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~ The purpose of this investigation was to determine the effects of

lateral and vertical pressures'on.the-ultimate bearing capacity of a pile

in e cohesionless soil.

A pile, 15 feet long and h-l/& inches in diameter was dfiven into
an eight foot diameter pit filled with sand of uniferm density. The pile
was instrumented with load cells at four different depths to measure the
lateral ipressures aga."inst its sides. A proving ring at the tip of the
pile provided a methed for determining thé.vertical force on the embedﬁed

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 hsd been taken, the pile was
loaded to fallure by jacking dowvn on the top of the pile with an hydrau-
lic ram which reacted against a steel loading frame. The maximm load
was determined from the pressure in the jack, and the vertical Load
against the tip of the pile was read from the proving ripg.. The load

determined frem the proving ring was subtracted from the maximum losd

. read from the jack and was ettributed 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 lead measured. This indi-

cated Meyerhof's factors to he on the unsafe side for the soil used.
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.'I'_he. actusl léteral pressures were used tq calculate average values
of K, the ratio of the overburden ﬁressure to the lateral pressure, for
: the different gauge depths. '. Velues of K v.a.ried. from a maximum at the top
of the pile to 2 minimm et its tip.. The deeper the pile was driven, the
smaller the average value of K obtained. The lateral force at the em-
bedded end decreasea slightly)as the pile was pushed into the sand.

The average value of K necessary to cbtain the measured skin fric-
tion load was calculated using a linear pressure distributien cﬁi%e.
This valqe was approximately equal to one in each case. The area under
the triangular distribution curve was approximately equal te the area
under the acfual.préssure distributien curve, indicating that the usé of

a linear pressure distribution curve was a good approxiﬁation Tor deter-

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

used in this study.




. CHAPTER I
INTROBUCTION

- ﬁith the iarge::and heavier structures being built in.mod;rn"times,
foundations have becdme a more critical problem. Bepause_the surface
soll is often ihcapéﬁle of carrying the design loads for heaﬁier struec-
tures, it may become neceésafy to use deep-fouhdétionsf_

| . Mapy of the deep feundations used today;afe piles; however, the

knowledge of the behaviokr of pile foundations has not kept up with their:

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

men end money were lost. Because of the lack of ihformation, there is an

evef growing need for fééégrchiihto.pile designsjgnd failures.

. The load carfying capacity of a pile is the sum of the end bearing
end the skin friction. 1The skin friction resistence is the sum of the
vertical resistant forqes acting along the side of the_pilé; The end
bearing is the vertical resistahce offered at the tip of the pile.. Most
piles develop their ultimate load carrying capacity from a cambiﬁation
of both skin friction and end bearing. The materizl in which the pile
is placed, together with the depth of penetration, will determine Which
of the two components centribute the iarger resistance.

The ultimate load carrying caﬁacity of a pile driven inte a co-
hesionless material is comprised of both skin frictien and end bearing.
It is recognized that these comﬁonents are dependent on many variables,

such as the roughness and shape of the pile surface, the téﬁef-of the
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pile, end the volume of soil disﬁlaced. The end bearing of a pile has
been the subject bf study by manj inveétigators, among these being Ha-
nen (1), Terzeghi (2), Caquotj(3), Skempton {4), and Meyerhof (5). . The
results of most éf:these stuﬂieslcan be expressed by the general besaring
capacity equation, Besearchérs have used different bearing capacity co-

efficients for the same seil conditions indicating disagreement in deter-

mining the coefficients.

The skin friction resistance in a cohesionless soil is proportionsal
to the lateral pressures against the sides o} the pile. Problems arise
he;‘e, for little information is available sbout this lateral pressure.

The pressure is usually assumed to be intermediste between the at-rest
earth pressure and the—passive earth pressure.

