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ABSTRACT: It Has Been Observed At Several Instances That Pavement Performance Is Greatly Affected By 

The Usage Of Poor Quality Of Soil Subgrade Which Causes Severe Damage And Distress. With The Growing 

Tendency To Utilize Marginal Soils, There Arises The Need To Understand The Fundamental Behavior Of The 

Materials In Order To Make Suitable Amendments In Design Parameters, Especially In The Subgrade 

Construction Of Pavements. This Paper Presents The Shear Strength Behavior Of Geotextile Reinforced 

Marginal Soil Without And With Cement Modification And Compares Its Performance With That Of 

Conventional Soil Subgrade (Gravel). The Cement Modified Reinforced Marginal Soil Has Shown Significant 

Improvement In Shear Strength Parameters Both Under Un-Drained And Drained Conditions. Further, The 

Study Revealed That The Cement Modified Marginal Soil Has Become Non-Plastic With Its Performance Close 

To That Of Gravel Subgrade. The Mechanisms Of Geotextile Reinforced Soil In Mobilizing The Shear Strength 

Parameters Are Observed To Be Relevant Even For Cement Modified Marginal Soil. 
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I. INTRODUCTION 
In View Of The Scarcity For Suitable 

Backfill Soils At Several Project Sites, There Is A 

Growing Tendency To Utilize Locally Available 

Marginal Soils In The Pavement Construction 

(Glendinning Et Al. 2005; Won And Kim, 2007). 

Some Investigators Have Also Studied The Shear 

Strength Behaviour Of Reinforced Cohesive Soils 

(Swami Saran, 2006), Though There Exists 

Numerous Studies Carried Out On Conventional 

Soils (Haeri Et Al. 2000; Latha And Murthy, 2006). 

It Is Unanimously Felt That The Cohesive Soils And 

Other Marginal Soils Suffer From Poor Drainage 

And The Consequent Low Shear Strength 

Parameters. Failures Of Pavement Structures Made 

Of Cohesive Backfills Were Also Reported By 

Various Investigators (Koerner, 2000; Goel, 2006; 

Yoo And Jung, 2006). Despite These Problems, 

Several Investigators Favours The Use Of Marginal 

Soils With Suitable Amendments To The Material 

(Swami Saran, 2006). 

Even Few Investigators Have Attempted 

To Use Cement Modified Backfill Soils In The 

Geosynthetic Reinforced Soil (Watanabe Et Al. 

2002; Aoki Et Al. 2003; Lawson, 2003) To Improve 

Their Stability Under Earthquake Loading. 

Mechanically Stabilized Earth (MSE) Has 

Gained Its Wide Acceptance For Variety Of 

Applications Such As Road And Railway 

Embankments, Earth Dams, Hill Roads, Abutments 

And Retaining Walls, Spillways, Area Foundations 

And Land Scaping To Name A Few In Civil 

Engineering Practice (Koerner, 2000; Wartman Et 

Al. 2006). Since Its Inception In France By Henri 

Vidal (1969), Several Investigators Have Attempted 

To Understand The Basic Mechanisms Of MSE And 

Broadly Arrived At A Common Understanding Of 

Shear Strength Parameters Based On Rupture And 

Slippage Failures Through Extensive Triaxial 

Testing (Swami Saran Et Al. 1992; Latha And 

Murthy, 2006). However, There Exists Still Varied 

Opinion Among Researchers Regarding The Basic 

Mechanisms, Especially With The Use Of Different 

Backfill Materials And A Wide Variety Of 

Reinforcing Materials (Haeri Et Al. 2000; Yoo And 

Jung, 2006; Latha And Murthy, 2006). 

In The Present Work, Locally Available 

Marginal Soil Was Stabilized Using Cement To 

Overcome The Ill-Effects Of Its Plasticity And A 

Detailed Laboratory Testing Was Carried Out On 

Fabric Reinforced Marginal Soil Samples Without 

And With Cement Content To Understand The 

Shear Strength Mechanisms Through Large Triaxial 

Tests. These Results Were Compared With Those 

Obtained From Reinforced Gravel Samples. 
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II. MATERIALS AND METHODOLOGY 
The Present Investigation Is Undertaken To 

Understand The Shear Strength Behaviour Of 

Reinforced Marginal Soil Without And With 

Cement Modification For Which The Following 

Materials And Methodology Were Adopted. 

 

2.1 Materials 

Gravel/Murrum: Gravels Are Coarse 

Grained Soils With Particle Size Under 2.36 Mm 

With Little Or No Fines Contributing To Cohesion 

Of Materials. Murrum Is The Product Of 

Decomposition And Weathering Of The Pavement 

Rock. Visually These Are Similar To Gravel Except 

Presence Of Higher Content Of Fines. 

