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INTRODUCTION

lmpartance of Model Studies
There is no science, but englneering, where
experimenting is the best and moat reliable method for.
obtaining enlightening results and drawing fruitful
conclusions.
~ An engineer thinks in terms of two things
' mainlj, that is aafety and economy. SOYfar‘experiments
in many cases have proven to be inapplicable for the
Amain reason of theif being uneconomical. But today this
disadvantagé‘of expeiimenting is overcome by the intro-
duetion of models. .Models serve the purpdse,of experi-
‘menting very well and are more advantageous:due,to their
economy, ease of handling and availability at any time.
- Fufther more Df,véharles‘Teriaghi in-one of
.his articles published in’the Engineering News Record
undervthe title of Future Deyelbpmeﬁt and Problems in
- Soil Mechanics, states the following:
For practical application, soil meéhanics
must be applied»in the first inatance to the following

ijects:_

(a) A theo:y_gg models must be developed,

without such a theory no vealid conclusion can be drawn
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from the results of loading on soils or from model test
(as on dams) with respect to full sized structure.

(b) Classification of Soils must be accomplished.

ityshould be possible to‘determine and express quantitatively

the relation between two apperently similar soils found in
different localities. |
(c) Adequate Design Data must be developped. The

new science must guide the way toward obtaining all the
required data for the economical design of structure consis t-

.ing‘of soils in contact with soils.

Pile Driving:

Bed rock is the ideal case for foundations of
any construciton, but in meny of‘the-sites bed rock is |
either encountered in great depths or not at all,

Take a case like this. Suppose that test bor-
ings made after the first inspection of the buiiding'showed
that the solid'tép 1a§er of soil rested on a deposit of
soft silt of such a,thickness'that there is no chance to
carry the foundations down to solid ground, fhen the only
cure is to put the foundations on piles. In order to find
out how many piles is needed, it is‘ﬁecessary toAdrive'a
couple of test piles and-determine‘the émount of load one
‘individuel pile could stend. To follow the traditional

procedure one must gbserve the average penetration of the
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pile under the last ten blows, compute the bearlng capa-
city of the pile by some furmulse, so far among the for-
mulae that are applied are the Engineering News formula,
Good Rich formula, Kropf formula and many others. The.
applications of these formulae resﬁs oﬁ two assumptions:

| 1. That the bearing capasity of}a pile can be
computed from the effect of the impact and penetration
 per blow.

2. That the bearing capscity of the complete foun-
dation is equal to the sum of the bearing capacities of
the individuel piles. The first assumption tekes the
following into éccount:

| R = Yeight of hammer
G = Weight of the pile
- Length of the pile
Area of the‘cross section of the piie

= Modulus of elasticity of the pile material

= I
1

Distence of hammer drops
s = Penetration produced by one blow

m = Coeffloient of elasticity of the impact, and
= I for perfectly elastic impact.

Qd = Resistance ageinst penetration of the pile
under impect

Q = Ultimate bearing capaclty of the pile under
h static load

C = Empirical constant depending on the nature of
‘the pile snd the resistance against penet-
ration = Q 4 L

: ' Z2F B
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The theory of semi elastic impacf leads to’the‘following

equation:

& RG F:

o _
W :-EE (- t\l Shzmh Bm’ gL )
L

The value, m, is usually assumed equal to 0.5
(éemi elastic impact) For m = o, the equation becomes Red-
_fenbaéher's formula,,ﬁhich is quite extensively used in
Europe. _ |

On the othér hénd, if perfect elasfic impact is

assumed m = I then the above equation becomes

Q= __Rh
l.s.98
g F

N c: e

If the fact 1 Q3 L depending on both the nature of the

2 F E :
pile and the resistance against penetration, is disregarded
and if this variaesble term is replaced by an empirical cons-

tant, C, independent of ell these factors,

Qg= _Rh
S+C.

which is nothing else but the absurd Engineering News For-
mula. These two things; namely, the nature of the pile and
the resistance to penetration, must never be neglected in

‘the bearing capacities of piles.



Purpose of the Thesis

The aim of this thesis was to construct é model
apparatus for driving, 1oading and piling test of piles
and plot curves for each of the test carried for a
circular and concical pile in dry and wet sand and compare E
the necessary results for all of them and then draw a cer-
tain conclusion.,

Foreﬁord | |

The author, here wents to emphasize the importe ce
of underteking an eiperimental thesis. Although, much harder
work is necessary in accomplishing an experimental thesis,
it is the best and the most beneficial type of task for any-
body who wants to learn something.

The author wishes that the Administration of the
Englneering School of Robert College Would urge or even
oblige the students to take up an experimental thesis rathef

than designs in their Senior year.
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SOIL MECHANICS

,Introductory

The majority of the complicated problems that a
civil engineer faces are encountered in relation with earth-
work, his largesf concern. Lack of sufficient;kndwledge,
on sand and clay, which make up most of the soils for foun-
dations give him endless trouble. » |

| Besides the grénular theory of Coulomb-Rankine,
soils, the oldest‘cohstruction'material had nd science of_
stress and mechanics. Dr. Charies Terzaghi, at the closing
year of the World War, then Professor of Civil Engineering
at Robert College, began his soil mechénics reasearehes.
His fifst expériments’oﬁ send to discover ﬁhe natqre,.and
laws of its internal frictioh, and volume changes under
load and moisture, then reasearches on clay, reached a stage
where their results proved to be fruitful.

