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SUMMARY 
. - * 

The purpose of this investigation was to determine the effects of 

lateral and vertical pressures on the ultimate hearing capacity of a pile 

in a cohesionless soil. 

A pile, 15 feet long and ^-l/2 inches in diameter was driven into 

an eight foot diameter pit filled with sand of uniform density. The pile 

was instrumented with load cells at four different depths to measure the 

lateral pressures against its sides. A proving ring at the tip of the 

pile provided a method for determining the vertical force on the embedded 

end of the pile. 

Readings were taken from all the gauges before and after driving. 

The difference between these readings indicated the lateral load of the 

sand against the pile. After the readings had been taken, the pile was 

loaded to failure by jacking down on the top of the pile with an hydrau­

lic ram which reacted against, a steel loading frame. The maximum load 

was determined from the pressure in the jack, and the vertical load 

against the tip of the pile was read from the proving ring.. The load 

determined from the proving ring was subtracted from the maximum load 

read from the jack and was attributed to side load. 

The anticipated end load was calculated using the general bearing 

capacity equation with Meyerhof's constants and was found to be approxi­

mately 20 percent larger than the actual end load measured. This indi­

cated Meyerhof's factors to be on the unsafe side for the soil used. 
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The actual lateral pressures were used to calculate average values 

of K, the ratio of the overburden pressure to the lateral pressure, for 

the different gauge depths. Values of K varied from a maximum at the top 

of the pile to a minimum at its tip. The deeper the pile was driven, the 

smaller the average value of K obtained. The lateral force at the em­

bedded end decreased slightly as the pile was pushed into the sand. 

The average value of K necessary to obtain the measured skin fric­

tion load was calculated using a linear pressure distribution curve. 

This value was approximately equal to one in each case. The area under 

the triangular distribution curve was approximately equal to the area 

under the actual pressure distribution curve, indicating that the use of 

a linear pressure distribution curve was a good approximation for deter-

mining the ultimate bearing capacity of a pile of the approximate lengths 

used in this study. 
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CHAPTER I 

INTR0BUCTI0N 

With the larger and heavier structures being built in modern times, 

foundations have become a more critical problem* Because the surface 

soil is often incapable of carrying the design loads for heavier struc­

tures, it may become necessary to use deep foundations. 

Many of the deep foundations used today are piles; however, the 

knowledge of the behavior of pile foundations has not kept up with their 

increase in use. This has led to both over design and under design where 

men and money were lost. Because of the lack of information, there is an 

ever growing need for research'into pile designs and failures. 

The load carrying capacity of a pile is the sum of the end bearing 

and the skin friction. The skin friction resistance is the sum of the 

vertical resistant forces acting along the side of the pile. The end 

bearing is the vertical resistance offered at the tip of the pile. . Most 

piles develop their ultimate load carrying capacity from a combination 

of both skin friction and end bearing. The material in which the pile 

is placed, together with the depth of penetration, will determine which 

of the two components contribute the larger resistance. 

The ultimate load carrying capacity of a pile driven into a co-

hesionless material is comprised of both skin friction and end bearing. 

It is recognized that these components are dependent on many variables, 

such as the roughness and shape of the pile surface, the taper of the 
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pile, and the volume of soil displaced. The end bearing of a pile has 

been the subject of study by many investigators, among these being Ha-

nen (l), Terzaghi (2), Caquot (3), Skempton (4), and Meyerhof (5). The 

results of most of these studies can be expressed by the general bearing 

capacity equation. Researchers have used different bearing capacity co­

efficients for the same soil conditions indicating disagreement in deter­

mining the coefficients. 

The skin friction resistance in a cdhesionless soil is proportional 

to the lateral pressures against the sides of the pile. Problems arise 

here, for little information is available about this lateral pressure. 

The pressure is usually assumed to be intermediate between the at-rest 

earth pressure and the passive earth pressure. 

The purpose of this research was to obtain a better understanding 

of the load carrying capacity of a pile by determining the end bearing 

resistance and total lateral pressure skin friction resistance against 

the pile. Strain gauges placed on the embedded pile were used to determine 

the magnitude of the vertical force on its tip and the lateral pressures 

on its sides during failure. The cohesionless soil into which the pile 

was driven was placed in a uniform manner to achieve constant density 

throughout. Load cells containing strain gauges were placed at various 

depths along the pile to measure the lateral pressures, and a proving ring 

was placed in the embedded end of the pile to measure the vertical pres­

sure at the tip. 