Marginal Soil: Locally Available Marginal 

Soil Was Used To Simulate The Marginal Backfill 

Soil. The Properties Of Marginal Soil Were 

Determined As Per Bureau Of Indian Standards (SP 

36-Part 1): 1987). Gravel (9%); Sand (52%); Silt 

(24%); Clay (15%); Liquid Limit, Wl (37%); Plastic 

Limit, Wp (20%); Unified Soil Classification (SC); 

Optimum Moisture Content (16%); Maximum Dry 

Density (1.78); Shear Strength Parameters: UU 

Conditioncu(53kpa);  U(160); CD Condition C' 

(11 Kpa);' (300); Coefficient Of Permeability, K 

(7.62 × 10 

–5cm/Sec). 

Cement: Ordinary Portland Cement Of 53 Grade Is 

Used To Modify The Marginal Soil. 

 

 
 

From This Table, It Can Be Seen That The Soil Has 

Become 

Non-Plastic (NP) At 2% Cement Content And For 

The Subsequent 

Shear Strength Studies 3, 5 And 10% Cement 

Contents By Dry 

Weight Of Soil Were Used. 

Geotextiles 

Fibertex G–100, A Non Woven Geotextile 

Was Used As Reinforcing Materials And Its 

Properties Are Given In Table 2. The Properties 

Were Determined As Per The Standard Procedures 

(Mandal And Divshikar, 2002). This Fabric Was So 

Chosen To Distinguish The Failure Mechanisms Of 

Fabric Reinforced Cement Modified Marginal Soil. 

 

 
 

2.2. Sample Preparation 

The Shear Strength Tests Were Carried Out 

On 100 Mm Diameter And 200 Mm Height Soil 

Samples. It Is Evident That, Larger Size Samples 

Could Depict And Gives Picture Of The Failure 

Mechanisms Properly (Powrie, 2002). The Samples 

Were Prepared With The Help Of A Split Mould By 

Means Of Static Compaction. For This, The 

Required Dry Weight Of Soil Corresponding To 

Maximum Dry Density For Each Sample Was Taken 

And The Calculated Saturated Moisture Content 

Was Added To It. In Case Of Reinforced Samples, 

The Wet Soil Was Divided Into Equal Parts (So As 

To Embed The Fibertex G–100 Reinforcing Layer In 

The Middle Of Height Of The Specimen) And 

Pressed To The Required Thickness Between 

Geotextile (Fibertex G–100) Layers Under A 

Compression Testing Machine. 

The Fabric Reinforcement (Fibertex G–

100) Was Chosen With Low Tensile Strength To 

Replicate Failure Mechanism In Accurate Manner. 

The Diameter Of Geotextile Reinforcing Layers Is 

Kept Slightly Less Than The Diameter Of Mould 

And The Geotextile Disc Was Placed Horizontally 

In Soil Samples. The Geotextile Reinforcing Layer 

Placed At The Middle Of The Height Of Specimen 

And Its Position And Placement In Soil Sample Is 

Shown In Fig.1. 

In Case Of Cement Modified Marginal Soil 

Samples, 3% Cement By Dry Weight Of Soil Was 

Thoroughly Mixed Until A Mixture Of Uniform 

Color/Texture Was Obtained. After Adding Water 

Content Equal To Optimum Moisture Content Of 

The Plain Soil, The Resulted Soil–Cement Mixture 

Was Used For Sample Preparation. The Required 

Wet Weight Of Sample Was Compacted Using A 

Compression Testing Machine And The Fibertex G–

100 Fabric Layer Was Placed As Per The 

Configuration. These Cement Modified Marginal 

Soil Samples Were Kept In Polythene Bags And 

Placed In Desiccators For 24 Hours And Then 

Moisture Cured By Immersing Them In Water Tubs 

(Perforating The Polythene Bags) For 7 Days Of 

Curing Period Before Testing. 
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The Reinforced Marginal Soil Samples 

Were Prepared Using The Split Mould As Per The 

Reinforcing Layer Configuration By Static 

Compaction. For These Samples, No Cement 

Modification Was Adopted. 

 

3.1. Testing Procedure 

The Unreinforced And Reinforced 

Marginal Soil Samples Without And With Cement 

Modification Were Tested Both In Undrained And 

Drained Triaxial Testing Conditions. The Reinforced 

Gravel Samples Were Tested Only Under Drained 

Triaxial Condition. These Tests Were Aimed At 

Understanding The Shear Strength Behaviour Of 

Reinforced Marginal Soil Without And With 

Cement Modification And To Compare Its 

Performance With That Of Reinforced Gravel 

Samples. 

 

 
Fig.4.1. 100 Mm Diameter (D) And 200 Mm Height 

(H) Soil Samples With Geotextile Reinforcing Layer 

Configuration. 

