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Abstract— The term “Reinforced Earth” or “Reinforced 

Soil” is used to describe a Soil mass reinforced with tension 

resistant element. Reinforced Earth is primarily a composite 

material, conceived by the French Engineer Henary Vidal in 

1966. It is combination of Soil, generally cohesion less and 

the tension resistant element in the form of strips, sheets, 

synthetic fabrics or fibre reinforced plastics. The 

reinforcement is so arranged in the Soil mass as to reduce or 

suppress the tensile strains which might develop under 

gravity forces. The Soil is held in position by the frictional 

force developed between the Soil particle and the 

reinforcement. The Soil mass in between two successive 

reinforcement layers are assumed to be held in position by 

arch action. Reinforced Earth has found great use in 

construction of retaining structures. Reinforced Earth walls 

are generally economical when the sub Soil conditions are 

poor. Its construction is very rapid and is able to withstand 

considerable settlements. The present study is mainly based 

to investigate the increased retaining capacity of retaining 

walls without any increase in the thickness of the wall 

element with increased height compared to retaining earth 

without reinforcement. The study aims at verification and 

establishment of the concept of increased retaining capacity 

of retaining walls with increased height and slender sections 

with limited experiment using Damodar sand and steel strips 

reinforcements. The results of the experiment have 

established the postulate. Its purpose is to illustrate 

procedures to arrive at reinforced earth construction. In this 

work a tremendous increment in retaining capacity of 

reinforced earth retaining wall is observed. 
Key words: Reinforced Earth, Reinforced Soil, reinforced 

plastics 

I. INTRODUCTION 

Reinforced Soil refers to Soil that has been strengthened by 

placement of Reinforcing material within the Soil mass in 

the form of strips, bars. Sheets or grids (mesh). 

Reinforcement in Soil can be metallic (steel strips) or non-

metallic (Geo-textile).Even though the technique as such is 

rather novel, the concept behind it is simple and not new. As 

early as 1000 B.C. reeds and vines were used extensively to 

reinforce clay bricks and granular Soil in construction. The 

reinforced Soil is a composite material that combines the 

typical resistance of two different materials in such a way to 

improve the mechanical properties of each one. The 

extensive research which has occurred during the past 40 

years, has followed the invention of the Reinforced earth 

(R.E.) technique by Henari Vidal, (1966) who has resulted 

in the development of a large number of technologies and a 

better under standing of the behavior of actual 

structures.The principle of reinforced earth is best illustrated 

by comparing it with other conventional forms of retaining 

structures. Thus while a retaining wall (the structures used 

to support earth , loose stone or others materials which 

would not be able to stand vertically unsupported. The 

material when unsupported attain a natural slope , the angle 

which this slope makes with horizontal is known as angle of 

repose. The material retained or supported by retaining wall 

is known as backfill), Whether of masonry or reinforced 

concrete, resists the lateral earth pressure by gravity forces 

(Fig.-1.1) and a sheet pile wall by depth of penetration and 

tension in the tie rod (Fig-1.2) , but the mechanism of 

retention in the case of reinforced earth is essentially one  of 

surface friction between the backfill Soil and a large number 

of thin elements called reinforcing strips incorporated in the 

backfill (Fig.-1.3). 

 

II.  HISTORY AND DEVELOPMENT OF SOIL REINFORCEMENT  

The origin of the reinforced earth technique, as it is known 

today , is referred to the French engineer ‘Henry Vidal’ , 

who developed it in the sixties. When he was playing with 

his little daughter on a beach and he noticed that the sand 

which normally gave way beneath his feet, tended not to do 

so when it had pine needles embedded in it.Even though the 

technique is new, the concept behind it is by no means new. 

In fact the method of strengthening Soil with added rods or 

fiber is it self quite old. Some animals and birds use the 

method in building their habitation. Since dating back 

Access roads through swampy areas were often constructed 

on foundation of small tree trunks and branches. low  dikes 

had been built of mud and sticks to reclaim tidal flats. Also 

fibers and tree branches were used to stabilize soil along 

river banks. The concept lies behind even the stabilizing  

action of Soils by plant roots. 
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III. MATERIAL CHARACTERISTIC 

There are three major components, which constitute the 

reinforced soil system- the Soil as back fill, the 

reinforcement and the interaction between Soil and 

reinforcement.It needs to be hardly emphasized that, in any 

situation, the materials used for construction must be 

compatible with the uses to which they are put. Therefore in 

this case of reinforced earth construction, the chosen 

material for reinforcement must be flexible, strong in 

tension and corrosion resistant. The most commonly used 

material is strips of galvanized steel or stainless steel, a few 

centimeter wide and only a few millimeters thick.As far as 

the back fill is concerned, the high friction granular Soils are 

preferably the best. But at any rate the Soil must have good 

drainage properties because the reinforced earth structures 

are normally not designed for water pressure. Also the back 

fill must not contain in gradients which attack the 

reinforcement chemically. 