The purpose of this research was to obtain a better understanding
of the lozd carrying capacity of a pile by determining the end bearing
resistance and total lateral pressure skin friction resistance agasinst
the pile.. Strain gauges placed on the embedded pile were used to determine
the magnitude of the verticasl force en its tip and the lateral pressures
on its sides during failure. The cohesionless seil inte which the pile
was driven was placed in & uniform manner to achiéve constent density
throughout. Load cells containihg strzin gauges were placedla£ various
depths along the pile to measure the lateral pressures, and a pfoving 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 g pile is composed of skin friction
énd 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 te be =
foﬁting below the soii surface. According to Terzaghi (6), this can be
expressed by
q = %? Ny + q° Nq + C‘NC (1)
where a denotes the end bearing of the pile
¥ denotes the unit weight of the soil
b is equal to O.é times the diameter of the pile
.C denotes soil cohesion
q’ denotes surcharge
N7 shows influénce of soil weight and foundation width
NC shows influence of cohesion
Nq shows influence of surcharge
. For a cohesionless sepil, the cohesiecn, C, is zero, and the egua-
tion can_be rewritten as

=5 .N7 + q Nq _ _ e (2)

“Tﬁ"_m“ﬁ




. 8ince b is small, the equation can be expressed by

A

qo= q'N . (3)

The skin friction'depends'@n.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

G = 54 )
where § = the unit resistance along the side of the pile
A=

the surface area of the pile

The ares of the pile is

o

A= IH@@Z' . {5}

where D = the dismeter of the pile
H = the depth of the pile

and the unit skin resistance, S, can be expressed by
S=a+ P tan © : : - {6)
where a = adhesien
P = effective lateral pressure against the pile

& = 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

. S5=F tan 6 o

' The average effective pressure, ‘ﬁ,' is generally assumed to be :prOpo'rjti_ongl_

¥

to the everburden préssure and if so can be expressed by

P=K7q (8)
where K is a dimensionless coefficient of lateral earth pressure
q is the vertical overburden pressure at a given depth
. The average cverburden pressure, @, may be expréssed by
d= 7z - u . (9)
where 2z 1is the depth below the soil surface along the pile
'u is neutral pressure
Combining terms, the total skin resistance becomes
H
Qp = fﬂBK (yz - u) tan 5-dz ' - (10)
O .

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

be expressed by

Q= %'MQ_'F' o S an




substituting

%= (%b N, +a’ Nq]A ¥ _]'-""K"B (72 - u) tan 6 dz (12)
o

Nq and N_ values have been determined by ﬁ@ny investigators. Cemparisons
of these values show a significant lack of agreement, as depiéted in Fig-
ure 1.

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

that the average side resistance ef a pile was a_functibn_of the friction-

angle of seil, the angle of frictien.betweeh-the soil and the pile, the
taper of the pile, the minimum perimeter encompassingfthe.pile, and  the
volume of displaced soil per unit length of the pile.. Norlund's equation

for side resistance can be expressed by

a=Dp -
By ZK@ B ten B Ty 8 (13)
'~ d=0 ' S
where P_, = the side resistance in psi .

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

'36 =-a-gimension1esslfacter expressing the ratic of the resultant

of the effective normal and shear stresses on an incipient

 fallure plane péssing through a point and the effective ever-

burden pressure at that point
P, = effective overburden pressure
§ = friction angle on surface of sliding

C_ = minimm pileipérimeter
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" To determine velues:for KE, Norlund considered the hypothetical
case of an infinitely leng, nondisplacement wall, which iefallewed to

rotate an angle of o as shown below.

P, SR : | o N\ |
a :
Lidl JL \‘fu-\ |

K5 Pq

When w is zero, Ks is equal to:KS and has the value of 0.5 sec G,

this being the lower limit. As iﬁcreeses, the pressure en the side of

the wall increases until & c¢ritical velue is reached beyend'which further
increase in w will net increase Ks. This mexﬁmwn.preseﬁre is the ultimate
“passive“ pressure. .

A. Caquot and J. Kerisel (8) detenmined values for Kg ‘Bt the ulti-

mate limit for a cohesionless soil by considering the stability of a fall—_

ure wedge ﬁhose surface of failure was a combined curve. and plane?. Their
eelution-is-vaiid when § = é;’_

Terzaghi (9) investigated the reiatienship between earth ﬁreesure
and'ﬁhe &ieidipg of'e retaining wall. He found there was almost no dif-
ference ;n earth pressures when.the wall waelaliowed fo rotefe and when
the wall?was allowed to move laterally. ﬁsing the information he dis-
covered Terzaghi found a relationship between Ks ané.ub 5, as is illus-

trated in Figure 2.: Norlund has tried to relate Terzaghi‘s findings to
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pilesv