Most of his interesting facts are oarefﬁlly ex-
plained and.analyzed by a series_of articles that appeared
in Engineéring News Record of 1925, vol. 95 under title of
Principles of Soil Mechanics.

The'eight series of articles that'covered-his -

 ework were as follows:
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1. Phenomena of cohesion of clay
2.,Cqmpressivé strength of clay

3. Determinatipn of permeabilitj of clay

4. Settlement énd consolidation of clay

5. Physical differences between sand and clay
6. Elastic behéviorvof sand and clay

7. Friction in sand and clay

8. Future developments and problems

Classifications

As stated by Dr. Glennon Gilboy the subject of
soil mecharics is divided into two main groups.

1. Soil Physics. Comprising studies of the composi-

tion and grain distribution of soils, permeability, com-
pressibility, consolidation, compressive strength,'internal
friction and cohesion.

2. Soil Engineering. Including investigations on the

bearing capacity andrsettlement of foundations, on hydraﬁlic—
£il1l dams, on the frost heaving of highwey sub-grades, and |
on the lateral pressure of earth against retaining walls.,

The two groups are closely relsted in as much as
a knowledge of the bebavior of the soil is considered a

knowledge of the physical properties of its component parts,



 PRELIMINARY

_ Definitiqns

- The term soil, as -may be defined by engineers,
includes not only the earth mold but also the raw soil,
naturally or ertificially deposited, ranging from soft mnd .
and peat to solid rock. |

A soil mass consists of a network of solid par-
ticles, including‘interSpaces 6f varyiﬁg size, where those
~ interspaces are filled with air with water, or partly with

air and partly with water.

The mass of & soil has a certain total volume V
ard a dertain weight W Part of the total volume is occupied

by solid matter, which has a volume Vgand a welight Wy

Speeific Mass Gravity. qhmay'be deflned as the

‘ratio of the total weight W to the totd volume V of the mass.

Sp= W

Specific Grévity, 8 which must be clearly dis-

tinguished from specific mass gravity, may be defined as the
ratio. of the part of the total weight occupied by the solid

matter to the volume of the solid matter alone,



Volume of voids, is a certain percentage of the

total volume not occupied by the solid matter, and is ex-
pressed as V, . It may be occupied by air or by Watér.

Porosity, p is simply the ratio of volume of
voids to the totsl volume of the mass;

P = Ty

e

Void ratio, e of a mass is the ratio of volume

of voids to volume of solid;

Water coﬁtent; IT part of the volume of wo ids is
filled with watef and the total weight of’the water in the
mass 1s Wy, then the ratio of total weight of water in the
mass to the tota; weight occupied by the solid matter is

called.the.water content;
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(

General. Unless specified otherwise the specific
gravity of water is teken és unify. Hence V,in cubic cen-
timeters will bé numerically equal to W in grams. ’

A soil is said to be saturated if all_ﬁhe void
space is filled with water, where e = ws. |

If the void space is partially filled with water,
the degree of saturation G is the ratio of the total volums
of water to the volume of voidé.

The volume of G veries from zero for dry soil to
100 % for saturated soil. |

In figure. I the various quantities above discussed

‘are shown diegramaticelly. .

Determination of the specific gravity by the
pyonometer method is the most reliable in determineing the
specific gra&ity of all éoilé. The necessary measurements
are: | |

1/ Weight of bottle + water = Wy

2. Weight of bottle + water - soil =W,
?. Dry weight of soil = Wo o

For every éccﬁrate work,‘the spécific gravity S,
of the water corrésponding to the temperature of the test is
vaiso noted.

The relations involved are és follows:
Wl:‘Wb + fgfg + Wo
: . T8 .
where specific gravity is expressed as:

S = WosO
Wi= Wa- Wo



.

STRUCTURE

Single-grained Strgcture. An sccumulation of

equal spheres, such as a box full of billiard balls, is the

ideal prototype of single-grained structure, observed in
materials in which,thefe.is'little or no tendency for_thev

grains to adhere to one enother. Such materials are termed

cohesionless, and are represented in soils:by sands and
gravels., . |

The porosity of a granular mass may vary within
rather'wide limits, depehding upon the menner in which the
grains'aré grouped together. As an illustration, circular
disks arranged as in*Fig. 2a'occupy é smaller;proportion of
the bounding area than when arranged as in Fig.*zb. Thebr—
etical solution of the analogous problem in space’leads>to
the result that the porosity of an accﬁmulation of equal
spheres ranges from 47.6% to 26%.

