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Abstract— Single pile and groups are subjected to lateral 

loads due to impact of ship, wave action, wind and earthquake 

forces, so it is important to know the Lateral load resistance 

of a pile foundation. Modal tests are conducted to determine 

the lateral loading capacity of vertical and batter piles. The 

tests are conducted in cohesion less uniform fine sand. For 

batter piles the angle of pile is kept as 25◦. After conducting 

the tests it is observed to that the negative batter piles showed 

more resistance to lateral loads of a pile for a constant 

deflection subjected to later loads and positive batter piles 

showed less resistance as compared to pile. Similar effect is 

observed in the case of pile groups. The experimental result 

conducted show more deflections as compared to theoretical 

relations given by various researchers. Normally vertical 

piles are used in foundation to take vertical loads and small 

lateral loads. When the horizontal load per pile exceeds the 

limiting value, suitable batter piles are used in combination 

with vertical piles. Batter piles are also known as inclined 

piles or rank piles. An experimental investigation of the shaft 

resistance of single vertical and batter piles pushed into sand 

is conducted. A prototype laboratory setup is designed for 

testing relatively large model piles, inclined at an angle that 

varied between zero and 30degrees with the vertical. Two 

model piles having diameters of 38 and 76 mm are tested at a 

ratio of the pile's length to diameter up to 40, and subjected 

to axial compression loading. The pile models are 

instrumented to allow direct measurements of the shaft 

resistance. A theoretical model is developed to take into 

account the asymmetrical earth pressure distribution around 

the pile shaft, the level of mobilization of the angle of friction 

between the pile shaft and the sand, and the pile diameter. The 

results predicted by the theory developed agreed well with the 

experimental results of the present investigation as well as 

other experimental and field results available in the literature. 
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I. INTRODUCTION 

A. General 

Generally , whenever a soil of bearing capacity extends to a 

considerable depth, piles are used to transmit vertical and 

lateral loads to surrounding soil media .Piles or piles group 

may be subjected to static, dynamic and as well as  repetitive 

loading. Till now most of research work has been directed 

towards the response of individual to lateral load However, 

piles are more frequently used in group and so far a little 

information is available on the effect of lateral load on pile 

group 

B. Laterally Load Piles 

Piles are frequently subjected to lateral forces and moments 

viz. 

1) Quay and harbor structures in which horizontal forces are 

generated due to the impact of ships during berthing and 

wave action. 

2) Offshore structure subjected to wind and wave action. 

3) Tall structure like chimneys, transmission tower 

subjected to wind load. 

4) In structure in earthquake prone areas. 

C. Battered Piles 

Normally vertical piles are used in foundation to take vertical 

loads and small lateral loads. When the horizontal load per 

pile exceeds the limiting value, suitable batter piles are used 

in combination with vertical piles. Batter piles are also known 

as inclined piles or rank piles. 

A pile is said to have a positive batter if its 

inclination with the vertical (i.e batter angle) is in direction 

opposite to the that of acting lateral loads .A pile is said to be 

have negative batter if it is loaded in direction same as that of 

batter angle pile as in batter pile via known as “out” batter 

pile and negative batter piles as in batter piles. Figure 1.1 

illustrates the above mentioned convection. A vertical pile is 

a special case of batter pile in which the batter angle is zero. 

D. Advantages & Disadvantages of Better Piles 

1) Advantages: 

1) Pier of any length and size can be constructed at the site 

2) Construction equipment is normally mobile and 

construction can proceed rapidly 

3) Inspection of drilled holes is possible because of the 

larger diameter of the shafts 

4) Very large loads can be carried by a single drilled pier 

foundation thus eliminating the necessity of a pile cap 

2) Disadvantages: 

1) Installation of drilled piers needs a careful supervision 

and quality control of all the materials used in the 

construction 

2) The method is cumbersome. It needs sufficient storage 

space for all the materials used in the construction 

3) The advantage of increased bearing capacity due to 

compaction in granular soil that could be obtained in 

driven piles is not there in drilled pier construction 

4) Construction of drilled piers at places where there is a 

heavy current of ground water flow due to artesian 

pressure is very difficult 

II. LITERATURE REVIEW 

A. General 

An extensive critical study of test result and theoretical 

development of laterally loaded single vertical pile and pile 

group have been carried out by Davisson (1960), Prakash 

(1961).Exhaustive studies on available literature concerning 

the behavior of single batter piles and piles and pile groups 

containing batter piles have been subjected to lateral load 
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have been conducted by Murthy (1964). Especially no 

literature is available with in test conducted on instrument 

battered piles and piles group except those reported by 

Murthy (1964). 

B. Model Studies 

“J.Kent Hsiao [11] studied statical analysis of pile groups 

containing batter piles.” 