CHAPTER II 

THEORY 

• The load carrying capacity of a pile is composed of skin friction 

and end bearing. The end bearing is the force against the tip of the 

pile and can be calculated by considering the tip of the pile to be a 

footing below the soil surface. According to Terzaghi (6), this can be 

expressed by 

q o = f N 7 + q - N q + C N c (1) 

where q denotes the end bearing of the p i l e 
o 

y denotes the uni t weight of the so i l 

b i s equal to 0.9 times the diameter of the p i le 

•C denotes so i l cohesion 

q' denotes surcharge 

N shows influence of soil weight and foundation width 
7 

Np shows influence of cohesion 

N shows influence of surcharge 
q 

- For a cohesionless soil, the cohesion, C, is zero, and the equa­

tion can be rewritten as 

q «= 2^ N + q' N (2) 
Ho 2 7 H q ••-•••:> K J 



Since b is small, the equation can be expressed by 

% ' * ' \ (3) 

The skin friction depends on the forces acting along the side of 

the pile and on the roughness and shape of the surface of the pile. This 

may be expressed by 

%= S-A (k) 

where S = the unit resistance along the side of the pile 

A = the surface area of the pile 

The area of the pile is 

•i 
H 

A. = I jtBdz (,5) 
o 

where © = the diameter of the pile 

H = the depth of the pile 

and the unit skin resistance, S, can be expressed by 

S = a + p tan 8 (6) 

where a = adhesion 

p" = effective lateral pressure against the pile 

8 = angle of sliding or skin friction 

In a cohesionless soil, there is no adhesion between the soil and 



the sides of the pile. Therefore, the unit skin resistance "becomes 

S = p tan 5 (7) 

The average effective pressure, p, is generally assumed to "be proportional 

to the overburden pressure and if so can "be expressed "by 

P = K q • • (8) 

where K is a dimensionless coefficient of lateral earth pressure 

~q is the vertical overburden pressure at a given depth 

The average overburden pressure, q, may he expressed "by 

q = ?z - u (9) 

where z is the depth "below the soil surface along the pile 

u is neutral pressure 

Combining terms, the total skin resistance "becomes 

r H 

Q^ = 1 itBK (/z - u) tan 6-dz . (lO) 
•^o 

The ultimate "bearing capacity of a pile in a cohesionless soil can 

be expressed "by 

\ - % A + % (ID 
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substituting 

.H 

% = -^ N + q'; N I A + I KIT! (yz - u) tan 5 dz (12) 

N and N values have been determined by many investigators. Comparisons 
q 7 

of these values show a significant lack of agreement, as depicted in Fig­

ure 1. 

Norlund (7) worked with actual piles in the field and determined 

that the average side resistance of a pile was a function of the friction 

angle of soil, the angle of friction between the soil and the piley the 

taper of the pile, the minimum perimeter encompassing the pile, and the 

volume of displaced soil per unit length of the pile. Norlund's equation 

for side resistance can be expressed by 

d=B 

p
s - D% pd t a n 5 cd Ad w 

d=o 

where P = the side resistance in psi 

D 

d = depth from ground surface to the point of the pile 

K_ = a dimensionless factor expressing the ratio of the resultant 

of the effective normal and shear stresses on an incipient 

failure plane passing through a point and the effective over­

burden pressure at that point 

p, = effective overburden pressure 

5 = friction angle on surface of sliding 

C = minimum pile perimeter 
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To determine values for K_, Norlund considered the hypothetical 

case of an infinitely long, nondisplacement wall, which is allowed to 

rotate an angle of co as shown "below. 

\ 

\ 

\ 

\ 
fc-> 

\0> 

\ 

When cu is zero, KL is equal to K and has the value of 0.5 sec §, 

this "being the lower limit. As co increases, the pressure on the side of 

the wall increases until ar critical value is reached beyond which further 

increase in co will not increase KL. This maximum, pressure is the ultimate 

"passive" pressure. 

A. Caquot and J. Kerisel (8) determined values for YL at the ulti­

mate limit for a cohesionless soil by considering the stability of a fail­

ure wedge whose surface of failure was a combined curve and plane. Their 

solution is valid when 8 - ®. 