IV. DESIGN 

The Soil part of the design merely consists in determining 

the lateral earth pressure on the wall and its variation with 

depth, by an appropriate theory viz. Rankine`s theory of 

earth pressure.The measure part of the structural design is 

concerned with the reinforcing strip, the total surface area of 

which must be sufficient to resist the lateral Soil pressure by 

skin friction, while at the same time it must have enough 

cross sectional area to with stand the resulting tension. It is 

just similar to the tensile reinforcement in concrete whose 

perimeter must cater to bond, and section, to tension.Latest 

consider a retaining wall of height H. When the wall rotates 

about lower point away from the back fill a failure plane 

forms, Which max an angle of (45
o
+Φ/2) with the 

horizontal. The active pressure acting on the wall at any 

depth Z below the Soil surface is given by Pz= KaүZ Total 

active pressure per unit length of the wall is given by Pa = ½ 

KaүH
2
 where ү is unit weight of Soil and Ka is Rankine`s 

active earth pressure coefficient and is given by tan
2
 

(45
o
+Φ/2)  = 1- sin Φ/ 1+Sin Φ  

If h be the depth of any reinforcing strip then the 

total earth pressure acting on the strip is represented by the 

area abcd as shown in figure 4.1. The average pressure P on 

the strip is given by P = Kaүh.If the vertical and horizontal 

spacing of the reinforcing strip, located at a depth ‘h’ from 

the surface are a & b as shown in fig 4.1 Thus the strip is 

subjected to earth pressure on the area a × b.  

. 

 
Fig. 4.1 Total Earth Pressure 

The total lateral force to be resisted by the strip is given by 

T= Ka. ү. h. a. b. 

Where,  ү  =  unit weight of Soil 

Ka= coefficient of active earth pressure of Soil. 

h = depth of reinforcing strip from ground surface. 

a = vertical spacing of reinforcement  

b = horizontal spacing of reinforcement. 

Using the same procedure, the tension in the other 

reinforcing strip can be determined. Here it is obvious that 

with increase in depth, tension also increases. To resist this 

tension T by friction , the thin wide metallic strips are 

provided to make available sufficient surface area. If w be 

the width of strip, then the length of the strip can be 

calculated. Here thickness (t) in neglected.Now total lateral 

force to be resisted by strip T as  

T = 2.w.l. ү. h.µ,  

Where 2.w.l is the surface area of the strip as the 

resistance developed on both faces of strip.= l.2 w ү h µ = l 

F, where F is frictional resistance of the strip per unit 

lengths and is given by 

 F = 2 w ү h µ.   

Where µ in the coefficient of friction between the 

Soil & the strip and µ = tan φR where  φR in the angle of 

friction between Soil and the reinforcing strip material.  

V. EXPERIMENTAL DETAILS 

Along with the shear parameters, different properties of the 

backfill Soil have been studied in the laboratory and the 

results found were compiled as follows. 

A. Gradation Of The Backfill Sand & Fineness Modulus 

For gradation of the sand, sieve analysis is performed. The 

grading of sand expressed in terms of test I.S. sieve numbers 

4.75mm, 2.36mm, 1.18mm, 600 µm , 300 µm 150 µm. 

One  Kg of sand are taken and sieved through I.S. 

Sieve 4.75mm, 2.36mm, 1.18mm, 600 µm for 15minutes by 

IS. Sieves. The weight of the residue retained on each sieve 

is taken. Percentage mass retained on each sieve is 

calculated & there after cumulative percentage of mass 

retained is also calculated. Then percentage passing through 

each sieve is calculated. Then fineness modulus is found. 

Total Weight of fine aggregate = 1000gms. 

Fineness modulus = 2.67 

B. Determination of Specific Gravity  of  Sand  

To determine specific gravity of sand, density bottle of me 

capacity is used. 

First of all the weight of empty bottle is found out (W1) 
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Table 4.1: Gradation of Sand 

Then one third of bottle is filled with sand and its 

weight in taken (W2) 

Then the bottle is filled with sand and water and it 

weight is taken (W3)  

At last bottle is empted , cleaned & dried and then 

is filled with full of water and its weight in taken (W4)  

The process is repeated for the three times and 

specific gravity for each  reading is Calculated . 