The traditional statical method uses two approaches 

foe analysis of loaded piles group con-taining batter piles 

.The first approach uses batter piles to resist a partial lateral 

load ; the residual lateral load is then equally distributed 

residual lateral load in each pile then result in the shear force 

in that pile .The second approach adjust the slop of batter pile 

in order to resist the complete lateral load and as a result , 

there are no shear force in the pile This study concluded 

following results: 

1) The first approach may result in significant error; 

therefore, its accuracy is questionable 

2) The results obtained from the second approach is quite 

close to the “exact” results; therefore , the second 

approach is quite an accurate approximate approach for 

the analyses of pile groups containing batter piles 

“Lv Fan – ren, Yin Ji-ming and Jin Yao-hua [13] made a 

study on proportional relation of lateral bearing capacity of 

batter pile made by model experiments”, the analysis indicate 

that 

1) The horizontal capacity of negative batter pile decrease 

as the batter angle decreases when the pile head is only 

translational. 

2) The horizontal capacity of negative batter translational 

pile is more that that of the positive batter free pile and 

3) The proportional coefficient of the bearing capacity are 

provided under the experiment conditions. 

“T.Tazoh M.Sato J. Jang & Y. Taji G.Gazetas 

I.Anatasopoulus [18] carried out kinematic response of batter 

pile foundation: centrifuge test”. The main conclusions of the 

study are as follows: 

1) The response of footing of vertical-pile foundation to 

motion to right is counterclock wise rotation .On the 

other hand ,  that of batter-pile foundation is rotation in 

opposite direction to that of vertical-pile foundation . 

2) Bending and axial strain attain the largest values at the 

pile heads in the both the vertical-pile foundation and 

batter-pile foundation 

3) Improved seismicity by adopting batter piles can be 

gained in almost all frequency ranges. 

Bending and axial strain of batter–pile foundation are 

largest then those of the vertical pile foundation. In other 

words, the compensation for the seismicity of batter piles 

seeks large cross- section efficiency for the batter pile. 

III. ANALYSIS AND SOLUTION TECHNIQUE 

A. Modulus of Subgrade Reaction (Es) 

For the solution of laterally pile, problem lies in the 

determination of the value of modulus of sub grade reaction 

to depth along the pipe. If vertical pile subjected to lateral 

load Pt at the ground level then the soil modulus, 

Soil Modulus Es = -P/Y 

Where, y is the deflection as force per unit length of pile. 

As the load Pt at the top of pile increase, the deflection y and 

the corresponding soil reaction P, increase. 

Relation between P and Y can be established along 

the pile depth x=X1, x=X2etc. The variations of Es with depth 

may take various from depending upon the soil property and 

the batter of pile. The most popular form of variation of soil 

modulus is 

Es = (nh)*(xn) 

Where, nh is coefficient of soil modulus variation, 

value of n depends upon the type of soil and batter of pile. 

The most common assumption for vertical pile is that: 

n=0 for stiff clays, 

n=1 for granular soil 

Terzhagi(1955) also study the problem of laterally loaded 

vertical pile in sand and he found that: 

nh= (A*γ)/1.35 

Typical values of A and nh are given below: 

Relative Density Loose Medium Dense 

Adopted value of A 200 600 1500 

nh for dry sand (T/ft3) 7 21 56 

The value of nh and n were found out for batter piles given 

below 

Batter N nhb/nho 

0 1.06 1.00 

+25o 1.43 0.60 

+25o 1.40 1.55 

Where nhb and nho are the coefficient of modulus of 

variation for batter and vertical piles respectively. 

B. Relative Stiffness Factor (T) 

Its expresses a relation between the stiffness of soil and 

flexural stiffness factor. The equation for relative stiffness 

factor is: 

T = (EI/nh)1/(n+4) 

C. Method of Analysis 

According to Hrennikoff’s Theory a pile foundation 

comprising of vertical and batter pile subjected to external 

forces such as vertical load V , lateral load H and moment M 

which would help to determine, 

1) The lateral, vertical and rotation deflection of pile cap, 

2) The axial load, shear load and moment at each end of pile 

heads 

The axes of coordinates for the pile group X and Z 

are taken as shown in fig 3.1. They indicate the positive 

direction .The origin O is chosen arbitrarily. 

 
Fig. 3.1: Sketch of foundation constants 

The analysis involves two types of constant. 
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1) Pile constants 

2) Foundation constants 

The pile constant are defined as the force with which the 

pile acts on foundation when the pile head is given a unit 

displacement as shown in Fig 3.2 

 
Fig. 3.2: Sketch of pile constant 

IV. DEVELOPMENT OF TEST PROGRAM 

A. Justification for Model Studies 

Full scale field test are ultimate answers to any engineering 

problem .But the economic consideration primarily and the 

other practical difficulties that would be encountered during 

a field testing program eliminate then or restrict such scope.  