Terzaghi (9) investigated the relationship between earth pressure 

and the yielding of a retaining wall. He found there was almost no dif­

ference in earth pressures when the wall was allowed to rotate and when 

the wall was allowed to move laterally. Using the information he dis­

covered, Terzaghi found a relationship between K and co, 6, as is illus-
.... 5 .... . 

trated in Figure 2.. Norlund has tried to relate Terzaghi's findings to 
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piles. 

. Norlund's method of determining the ultimate bearing capacity of a 

pile assumed that the skin-friction resistance and end-bearing capacity 

could be evaluated independently. Broms (10) stated that model tests by 

A. Kezdi (ll) have indicated that the end-bearing capacity of a pile is 

affected by the skin-friction resistance. This effect has been attri­

buted to an increase in effective overburden pressure by the load carried 

through skin-friction. 

. Model tests conducted at Cornell University by J. ©. Silberman (12) 

indicated that K is affected by the degree of pile taper, loading condi­

tions, and relative density of the soil surrounding the pile. A white 

uniform quartz sand was used in Silberman's work, and the maximum and mini­

mum densities were determined:. The skin-frictibn resistance of rthe piles 

was determined with respect to pull-out (tension), axial load, and rota­

tion (torsion)* For the tension tests, the average K values were 0.22 and 

^.65 at low and at high relative densities of the sand, respectively. The 

results of the torsion tests were 0.03 and 2.95, and the results of the 

compression tests were O.60 and 9,Qk. . In the compression tests, the coef­

ficient of lateral earth pressure was increased many times overj possibly 

as the result of an increase in relative density. . This represented an 

increase in friction angle from 28.0 degrees to 33»0 .degrees. : 

The Cornell test indicated that K was highly sensitive to the 

method of loading and the relative density of the soil. Norlundfs method 

assumed that K was independent of the relative density.. Norlund's method 

should be on,the safe side provided that the shear strength parameter of 

the soil can be estimated correctly. 
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Broms stated further that the large effect of relative density on 

the skin-friction resistance can be attributed to arching. As the pile is 

loaded, the load is transferred into the surrounding soil causing a volume 

change. At high relative densities, the volume changes are resisted by 

an increase of lateral pressure because the compressibility of dense sand 

is small. At low relative densities, the volume decreases and the lateral 

pressure decreases. 

Sowers and Sowers (13) state that K is a variable depending on how 

the pile was placed in the soil and on the initial relative density of the 

sand. Table 1 shows their values. 

Table 1. Lateral Pressure Coefficients for Piles 

Condition K 

Bored or jetted pile 

Pile jetted, then driven few feet 

Pile driven in loose soil 

Pile driven in dense soil 

0.5 

1 

1 

2-4 



CHAPTER III 

TEST APPARATUS MB MATERIAL 

This investigation was undertaken to get a better understanding 

of the bearing capacity of a.pile. Tests consisting of the driving and 

loading of a specially constructed pile were performed. The pile was 

made to withstand the force of driving into a cohesionless material and 

to measure both lateral and vertical pressures against it before and 

after loading. 

To withstand the force of driving the 15 foot pile into the sand, 

the pile shaft was made of a k-l/2 inch outside diameter steel pipe with 

a wall thickness of %/h inch. The pile is shown in Figure 3- Since it 

was desirable to measure the lateral load on the pile at different depths 

below the ground surface, the pile was made in sections with a lateral 

pressure measuring device between each section. There were four sec­

tions, three h foot sections and one l-l/2 foot section.. The short sec­

tion was placed at the bottom so as to have as many load cells near the 

foot of the pile as possible. 

To measure the lateral pressure, a special load cell was con­

structed. This instrument was required to withstand the shock of driving 

and the shearing forces that were applied to it during driving, and it 

was to be sufficiently sensitive to measure the relatively small magni­

tudes of lateral earth pressure against it. Furthermore, these instru­

ments acted as connections between the different pile sections. Since 
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Figure 3. Pile Shaft Dimensions 
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the pile was driven, loaded and subsequently pulled, it was necessary 

for these connections to withstand both compressive and tensile forces. 

Four and one-half inch diameter solid steel cylinders were se­

lected for the connections. Four cylinders were machined to ^-l/k- inches 

in length and a l-l/2 inch diameter hole was drilled in the center of 

each. Slots one inch long by 3/k inch deep were cut on the outside of 

both ends of the cylinders so that the pile shaft would fit tightly over 

the end of each connection and could be bolted to it. 