                                          W1-W2  

i.e. specific gravity =    ------------------------------ 

                                            (W2-W1) – (W3 - W4) 
The average of the three calculated values is the 

specific weight of the sand.  

Average sp. Gravity = 2.61 

C. Determination of Bulk 

Density (ρ) is defined as It is the mass of Soil per unit 

volume including voids. It expressed in gm./cm
3
. 

Unit weight (ү) – It is the ratio of weight to volume 

expressed in terms of kN/m
3
. 

if M is mass of Soil 

V is volume 

Then ρ = M/V And  ү =  ρ g where g= gravitational 

acceleration = 9.81m/sec
2
 

To determine the density an empty mould in form 

of cylinder of known dimensions is taken. Its empty weight 

is taken then it is filled with sand at once for  loose density 

& in three layers, for dense density and each layers is 

compacted with iron rod and its weight  is taken.Then the 

weight of the sand filled in mould is calculated for both 

loose & dense sand. The volume of the cylinder is also 

calculated. 

Then density ρ is calculated as, 

ρ = M/V 

Observations : 

Weight of empty mould (cylinder = 7.970 Kg. 

Weight of mould + sand (loose) = 11.430Kg. 

Weight of mould + sand (dense) = 11.710Kg. 

Internal diameter of mould =15.5 cm. 

Height of mould = 12.5 cm. 

Volume of mould = 0.25πd 
2
h =0.25 π × (15.5)

2
 × 12.5 cm

3
 

= 2358.65cm
3
 

Weight of sand (loose) = 3.46 Kg. 

Weight of sand (dense) = 3.74 Kg. 

Density of sand (loose) = 1.467×10
-3 

gm/cm
3 

 Unit wt. (loose) = 14.39 kN/m
3 

Density of sand (dense)   = 1.586×10 
-3

gm./cm
3
 

Unit weight = 15.558 kN/m
3
 

D. Determination of Water Absorption  

Procedure:  The weight of the cleaned as well as dried 

container is first taken. (W1). Then about 500 gm weight of  

the Soil sample is taken. The sample is then kept in oven for 

24 hour at 110
o
c for drying. After 24 hrs. drying and for few 

hours for free surface drying, the weight of sample with 

container is also measured. Then the required water content 

is calculated. 

1) Procedure:  

The weight of the cleaned as well as dried container is first 

taken. (W1). Then about 500 gm weight of  the Soil sample 

is taken. The sample is then kept in oven for 24 hour at 

110
o
c for drying. After 24 hrs. drying and for few hours for 

free surface drying, the weight of sample with container is 

also measured. Then the required water content is 

calculated.  

2) Calculations: 

Weight of container = W1 = 350 gm.  

Weight of container + Soil sample = W2 = 850 gm. 

Weight of oven dried sample with container = W3 = 842 gm. 

Weight of water = W2-W3 = 8 

Weight of dried Soil = W3-W1 = 492 % water content = 1.62 

E. Determination of Shear Strength Parameters of Soil : (C 

– Φ) Value 

To determine shear strength parameters (cohesion C & angle 

of internal friction φ ) of back fill Soil (Sand). 

1) Apparatus  

Shear Box ; Strain dial gauge, proving ring , loading frame, 

set of weights. The observation is given in table 5.5 

Direct Shear Test For Sand : 

T o t a l  n o r m a l 

weight applied in (Kg.) 

A r e a  o f  s h e a r  b o x  ( c m
2

)  

 

N o r m a l  S t r e s s  

(σ) N/mm
2
 

S h e a r  s t r e s s
 

( ) N/mm
2
 

1 3 . 8 6 4 2 9 . 1 9 8 0 . 0 4 6 0 . 0 1 6 

1 6 . 1 3 2 2 9 . 1 9 8 0 . 0 5 4 0 . 0 2 3 

1 8 . 4 2 9 . 1 9 8 0 . 0 6 2 0 . 0 2 5 

2 0 . 6 6 8 2 9 . 1 9 8 0 . 0 6 9 0 . 0 2 7 

2 2 . 9 3 6 2 9 . 1 9 8 0 . 0 7 7 0 . 0 3 2 

Angle of internal friction φ = 19°.573  

F. Determination Of Co-Efficient of Friction Between Sand 

And Reinforcement Material  

For determination of co-efficient of internal friction between 

sand and reinforcement material once again shear box or 

‘Dired shear test’ method is used.The only difference in this 

test in that here the reinforcement material i.e. iron piece as 

well as back fill soil sand, both are used.In the lower half of 

the shear box, the reinforcement material i.e. irons piece is 
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filled and in the upper half the back fill soil i.e. sand in 