Granuler soils, such as sands are not accumulatlons
of equal spheres. Nevertheless, the limiting velues of por-
‘osity are remerkably close to those found theoretically. Such

soils seldom havé porosities above 50% or below 23%, corres- _

All figures may be found at the end of this paper,

1. Notes On Soil Mechanlcs. By G. Gilboy 1930. Cambridge, Mass.
Paras B « 6, v
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ponding to voidfratios_of 1 and 0.3, respectively. The
actual values for any given granular soil may be found
experimentally; the upper by pouring the soil loosely
into a container and determining its weight and the volume
_it.occupies, thé lower by temping and sheking the soil until
it has reached iis minimum volume, and measuring weight end
volume as before. | _ |

| The density of a granular soii in any given state
of édmpactness is defined with referehce to the maximum, and
minimum void-ratios the soil may assume. Consider a sample
of sgnd which is in neithervits densest nor loosest condition.
Let void-ratio be é. Let}fhe upper limiting voids ratio of
thé seme sand, determined as outiined above, be e, and the

lower e . Then the relative density R of* the sample is

defined as

It is evident that a sand in its loosest state has
a relative density zero, in its densest state unity.

Honeycomb Structure. True Cohesion. A solid body

may be considered as a network of molecules held in definite
positions by mutual attraetion. When two such bodies come into
contact with one another, the molecules of one body at the
point of contact exert an attraction upon those of the other
body. The forces involved are iery small and,their effects

are negligible when the bodies themselves are of a higher
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order of magnitude than that 6f molecules. Send grains,
for insﬁanée, are so large that the effeect of intermole-
culer attraction at poihts‘df contact is quite negligible.
The grains behave as though there were no force binding
them togéther, hence the term cohesionless.

As the grains become finer, however, tﬁe_effect
of intermolecular atiraction becomes more and more notice-
able. Consider a sediment being formed at the bottom of a
lake; let Fig. 3 represent a portibn of the top surface of
the sediment. Grain A is falling through the water, as.
shown at (a). At (b) thé grgin has»come into contaot'with
another grain B previously deposited. At the instant of
contact, intermolecular attraction is set up at the poinﬁ of
confact between A and B. If the grains'afe relatively leargs,
this‘attraction is insignificant, ahd grain A rolls info the
position shown in (¢), forming a single?graihed structure.
| Now consider another sedimeﬁt, shown in Fig. 4,
composed of grains so small that intermolecular attraction
is appreciable in proportion to the wéight of a grain. The
‘ grain A settling through the water as at (a) comes into contact
with grein B, shown at (b), The tendency to bverturn.exists,
but is restrained by intermolecular attraction, acting like
a.patdh of glue at the point of gontact. Crain 4 therefore
remains in positioﬁ. In this manner a porous structure, |
" containing voids of a .higher order of magnitude then the

grains, is built up as indicated at (¢). This is known as |

honeycomb structure, and is found in fine silts and clays.
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The intermolecular attraction between grains at the point

of contact is known as true cohesion.

qucculent Structure. Colloids. Solid‘particles suspended

in a liquid tend to settle to the bottom under the influence
bf gravity. When the particles are very smeall, however,
suspensions erist in which the particles never settle out.

These are known as colloidal suspensidns or sols. The_liQuid

is térmed the continuous phase, the suspended particles the
diépérse phase. |

( The forces acting in all the suspensions eare
the éame, but on account of the small size of éolléidal
particles, the effects are markedly different. ‘The molecules
of the liquid, beihg in cdnétant vibration, strike againsﬁ
the particles of the disperse phase. If the particles are
large in proportion to the size of é moleéulé, the impacts
on any particle will, by the law of p:obability, be balanced.
If the particles are small, ap?roachihg the size of a molebule,
impacts will not be balanced; the vibrating molecules strike'
with sufficiént force to pfoduce motion of the particle. The
motion is an irreguler darting beck and forth, which can be

observed under the microscope. It is known as Brownian movement

from the name of the person who first noted its existence.

3 Brownian movement is sufficient to'cbunteract the
tendency of an individuel particle to settle under the force
of gravity, in as much as the particle might shoot upward in.

a fraction of a second a distence through which it would take
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a minute to settle, However; the movement is not in itself
sufficient to prevent 'Sedimentation of a large group of
particles, because if two particles shouid collide, true

| cohesion WOuld come into play and the two particles'would
~adhere. Others would inevitebly join, finally forming an
aggregate so large.that molecular impacts would baiance,
Brownian movemeht would cease, and the aggregate would settle
“to the bottom.

This action is éreﬁented in a colloidal suspension
by the fact that the particles do not collide. They all carry
'a sma1l but definite electric chafge, of the same sign, while
the liquid is charged with electricity of opposite sign. A
discussion of the nafure.and character of this charge is beyond
the scope of this work. It is sufficient‘to know that it
exists, and serves, by causing mutuél repuléion, to keep the
individual particles from colliding. Hence Brownian movement
persists, and the solid remains indefinitely in suspension.

