tirst component is well understood. since it is mainly dependent

upon the tensile modulus and the cross sectional area of the embedded specimen.
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However, the pullout failure mechanism is not well understood, when cohesion less

soils are used as the backfill material. In order to understand the pullout phenomena,

laboratory pullout tests were conducted, and the results will be analyzed and

presented in the proceeding sections of this chapter.

4.1.7.1 Pullout Resistance

In pullout tests geosynthetic extensibility results in a non-uniform distribution of

shear stresses and shear displacement along the length of the geosynthetic specimen.

This makes the interpretation of the test results difficult. In interpreting the pullout

test results, it is common practice to assume that the shear stress or pullout resistance

(1) is developed on planar surfaces. This shear stress or pullout resistance (1) of a

jute geotextile can be computed using the following Equation:

1= T"./2.A

Where, Tult = ultimate/applied pullout force from pullout test

A = embedded area of the jute geotextile specimen.

This empirical relation is defined as the average resistance method. The pullout

resistance is related to the surcharge pressure as follows:

1= C + Gntan /) (4.1)

Where: C = the adhesion intercept and is zero here since the soil is cohesion less soil

Gn = the surcharge pressure, and

/)= the interface friction angle

The parameters C and /) are dependent upon the physical (geometry and roughness)

and chemical properties of jute geotextilcs, as well as the soil properties. Equation

4.1 shows that the pullout resistance (1) is almost linearly proportional to the
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surcharge pressure (ao). This proportionality is evident from the Figures 4.13, 4.14

& 4.15 (i.e. pullout resistance is increasing with increase in surcharge pressure).

4.1.7.2 Friction Angle (0) frolll Pullout Resistancc of Jute Gcotextile

Ultimate or applied pullout force, T"lt = 2A.! = 2bLao tano

T"lt = Ultimate/applied pullout force obtained from pullout test

b = Strip width

2bLao = Resisting pullout force of the reinforcement, ao = yz

y = Unit wI. of sand

z = Average depth from top surface

Table 4.1 Friction Anule 0) frolll Pullout Resistance of Jute Geotextile (Wool Pack)
Resisting Applied

Pull Unit w1. pullout pullout
out Strip Strip of sand. Avg. force. force,

SL Test Length. width. y depth. 2b an L Tuh tanS = Ii(degree)=
No. No. L (m) b (m) (kN/m3 ) z(m) (kN) (kN) Tull/2ban L tan-I(Tul/2bcrn L)

I 1 0.95 0.3 14.37 0.3 2.46 1.70 0.69 34.68

2 2 0.95 0.3 14.37 0.5 4.10 3.16 0.77 37.66

3 3 0.95 0.3 14.37 0.7 5.73 4.44 0.77 37.76

From the following Figure 4.16 (Wooll'ack), 8 (degree) = tan-_I(T""/2ba"L) =

tan-I (0.76) = 37.20 degree. Coeflicienl of interaction (C,) = tan 8/ tan <p

= Ian 37.200/tan 38.66° = 0.95

Table 4.2 Friction Angle (0) frolll Pullout Resistance of Jute Geotcxtilc (DW
Jntc Ba!!'

Resisting Applied
Pull Unit wl. pullout pullout
out Strip Strip of sand. A vg. loree. force.

SL Test Length. width. y depth. 2b On L Tuh tano = Ii( degree)~
No. No. L (m) b (m) (kN/m3) Z (Jl1) (kN) (kN) Tull/2ban L tan.I(Tul/2boll L)

1 I 0.9 0.3 14.37 0.3 ?" 1.84 0.79 38.3_.J.)

2 2 0.9 0.3 14.37 0.5 3.S8 2.97 0.76 37.4

3 3 0.9 OJ 14.37 0.7 5A3 4.14 0.76 37.4

From the following Figure 4.17 (OW Jute Bag). 8 (degree) = tan.I(T"" /2ba"L) =

tan.1 (0.76) =37.20 degree, Coefficient of interaction (Ci) = tan 8/ tan <p

= tan 37.200/tan 38.66° = 0.95
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Two different jute geotextiles (Wool Pack and OW Jute Bag) are used with dry sand.

The results of the pullout tests are shown in Figure 4.13 to 4.17. It is found that the

friction angle values for Wool Pack and OW Jute Bag are 37.20° respectively, which

are lower than the values obtained from the direct shear test. This may be due to less

shearing stress developed in the pullout test and low magnitude of applied normal

pressure.

Figure 4.18 showing the values of coefficient of interaction (C;) vs surcharge

pressure for the Wool Pack and OW Jute Bag samples. The coefficient of interaction

(C;) varies from 0.90 to 0.97 for the Wool Pack samples and 0.97 to 0.99 for OW

Jute Bag samples. However the average coefficient of interaction (C;) estimated as

0.95 for the both jute geotextile samples based on the Figure 4.16 & 4.17. The

interaction coefficient obtained in this study (0.5 < C; < I), indicates that there is an

efficient and also strong bonding present between the soil and the jute geotextiles.

Figure 4.19 showing a plot of surcharge pressure vs friction angle.

Test results of several researchers show a relationship of pullout test results to shear

test results with some notable exceptions. For pullout testing, if the soil particles are

smaller than the geotextile openings. efficiencies are high; ifnot, they can be low. In

all cases, however, pullout test resistances are less than the sum of the direct shear

test resistances. This is due to the fact that the geotextile is taut in the pullout test

and exhibits large deformations. This, in turn, causes the soil particles to reorient

themselves into a reduced shear strength mode at soil-to-geotextile interfaces,

resulting in lower pullout resistance. The stress state mobilized in this test is a very

complex one requiring additional research.

It is clear that insertion of the jute geotextile causes a reduction in friction angle. For

dry sand and both jute geotextile samples (Wool pack and OW jute bag), the

reduction is 3.92 %. The internal friction angle for dry sand are found to be 38.66°.

The reduction in value for interface friction between jute geotextiles and dry sand

may be due to the smoothness of the jute geotextiles fiber which come in contact

with the sand particles.
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Figure 4.1 Schematic diagram of repeated loading universal testing machine

Figure 4.2 Grip and jaws of wide width strip tensile machine
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Figure 4.4 Wool pack samples before wide width test

Figure 4.5 Wool pack samples after wide width test
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Figure 4.6 DW jute bag samples before wide width test

Figure 4.7 DW jute bag samples after wide width test
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Figure 4.8 Apparent opening size plot of Wool pack
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CHAPTER FIVE

ASSESSMENT OF TECHNICAL AND ECONOMICAL FEASIBILITY OF

JUTE GEOTEXTILE REINFORCED STEEP SLOPED EMBANKMENT

5.1 General

Detail design of reinforced earth road embankments of different heights having

IY: IH side slopes is undertaken for the purpose of comparison with the commonly

employed IY:2H unreinforced earth embankments in Bangladesh as shown in

Figure 5.1 and Figure 5.2. Use of locally produced jute geotextiles is considered as

reinforcing materials for making the slopes steeper than IY:2H. A rigorous cost

analysis shows that the extra cost of these jute geotextiles is significantly

outweighed by the cost benefits that may be accrued from the savings of lands, the

revenue earned from these saved lands, involvement of less litigation and

compensation cost, requirement of less quantity of construction materials and

savings of time for construction and management. On this basis, it is suggested that

the reinforced earth road embankments may be considercd asa plausible alternative

to current road embankment construction practicc in Bangladesh.