. Norlund's methed of determining the.ultimate bearing capacity of a
plle sssumed that the skin-friction resistance and end-bearing cepacity
could be evaluated independently. Broms (lo) stated that model tests by
A. Kezdi (11) have indicated thet the end-bearing capacity of a nile is
affected by the skin-friction.resistence. 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. 0. Silberman (12)

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

tions, and relative density ef tne soil surrounding the pile. A white
uniform quartz sand was used in Silberman's werk, and the meximm and mini-
mum densities=were determined. The skin—friction re51stance of the pilesl
was detenmlned with resPect to pull-out (tensien), axial losd and reta-

tion (torsion)s For the tension tests, the average K values were O 22 and

-, 65 at low and at hlgh relative densities of the sand respectively - The
-results of the tor51on tests -were 0,03 and 2. 95, and the results of the

compression tests were 0 60 and 9,84, . In the cdmpression;tests, the coef-

ficient of lateral earth pressure was increased many times over, possibly
as the result of an 1ncrease in relative den51ty.. Thls represented an
increase in friction angle frem 28.0 degrees to 33. O degrees.

: The Cornell test 1nd1cated that K was highly sen51t1ve to the

method of loadlng and the relative density of the sollk. Norlund's method :

assumed that X 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 estunated correctly.
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Broms stated furtﬁer that the large effect of relative demnsity on
. the skin-friction resistance can be attributed to arching. As the pile is
loaded, the load is transferred into the sufrounding s0ll causing a voiume
change. At high relative densities, the volumé 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 Qf the

sand; Table 1 shows their values.

Table 1, . Lateral Pressure Coefficients for Piles

Condition ' ' ' K

Bored or jetted pile ' _ ' 0.5
. Pile jetted, then driven few feet 1
Pile driven in leoose soil 1

Pile driven in dense soil ' < 2.k
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CHAPTER III
TEST APPARATUS AND MATERTAL

This investigation was undertaken to get a better understanding

.of the bearing capacity of & pile. Tests censisting of the driving and

. leading of a speclally constructed pile were performed. The pile was

made to withstand the force of driving inte & cohesionless material and
te measure both lateral and vertical pressures agaiﬁst 1t before and
after leoading.

To withstand the ferce eof driving the 15 foot.pile inte the sand,
the pile shaft was made of a 4-1/2 iﬁch outside diameter steel pipe with
a wall thickness of 3/L inch. Thé pile is shown in Figure 3.. Since it
was desirable to measure the lﬁteral léad on the pilé at different depths
below the ground surface, the pile was made in sections with a lateral
pressure nmeasuring device between each section.  There were four sec-
tions, three 4 foot sections and one 1-1/2 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 pessible.

. To measure the lateral pressure, a special load cell was cen-
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, Furthermere, these instru-

ments acted as connections between the different_pile'Sedﬁidﬁs;. Since
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the_pil§ was driven, loadea and subsequently puiled, it was necessary
for thése cennections.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 S-i/h inches
in length and a 1-1/2 inch diametér hole was drilled in the center of
each. ©Slots one inch long b& 3/L 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

latersl pressures. The pipe was h—1/2 inches in outside diametér and was -
cut in sections l—lfh inches leng. The inside of the aluminum rings was

machined to approximately 0.0l inch in thickness te .increase flexibility.

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

aluminum ring at approximately 90 degrees. SR-U4 type cement was used to

hold the strain gasuges because of its.ability to bend to smeoth surfaces.

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

Figure 4.
A slot 3/16 inch deep end 1-1/2 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, twe h—l/2 inch diemeter @-rings were

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

on the O-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/h inch diameter hole waé
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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At the tip of the plle, 'a base plate was -pflaced.'»gi'th' deiri_ee.s for

measuring-both lateral?and fertical pressures.  The lateral préssqrefﬁds'f

“measured by an alumimm ring placed by the samevproéédnreTused'in the load. d' C
. cell connections..-The'maximnm Vertical pressure was oaloulated:and aL
:safety factor of four was used teo design a proving ring for measuring the