. The nature of the electric charge may be determined
by immersing an anode and a cathode in the suspension. The

particles will move toward the pole of opposite sign. This

phenomenon is called cataphoresis.

Ir alsmall‘quantity of electrolyte is added to the
vsuspension; the molécules-of ths electrolyte ionize. Suppose
the disperse phase is'charged negatively. The pbsitive iohs
eve attracted to the negatively cherged particles, and
neutralize the chargé. The force pfeventing collision of .

the particles no longer exists., The particles collide, stick
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- together, and form.;;ggg,\each floc héving a honeycomb
structure of solid particles. When the flocs become:large
énough so that Brownian movement ceases, they settle to the
. bottom under the force of gravity. | v

| The floes are still small enough so that when thgy‘
Torm a sediment they will be arranged in honeycomb structure.\
Thus the sediment will have a hdneycomb struetﬁre of second
order, formed by flocs grouped around voids larger than the
flocs themselves,‘each floc formed by grains grouped around

voids larger than the grains themselves. This is termed

flocculent structure, and is illustrated in Fig. 5 The
sediment as a whole is called a gel.
Effect of Shape of Grains.

So far the structure of soil masses has been
discussed on the implicit assﬁmptioh that the individual
grains were more or less spherical in shape. Many soils,
however, contain mineral constituents,with flakey grains, such .
as mica, | |
| These grains have a tremendous influence upon the
density of fhe material, and upon other important properties
" .which will be considered later. It has been noted, for example,
that the maximum void-ratio of clean sand is about l.v If a
quantity of micé, coarse enough{so that there can be no struc-
tural effect due to true cohesion; is mixed with the sand,
the void-ratio may be made considerably greater than 1. In-
creésing the percentage of mica may raise the wvalue to 10 or

more. The influence of grain shape is too often neglected in
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analyses of soil behavior. It should be,kept,in.mind,
inasmuch as it is of equal importence with the influence

of size.
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MECHANICAL ANALYSIS

The oldest énd most apparent method of analyzing
soils is by separéting a Sémple of any given soi;rinto
frgctions}dn the basis of grain size: At the beginningAit
was believed that by determining the proportions of various
constituents of a sample, the.properties of the soil Qould‘
generally be determined,quité.satisfactorily; however, many
evidences proved that the situation was not so’simpleg 7

| One must mot depend on the results obtained by
a mechanical analysis due to the following reasons: |
l, As soon as a samplé is broken into its verious

constituents the original structure of the soil is destroyed.

2. Mechanical anal&sis fails to determine the shape
of the grains, which play en importent part in the meke up '
of different soils: |

Distribution disgrem. The method of expressing

' the results of a mechanical analysis is usually represented
by a‘curve showing the weight of all grains smaller or.
coarser than any given éiameter; expressed as a percentage
_,of'the fotal weight of the sample.v‘A typical Qurve}is shown
in figure (3). Point A, indicates that 40% of the sample is

made up of grains smaller than 0.1 mm. in diameter. Méchaniéa.
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analysis' objective is'pbtained after the curve is plottsdé

Effective Size and Uniformity'Coefficient. Hazen

while experimenting with filter sands found out two cons-
tants from the distribution diasgram, or mechanical analysis.
curve; first being effective size and the second uniformity

coefficient.

1. The‘effeetive size, which is defined as a diameterr
such that the aggregate weight of all smaller grains
is 10% of the total weight of the sample. In v
figure (3) the effective size is dj.

2. Uniformity ooeffigent. Again from the figure (3)

- another diameter d, is determined such that the
aggregate weight of all smaller grains isqéO%_of‘
' the total weight; and the ratio of this diemeter,
d, , to the effective size is defined as the uni-
fofmity‘coefficient, | -
The uniformity coeffident shows the range in the
grain size. A uniformity coefficient of one would rep- B
resent a soil in which the grains are all of the same size.
An increaging uniformity’coefficient corresponds to an in-
creasing'range in the grain size which makes up thet parti-
cuiar samplé;

For coarser materials; such as sand, gravé, me-
chanical analysis is carried in.a very simple way by péssing
the sample through a éeries of screens with known diameter
of openings. For soils comPéSed‘of grains roughly 0.2 and

0.0002 mm. in diemeter, sedimentation methods is used.
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These methods are based on the principles that the rate at
which & sphere sinks in a liquid, indefinite in extent is
directly proportional to the square of the diameter of the

sphere.

Stocks' Law of Sedimentaﬁion, is the most con-
venient method forlthe mechanical analysis of very fine
grained soils: The law states that, if a sphere is allowed
to fell through a liquid indefinite in extent, at first its
veloclty will rapidly increase under the acceleration of
gravity, until a definite'terminal velocity is reached,

The theoretical terminal velocity is then expressed:

. 382
V.= 2 8- (4
g no B

where "s" and'”so" are the specific gravities of sphere and
liquid respeotively, "n" is the viscosity of the liquid and

d the diameter of the sphere.