Quantitative results are quite easily obtained from any model 

test, when the testing is done under proper control condition 

and if the required for similarity are adequately accounted for. 

It is also possible through model studies to investigation the 

effect of some of the important variable which control the 

behavior of keeping the other minor one as constant. Field 

observation could them be directed towards observing the 

effect of these important variables. 

B. Model Piles 

Mild steel piles having an outer diameter of 19 mm and wall 

thickness of 1.6 mm (with EI of pipe section = 4.64*108 N-

mm2) were used for experiment work. The length of vertical 

piles are chosen to be 80 cm for all the test and the battered 

pile had a vertical protection of 80 cm . This enable the pile 

to be consider as long pile in order to simulate the field 

condition to greater extent. 

 
Fig. 4.1: Horizontal Displacement of the Piles (8) 

C. Type of Soil and Method of Filling 

The soil used in model testing was fined sand. For filling the 

tank rainfall technique of sand filling was used. Its provided 

uniform and required density throughout the fill .The test 

were conducted at an average density 16.06 KN/m3. The sand 

density for the entire test was kept constant. The sand used 

was dry and uniform. The grain size distribution curve has 

been depicated in fig. The soil properties were as follows: 

 
Fig. 4.2: Negative Batter Pile (7) 

Soil type SP 

Effective size (D10) in mm 0.175 

Uniformity coefficient (Cu) 2.00 

Coefficient of curvature (Cc) 3.84 

Specific gravity (GS) 2.63 

Minimum dry unity weight (γd, min) 

in KN/m3 
13.54 

Maximum dry unity weight (γd, max) 

in KN/m3 
16.06 

Max void ratio, emax 0.94 

Min void ratio, emin 0.63 

Table 4.1: Properties of Fine Sand 

D. Testing Tank 

The tank fitted with pulley arrangement was used for 

applying load and is shown in fig 4.2. The dimension of 

testing tank was kept larger enough to avoid the boundary 

effect. The testing tank used was rectangular and had a length 

of 180cm, width 120cm, and height of 135 cm. Thickness of 

G.I. Sheet of testing tank was 2mm. The tank is shown in the 

photographs taken during the experiment. 

The soil was filled upto 130 cm height from bottom of testing 

tank. 

 
Fig. 4.3: Testing Tank Fully Filled With Fine Sand (5) 

V. TEST PROCEDURE 

A. Filling of Tank 

The testing tank was placing at a place where it would remain 

undisturbed throughout the period of experiment. For filling 

the tank, rainfall technique of sand filled was performed. 

Firstly fine sand was allowed to fall from an average 

height of 40 cm from the sieve to obtain a uniform density 

16.06 KN/m3. The filling was done in such a manner that 

such a way the surface of sand in tank was uniform and 

leveled at every stage. To check the density measuring cup s 
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were placed in tank for collecting of sand while filling of tank 

was in progress. After every day deposition of 5cm of next 

layer. This way the tank was filled up to height of 130 cm. 

B. Test Performed 

The test performed on thirteen pile group having a spacing of 

2.5 times the diameter of pile cap. All the batter piles used 

had a batter angle of 25oTABLE 5.1 give the detail of various 

test performed. Each test is illustrated by a schematic 

diagram. 

The behavior of single vertical , negative and 

positive battered piles were studied through test serious 1,2,3 

result have been given in table 5.2, 5.3,5.4 Test serious 4 to 

16 were performed on pile ground to study the behavior of 

various group of piles, result have been given in table 5.5, to 

5.17 

VI. CONCLUSION 

1) Single positive batter pile is resistant to lateral loads. 

2) Single negative battered pile are more resistant loads 

3) The battered pile inclined in the direction of load are 

more resistant to lateral load than vertical pile and then 

that of lateral shows less resistance to lateral load than 

that of vertical pile. 

4) The deflection get increased when number of cylces is 

increased, as quite clear from load deflection curves. 

5) 5.If the pile are spaced at sufficient distance apart , the 

group capacity can be taken as the sum of individual 

capacity safely 

6) It is clear that the behavior of pile groups contains batter 

pile in the ground and all types of batter piles in the 

group, that is whether the load is applied in the direction 

of batter or against the batter. 

7) Piles groups having both batter and vertical piles are 

more resistant to lateral load, either in the direction of 

batter or against the batter than pile group containing 

Vertical piles only 

8) Piles groups having a negative batter piles are more 

reistant than a pile group having a similar positive. 

9) Model studies have indicated larger defection as 

compared to theoretical analysis. 
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