Tubular aluminum pressure cells were used to measure the small 

lateral pressures. The pipe was h-l/2 inches in outside diameter and was 

cut in sections l-l/4 inches long. The inside of the aluminum rings was 

machined to approximately 0.01 inch in thickness to increase flexibility. 

Four SR-4 type AP-12 strain gauges were placed around the inside of each 

aluminum ring at approximately 90 degrees. SR-4 type cement was used to 

hold the strain gauges because of its ability to bond to smooth surfaces. 

The strain gauges were wired in series and the wiring diagram is shown in 

Figure k. 

A slot 3/l6 inch deep and l-l/2 inches long was cut in each cylin­

der so that the aluminum rings could be placed around the cylinders. To 

hold the aluminum rings in place, two K-~\_/2 inch diameter 0-rings were 

placed in the slot on each cylinder. The aluminum rings were floated 

on the ©-rings, and the remaining spaces between the cylinders and the 

edge of the aluminum rings were filled with rubber cement to absorb as 

much of the shock of driving as possible. A l/k inch diameter hole was 

drilled in each cylinder beneath each aluminum ring for the strain gauge 

wires. Figure 5 shows a typical load cell connection. 
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Strain 
Gauge 2 

Strain 
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Figure 4. Wiring Diagram for Lateral Load Cells 
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Figure 5. Lateral Pressure Load Cell 
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At the tip of thepile, a base plate was placed with devices for 

measuring both lateral'and vertical pressures. The lateral pressure was 

measured by an aluminum ring placed by the same procedure used in: the load 

cell connections. The maximum vertical pressure was calculated and a 

safety factor of four was used to design a proving ring for measuring,the 

vertical pressures. 

Since the dynamic force against the proving ring during driving: 

was so much larger than the force applied against it during static load­

ing,, it was necessary to design an energy absorbing device. Two large 

screws 5/8 inch in diameter were used t© bear against the tip of the pile 

during driving and were released during testing, ©ne-half inch diameter 

rods were placed from the top of the screws in the base plate to the top 

of the pile so that once the pile was driven the rods could be turned, 

thereby releasing the screws. Inside the proving ring, two SR-k strain 

gauges were placed to measure the force on the base of the pile. Figure 

6 shows a cross section of the base plate. 

The test pit into which the pile was driven was eight feet and 

four inches in diameter and 22 feet deep. An A-frame provided a support 

for the pile driving equipment which consisted of leads/ drop hammer, and 

a winch for lifting the hammer. A 20© ton capacity reaction frame and hy­

draulic jack were used for loading. 

The soil used was obtained initially from the Chattahoochee River 

near Atlanta, and was a medium uniform sand composed mostly of sub-angular 

quartz particles but fairly rich in mica. Vesic .('1*0 determined the maxi­

mum and minimum densities of the sand and the shear strength characteris­

tics of the sand, and these are shown in Tables 2 and 3 . 
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Figure 6. Base Plate Load Cell 



Table 2.. Maximum and Minimum Densities 

Density Unit Weight 
lb/ft  

Void 
e 

Porosity 
n 

.minimum 

minimum 

79-0 

102.5 

1.10 

0.615 

52.1+ $ 

38.1 1o 

Table 3» Shear Strength Characteristic 

Angle on Internal Friction 
$, degrees  

o3 < 10 lb/in* 10 < a3 < 80 lb/in* 

Void R a t i o 
e 

.6 

•7 

.8 

•9 

•1 .0 

111© 

Mf.3 

4o.5 

36.8 

3̂ .0 

31-9 

kh,3 

kO;0 

36.2 

33.5 

31.0 
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Moving of the sand was done with a mechanical digger and conveyor 

belt. To ensure a relatively homogeneous mass, the test pit was filled 

by passing the sand through a number 10 sieve, eight feet in diameter. 

To check the homogeneity and density of the sand, a penetrometer coupled 

with a 12 foot long rod and a 3*000 pound air-hydraulic ram were.;used. 

The ram could be raised or lowered by air forcing hydraulic oil 

into the jack. The jack was hung from a wide flange section above the 

test pit. The connection consisted of a steel frame three feet long that 

could rotate in a three foot radius about the pit so that tests could be 

run in different locations around the pit without disconnecting the jack. 