Stockg' Law is iﬁaccurate due to the folldWing
reasons;: |

1. The body of water is not indefinite so that ter-
minal velocity is practically not reached. 4

2. The particles are ggi spherical.

3. An average specific gravity is uéed which may
differ with the specific gravity of ény given
particle in the sample

4. The motion of eny particular grain is influenced
by the presence of other grains present in the |

container.
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There are several other methods of conducting the mech an-
- ical analySis by sedimentation such as successive sedi-
mentation, simultaneous sedimentation and Wiegner method
which are not discussed here for they are not themost
convenient methods for mechanical analysis of very fine

grained soils.
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'MECHANIQAL ANALYSIS OF "GOKSU" SAND

In order to jave a clﬁe to the effect of grain
size on the penetration, and setlements in the model study
of piles driven into"Goksu"sand, a mechanical enalysis of
that particular sand wes carried.
| | The objeet of the experiment was to determine
by sieving the pezcentages of thefvarious_sized particles
in the sample of sand. These percentages may be expressed
a8 foliows: '
1. Total percentage finer‘then'any given sieve size
2. Total percentage coarser than any given.sieve size
3. Percentage finer than a given sieve, but coarser
fhan the next sieve in the series.
In carrying over the experiment the apparatus used’
were as follows:

1. A.S.T.M. series (for other than concrete aggregate)
No: ZOOt,IOO, 80, 50, 40, 30, 20 and 10. -

2. A Balance |

' The materisl was a fine sand obtained from "Goksu"
delta.

After the'sand was dried under‘the sun, a sanpie’v

weighing.SO0.00 grams to the nearest 0.1 of a gram and_pleced"
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in the nest of the sieveé, having‘previously arranged with
‘the largest mesh ét the top. |
- The nest was shaken for 20 minutes and it was

found out that no appreciable quaniity was passing-through
the mesh. ' |

To express the mechenical analysis in accord-
ance with the first objeect stated above, the material
passing each sieve was weighed, by first Weighing the
material passing finest and adding to it the méterial'
retainedlon each successive sieve. To express the me-
chaﬁical analysis in accordance with the second ob ject,
thé material retained én each successive sieve was added.
And finelly to express the mechanical analysis in ac~-
cordance with the third object, the materiél retained on
ééeh sieve was weighed seperately. |

The mechanical analysis of the !GOksu" sand was
carried twice énd the results obtained below-are the aver-
ages of the two tests. The aceompanying table gives the

value of sieve openings corresponding to the sieve size.

tMesh Designation 't Sieve '
1U.S. Standard Sieve t+ Opening '

- yNumber {Series t In millimeters ,
] . ] ) !
1 10 ! 2.000 '
1 20 T 0.8420 '
] OouU ' U:SBU )
' 20 1 U.Z20 '
' ouU T 0. .97 '
1 BU Y 0. L77 '
1 100 - .Y 0.149 '
1 200 te ]
1

0.074




Data and Results for the
Mechanical Analysis
of GOksu Sand

‘Results of Mechanical Analysis

" Pirst Method Third Method

Second Method
Sieve ’

' 1 '
1 1 1
1 1 ]
: Finer - L Coarser Sleve Size 1
Size 1 Welght :,Percent y, Weight " Percent Finer ' Coarser , Weight ' Percent
' grms : 1 grms : : K grms 1
] 1 1 i 1 ’ ] 1 o
10 +  501.7001 100 % t 0.000 | 0.000 4 ¥ =--- ' 10 o ' 0.09
' 1 ot b 1 - 1 « i
20 1 498,158 99.1 % r 3.542 ' 0.707 % v 10 ° 20 ' 3,542 'o0.,707 4%
! 1 ! i r o ! ’
30 ' 494.388 98.5 % r 17.312 ' 3.950 % 1 g0 ! 30 113.770 '2.745 ¢
! ' 1 I ) o 1 o A ! K
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The aim of the mechenical analysis is reached
after the curve is plotted. The results of the mechanical
'analysis were plotted as percent finer as ordinates and
sieve oppenings as absciésé in millimeters. |
Results |

From the graph;-the effective size, thaf is the
diemeter such that the aggregate weight of all smaller grain
is 10% of the total welght, was found to be 0.20 millimeters.

Another diemeter dz; was foﬁnd such that the
agegregate weight of all smaller grains is 60% of the total
~welght which was found to be ¢.260 millimeters; and the ratio

0.185 - '
conclusions:

1. Having an effective diameter of 0.200 milli-
meters the sand used was a fine sand. »
2. Having a uniformity coefficient of 1.325 the

grain sizes do not very in a wide range. -

2' npiaziel foivessivest wiTOepanest

St 7
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INTERNAL FRIGTION IN SAND

So far the Foundation Soils Committee of the
American Society of Civil Engineers undertook meny soil '
mechanicsfreéearches; among these the experiments which .
were carried in order to determine the'interné%%eﬁa%*
friction of Ottawa sand was the most extensive, (The
' reader is referred to see Transaction of American Society
 of Civil_Eﬁgineers, 1917, 1920), but no general condusions
were drawn out of them. |

| Charle Terzeghil in one of his articles that ap-

peéred in the Engineering News Record Vol. 95. No. 26,
under the title of Friction in Sand and Clay states the
followings: | 7