The additional cost of jute geotextile reinforcements involved for making the slopes

steeper in a reinforced earth cmbankment is unlikely to supcrsede the benefits

mentioned below:

(i) Savings of agriculturaIlindustriaIlhabitable/borrow pit lands on both sides of the

em bankments.

(ii) Revenue from thesc saved lands over thc service life of the embankment.

(iii) Requirement of less quantity of sand lilling, clay cladding, PYDs and geotcxtile

separator.

(iv) Elimination of geogrid reinforcement at 3.0m height for embankments of more

than 4.0m height.
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(v) Reduction in total time for the projcct completion.

1OOOmmto 1500mm thick sand blanket

Iw
Sell
soil

Dredged fill/borrowed
materials

Paverent :hlCkness975 mm

~ Clay cladding thickness 1000 rnm
to 2000 mm

Prefabricatcd vertical synthetic drains (PVD)

Figurc 5.1 Currcnt practice of road cmbankmcnt construction

Pavementlhickness 975 mm
I,
~

Clay cladding thickness 1000 mm to
2000 mm

1000mm 10 1500mm tn'G'
sand blanket

Jute geotcxtile
separator

Solt
soil

Pretabricaled vertical synthetic drains (PVD)

Figure 5.2 A typical reinforccd carth road cmbankment

5.2 Dcsign Mcthodology for Rcinforccd Earth Embankmcnts

Design of a rcinforccd carth cmbankmcnt dcpicted in Figure 5.3, may be performcd

in following stcps :
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(i) Obtain the cohesion, angle of friction and density parameters of dredged or

borrowed materials for embankmcnt body and subsoil.

(ii) Establish the design load for the embankment.

(iii) Determine the location of centre(s) of most critical surface(s) considering that

the embankment is not reinforced with jute geotextilcs.

(iv) Determine the disturbing/driving momcnt, MD and resisting moment of soil, MR

associated with these critical surface(s).

(v) Establish a layout for jute geotextile reinforcements of a known allowable tensile

strength, Tall so that a target global factor of safety, FS is achieved. This gives:

FS= (MR + 2: Ti * Yi)/MD ........... (I)

Where:

Ti = Allowable tensile strength, Tallof jute geotextile reinforcement at ith layer.

Yi = Moment arm for jute geotextile reinforcement at ith layer.

y,
Y2IVV ,/R y,

I •••••••••• I •• ...::/ •• T~•. .

" T '." T.

Figure 5.3 Details of slope stability analysis ora reinforced earth embankment

The allowable strength of jute geotextiles, Tallcan be obtained by applying reduction

factors to the ultimate strength as identified by Koerner (1998) :

Tall = Tu1t { 1/ RFID X RFcR X RFCD X RF""}
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Where:

Tall = allowable tensile strength of jute gcotcxtile

Tull = ultimate tensile strength of jutc geotextile

RFIO = reduction factor for installation damage

RFcR = reduction factor for crecp

RFCD = reduction factor for chemical degradation

RF BO = reduction factor for biological degradation

Typical values of these reduction factors are given in Table 5.1. These values are

usually tempered by the site-specific considerations.

Table 5.1 Recommended Reduction Factor Values for Strength-Related

Problems (Koerner, 1998)

Application Area Range of Reduction Factors
Installation Creep Chemical Biological
Damage Degradation Degradation

Walls 1.1 to 2.0 2.0 to 4.0 1.0 to 1.5 1.0 to 1.3
Embankments (relevant to 1.1 to 2.0 2.0 to 3.5 1.0 to 1.5 1.0 to 1.3
this study)
Bearing Capacity 1.1 to 2.0 2.0 to 4.0 1.0 to 1.5 1.0 to 1.3
Slope Stabilization 1.1 to 1.5 2.0 to 3.0 1.0 to 1.5 1.0 to 1.3

Anchorage or pullout length of jute gcotextile behind thc slip plane can be calculated by

using the following equation as specified by Koerner (1998) :

Anchorage or pullout length, Le = Tallow*FS/2E r (2)
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Where:

, = 0, tano

Tallow= allowable tensile strength of jute geotextile, T,lt = 25 kN/m for jute

geotextile sample(wool pack) from wide width tension test

Tallow= Tolt/FS

0, = average vertical stress, yz
y = unit wI. of embankment soil = 18 kN/m3

Z = hI. of embankment above jute geotextile
E = anchorage or pullout efficiency = 0.8 for jute geotextiles
0= interface friction angle of the soil to the jute geotextile

C;= coefficient of interaction = average value of 0.95 obtained from pullout
test on jute geotextile sample (both Wool Pack & OW jute bag)

'P = internal friction angle of soil = 38.66° from direct shear test of soil

Ci = tanol tan 'P

Therefore, 0 = Ci * 'P = 0.95* 38.66 = 36.73, tano = tan (36.73) = 0.746

FS = Factor of safety = 1.5

LR= length in the failure zone

5.3 Reinforced Earth Embankment Design Examples

In order to investigate the technical feasibility of reinforced earth embankments in

Bangladesh, data were obtained from a recently finished road project which has been

constructed with a conventional IV : 2H slope. The dredged fill material used in the

construction had an angle of friction ranging from 300 to 350 with little or no

cohesion. The unit weight of the dredged ti II was in the range 16 kN/m3 to 18

kN/m3. The subsoil had little or no angle of friction with cohesion value ranging

from 35 kN/m2 to 45 kN/m2 after the tinal stage of construction. The unit weight of

the subsoil was in the range of 14 kN/m3 to 16 kN/m3 The heights of the

embankment along the route of the road alignment varied from 4.0m to 8.0m. The

thickness of the soft subsoil ranged from 8.0m to 10.Om. The values of the soil

parameters used for the design example of reinforced earth embankment are shown
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in Figure 5.4. An equivalent I-IS20 wheel load of 25 kN/m2 has been considered for

the slope stability analysis.

4m/6m/8m

'I
Dredg€d fill/borrowed material

;'<\> = 30", y = 18 kN/m3

4m/6m/8m t

Soft clay
<j> = 0'. c, = 35 kN/m2, y = 16 kN/m3 8.0m -10.0 m

///.// '/./ '/././././././//.//.///

Firm strata

'// ,

Figure 5.4 A typical design example of reinforced earth embankment

Locally produced jute geotextile (Wool Pack) of 25 kN/m ultimate strength has been

chosen for reinforcing the I Y: IH slope embankments so that a target Factor of

Safety of 1.20 as recommended by Chowdhury (1978) is achieved. Three different

heights of embankments 4.0m, 6.0m and 8.0m each having a slope of IY: 11-1have

been analyzed using a 2D slope stabil ity analysis solhvare XST ABL for determining

the most critical failure surfaces in unreinforced condition. The resisting moment of

soil, MR, disturbing/driving moment due to applied loads, Mo and location of the

centres (x,y) of the failure surfaces were also obtained from these analyses. The ten

most critical surfaces obtained as output of XSTABL analyses for embankments of

4.0m, 6.0m and 8.0m heights are given in Table 5.2. Table 5.3 and Table 5.4,

respectively.
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Table 5.2 Ten Most Critical Surfaces for 4.0m lIi~h Embankment (I V: 111)
Failure FOS' Circle Centre (m) Radius Driving
Surface (BISHOP) (m) Moment (kN-
No. x-coord y-coord m/m)
I 0.878 -123.39 204 237.37 1.58E+04
2 0.902 -209.84 344.56 402.38 2.79E+04
3 0.989 1.88 14.6 10.72 8.36E+02
4 0.999 -217.92 395.31 449.81 2.45E+04
5 1.029 -26.65 66.8 69.63 3.30E+03
6 1.160 -I 1.75 44.97 43.58 2.51 E+03
7 1.233 5.28 8.19 4.24 3.85E+02
8 1.300 5.03 9.44 5.93 7.77E+02
9 1.348 -42.85 124.77 129.73 1.31E+04
10 1.453 5.35 11.73 7.21 6.50E+02