A proving ring was placed between the ram and the penetrometer rod. Cali­

bration of the proving ring is shown in Figure 7» The penetrometer rod 

had a point diameter of l/2 inch and a shaft diameter of 3/8 inch. 
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Figure 7» Penetrometer Proving Ring Calibration 
ro 
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CHAPTER IV 

TEST PROCEDURE 

Since no work had "been done at Georgia Tech with a full scale pile 

instrumented to measure lateral earth pressures, it was necessary to de­

sign and construct the pile. A ^-l/2 inch outside diameter steel pipe 

with 3/A- inch walls was used, as the shaft of the pile. 

Both the lateral pressure against the side of the pile and the ver­

tical pressure against its tip were desired. Once the lateral load cells 

were constructed, they were calibrated in a sand filled steel container, 

two feet in diameter "by one foot in depth. 

A load cell was placed in the sand, a rubber membrane and gasket 

were placed on the sand, and a steel lid was "bolted to the container. 

The lid had an air pressure gauge and connection to enable the applica­

tion of air pressure against the top of the sand. This air pressure 

represented a known surcharge, and readings on the cells were taken at 

various air pressures. The magnitude of these readings indicated the 

sensitivity of the load cells. 

After each load cell had "been checked out in the sand, it was cali­

brated under air pressure. First, each cell was sealed with rubber cement 

and wax and then placed in the same metal container as above without the 

sand. A plastic tube from the cell to the outside allowed the air inside 

the cell to remain at atmospheric pressure while the air pressure inside 

the container built up* Air pressures were measured with a Bourdon gauge, 
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and readings were taken at zero or atmospheric pressure and in increments 

of one psi until a value of 15 psi was reached. Figures 8, $, 10, and 11 

show the average curves of strains versus air pressures for each load cell. 

Each cell was tested five times to ensure that the results were consistent. 

The lateral pressure measuring, ring on the base plate was calibrated in 

the same manner as the load cells. 

The proving ring for measuring the vertical pressure against the 

tip of the pile was designed using the maximum calculated static load and 

a safety factor of four. The proving ring was loaded to approximately 

10, 000 pounds, a value equal to twice the anticipated maximum working load. 

The resulting calibration curve was linear, as shown in Figure 12. 

The sand was removed from the test pit to a depth of approximately 

l8 feet with a mechanical digger and conveyor belt. The conveyor belt 

was rigged over the test pit to refill it. The eight foot diameter, l.k 

mm opening sieve was placed on the bottom of the pit resting on the sand 

surface. The sieve was first filled with sand falling from the conveyor 

belt, and then lifted so that the height of fall of the sand from the 

sieve was approximately 30 inches. This procedure was t© ensure that there 

would be the same density in the pit from the bottom to the top. 

Once the test pit was filled with sand, the pile driving equipment 

was placed in position. The leads or the hammer guides were hung from 

an A-frame located above the pit. The leads were placed over the center 

of the test pit, and the 500 pound hammer, consisting of lead weights 

bolted together, was placed in the leads and held there by an anchored 

winch located on the floor adjacent to the pit. 

After the sand was placed and the pile driving equipment was set up, 
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the first 10 feet of the pile was brought to the test pit for driving. The 

pile was held in place under the hammer by collars at the top and bottom 

of the pile. Driving was done by lifting the hammer with the winch and al­

lowing it to drop freely. 

- During the first driving; the connection between the screw jack and 

the rods broke and no vertical pressure readings could be taken. • Readings 

were taken from the lateral pressure measuring load cells, and the ulti­

mate bearing capacity of the pile was determined by loading and failing 

the pile. After redesign, a satisfactory connection between the rods and 

screw jacks was developed. This connection allowed the rods to move up 

and down during driving. 

©nee this new design was constructed, the pile was driven again, 

and both lateral and vertical pressure readings were taken. Readings were 

taken before driving and after driving. The pile was loaded to failure, 

and readings were taken during failure. 

Loading of the pile was done by swinging the leads to one side and 

moving a large steel frame and ram over the pile. The frame was bolted 

to the floor, and the ram was bolted to the frame. The ultimate bearing 

capacity of the pile Was determined by jacking down on the pile and read­

ing the maximum load on the gauge. 