"In fact, there is no definite single coefficient
of friction. The value of the coefficient depends both on
thé manner in which slip is produced and on the changes in
structure of the sand prior to the slip. On theoretical
considerationé as well as by the results of experimental
work, the authoi has been led %o distinguish between two
fundamentally different ceses: | |

(a) Separastion of a mass of sand along a plane:
Within the zone of slip there is complete rearrangement of

the grains. 'Sin¢e Reyno1dsY classical experiment with the



v sand-bag‘we khoﬁ that the grains of‘a mass of sand cannot
change partnérs unless the volume of voids of the sand
'temporarily increases. Hence the sepaiation along a blané
requires a gredual loosening up of the structﬁre of the

| :
eparation, t.e., the

send in the vicinity of the plane of s
éeparation involves a tendency toward increasing the volume

of voids. The coeffigient of'frictionvaIOng a plane of
separatioﬁ is called the coefficient of internal friction, -

- (b) Continuous deformation of a mass of sand;

If a mass of sand is uniformly stretched or compressed so

that the displacement of the graihs oceurs throughout the
whole mass, the stability of the structure increases smd
finally aséumes a maxiﬁum. In this limiting stage the
frictional‘resiétance which determines the fatio between
‘the extreme principal stresses is the coefficient of inter-
nal resistance. Its value represents the mgximum value vh ich .
_the coefficient of friction cen assume within & mass of sand o
a given density. It may be considerably greater than the
angle of repose. ‘ v | .

| Ceses (a) and (b) are limiting cases; there is an
- infinite number of intermediate possibilities, each of which
corresponds to aﬁothér type of internsl displacement, involv-
ing another coefficient of friction, limiting the stéte of
equiiibfium forithat particular type of displacement. Thus
the value of the coefficient of iﬁternal friction depends on
whether the slip is confined to a zone only a few greins in
thiékness‘or whether it occurs within a layer ten times as

thick. This seems to be the chiefl reason far}the disagreement
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between the results'Of large-scale’retaining-wall tests
 and miniature tests.‘ |

~ The fricition tests of the Foundation Soils com-
mittee are a notable example of the utfer complexity of the
frictional resistance in sandé. It is timely to cénclude from
these and similar experiments that there can be no hope of
}exactly determining the #alﬁe of the coéfficient of friction‘
required,fbr celculating the outcome of more complicated eérth
| preésure phenomena in sands, We can only guess at that valta
by choosing some intermediste value between the extreme ones

»
or by indirectly computing it from what has been observed.
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INTERNAL FRICTION TEST

As shown in figure (4) a box was filled with sand
énd a clean steel tape introduced into it laying in a per-
fectly horizontal plane, then by méans of a thin and strong
rope passing over a pulley it was attached to a bucket. The
weight W consisting qf partly sand and partly leéd balls well
distributed on top of the box. At first the author tried to
find the fbrce necessary to pull the tape by adding a few
c.c of water to the'buckef, but this was not satisfactory for
the load was such that a very blg container had to be put
instead of smaller and the weighing would not be vVery ac-
curate. The next attempt was to drop smell lead. balls diem.
of about 3/4 of a millimeter in the bucket instead of water.
This simplified the method of procedure. A curve was‘plotted
with load on to§ as ordinates and force.necessary to pull the‘
tape as abscissas. Thenvthe coefficient of resisting fric-
tion was commuted. | ‘

Observing the graph, the coefficient of résisting
fricition 1ncré£sed with the increased load on sand, and a
| tangent drawn to curve at any point is the coefficient of
resisting fricition. Another curve was plotted as coefficient

of internal resisting friction as ordinate and load in Kglem®,
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The curve is almost parebolic, the increase ié r_apid‘ at first,
then increases with a decreasi‘ng: rate t1l1 it ‘reache‘d almost
a const:ant valus. The/ coefficient of internal fricition in
that particular G8ksu sand has a velue ranging between 3180

and .3250, as it may be observed from the graph.
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Data for Internal

Friction Test (3 trical )

' Average
Force

1

] ?
1

1 4

1 A

? ?

A\l t

Units

= o e e &= e

| Bl ~

- 8 =
gl -

o 2

B E
&
.S

~ m: mW

B gl

&

b .

ol o

o] 5]

=1

= e = e = = = =

382 392

386

390

QO QOO0
0 OOt
o~ Ol
e~ |
""—’
Ol 0
<t O
e O
—~

tn 1506
1773

' .