'No jute geotextile reinforcement is required for FOS 2: 1.20

Table 5.3 Ten Most Critical Surfaces for 6.0m Hioh Embankment (IV: Itn
Failure FOS' Circle Centre (m) Radius Driving
Surface (BISHOP) (m) Moment (kN-
No. x-coord y-coord m/m)
I 0.780 -32.29 62.02 68.54 7.06E+03
2 0.839 -16.72 43.67 44.9 5.98E+03
3 0.844 -29.91 64.24 68.76 5.12E+03
4 0.852 -6.48 29.4 27.29 3.26E+03
5 0.880 -6.99 32.17 29.37 2.0IE+03
6 0.880 2.46 16.48 11.75 1.37E+03
7 0.899 -237.09 389.39 454.91 6.71E+04
8 0.902 -13.69 41.37 41.B4 8.03E+03
9 0.958 -72.92 143.6 159 1.40E+04
10 0.969 -56.37 116.32 127.93 2.33E+04

'No jute geotextile reinforcement is required for FOS 2: 1.20

Table 5.4 Ten Most Critical Surfaces for 8.0m Hi~h Embankment (I V: IH)
Failure FOS' Circle Centre (m) Radius Driving
Surface (BISHOP) (m) Moment (kN-
No. x-coord y-coord m/m)
I 0.71 -46.36 77.04 88.8 I. 18E+04
2 0.72 -24.09 50.06 54.06 8.63E+03
3 0.753 -13.97 40.2 39.81 4.50E+03
4 0.765 -35.79 68.56 75.95 1.32E+04
5 0.771 -123.76 187.19 223.2 2.63E+04
6 0.78 -2.19 25.96 21.4 2.23E+03
7 0.789 -5.3 28.78 26.15 4.93E+03
8 0.8 -1748.13 2438.95 2999.7 3.62E+05
9 0.832 3.26 17.48 12.24 2.21 E+03
10 0.846 -53.78 103.92 114.61 1.05E+04

'No jute geotextile reinforcement is required for FOS 2: 1.20
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On the basis of these analyses outputs and the design methodology described in thc

previous section, most suitable jute gcotextile layout for each of the 4.0m, 6.0m and

8.0m high embankments has been established. The details of these calculations are

givcn in Table 5.5, Table 5.6 and Tablc 5.7 respectively. The details of calculations

of anchorage or pullout length of the jute geotextiles behind the slip plane are given

in Table 5.8, Table 5.9 and Table 5.10.

Table 5.5 Determination of Jute Geotextile Layout for Reinforced Earth

Embankment of 4.0m Height

Layer Sp<lcing Height Arm Tu11 Total T:I1I MIO,1 Mremf IMre,nf Mdr;,;n!: FS
No. (01) from (01) (kN/m) RF (kN/m) (kN. (kN- (kN- (kN-

bottom [sur/bee 111/01) 01/01) m1m) m1m)
(m) No. I]

1 0 0 201 25 6.13 4.08 13881.2 15810.0

(bottom) 820.1 820.1 0.9

2 0.5 05 200.5 25 6.13 4.08 13881.2 818.1 1638.1 15810.0 1.0

3 0.5 1 200 25 6.13 4.08 13881.2 816.0 2454.2 15810.0 1.0

4 05 1.5 1995 25 6.13 4.08 13881.2 814.0 3268.1 15810.0 1.1

5 0.5 2 199 25 6.13 4.08 13881.2 811.9 4080.1 15810.0 I.I
6 0.5 2.S" 1985 25 6.13 4.08 13881.2 809.9 4890.0 15810.0 1.2

'About 1.5m from top has been left free to accommodate the thickness of road pavement
and jute geotextile wraparound

Table 5.6 Determination of ,Jute Gcotextile Layout for Reinforced Earth

Embankment of 6.0m Height

Layer Spacing Height Arm Tuh Total Tall MSOII Mremf IMremf Mdrl~ing FS
No. (01) from (01) (kN/m) RF (kN/m) (kN- (kN- (kN- (kN-

bottom (surface 01/01) 01/01) 01/01) m/m)

(01) No.8J

1
(bouom) 0 0 38.37 25 6.13 4.08 7245.8 156.6 156.6 8033.0 0.92

2 0.3 0.3 38.07 25 6.13 4.08 7245.8 155.3 311.9 8033.0 0.94

3 0.3 0.6 37.77 25 6.13 4.08 7245.8 154.1 466.0 8033.0 0.96

4 OJ 0.9 37.47 25 6.13 4.08 7245.8 152.9 618.9 8033.0 0.98

5 0.3 1.2 37.17 25 6.13 4.08 7245.8 151.7 770.5 8033.0 1.00

6 0.3 1.5 36.87 25 6.13 4.08 7245.8 150.4 921.0 8033.0 1.02

7 OJ 1.8 36.57 25 6.13 4.08 7245.8 149.2 1070.2 8033.0 1.04

8 OJ 2.1 36.27 25 6.13 4.08 7245.8 148.0 1218.1 8033.0 1.05

9 0.3 2.4 35.97 25 6.13 4.08 7245.8 146.8 1364.9 8033.0 1.07

10 0.3 2.7 35.67 25 6. [3 4.08 7245.8 145.5 1510.4 8033.0 1.09

II 0.3 3 35J7 25 6.13 4.08 7245.8 144.3 1654.8 8033.0 1.11

12 0.3 3.3 35.07 25 6.13 4.08 7245.8 143.1 1797.8 8033.0 1.13

13 0.3 3.6 34.77 25 6.13 4.08 7245.8 141.9 1939.7 8033.0 1.14

14 0.3 3.9 34.47 25 6.13 4.08 7245.8 140.6 2080.3 8033.0 1.16

15 OJ 4.2 34.17 25 6.13 4.08 7245.8 139.4 2219.8 8033.0 1.18

16 0.3 4.5. 33.87 25 6.13 4.08 7245.8 t38.2 2358.0 8033.0 1.20

'About 1.5m from top has been left free to accommodate the thickness of road pavement
and jute geote,tile Wraparound
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Table 5.7 Determination of Jnte Ceotextile Layont for Reinforced Earth

Embankment of 8.0m Height

Layer Spacing Height Arm TUII Total Tall M5011 Mrclnf rMrcmf Md'l~HlIl FS

No. (m) from (m) (kN/m) RF (kN/m) (kN- (kN- (kN- (kN-

bottom [surface m/m) m/m) m/m) m/m)
(m) No. 21

I 6.13
(boltom) 0 0 47.06 25 4.08 6212.2 192.0 192.0 8628.0 0.74

2 0.3 0.3 46.76 25 6.13 4.08 6212.2 190.8 382.8 8628.0 0.76

3 0.3 0.6 46.46 25 6.13 4.08 6212.2 189.6 572.4 8628.0 0.79

4 0.3 0.9 46.16 25 6.13 4.08 6212.2 188.3 760.7 8628.0 0.81

5 0.3 1.2 45.86 25 6.13 4.08 6212.2 187.1 947.8 8628.0 0.83
6 0.3 1.5 45.56 25 6.13 4.08 6212.2 185.9 1133.7 8628.0 0.85