Uniformity and density of the sand in the test pit was checked by 

penetrometer tests after the pile was removed.. The leads and hammer were 

pulled to one side, and the 1,000 pound movable crane was moved over the 

pit;* -A swivel steel frame with a three foot radius was connected to the 

beam and the 12 foot long, 3> 000 pound capacity air-hydraulic jack was 

connected to it. 
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A proving ring placed between the ram of the jack and the penetro­

meter rod allowed readings to be taken as the rod was pushed into the 

sand. The total resistance to penetration of the rod at four different 

locations around the test pit was taken. The density of the sand was 

estimated from Vesic's calibration curves (15) relating penetration re­

sistance to density, as depicted in Figure 13« 
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CHAPTER V 

DISCUSSION OF RESULTS 

The purpose ©f this investigation was to determine the lateral 

and vertical pressures acting on a pile driven into a cohesionless soil 

to better determine the ultimate bearing capacity of a pile. A pile was 

designed, constructed, driven, and loaded to failure to accomplish this. 

. The average penetrometer results are shown in Table k. Vesia (l6) 

plotted curves of penetrometer resistances at different depths versus the 

density of the sand. Vesic's curves were determined by sounding -sand mo*-. 

dels in a 2h by l6 by 60 inch box placed on a scale and filled with sand 

by the same procedure used when filling the pit. , Because of the shallow 

depth of the models, Vesic!s curves may not be valid at greater depths. 

Comparison of penetrometer results with Vesic's curves showed the 

unit weight of the sand to be approximately 84 pounds per cubic foot. 

Since the sand was placed by a gravity fall of 30 inches through a 1.4 

mm sieve, it was not expected to have a high relative density. The mini­

mum density of this sand was 79 pounds/per cubic foot, and the maximum 

density was 102 pounds per cubic foot. 

Vesic, in his paper to the Highway Research Board (l7)> expressed 

e, the void ratio of the sand, as a function of $, the angle of internal 

friction of the sand.- He did this by running triaxial shear tests on ^k 

air-dry samples 2.8 inches in diameter and approximately six inches high. 

Assuming the Mohr-Coulomb criterion of failure to t>e valid, Vesic derived 



Table 4. penetrometer Test Results 
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Depth 
(in) 

L©ad 

(lbs) 

1© 35 

20 3© 

30 35 

40 37 

50 

7 a 84 lb/ft3 

40 

In place density tests at surface 

Test Density 

85.4 lb/ft3 

84.3 lb/ft3 

85.1 lb/ft3 
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the following expression which is valid when, the confining pressure is 

less than 1G pounds per square inch. 

tan « - ^ • (lh) 
e 

Using this expression, $ for this test was determined to be approxi­

mately 3^ degrees. These values for density and angle of internal fric­

tion were used in the calculations of the bearing capacity of the pile. 

Two pile loading tests were conducted in this program. In the first 

test the pile was driven a depth of 1© feet and in the next test the pile 

was driven 15 feet. For both tests, readings were taken on all gauges be­

fore driving and after the pile had reached the desired depth. The dif­

ference in these readings represented the lateral pressures against the 

pile at various depths and the vertical pressure against its tip. The 

pile was loaded until failure and readings were taken. 

Pile Depth of 10 Feet 

At 10 feet, the force the sand exerted on the tip of the pile was 

1; 59© pounds. The maximum load the pile could take before failure was de­

termined by loading the top of the pile until the pile began to fail and 

could take no more load. This load was 4,700 pounds. 

The area of the base tip was determined to be 0.11 square foot. 

Using the bearing-capacity factors for deep cylindrical foundations adapted 

from Meyerhof (17) in the general bearing capacity equation, the maximum 

base force was calculated to be 5,98© pounds.. This is higher than the 

value actually measured against the base of the pile. The steepness of 
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the bearing capacity factors, angles of internal-friction curves, could 

account for this. A slight error in the magnitude of $ would cause a 

large difference in load. Meyerhof's factors may be somewhat larger than 

that actually reached in the sand and, hence, on the unsafe side. 

The actual maximum load on the base plate was subtracted from the 

maximum total bearing capacity taken from the gauge on the jack and was 

^•j 336 pounds. This value was assumed to be taken by side friction. 

The value of side friction was calculated using an average K of 

0.5 and an angle of friction of 3^ degrees and was found to be 1,736 pounds. 