752
1018

1476
1782

t
1
]
]
1

750
989
1518
1770

1
t
1
1

o e e v e

2278

2230

2250

' 2242 '

4

-

L R R L

2789

2731

t

. '

' 2740 '

9

2750

-

t
T
1
1 4
t
1
1
t
|
]
1

' 3218 ' 3245

3297

-t

10

3482 ' 3518

?

t

3500

11

ol v o] o
H] X D ©
ol Al v =~
0] < <]
ol v <4 v
Ol Q W
o]l ~ B ®
S < @ <
®] ©| <} <
~ < @ o
ol A vl =
] | S @
o o= foe o=l o lon -
o] vl o m
- N ® ©
ol A o] o~
S| <l |
1
= o for o o - e
a Wl W v
Al Al Al o~

""""




32

Data and Results'for

Internal Friction Test
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PILE DRIVING

Piles, c1assifications and Uses:

Any strugture is divided into two parts, one of which
is}suppqrted by the other,‘the one which is supported is
called the superstfucture and the one Which supports is
called the substructure respectively. |

The substructure frequently is divided into two parts
in turn, and those two parts differ from each other in form
gnd character, the lower part being calied foundation upon
‘Which the entire structure rests. Therefore a foundation
of a strpcﬁure may be defined aé that part which is general-
1y placed bélow the surface 6f the ground and which disfri-
butes the load upon the earth. | |

Foundations are divided into thfee main types:-

1. Simplest type,.that is one which is obtained:
by widening the base of a wall or pier.

2 Spread footing,Athat is'one in which the
'bearing area is enlarged,; either by putting
reinforcingythe,concrete or bripk, or by
‘putting extfa tiers of steel beams in;order
to furnish enbugh bearing area.

3 Piie foundetions which consist of a base .of-

concrete or timber, supported by a number of
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piles which distribute the lqad to the earth

through a considerable_depth, either by bear-
ing or by friction combined with bearing.

A pile is put into the ground either vertically or
nearly so in order to increase its power t0 carry weight
of a structure or to resiSt.a later force.

_A béaring pile is one which carries a superimposed
load5vhaving different Sh&péS; may be the same cross sec-
tion throughout its length or tapered.l

Bearing piles are used in foundations under two typ-
ical conditions. | _

1. VWhen the piles are driven through soft me-
7 terial to a stratum of firm or practicaily
unyielding material.
2. When no hard bottom can be reached by any
| reasonable length of pile and the friction
of the pile in the ground is sufficient to
| suppo?t the load with safety.

In the first case the pile réceives little if any
lateral support aﬁd:therefore acts a.cdlumn while in the
second case the true pile action occurs and the load is
either limited by the adhesion of the ground to the sur-
face of the pile or the compressive resistance of the ma-
terial in the uppef pert of the pile. _

' The principal use of piles occurs in the foundations
of bridges, buildings and other structures in which they

act simply as bearing piles.
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/

THE PHENOMENA OF PILE DRIVING

The term *pile driving" is applied to thé'operation of
taking a pile and foreing it into a definite position in the
g:ound without previous excavation.. A number of méthods are
empléyed for this purpose, which require'differént kinds of
equipment. Historically, the oldest method of driving'é
pile iS'by means of a hammer. While very small bearing
piles; or posts, Wefe doubtless driven at first by hand with |
a maul or beetle; those of larger size,rusually designated
as piles,; required the use of a machine by which a hammer
was raised with the aid of a pulley and rope and allowed to
drop on the head ofkthe pile. A Weight used in this manner‘m
was hence called a drop—hammer. At first men, then_horses,
and afterward the Steam engine Wererused to raise the ham-
mer. |

After the invention of the steam engine, steam-hammers
were designed in which the driving weight is lifted a short
distance by steam §ressﬁre and allowed to fall by gfavity,
the rapidity of action being greatly increased. Subséquent-
1y, steam-hammers were invented in which steam pfessure re-
* inforces the action of gravity on the down stroke. At one
time pressure due to the explosion of gunpowder was used tol'

‘drive piles, but that method is now regarded as antiguated.
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To a very limited exteht pile driving has been accomplished

by placing a static weight upon & pile’and rocking it to

and fro in soft ground,; to which condition this method is
practically limited.

Another method of more recent discovery, which has
gieatly edvanced the art of pile driving, consists in the
use of the water-jet to aid in displacing’ﬁhe earth at the' 
foot of the pile and to iessen the friction of‘the pile as
it descends through the surrounding material. This method
is generélly employed in conjuncfion with the use of a ham-
mer, although occasionally the hammer may serve merely as
a static weight during a portion of the time required to
sink the pile.

The phenomena of pile driving may perhaps be most rea-
’ dily'undérstood by the student by considering the case ih
which a timber pile is driven vertically intobthe ground
by means of a drop—hammer. After the piles are delivered .
on the site within reach of one of the lines of the pile-
driver which is used to handle thé piles,-the line is made
fast to a pile near its head and first dragged, if neces- .
sary, close to the front of the pile-driver, and then |
hoisted ﬁntil it is suspénded in the air. It is next plaé-
ed and held laterally between the pair 6f tall parallel
. members of the pilé-driver known as the leads and between
which the hemmer is guided in its movements. After lower-
ing the pile until its foot rests on the ground, the line'
is»released. The hammer, being held at the top of the
leads by the other line; is now released and in félling

strikes the head of the pile. It is then raised again and



released for the second blow, and so on for successive
blows until the‘reéuired penetration of the pile is ob-
tained. |