7 0.3 1.8 45.26 25 6.13 4.08 6212.2 184.7 1318.4 8628.0 0.87

8 0.3 2.1 44.96 25 6.13 4.08 6212.2 183.4 1501.8 8628.0 0.89
9 0.3 2.4 44.66 25 6.13 4.08 6212.2 182.2 1684.0 8628.0 0.92
10 0.3 2.7 44.36 25 6.13 4.08 6212.2 181.0 1865.0 8628.0 0.94

II 0.30 3 44.06 25 6.13 4.08 6212.2 179.8 2044.8 8628.0 0.96

12 0.30 3.3 43.76 25 6.13 4.08 6212.2 178.5 2223.3 8628.0 0.98
13 0.30 3.6 43.46 25 6.13 4.08 6212.2 177.3 2400.6 8628.0 1.00

14 0.30 3.9 43.16 25 6.13 4.08 6212.2 176.1 2576.7 8628.0 1.02

15 0.30 4.2 42.86 25 6.13 4.08 6212.2 174.9 2751.6 8628.0 1.04

16 0.30 4.5 42.56 25 6.13 4.08 6212.2 173.6 2925.2 8628.0 1.06

17 0.30 4.8 42.26 25 6.13 4.08 6212.2 172.4 3097.7 8628.0 1.08

18 0.30 5.1 41.96 25 6.13 4.08 6212.2 171.2 3268.9 8628.0 1.10

19 0.30 5.4 41.66 25 6.13 4.08 6212.2 170.0 3438.8 8628.0 1.12

20 0.30 5.7 41.36 25 6.13 4.08 6212.2 168.8 3607.6 8628.0 1.14

21 0.35 6.05 41.01 25 6.13 4.08 6212.2 167.3 3774.9 8628.0 1.16

22 0.35 6.4 40.66 25 6.13 4.08 6212.2 165.9 3940.8 8628.0 I.I8
23 0.35 6.75* 40.3 I 25 6.13 4.08 6212.2 164.5 4105.3 8628.0 1.20

'Abonl i.25m from top has been left free 10 accommodale Ihe Ihickness of road pavement
and jute geotextile wraparound.

Table 5.8 Anchorage Length of Jnte Ceotextile Behind the Slip Plane for
Reinforced Earth Embankment of 4.0m Height

L, LR
5L Z Y Pullout Go Tall,,,. Le mm malt Lspcc
No. (m) (kN/mJ) cfC. E (kN/m') tano F5 (k'l/m) (m) (m) (m) Lcal(m) (m)

1 1.5 18 0.8 27 0.746 1.5 25 1.16 I 3.8 4.96 5.00

2 4 18 0.8 72 0.746 1.5 25 0.44 I 2.18 3.18 5.00

Table 5.9 Anchorage Length of Jnte Ceotextile Behind the Slip plane for
Reinforced Earth Embankment ofG.Om Hcight

I., LR
5L Z Y Pullout Go -rall., ••. Le ,mn max Lspcc
No. (m) (kN/mJ) eff.. E (kN/I1,', t<ln6 FS (k'l/m) (m) (m) (m) Lcal(m) (m)

I 1.5 18 0.8 27 0.746 1.5 25 1.16 I 1.6 2.76 3.00

2 4.5 18 0.8 RI 0.746 1.5 25 0.39 I 1.6 2.60 3.00
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Table 5.10 Anchorage Length of Jute Geotextile Behind the Slip plane for
Reinforced Earth Embankment of 8.0m /Iei!!ht

L, LRSL z r Pullout "" Tallon Le Hun IllJ\ Lspcc
No. (Ill) (kN/Ill') eff.,E (kN/Ill') tano FS (kN/Ill) (Ill) (Ill) (Ill) Lca1(m) (Ill)

I 1.5 18 0.8 27 0.746 1.5 25 1.16 I 435 5.51 5.50
2 23 18 0.8 41 0.746 1.5 25 0.76 I 4.21 5.21 5.50

3 8 18 0.8 144 0.746 1.5 25 022 I 4.35 5.35 5.50

5.4 Economie Aspects of Reinforced Earth Embankments

For the purpose of comparison, the conventional earth embankments of 4,Om, 6.0m

and 8.0m heights with 1Y:2H slope are shown in Figures 5.5, 5.7 and 5.9,

respectively and the outcome designs of reinforced earth embankments of 4.0m,

6.0m and 8.0m heights with IY: 1H slope are shown in Figures 5.6, 5.8 and 6.0,

respectively. From these figures, quantity and cost of different components of these

two systems of embankments have been estimated on the basis of the following unit

prices of the materials: Dredged sand: i) 392 Tk/mJ, ii) Clay: 438 Tk/m3, iii) Jute

Geotextiles (Wool Pack) : 65 Tk/m2
, iv) Geogrid : 400 Tk/m2, v) PYD : 100 Tk/m.

These prices do not include contractor's profit. A comparative quantity and cost

variation of these component items are presented in Figures 5.11 through 5.15.

Figure 5.5 Current practice of road embankment construction (I-1eight-4.0m, Slope-
1Y:2H)
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Figure 5.6 Reinforced earth road embankment (lleight-4.0m, Slope-l Y: 1H)
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Figure 5.7 Current practice of road embankment construction (Height-6.0m, Slope-
lY:2H)
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Figure 5.8 Reinforced earth road embankment (lleight - 6.0m, Slope-l Y: 1II)
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Figure 5.10 Reinforced earth road embankment (Height-8.0m, Slope-] Y: 1H)
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reinforced earth embankments of different heights
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Savings of cost that may be obtained lrom different materials and savings on land

acquisition cost are prescnted in Figurcs 5.16 and 5.17, respec:ively.
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Figure 5.16 Cost savings on different construction items
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Figure 5.17 Land cost savings for IY: I II slope

8 9

The rcvenue that may be earned from cultivation of paddy twice a ycar ill the saved

lands on both side of the embankmcnt is shown in Figurc 5.18. While estimating the
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amount of revenue, it has been conservatively assumed that there will be a

production of 20 maunds of paddy per bigha of these lands and 80 percent of these

paddies will be transformed into rice. The cost of ricc has been considered to be

unifol1n (35 Tklkg) over a period of 25 years. Although, these assumptions will

change with time but this to be a conservative estimate. The extra cost of jute

geotextiles that will be required for making slopes IY: 1H is also shown in Figure

5.19.
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Figure 5.18 Revenue from saved land
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Figure 5.19 Extra cost of jute gcotextiles for IY:IH slope
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An algebraic SUpellJosition of the data shown in Figures 5. I6 through 5.19 will

result in the net savings due to implementation of reinforced earth embankments of

Iv: IH slopes instead of conventional unrein forced earth embankments of IV:211

slopes. It may be appreciated that the resultant net savings will be dictated, apart

from other cost parameters, by the cost of the lands that would have to be acquired

along the route of the road embankments with IV : 211 side slopes. The variation of

the net savings for different land costs are shown in Figure 5.20.
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Figure 5.20 Variation of net savings from reinforced earth embankment for different
land cost

figure 5.20 shows that significant amount of net savmgs can be obtained by

employing reinforced earth embankment for a range of land acquisition cost. The

amount of the profit may range from about 26 million taka to about 72 million taka

per km of road construction depending on the height of embankment and cost of

land acquisition. In Bangladesh along most of the road alignments, the cost of land

acquisition and litigation is much higher and involving than what may be seen limn

Figure 5.20.