This value is 2, 6lG pounds less than the load attributed to the side load* 

Since the overburden pressure at a certain depth can be calculated with 

reasonable accuracy, it is reasonable to assume that the average value 

of K must be greater than 0.5-

Using a triangular pressure distribution in which the lateral pres­

sure at ground surface was zero and increased linearly until the maximum 

pressure was reached at the base of the pile, the average value of K 

necessary to create the calculated side friction can be computed. This 

value was equal to approximately 1.2. This means that, due to driving 

and volume displacement, the sand around the pile was densified, which 

increased the lateral pressure against the pile. Sowers and Sowers (18) 

state that the value of K for a pile driven into a loose cohesionless 

material is approximately one. This agrees closely with the results ob­

tained here. 

The results of the lateral pressure load cells are shown in Table 5. 
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Table 5.- K versus Pressure and Depth 

Depth Measured. Pressure Calculated K's from 
(ft) (psi) ,- Pressures  

h 4.5 .1.8 

8c5 5.1 1 

10 6 1 

The above table indicates that K was larger near the top of the 

pile and gradually decreased as depth along the pile was increased. The 

actual and triangular pressure distribution curves are shown in Figure lk. 

The actual pressure against the side of the pile is seen to increase ra­

pidly at first but more slowly with increasing depth. 

. The area under the actual pressure distribution curve was calculated 

and compared with the area under the triangular pressure distribution curve. 

The two areas were approximately equal which indicates that the assumption 

of a triangular pressure distribution will give good results in finding 

the load carrying capacity of a.•.pile,, if average K is used. -

' Pile Depth of 15 Feet 

At a depth of approximately 15 feet, the maximum failure load was 

13, 460 pounds. Because of the large ram area and small gauge readings 

from the jack, there was a possibility of error in the range of 10 percent. 

The calculated base load using the general bearing capacity equation with 

Meyerhof's bearing capacity factors was larger than the actual load indi­

cated by the base plate proving ring. The actual base load was 6,246 
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actual pressure distribution 

ar distribution 

area 1 «* area 2 

^ 5' 6 7 
pressure (psi) 

Figure'1^. Area Pressure Curves at 10 Feet 
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pounds, and the calculated load was 9; 100 pounds. 

The measured load against the tip of the pile was subtracted fronr 

the failure load and was 7; 214- pounds.' This value was assumed to be taken 

by side friction. Using a triangular pressure distribution, the average 

value of K necessary to produce this load was 0.925'* This was lower than, 

the K for the 10 foot section. There could possibly be an error in one 

or more of the readings,; or it could mean that the average value of K 

decreases with pile depth. 

. The lateral pressures against the side gauges for the same depth 

as in the 10 foot section were somewhat lower, as shown below in Table 6. 

Table 6. - K versus Pressure and Depth 

Depth Measured Pressure Calculated K"s from 
(ft) (psi) Pressures  

b 3*5 .1.5 : 

8.5 >.9 1 

13 5«7 ..72 

1^5 5o9 «7 

Figure 15 shows the measured pressure against the side of the pile 

for a depth of 15 feet. 0n the same figure, a triangular pressure distri­

bution curve is drawn using the calculated value of K. The two areas are 

approximately equal. 

During failure of the pile, the strain indicator for the lateral 
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Figure 15<, Area Pressure Curves at 15 Feet 
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lateral pressure gauges was left on to see what happened to the lateral 

pressure against the pile. As the pile was pushed into the sand, the 

indicator showed a slight drop off of lateral pressure. 



CHAPTER VI 

CONCLUSIONS 

The following conclusions apply to a pile driven in the Chatta­

hoochee River sand which was -used. 

1. The lateral pressure coefficient, K; is a maximum near the 

top of a pile and it decreases with depth. 

2. The average value of K decreases with an increase in the 

length of a pile. 

3o Using a triangular pressure distribution curve, the value of 

K necessary to produce the measured skin friction load was approximately 

one. 

kc A triangular pressure distribution is a good approximation 

in determining the bearing capacity of a pile, using an average K. 

5« The lateral pressures decrease slightly as the pile is failed 

and pushed into the ground. 

6. The general bearing capacity equation using Meyerhof's con­

stants gives values approximately 25 percent larger than those measured. 



<. CHAPTER VII 

REC0MMENDATI0NS 

1. Greater effort should "be used to achieve a uniform sand, and 

a more accurate method of obtaining the density of the sand should "be 

determined. 

2.. Since lateral pressure distribution is so important in the 

calculations of the "bearing capacity of a pile, further investigation 

should "be directed to this end, using >oth, full. scale and model piles. 
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