filled. Here the normal load in addition to the load of 

loading frame (i.e.9.328) lbs is applied as 10 lbs, 15 lbs, 20 

lbs, 25 lbs& 30 lbs respectively and for each normal load the 

corresponding proving ring reading is taken. For all normal 

load applied , normal stress is calculated and corresponding 

shear stress at failure is also calculated   Then a graph is 

plotted known as coulomb envelop between normal stress as 

abscissa and shear stress at failure as ordinate. From graph 

plotted the value of the angle of internal friction φR between 

sand and iron are computed. The observation is given in 

table 5.6. Direct Shear Test For Sand and reinforcement 

material: 

No r mal  lo ad   ( Kg .)  A rea  o f  shea r  box  ( cm
2
) 

Norma l  s t res s  

(σ) N/mm
2
 

Shear st ress 

( )  N/mm
2
 

1 3 . 8 6 4  0 . 0 4 6 0 . 0 1 3 

1 6 . 1 3 2  0 . 0 5 4 0 . 0 1 6 

1 8 . 4 0 0  0 . 0 6 2 0 . 0 1 9 

2 0 . 6 6 8  0 . 0 6 9 0 . 0 2 0 

2 2 . 9 3 6  0 . 0 7 7 0 . 0 2 2 

Angle of internal friction between sand and iron is 

ΦR = 15°.124 

Coefficient of friction between soil and iron strip = 

μ = tan ΦR = 0.27 

VI. EXPERIMENTAL SETUP  

A. Construction of model retaining wall  
To investigate the enhancement in retaining capacity of 

retaining wall a model wooden wall of length 1.83m, 

thickness 25.4mm is erected in stages of Short height. At 

first about 60cm high wall is erected out of which 15cm is 

kept below the ground as foundation and about 45cm is kept 

above the ground level. The back fill sand is filled behind 

and compacted and the height of retention of back fill at 

collapse is measured. To judge failure, a dial gauge is fixed 

with wall in front side as well as a plumb bob is also 

suspended along the height of the wall.There after 1 layer of 

reinforcing strip at height about 15cm. is laid down at a 

horizontal spacing of 15cm. and at a vertical spacing of 

15cm. between the strips. For each layer of sand filling the 

compaction with an iron rod is done and the height of 

retention is measured. The height of wall is raised when and 

where is needed. The length of reinforcing strength strip 

provided is kept about 1.2m. and width 20mm.For every 

stage of height of wall the retention height of back fill at 

collapse before and after reinforcement is measured. The 

whole process is repeated thrice.  

VII.  RESULTS AND DISCUSSIONS 

From experimental observations it is found that there is a 

tremendous enhancement observed in the retaining height of 

backfill. Therefore, it can be said that the height of the 

retaining wall can tremendously be increased with 

reinforced earth. The results are shown in table 7.1  

A. Conclusion  

In this study it is found that the essential feature of 

reinforced  

earth is the friction between the back fill material and the 

reinforcement. Here it is friction, by means of which the 

Soil stresses are transferred to the reinforcement and by that 

means it placed in tension. The Soil mass used as fill 

material should; therefore; be predominantly coarse grained. 

The most commonly used material for the reinforcement is 

galvanized steel; the other materials which can be used for 

reinforcement include stainless steel ; aluminum alloys ; 

plastic and synthetics fabrics. The length of reinforcing 

strips and their density are determined by the calculations.  

B. Suggestions  

Though the present study in made over a model wooden 

retaining wall without facing but in a reinforce earth 

structure it is suggested that on the external face a facing 

called skin should be provided to prevent the Soil from 

running out and to give the edge desired shape. The facing 

should be made of either metal or pre-cast concrete. The 

arrangement for connecting reinforcement to the facing skin 

should also be made.  

C. Uses  

The technique of reinforced earth can be gainfully used in 

the following places. 

(1) Embankments of bridges & its wing walls . 

(2) Bridge abutments. 

(3) Highway embankments  

(4) Supporting slops.  

D. Advantages 

The reinforced Earth are advantageous in following 

manners.  

(1) It saves materials and labour. 

(2) It is economical in construction. 

(3) In erection of retaining wall it requires no special 

skill. 

(4) It speeds up the execution of work. 

(5) Its ability to withstand   considerable settlement 

without damage. 
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