Presently, road embankments in Bangladesh are constructed with IV:211 to IV:311

side slopes. Provision of such nat side slopes requires acquisition or procurement of
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a lot of rcvcnuc carnmg agricultural/industrial/habitablc/bolTow pit lands.

Construction of such flat side slopcd cmbankmcnts also involves a lot of additional

direct cost and management ovcrhead for litigation of land acquisition, handling of

largc volume of dredgcd fililborrowed matcrial, placing of clay cladding, insertion

of huge numbers of PYDs etc. Thcsc can bc minimizcd and huge amount of revcnue

earning lands can be saved by making the side slopes IY: IH. It is to be appreciated

that in order to make the slopes stecper than the natural angle of repose of the

dredged fililborrowed materials, reinforcement of soil with jute geotextiles is

required. It has been highlighted in this study that despite the extra cost involvement

for jute gcotextiles used as reinforcements, the nct benefit that can be accrued from

the other components, e.g. cost of sand, cost of clay, cost of saved lands, rcvenue

earned from the saved lands etc., can be very significant for different heights of

embankmcnts. Since, jute gcotextiles are now widely available, also since the

construction mcthodology for reinforced earth embankment commensurate with the

usually employed stage construction methodology for embankments, it is expected

that construction of reinforced earth road embankments will be seen as a fcasible

altemative to the ClllTentpractice of road embankment construction in Bangladesh.

Since the durability life year of treated jute geotextiles are about 20 years

(Mohy,200S). The decomposition of jute fibers will take place within soil propcrties

after expire of life. The embankments will be 11mout of life after this period. Traffic

demand is always increase with time and the \\.idening of road embankments are

essential in order to meet thc increasing traffic dcmand. In order to keep the

embankment in service after expire of lifc and also to meet the increasing traffic

demand, the existing steep sloped embankmcnt can be widcned with providing of

same slopc of IY: 1H and jute geotextiles as reinforcement. Rcquircd bond or

anchorage length of jute geotextiles bchind thc slip plane can be providcd in the

widening part of the embankment. Hence the existing expired part of embankment

will bc act as core material for the ncwly constructed rcinforced stecp sloped

embankment.
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CHAPTER SIX

CONCLUSIONS AND RECOMMENDATIONS

6.[ General

The laboratory assessment for the determination of interface frictional properties

between soil and jute geotextile is the main concern of this study. The present

research is mainly concentrated on the pullout test carried out in the laboratory on

jute geotextile. Two types of untreated samples such as Wool Pack and OW Jute

Bag were selected for the pullout test. Total Six tests were perfornled among them

three tests are on Wool Pack and the rests are on OW Jute Bag. Each sample were

tested for three times with varying the surcharge pressure over the sample. The test

methods have been discussed elaborately in Chapter Three. The test results with

discussions were presented in Chapter Four.

6.2 Conclusions on Test Results

Laboratory pullout test results showing the feasibility of using jute geotextile as an

alternative to synthetic geotextiles in the earth reinforced structure. The values of

interface friction angle for both the Wool Pack and OW Jute Bag samples are similar

for high strength geosynthetics.

The tested jute geotextile samples (i.e. Wool Pack and OW Jute Bag) have

satisfactory values of coefficient of interaction (C). The coefficient of interaction

(C;) estimated as 0.95 for laboratory pullout tests. The bond coefficient between soil

and reinforcement is function of the reinforcement type (smooth or rough) and form.

Longitudinal stiffness is of major importance for the pullout displacement necessary

to develop full bond. In this sense the Wool Pack and OW Jute Bag samples tested

showed an appreciable results in interface friction properties.
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The interface friction angle between soil and jute geotextiles obtained from pullout

tests in this study indicates that Wool Pack and OW Jute Bag is quite satisfactory to

be applied in reinforcement function for short term and also for long term in case of

treated jute geotextiles are used. The interaction coefficient obtained in this study

(0.5 < C; < I) indicates that there is an efficient and also strong bonding present

between the soil and the jute geotextile samples. Wool Pack and OW Jute Bag has

fulfilled all the necessities required to be applied as reinforcement material. Since

Wool Pack possess almost two third wide width tensile strength than high strength

geotextiles, these samples are strong enough for use in the soil reinforcement

scheme. From the wide width tensile strength test on jute geotextile samples it is

also observed that these jute geotextiles can sustain a considerable amount of strain

in different geotechnical field applications before complete failure.

6.3 Conclusions on Assessment of Technical and Economical Feasibility of Jnte

Geotextile Reinforced Steep Sloped EmlJankment

The significant cost savings is observed due to implementation of reinforced earth

embankments of Iv: IH slopes instead of conventional unreinforced earth

embankments of IV:2H slopes. The amount of the savings may range from about 26

million taka to about 72 million taka per km of road construction depending on the

height of embankment and cost of land acquisition. It has been concluded in this

study that despite the extra cost involvement for jute geotextiles used as

reinforcements, the net benefit that can be accrued from the other components, e.g.

cost of sand, cost of clay, cost of saved lands, revenue earned from the saved lands

etc., can be very significant for different heights of embankments. Since the

construction methodology for reinforced earth embankment is appropriate with the

usually employed stage construction methodology for embankments, it is expected

that construction of jute geotextile reinforced steep sloped embankments will be

seen as a feasible alternative to the current practice of road embankment

construction in Bangladesh.
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RECOMMENDATIONS FOR FUTURE RESEARCH

I. More pullout tests need to be conducted on varieties of soil types and

different types of jute geotextiles espccially on treated jutc geotextiles in

order to study the interaction behavior of soil-jute gcotextiles.

2. It is necessary to know the effect on interaction properties for soil types of

different moisture content.

3. The interaction properties of soil-jute geotextile for higher surcharge

pressure needs to be investigated. A hydraulic jack can be used for applying

of pullout forces in the case of higher surcharge pressure.

4. Pullout test on jute geotextile can be performed in submerged condition

following both drained and undrained condition.