 

3.2. Large Triaxial Tests 

Laboratory Undrained And Drained 

Triaxial Compression Tests Were Performed To 

Investigate The Stress–Strain Characteristics And 

Shear Strength Of Unreinforced And Reinforced 

Marginal Soil Samples Without And With Cement 

Modification. Also The Triaxial Tests Were 

Performed On Plain And Reinforced Marginal Soil 

Samples Without Cement Modification. The Tests 

Were Carried Out In A Large Triaxial Cell. The Test 

Sample Was Placed On The Pedestal With Filter 

Papers On Both The Sides And A Split Filter Paper 

Was Wrapped Around The Sample To Facilitate Its 

Saturation Or Drainage. Then The Sample Was 

Enclosed By A Thin Rubber Membrane With The 

Help Of Membrane Stretcher (Plate 1). 

 

 

Plate 1. Soil Specimen Preparation And Test Set Up 

For Triaxial Testing. 

`The Membrane Was Sealed Using „O‟ 

Rings At The Top And Bottom To A Loading Pad 

Of Triaxial Cell And It Was Filled With Water. 

Then It Was Placed On The Pedestal Of A 

Compression Testing Machine And The Sample 

Was Sheared Under The Intended Cell Pressure At 

A Strain Rate Of 1.20 Mm/Min For Undrained 

Condition And 0.01 Mm/Min For Drained 

Condition. The Axial Deformation Of The Sample 

Was Measured Using A Dial Gauge With Least 

Count Of 0.01 Mm And The Load Was Recorded 

Using A 5 Ton Capacity Proving Ring (Plate 2). 

 

 
Plate 2. Large Triaxial Test–Experimental Set Up 

 

Few Repetitions Were Made Under Drained 

Condition Whenever It Was Felt Necessary During 

The Investigation; Especially For 3% Cement 

Content With Single Layer Of Geotextile (Fibertex 

G–100) Reinforcement. Triaxial Tests Have Been 

Done Without And With Admixing Of Cement, 

With Reinforcement. 

 

III. RESULTS AND DISCUSSION 
3.1. Stress–Strain Behavior 

In Order To Characterize The Marginal Soil 

Without/With Cement Modification Or 

With/Without Geotextile Reinforcement, Shear 

Strength Tests (Large Triaxial Tests) Were Carried 

Out. 

 

3.1.1. Triaxial Tests (UU Condition) 

For The Test Samples As Used In Triaxial 

Tests, Typical Stress–Strain Patterns For Fibertex 

G–100 Fabric Reinforced Marginal Soil 

Without/With Cement Modification For 3 = 150 

Kpa Are Shown In Fig. 2 Under Undrained 

Condition. As Can Be Observed From These Stress–

Strain Patterns, There Is Only A Nominal Increase 

In Strength By The Provision Of Reinforcement 

Under This Test Condition. 

It Can Be Observed From This Figure That 

The Improvement In Strength Of Virgin Soil Upon 

Reinforcement Under Undrained Condition (Fig. 2) 

Is Significantly Lower Than That In Drained 

Condition (Fig. 3). Hence, The Low Permeable 
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Marginal Soil With Higher Plasticity Cannot Be 

Used In Subgrade Soil Unless Elaborate Drainage 

Arrangements Are Made To Ensure Proper Soil–

Reinforcement Interaction. 

The Fabric Layers Were Observed To Be 

Subjected To Sliding Without Any Signs Of 

Rupture In Plain Soil. The Comparative Stress–

Strain Curves Of Different Test Samples Of 

Marginal Soil Under Triaxial Loading (UU 

Condition) For Confining Stress Of 150 Kpa At 7 

Days Curing Period Are Shown In Fig. 2. It Can Be 

Observed From This Figure That Even 3% Cement 

Modified Marginal Soil Has Shown An Increase In 

Deviator Stress By 3 Times Compared To Plain Soil 

And The Failed Samples Were Observed To Be 

Non–Plastic. 

In Case Of Cement Modified And Fabric 

Reinforced Samples, Fibertex G–100 Fabric Layer 

Was Observed To Be Partly Stretched And Partly 

Slided In Tested Samples And The Fabric Layer 

Was Ruptured. The Significant Strength Gain Of 

Cement Modified Samples Without And With 

Fabric Reinforcement Even Under Undrained 

Condition Could Be Attributed To Their Increased 

Stiffness With Non-Plastic Nature As Elucidated By 

The Observation Of Failed Samples. 

 

3.1.2. Triaxial Tests (CD Condition) 

The Stress–Strain Patterns Of Marginal Soil 

Samples Under Drained Condition Indicate That 

There Is A Distinct Influence Of Cement 

Modification And Fabric Reinforcement On The 

Deviator Stress (Fig. 3). 