' vertical pressures,

Since the dynamic: force agalnst the prGV1ng ring durlné erV1ng
was so much larger than the force applied against it during statlc load-
ing, it was necessary to design an energy-absorbing device. Tywo large
screws 5/8 inch in d.ia:meter were used te bear against the tip o:E‘ the p:LJ.e :
during driving and were released during.testing.. ‘®ne- half inch diameter -
reds were placed from the tbp of.tne serews in.the'base plate-to the-toP-
of the pile so that -once the pile was driven the rods could be'turnedr
thereby releasing the SCrews. . Inside the proving ring; tno:SR-h-strain“
gauges were placed to measure the force en the base of the pile.. Fiénre
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_Aéframe provided a eunportv

for the pile driving equipment which consisted of leads; drop'hammer,fand

~a winch for 1ifting the hammer. A 200 ten capac1ty reaction frame and hy-

draullc Jjack were used for loading.

The soll used was obtained initially from the Chattahoochee River

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

quartz partlcles but fairly'rich in mica. Vesic (lh) 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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Table 2. . Maximum and Minimum Densities

Density Dry Unit Welght Void  Porosity

1b/ft _ e ' n
miniomm 79.0 .10 52.4 4
. minimm 102.5 ' 0.615 - 38.1 %

Table 3. Shear Strength Charscteristic

Angle on Internal Friction : : Void Ratio

$, degrees . ¢
03 < 10 1b/in® 10 < 93 < 80 1b/in*
i3 | | .6
b, 3 o | .
40.5 36.2 | .8
36.8 33.5 - - -9
34,0 - 31.0 : : 1.0

31.9 o - : 1116

e —
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: Moving of the sand was done with a mechanical digger and coﬁﬁeyor
belt. To ensure a relatively haﬁogéneéus mgss,'the test pit was filled
by passing the sand through a number 10 sieve, eight_feet in diameter.

- To check the homegeneity and density of the sénd,_a penetrometer coupled
_with a 12 foot long red and a 3,00Q pound air-hydraulic ram were.used.

The ram-could be reised or lowered by air fercing hydraulic oil
inte the Jjack. The Jack was hung from a wide flange section above the
test pit. . The connection coﬁsisted of a steel frame three feet long thﬁt
.could rqtate_in a three foot radius about the pit so that tests could be
run in different locations around the pit without discennecting the jack.
A.praving ring waé.placed:between ﬁhe ram anﬁ the peneﬁrometer:rod. Cali-
\bration of the proving ring is shewn in Figure 7.. The penetrometer réd

; had a point dismeter of 1/2 inch'and a shaft diesmeter of 3/8 inch.
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CHAPTER IV
TEST PROCEBURE

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 h-1/2 inch outside diameterlsteel pipe
with 3/k 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 s sand filled steel container,
two feet in dismeter by one foot in depth.

A load céll was placed in the sand, a rubbér membrane and gasket
were placed on the sand, and a steel 1id was bolted to the container.

The 1id had an air pressure gauge and connection to ensble the applica-
tion of air pressure against the top-éf 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 contaziner as sbove without the
sand. A plastic tube from the cell to the outside allowed the eir inside
the cell td remain at atmospheric pressure while the air pressure inside

the ccontainer built up. zﬂir pressures were measﬁred with a Bourdon gsuge,




23

and readings were taken at zero or atmosPhéric_pressure'and in increments

of one psi until a value of 15 psi was reached. Figures 8, 9, 10, and 11
“show the average curves of strains versus air pressﬁres for each ldﬁd.bElléu.':w

Bach ¢ell was tested five times to:énsure that the results were consistent.

. The lateral pressure measuringﬂriﬁg on the base plate was calibrated in
the same manner as the load ceils.

The proving.ring for measﬁring:the vertical pr%ssure against theI 
tip of the pile was designed using.the maximum calculated static loé& and 
a safety factor of four. The proving ring was ioaded to approximately |
10, 000 pounds, a value equal to twice the anticipated maximum working lOat.i..
The resulting calibratien curve was linear? as shown in Figure i2. '

The sand was removed from the test pit to a depth of approximately
- 18 feet with a mechanical digger and conveyor belt. The éeﬁveyor"bélt
was rigged over the test pit to refill iﬁ.. The eight foot diamefer;-l.h
mm opening sieve was placed on the bottom of.the.pit'resting én.thé'éand'
surface. The sieve was first filled with_sénd.falling.from thé cénvéyor
belt, and then lifted so that the height of fall of the sand. frem the
sieve was epproximately 30 inches. This procedure was to ensure that there
would be the same density in the pit frem 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 1eéds were placed @vef the-centef
of the test pit, and the 500 pound hammer, consisting of lead weights
bolted tdgether, was placed in the leads and held there by an anchored
winch located on the floor adjacent to the piﬁ. o

After the sand was placed and the pile driving equipment was set up,
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the first'lO_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 tep and bottem

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

lowing it to-drop-freely.