5. Jute geotextiles treated by BJRI have a durability life year of about 20-25

years. The decomposition of jute fibers \\'ill take place within soil properties

after expire of life. Shear strength properties of soil with inclusion of

decomposed jute fiber need to be investigated. The properties will be helpful

to determine the factor of safety of embankmcnt after run out of life.
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APPENDIX

Name of the Test :Wide Width Tensile Strength Test
Name of the Sample: Wool Pack, OW Jute Bag & Canvas
Date of Test : 04.08.2008
Time: 3.00 P.M
Machine Speed: 10 + 3% / min
Location: Geotechnical Engineering Laboratory
Specimen Size: 200 mm x 200 mm
Test is conducted along the bag length which is considered to be X -axis or MD
Temperature: 27"
SIN W I P k' MI' O' MOamllle arne: 00 ac . III ac line IrectIon I.e. 1

Wide Avg. Wide
Percentage Width Width
of Tensile Tensile
Elongation Strength Strength in

SI No. Load in kIT Elongation (mm) (%) in kN kN
I 560 118 18 27.47
2 580 120 20 28.45
3 460 112 12 22.56 25.1 I
4 500 115 15 24.53
5 460 113 13 22.56

MDOW J t B . MI' O' fINSamp e arne: u e aOlflj' ae line lree Ion I.e.
Wide Avg. Wide

Percentage Width Width
of Tensile Tensile
Elongation Strength Strength JI1

SI No. Load in kg Eloneation (mm) (%) in kN kN
I 386 114 14 18.93
2 390 114 14 19.13
3 330 113 13 16.19 16.86
4 313 112 12 15.35
5 300 110 10 14.72

1\. 1\1 I' O'cINSamlle ame: aovas III ac line IrcctlOn I.C. 10
Wide Avg. Wide

Percentage Width Width
of Tensile Tensile
Elongation Strength Strength In

SI No. Load in kg Elongation (mm) (%) in kN kN
I 522 110 10 25.60
2 560 113 13 27.47
3 550 112 12 26.98 26.00
4 514 110 10 25.21
5 504 109 9 24.72
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Name of the Test: Wide Width Tensile Strength Test
Name of the Sample: Wool Pack, DW Jute Bag & Canvas
Date of Test: 04.08.2008
Time: 3.00 P.M
Machine Speed: 10 + 3% I min
Location: Geotechnical Engineering Laboratory
Specimen Size: 200 mm x 200 mm
Test is conducted across the bag length which is considered to be Z -axis or XMD
Temperature: 2T

XMOM I' O'. CcINSam()le arne: anvas In ross ac line IreclIon I.e.
Wide Avg. Wide

Percentage Width Width
of Tensile Tensile
Elongation Strength Strength in

SI No. Load in kg Elongation (mm) (%) inkN kN
1 370 110 10 18.15
2 386 113 13 18.93
3 316 112 12 15.50 18.36
4 400 110 10 19.62
5 400 110 10 19.62
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APPENDIX

minutes

Geotechnical Engineering Laboratory
Department of Civil Engineering, BUET
Name of the Tcst : Apparent Opening Size

1
Wool Pack

3
5

50

Job No.:
Jute Sample:
No. of Sample:
Duration of Shaking:
W f dfi kt. 0 san ractlon ta en : Igm

Sieve Passing (gm) %
Sieve Opening Finer
No. (mm) Test-I Test-2 Test-3 Avg
# 60 0.25 2.21 2.41 2.1 2.22 4.45
# 80 0.18 8.2 8.4 7.3 7.97 15.93
# 100 0.15 41.4 41.6 41.1 41.37 82.73
# 200 0.074 46.4 42.4 46.2 45.00 90.00
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Geotechnical Engineering Laboratory
Department of Civil Engineering, IWET
Name of the Test: Maximum & Minimum Density Test
Height of the mold = 150mm

Diameter of the mold = 150mm

Volume of the mold = 2780 c.c.

Weight of the mold = 3.68 kg

Loosest Condition
No. Wtofmold+ Wtof WI. Of Density Avg Avg
Of soil in gm mold in soil in gm gm/cc density density
Obs. gm gm/cc kN/m3
I 7380 3680 3700 1.33 1.325 13.002 7350 3680 3670 1.32

Densest Condition
No. Wt ofmold+ Wt of WI. Of Density Avg Avg
Of soil in gm mold in soil in gm gm/c.c density density
Obs. gm gm/c.c kN/m3
I 7370 3680 3690 1.73 1.712 16.802 7330 3680 3650 1.694
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Geotechnical Engineering Laboratory
Department of Civil Engineering, BUET
Name of the Test: Specific Gravity Test
Sample: Sand
Type: Dredged Fill

No wtof Temp Wt of Wtof Wtof Wt Sp. Sp. Avg.
of Bottle+ Water+ oC Bottle Bottle+ Bottle of Gravity Gravity Sp.
obs. Soil in gm +Water Dry ingm Soil of of Soil Gravity

ingm soil in in water of Soil
gm gm in ToC

I 402.4 27 342.5 194.3 94.5 99.8 0.9968 2.49
2 393.35 27 340.9 179 91.95 87.05 0.9968 2.51 2.51
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gm
gill

gm

160308

: 579.7
: 79.6
: 500.1

Geotechnical Engineering Laboratory
Department of Civil Engineering, IlUET

Sieve Analysis
Container:
WI. of contatiner + soil
WI. of contatiner:
WI. of soil ;
Performed by ; Saiful,
Naguib & Adit
D

lJy pass

Sand

Kaliakoir

Job No.
Soil Sample
Location
Boring No.

Sample No.
SID hample ept ate:

Sieve
Openi WI. of Wt.of WI. of %of

Sieve ng Sieve sieve + soil soil Cumulative %
No. (mm) (gm) soil (gm) retained (gm) retained % retained Finer
#4 4.76 521.24 521.3 0.06 0.012 0.012 99.99
#8 2.38 488.25 489 0.75 0.150 0.162 99.84
# 16 1.19 429.45 430.5 1.05 0.210 0.372 99.63
# 30 0.59 407.73 410.8 3.07 0.614 0.986 99.01
# 50 0.297 373.73 479 105.27 21.050 22.036 77.96
# 100 0.149 351.03 585.52 234.49 46.889 68.924 31.08
# 200 0.074 349.87 446.8 96.93 19.382 88.306 11.69
Pan 365.26 423.6 58.34 11.666 100 0

)"= 499.96

F.M = 0.92
Fine sand =
Fines or % of Silt and clay=

88.3 %
11.7 %

I D.o =
Other Features/Parameters: 0."'6mm I Dc,o = 0.23111111I D" = 0.07mm

Mean Diameter,
D,,= 0.20111111

C. = D,oIDIO = 3.28 ~ 6 I ~ in betn ~ 3

Comments:
Poorly
Graded
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Geotechnical Engineering Laboratory
Department of Civil Engineering, BUET

Direct Shear Test
Test: I

Nanna! Stress, 0n= 0.0248 N/mm2

Initial w1 ofcan+ soil= 685.9 gill

Final Wi ofcan+soil= 557.68 gm

Wt of soil used= 128.22 gm

IDR=410

FOR= 404

Calibration Factor= 0.3157 x div(div 0-350)

Specimen lleight= 25.1411101

Specimen Dia= 63.50101

Sample Volume= 79.64 c.C.

Void Ratio. e = 0.551

Porosity. 11 = 0.355

Sp. Gravity: 2.5

Density = 15.79 KN/m3

Time Shear Dial Shear Normal NO Proving Shear Shear '/0elapsed (Div) Displacement Dial (inch) Ring Dial Force stress, t(min) (mm) (Div) (Div) (N) (N/mm2)

0 0 0.00 404 0 0.00 0.0000 0.000
0.25 15 0.38 404 35 49.18 0.0155 0.627
0.5 33 0.84 406 45 63.23 0.0200 0.806
0.75 51 1.30 409 48 67.45 0.0213 0.859
I 68 I.73 412 51 71.66 0.0226 0.913

1.25 88 2.24 415 52 73.07 0.0231 0.931
1.5 105 2.67 418 54 75.88 0.0240 0.967
I.75 122 3.10 422 54 75.88 0.0240 0.967
2 135 3.43 425 54 75.88 0.0240 0.967
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Geotechnical Engineering Laboratory
Department of Civil Engineering, BUET

Direct Shear Test
Test: 2

Normal Stress, O"n= 0.0496 N/mm2

Initial wt ofcan+ soil= 682.9 gm

Final \Nt of can+soil= 553.98 gm

Wt of soil used=128.92 gm
IDR~ 580

FDR= 567

Calibration Factor-: 0.3157 x div(div 0-350)

Specimen Height= 25.4mm

Specimen Dia"" 63.5mm
Sample Volume= 80.44 c.C.