The Specimens Have Shown Gradual 

Failure With Increased Strain Level Compared To 

Soil–Cement Alone Indicating More Of Its Ductile 

Nature. The Non–Woven Geotextile Layer, Fibertex 

G–100 Was Partly Stretched And Partly Slided And 

Was Subjected To Rupture Failure As In The Case 

Of Undrained Test Condition (Plate 3). The 

Descending Order Of Strength Gain Is Observed For 

Fibertex G–100 Geotextile Reinforced Modified 

 

Marginal Soil Sample Followed By Modified 

Marginal Soil Samples And Plain Marginal Soil 

Samples. 

 

 
Plate.3. Rupture Failure Of Fabric Reinforcement 

 

As The Stress–Strain Patterns Are Almost 

Similar For Different Sample Conditions, Only 

Representative Plots Are Presented To Avoid 

Repetition. From These Trends, It Is Understood 

That The Effective Mobilization Of Peak Deviator 

Stress Of Fabric Reinforced And Cement Modified 

Marginal Soil Depends On Full Drainage Condition. 

 

 
Fig. 3. Stress–Strain Curves Of Reinforced And 3% 

Cement Modified Marginal Soil Under Drained 

Condition At 7 Days Curing For  3 = 150 Kpa. 

 

 
Fig.4. Stress–Strain Curves From Triaxial Tests On 

Reinforced Gravel Under Drained Condition. 

 

This Can Be Supported By The Fact That 

The Peak Deviator Stress Under Drained Condition 

Is Almost Twice That In Undrained Condition. 

Further, The Higher Strength Gain By Soil–Cement 

From Fabric Reinforcement At Greater Curing 

Periods Could Be Reflected In Triaxial Tests Under 

Drained Condition, Whereas In Triaxial Undrained 

Tests It Could Not Be Distinctly Measured Due To 

Premature Failure Of Soil–Cement As Observed 

From Failed Samples. It Can Also Be Observed That 

The Stress–Strain Patterns Of Cement Modified 

Marginal Soil Samples Are Close To Those For 

Reinforced Gravel Samples (Fig. 4). 

From Above Discussion, It Can Be 

Understood That The Cement Modified Marginal 

Soil With Its Non–Plastic Nature And Improved 

Stiffness Could Be Used Along With Reinforcement 

As Subgrade Soil For Flexible Pavement 

Construction, Especially When The Fabric 

Reinforcement That Facilitates Internal Drainage. 

The Fabric Reinforced Marginal Soil Upon Cement 
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Modification Could Ensure Proper Soil–

Reinforcement Interaction Resulting In Higher Shear 

Strength Parameters Due To Its Nullified Plasticity 

With Added Cement. The Shear Strength Parameters 

Of Cement Modified Geotextile Reinforced 

Marginal Soil Are Almost Similar To Those 

Obtained For Gravel. This Could Be Supported By 

The Non-Plastic Nature Of Cement Modified 

Marginal Soil Coupled With Enhanced Internal 

Drainage Provided By Fabric Reinforcement. 

The Failed Samples Have Shown A Mixed 

Failure Of Stretching Coupled With Slippage And 

Fibertex G–100 (Non–Woven) Geotextile, 

Predominantly Rupture Failure Is Observed In All 

The Drained Test Conditions. The Reinforced 

Samples Of Both The Marginal Soil And Gravel 

Have Shown Progressive Failure As Against The 

Post Peak Yielding Of Plain Soil Samples. The 

Suggested Cement Modification Of Marginal Soil Is 

Similar To Conventional Soil–Cement And Hence, 

The Cost Considerations Are Also Similar. 

 

IV. CONCLUSIONS 
The Fabric Reinforced Marginal Soil Upon 

Cement Modification Could Ensure Proper Soil–

Reinforcement Interaction Resulting In Higher 

Shear Strength Parameters Due To Its Nullified 

Plasticity With Added Cementation. The Shear 

Strength Parameters Of Cement Modified 

Reinforced Marginal Soil Are Almost Similar To 

Those Obtained For Gravel. This Could Be 

Supported By The Non-Plastic Nature Of Cement 

Modified Marginal Soil Coupled With Enhanced 

Internal Drainage Provided By Fabric 

Reinforcement. In Case Of Fibertex G–100 (Non-

Woven) Geotextile, Predominantly Rupture Failure 

Is Observed In All The Drained Test Conditions. 

The Reinforced Samples Of Both The Marginal Soil 

And Sand Have Shown Progressive Failure As 

Against The Post Peak Yielding Of Plain Soil 

Samples. With Increasing Stiffness Of Cement 

Modified Marginal Soil At Higher Cement 

Contents, The Cohesion Component Is Considerably 

Increased With Nominal Variation In The Angle Of 

Internal Friction. 
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