- During the first dri#ing, the cennection between the screw jack and
the rods breke and no vertical pressure readingé could be taken. . Readings
were taken frem the lateral pressure”méé@pring load cells, and the ulti-
mate bearing capacity of the pile was determined by loading and failing
the pile. After redesign, a satisfactory cennection between the reods and
screw jacks was déveloPEd. This connectien ailowed-the rods te moﬁe up
and dewn during driving. | |

.-Bnee 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

te the floor, and the ram was bolted te the frame. The ultimate bearing
capacity of the pile was determined by jaéking dewn cn the pile and read-
ing the meaximum load on the gauge
Uhiformlty and density ef thé sand in the test pit was checked by
penetrometer tests after the . plle was. remeved.. The leads and hammer were
ulled to one side, and the 1,060 pound movable crane ﬁas moved over the

piﬁ@ -A swivel steel frame wlth a three foot radlus was connected to the

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

cennected 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
estimafed from Vesic‘é calibration curves (15) relating penetration re-

slstance to density, as depicted in Pigure 13.
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. CHAPTER V
' DISCUSSION OF RESULTS

The purpose of this investigation was to determine the lateral

and vertical pressures acting on a pile driven inte a cohesionless soil -

te better determine the ultimate bearing capacity of a pile. A ﬁile_was
designed, constructed, driven, and loaded to failure to ﬁccomplish thié;
The average-penetrometér results are shown in Table h.-.?ésie'(ﬁé)
plotted curves of penetrometer resistances at different depths versus the
density of the sand. Vesic's curves were determined by sounding -sand mqé
dels in a 24 by 16 by 60 inch box placed on a scale and £illed with sand
by the same procedure used ﬁhen filling the pit..'Because of the shallow
"~ depth of the models, Vesié'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 faét;. 

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

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

mut density of this sand was 79 pounds.per cubic foot, and the maximum
- density was 102 pdunds per cubic foot.
Vésic, in his paper to the Highway Research Board (17), expressed

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

friction of the sand.. He did this by rumning triaxial shear tests on 54 -

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

Assuming the Mohr-Coulomb criterion of failure to be valid, Vesic derived
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Table 4. Penetrometer Test Results

33

Depth Load
_(in) (1bs)
10 ' 35
20 : 30
30 | | 32
ko 37
56 ko

y x 84 1b/rt°

In place density tests at surface

Test Bensity
1 85.4 1b/1t8
2 8,3 1b/ft®

3 85.1 1b/1t®
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the feollowing expression which is valid when the cenfining pressure is

less than 10 pounds per square inch.

tan ¢ = ;§§ s | (1)

: Using this expression, & for this test was determined to be afproxi—
mately 34 degrees. These values for density and éngle ef internal fric-
tion were used in the calculatioﬁs of the bearing cépacity of the pile.

| Two pile loading tests were conducted in this progrem.  In the first
£est'the pile‘was driven a depth of 10 feet and in the next test the pile.
was driven 15 feet.. For beth tests, readings were takeh on.all gauges be-

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

ference in these readings represented the lateral preésures 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
1,590 peunds. The meximum load the pile could take befere 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 %o be ©6.11 square foot.
USIng_the bearing-capacity facters for deep c¢ylindrical foundations adapted
from Meyerhef (LT) in the general bearing capacity equatien, the maximum

base force was calculated to be 5,980 pounds.. This 1s higher than the

ﬂvalue actually'measufed against the base of the pile. The steephgss of
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the bearing capagity factors, angles of internal-fricti@n curves, could
account for this. A slight error in the magnitude of would cause a
. large difference in lead. 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 frem,the
maxﬁmum_total.bearing capacity taken frem the gauge on the Jjack and was
I, 336 ﬁop.nds.. This value was assumed to be taken by side eriction.