Void Ratio. C = 0.548

Porosity, n = 0.354

Sp. Gravity: 2.5

Density = 15.80 KN/m3

Time Shear Dial Shear NOnllal NO Proving Shear Shear ,fuelapsed (Div) Displacement Dial (inch) Ring Dial Force stress, r(min) (mm) (Dlv) (Dlv) (N) (Nfmm2)

0 0 0.000 567 0 0.00 0.0000 0.000
0.25 13 0.330 566 58 81.50 0.0257 0.519
0.5 29 0.737 566 80 112.41 0.0355 0.716
0.75 47 1.194 567 89 125.06 0.0395 0.797
I 66 1.676 569 92 129.28 0.0408 0.824

1.25 82 2.083 571 92 129.28 0.0408 0.824
1.5 101 2.565 572 92 129.28 0.0408 0.824
1.75 110 2.794 574 91 127.87 0.0404 0.815
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Geotechnical Engineering Laboratory
Department of Civil Engineering, BUET

Direct Shear Test
Test: 3

Normal Stress, 0n= 0.0744 N/mm2

Initial \\1 of can+ soil= 683 gill

Final wt of can+soil= 555.8 gm

Wtofsoil used=127.2 gm

IDR= 340

FDR= 320

Calibration Factor= 0.3157 x div(div 0-350)

Specimen Height= 25.14mm

Specimen Dia= 63.5mm

Sample Volume= 79.64 c.c.

Void Ratio, e = 0.562

Porosity, n = 0.359

Sp. Gravity: 2.5

Density = 15.66 KN/m3

Time Shear Dial Shear Normal NO Proving Shear Shear rio
elapsed (Div) Displacement Dial (inch) Ring Dial Force stress, t
(min) (mm) (Div) (Div) (N) (N/mm2)

0 0 0.000 320 0 0.00 0.0000 0.000

0.25 II 0.279 321 79 111.0 I 0.0351 0.471

0.5 29 0.737 322 105 147.54 0.0466 0.627

0.75 42 1.067 323 115 161.60 0.0510 0.686

I 62 1.575 325 119 167.22 0.0528 0.710

1.25 80 2.032 327 122 171.43 0.0541 0.728

1.5 97 2.464 329 122 171.43 0.0541 0.728

1.75 115 2.921 331 131 184.08 0.0581 0.782

2 137 3.480 331 131 184.08 0.0581 0.782

2 min 10 155 3.937 334 131 184.08 0.0581 0.782
sec
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Geotechnical Engineering Laboratory
Department of Civil Engineering, nUET
Name of the Test: Calibration of Sand Spreader/Sand Screener
Sample: Sand, Type: Dredged Fill

Density Pot-I

Wtof Volume of
51No. Height of Fall (mm) 5and 10m) Mould (em) Densitv (kN/m3)

1 700 668.2 466.48 14.05
2 800 677.0 466.48 14.24
3 900 682.0 466.48 14.34
4 950 678.8 466.48 14.28
5 1000 638.5 466.48 13.43
6 1050 637.3 466.48 13.40

Density Pot-2

Wt.of Volume of
51No. Height of Fall (mill) Sand (e:rn) Mould (ern)) Densitv (kN/m3)

1 700 689 466.48 14.49
2 800 690 466.48 14.51
3 900 685 466.48 14.41
4 950 683 466.48 14.36
5 1000 664 466.48 13.96
6 1050 652 466.48 13.72

Densitv Pot-3

W1.of Volume of
51 No. Height of Fall (mill) Sand (Q.Ill) Mould (emJ) Densitv IkN/mJ)

I 700 692.0 480.47 14.13
2 800 702.0 480,47 14.33
3 900 703.0 480,47 14.35
4 950 693.6 480.47 14.16
5 1000 658.5 480.47 13.44
6 1050 653.4 480.47 13.34

Density (kN/rnJ)
Average

51No. Height of Fall (mm) Density
(kN/m')

Density Pol. 1 Density l'ot.2 Density Pot-3
I 700 14.05 14.49 14.13 14.22
2 800 14.24 14.51 14.33 14.36
3 900 14.34 14,41 14.35 14.37
4 950 14.28 14.36 14.16 14.27
5 1000 13.43 13.96 13.44 13.61
6 1050 13.40 13.72 13.34 13.49
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Geotechnical Engineering Laboratory
Department of Civil Engineering, BUET

Pullout Test-I

300mm
950mm

300mm
400mm
900mm
2.51 kg
120mm

Date: 17.09.2008
Width of Jute geotextile
Length of Jute geotextile

Height of surcharge fill over Jute geotextile (300mm ht. of sand equivalent to
surcharge pressure of 4.31 kN/m') ~
Depth of sand below Jute geotextile
Sand filling carried out at a constant height
Wt. of Clamp + Pull Rod + Jute geotextile
Distance of bottom of pan of pull rod from Floor level

f h J '1 IName ate ute geotextl e sample = Wool Pack

Distance of Final Displacement
bottom of pan of of Jute Geotextile

SL No. pull rod (mm) (mm) Load (kN) Remarks
I 120 0 0.025
2 120 0 0.123
3 119 I 0.221
4 III 9 0.319
5 110 10 0.417
6 104 16 0.515
7 96 24 0.613
8 93 27 0.711
9 91 29 0.809
10 86 34 0.907
II 83 37 1.006
12 74 46 1.104
13 70 50 1.202
14 66 54 1.300
15 63 57 1.398
16 46 74 1.496
17 0 120 1.692
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Geolechnical Engineering Laboratory
Department of Civil Engineering, 8UET

Pullout Test-2
Date: 21.09.2008
Width of Jute geotextile
Length of Jute geotextile

5000101
4000101
9000101
2.51kg
1840101

3000101
9500101

Height of surcharge fill over Jute geotextile (500mm ht. of sand equivalent to surcharge
pressure of7.19 kN/m') =
Depth of sand below Jute geotextile
Sand filling carried out at a constant height
Wt. of Clamp + Pull Rod + Jute geotextile
Distance of bottom of pan of pull rod from Floor level
N f h J '1 I W I P kame ate ute geotextl e sample = 00 ac'

Distance of
bottom of pan of Final Displacement of

Load (kN)SL No. I pull rod (mm) Jute Geotextile (mm) Remarks
I 184 0 0.025
2 184 0 0.123
3 182 2 0.221
4 174 10 0.319
5 169 15 0.417
6 163 21 0.515
7 159 25 0.613
8 152 32 0.711
9 146 38 0.809
10 132 52 0.907
II 130 54 1.006
12 129 55 I. I 04
13 124 60 1.202
14 122 62 1.300
15 117 67 1.398
16 114 70 1.496
17 112 72 1.594
18 110 74 1.692
19 108 76 I.790
20 102 82 2.085
21 84 100 2.281
22 75 109 2.477
23 71 113 2.526
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Distance of
bottom of pan of Final Displacement of