. The value of side friction was calculated=using an average K of
O.ﬁ-and an.angle of friction of 34 degrees and was found to be 1,736 pounds.
This value is 2, 610 pounds less than the load attributed to the sidg load,_
Since the overbufden pressure ét a ceftaiﬁ depth can be calcuiéted'}ith |
. reasenable accuracy, it is reasenable to assume that the aﬁerage value
of k must be greater than 0.5.

Using a - -triangular pressure distribution in vwhich the lateral pres-
sure at ground surface was zero and increased linearly until“the max imum
. pressure was reached at the base of the pile, the average ﬁalue of K
necessary to create the calculated side friction can be cemputed.. This
value was equal to approximately 1.2. This means that, due to driving
and volume displacement, the sand areund the pile was densified, wﬁich
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 spproximately one. This agrees closely with the results ob-
tained here. -

The results of the lateral pressure lead cells are shown in Table 5

e
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Table 5.. K versus Pressure and Bepth

DBepth = _ _“_Measufed;Pressure ' . Calculated K'S'from
(£t) . (psi) _ ' _- Pressures '
b : | h,5 o 1.8
8.5 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 plle was increased. The

actual and triangular pressure distributien curves are shown in Figure 1h.

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

- pldly at first but more slowly with increasing depth.

. The ares under the actual pressure distribution curve was calculated

and cempared with the area under the triangular pressure distributien curve.

The two areas were appreoximately equal which indicates that the assumption

of a triangular pressure distribution will give good fesults in finding

the leoad 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 leoad was
;3,h6o pounds.. Because of the large ram area and small gauge readings
Tfrom the jack, there was a possibility of error in the range of 10 percent.

The calculated base lead using the genersl bearing capacity eqﬁation with -

. Meyerhef's bearing capacity factors was larger than the actual lééd'indi—

cated by the base plate prbving ring. The actual basejloéd was 6,246
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‘ Figure 1h. Area Pressure Chrves at 10 Feet




pounds, and the calculated load was 9,100 pounds. -
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. The méasu:ed load against the tip of the pile was subtracted from

_the failure load and was 7,214 pounds. This value was assumed to be taken

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

value of K necessary to produce this load was 0,925, This was lower than

the X for the 10 foot section. There could possibly be an errcr in one

or more of the readings, or it could mean that thé.average value of X

decreases with pile depth.

. The lateral pressures against the side gal'_iige's for the same depth

as in the 10 foot section were scmewhat lower, as shown belew in Table 6.

Table 6.. K versus Pressure and Bepth

Bepth

- Measured Pressure

Calculated K's from'

(ft) (psi) Pressures
4 3.5 Ls
8.5 k.9 1
13 '5;7 .72
5.9 T

. 'l].-l-.5

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

for a depth of 15 feet.. Bﬁ the same figure, a triangular préssure distri-

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

approximately equal.

i Buring failure of the pile, the strain indicator for the lateral .
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lateral pressure gauges was left on to see what happened to thé lateral
ﬁressure against the pile.. As the pile was pushed into the sand,'the _

indicator showed a slight drop off of lateral pressure.”
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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 & maximum near the

top of & pile and it decreases with depth.
| 2. The average value of K'decreases with an increase in the
length of a pile. |

3. Using = triéngular pressure distribution curve, the value of
K necessary to produce the measured skin friction load was approximately
one.

L, A triangular pressure distribution is a good approximstion
in determining-the bearing capacity of a pile, using an average K.

5. The lateral pressures decrease slightly as the pile is faiied
and pushed into the ground.

6. The general bearing cagpacity equation using Meyerhof's con-

stants glves values approximately 25 percent larger than those measured.




CHAPTER VIT
RECOMMENDATIONS

1.. Greater effort should be used teo achieve a uniferm sand, and
a mdre:accurate methed of obtaining the density of thé ééﬁd should be
determined. | |

2. . Since lateral pressure distribution is so impertant in the
calculations .of the bearing capacity of a piie.,.q f.urthér. inves.t:i.rgation_

should be directed tO this end, using botﬁ full.scale:dnd.medeifpiles;
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