Load (kN)SLNo. . Dull rod (mm) Jute Geotextile (mm) Remarks
24 66 118 2.575
25 63 121 2.673
26 57 127 2.771
27 50 134 2.869
28 45 139 2.968
29 39 145 3.066
30 0 184 3.164
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Geotechnical Engineering Laboratory
Department of Civil Engineering, UUET

Pullout Test-3
Dale: 26.10.2008
Width of Jute geotextile
Length of Jute geotextile

300mm
950mm

700mm
400mm
900mm
2.5 kg
190mm

Equivalent height of surcharge fill over Jute Geotextile (500mm sand+ 65 nos. bricks
@2.74kg+ 15 Nos.wt.disc@IOkg equivalent to surcharge pressure of 10.06 kN/m') =
Depth of sand below Jute geotextile
Sand filling carried out at a constant height
WI. of Clamp + Pull Rod + Jute geotextile
Distance of bottom of pan of pull rod from Floor level

fName 0 the Jute geotextile sample = Wool Pack

Distance of Final Displacement
bottom of pan of of Jute Geotextile

SLNo. pull rod (mm) (mm) Load (kN) Remarks
I 190 0 0.025
2 ]90 0 0.123
3 185 5 0.221
4 180 10 0.319
5 173 17 0.4 I7
6 ]69 21 0.515
7 ]65 25 0.613
8 163 27 0.7] I
9 161 29 0.809
10 158 32 0.907
II 157 33 1.006
12 156 34 I. I04
13 155 35 1.202
14 153 37 1.300
15 149 41 1.398
16 147 43 1.496
17 144 46 1.594
18 142 48 1.692
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Distance of Final Displacement
bottom of pan of of Jute Geotextile

SLNo. pull rodimm) (111m) Load (kN) Remarks
19 140 50 I. 790
20 138 52 1.888
21 133 57 1.987
22 131 59 2.085
23 126 64 2.183
24 124 66 2.281
25 121 69 2.379
26 119 71 2.477
27 113 77 2.575
28 109 81 2.673
29 101 89 2.771
30 89 101 2.869
31 84 106 2.968
32 80 110 3.066
33 75 115 3.164
34 73 117 3.262
35 70 120 3.360
36 65 125 3.458
37 62 128 3.556
38 59 131 3.654
39 55 135 3.752
40 52 138 3.850
41 48 142 3.949
42 44 146 4.047
43 42 148 4.145
44 40 150 4.243
45 36 154 4.341
46 18 172 4.439
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Geolechnical Engineering Laboratory
Department of Civil Engineering, BUET

Pullout Test-I

300mm
400mm
900mm
2.51 kg
257mm

300mm
900mm

Date: 25.11.2008
Width of Jute geotextile
Length of Jute geotextile

Height of surcharge fill Over Jute geotextile (300mm hI. of sand equivalent to
surcharge pressure of 4.31 kN/m') =
Depth of sand below Jute geotextile =
Sand filling carried out at a constant height
WI. of Clamp + Pull Rod + Jute geotextile
Distance of bottom of pan of pull rod from Floor level
N f h J '1 I OW J Bame 0 t e ute geotextl e sample = ute a

Distance of Final Displacement
bottom of pan of of Jute Geotextile

SL No. pull rod (mm) (mm) Load (kN) Remarks
I 257 0 0.025
2 255 2 0.123
3 235 22 0.221
4 218 39 0.319
5 205 52 0.417
6 195 62 .0.515
7 190 67 0.613
8 180 77 0.71 I
9 170 87 0.809
10 165 92 0.907
II 160 97 1.006
12 140 117 1.104
13 135 122 1.202
14 132 125 1.300
15 120 137 1.398
16 110 147 1.496
17 105 152 1.594
18 100 157 1.692
19 95 162 1.790
20 0 257 1.839
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I'lIl1out Tesl-2

500mm
400mm
900mm
2.51kg
260mm

300mm
900mm

Date: 25.11.2008
Width of Jllte geotextiie
Length of Jute geotextile

Height ofsllrcharge fill over Jute geotextile (500mm ht. of sand equivalent to
surcharge pressure of 7.19 kN/m') =
Depth of sand below Jute geotextile
Sand filling carried out at a constant height =
Wt. of Clamp + Pull Rod + Jute geotextile
Distance of bottom of pan of pull rod from Floor level
N f '1 Iame a the Jute geotext, e samole = OW Jute Bag

Distance of
bottom of pan of Final Displacement of

SL No. pull rod (mm) Jute Geotextile (mm) Load (kN) Remarks
I 260 0 0.025
2 260 0 0.123
3 260 0 0.221
4 255 5 0.319
5 254 6 0.417
6 252 8 0.515
7 250 10 0.613
8 245 15 0.711
9 240 20 0.809
10 220 40 0.907
II 212 48 1.006
12 210 50 1.104
13 208 52 1.202
14 200 60 1.300
15 195 65 1.398
16 193 67 1.496
17 191 69 1.594
18 188 72 1.692
19 184 76 I. 790
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Distance of
bottom of pan of Final Displacement of

SL No. pull rod (mm) Jute Geotextile (mm) Load (kN) Remarks
20 181 79 1.888
21 178 82 1.987
22 170 90 2.085
23 165 95 2.183
24 160 100 2.281
25 150 110 2.379
26 140 120 2.477
27 135 125 2.575
28 125 135 2.673-
29 120 140 2.771
30 116 144 2.869
31 0 260 2.968
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Pullout Test-3
Date: 25.11.2008
Width of Jute geotextile
Length of Jute geotextile

300mm
900mm

700mm
400mm
900mm
2.5kg
225mm

Equivalent height of surcharge fill Over Jute Geotextile (500mm sand+ 65 nos. bricks
@2.74kg+ 15 Nos. wt.disc@10kg equivalent to surcharge pressure of 10.06 kN/m') =
Depth of sand below Jute geotextile
Sand filling carried out at a constant height
WI. of Clamp + Pull Rod + Jute geotextile
Distance of boltom of pan of pull rod from Floor level
N f h J '1 1 OW J Barne 0 t e ute geotextl e sample = ute ag

Distance of
boltom of pan of Final Displacement of

Load (kN)SL No. pull rod (mm) Jute Geotextile (mm) Remarks
1 225 0 0.025
2 225 0 0.123
3 225 0 0.221
4 224 I 0.319
5 224 I 0.4 I 7
6 220 5 0:515
7 212 13 0.613
8 211 14 0.71 I
9 210 15 0.809
10 206 19 0.907
1I 202 23 1.006
12 198 27 1.104
13 196 29 1.202
14 195 30 1.300
15 193 32 1.398
16 191 34 1.496
17 189 36 1.594
18 187 38 1.692
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Distance of
bottom of pan of Final Displacement of Load

SLNo. pull rod (mm) Jute Geotcxtile (mm) (kN) Remarks19 183 42 1.790
20 181 44 1.888
21 179 46 1.987
22 173 52 2.085
23 171 54 2.183
24 169 56 2.281
25 166 59 2.379
26 165 60 2.477
27 163 62 2.575
28 160 65 2.673
29 158 67 2.771
30 157 68 2.869
31 155 70 2.968
32 152 73 3.066
33 150 75 3.164
34 149 76 3.262
35 146 79 3.360
36 143 82 3.458
37 140 85 3.556
38 135 90 3.654
39 130 95 3.850
40 115 110 4.04741 0 225 4.145
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