During its fall, the velocity of the hammer is sacce-
lerated until the instent when the hammer and the pile, in
connection with a certein mass df earth beneath and around
it, move together. When the hemmer strikes the head of the
pile the pressure bétween the pile and hammer increases
from zero up to a cetrtain value when the pile as a whole
: begins to move. After all the compression in both hammer
and pile has taken place, they will move together; ‘Their
veldcity is then gradually reduced to zefo by ﬁhe varying
resistanée of the earth during the time of penetration for
the pile. Some of the work done by the falling hammer is
consumed in oveicoming friction, in crushing»and’heating
the head of the pile, and in compressing the pile and hem-
mer while the‘femainder causes the pénetration of the pile.

In careful experimental inVestigations'conducted by
ERNEST P. GOODRICHQ with an apparafus'designed to show the
exact vertical motion of the pilé, the time occupied by
this motion, the velopity of the hemmer as it strikes the
pile, the velocity of the pile at each instant of its move-
ment end the amount of compression suffered by the head of
the pile from the blow of the hammer, it was found that on
the average the penetration, measured from the deepest
poinﬁ, varies practically as the square of the time mea-~
sured from the final instant. The autographic records

showed also that, in the majority of cases, the final mag- °
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nitude of the force acting on the pile is the same as its
initiai magnitude when the pile and hammer move together;
and prove conclusively that thé hammer remains in contact
with the.pile until the motion of thé latter has ceased.
Small-sized experihents on pressing sticks.with Blﬁnt
tips into sand and éther kinds of earth, as we1& as obser-
vations of regular piles, show that a conical mass is |
formed at the tip and pushed along, while curved-flowvlines
of earth appear as the material is pushed aside and com~
pressed. The extent of the movement depends upon  the compr-
essibility of the earth. Often some of the material near
the sides of the pile will move upward slightly. It is thus
seen that the supporting power of the ground penetrated is
one of the elements which determines the load which a pile
can bear. in most casés this supporting power of the ground
increases more or less with thé depth, and hence the ioad _
depénds upon the total depth of penetration. Sométimes fhe
larger part of the superlmposed load is transmitted by the
pile through its foot to a hard substratum, and threfore_
acts like a column. When the pile is supported entirely by
the frictional resistance between its sides and the earth,
the load is transmitted to a deep ground level in a conoid
of pressure through the earth above it. Usuallj these'twb
methods of transferring a logd from'a pile to the earth

act together in varying proportions.

This Eiscussuon of"The Pﬁenomena of Pile Drivn.ng" 18 ta=%

ken from:

Foundation of Bridges and Buildings by H. S. Jacoby and
R. P. Davis :
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DRIVING TIMBER PILES
Observations in Practice

As a general rule, a heavy hammer with a low fall se;
cures‘greater penetration with less expenditure of power
than a iight one with a high fall; it is also less inju~
rious to the equipment. DMore blows can be given in the
same time with a low fall and hence less time is given
between blows for the-ground-to compact itself around the
pile. In quicksaﬁd it is especialiy necessary to have the
blows follow each other as rapidly as the operation of the
hammer permits. In 8ilt the rapidity of blows need not be
Quite so great as for quicksand. |

When a pile sinks at a uniform rate it is less apt %to.
jam, buckle or split than when driven with heavier blows
and with marked intervals of time between them. This state-
ment is confirmed py observations in putting down steel
sounding rods by hand. For example, through soft gravel
miied with quicksand, one man'may be able to push a rod down
5 or 6 feet, and if quick enough may pull the rod up again
with the same expenditure of energy. If, however, the rod

is allowed to rest no longer than 15 seconds, the sand packs
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against it so that tWQ men are scarcely able to pull it up.
A pile which is-left standing for a few minutes in some
kinds of sand may be packed so hard as to resist further

» penetratlon,'or at least to requlre_;;mnch larger 1mpact
to start it again.

A very slight bounce of a drop—hammer occurs at everyk
blow under good conditdons for driving; but decided bounc-
ing of the hammer may occur when the_penetration ceases,
or whén the hammer is too light, or the fall too great, or beik
both; or when the head of the pile is crushed or broomed so
‘as to cushion the blow. | |

In‘pertain kinds of soil a pile may sink some diStance
and then refuse to go further, but will resume penetration
when driven after an interval of rest; or it may refuse %o
sink under a heavy hammer and yield'under the- more rapid
blows of a lighter one. The driving of one pile may cause
ad jacent pilés,to rise, and in sof% groundbdr mud often
causes an adjacent pile‘previously driven to move away

slightly.

This is a resumé of the discussionvof the -‘2Driving of Tim=~

ber Piles"2 as given in:

Foundations of Bridges and Buildings by H. S. Jacoby and
. ' Ro P. DaVIS
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BEARING POWER OF PILES

1

The computation of the bearing capacity bf a pile by
the relation of drop and penetration rests on,two‘assump-
tions. | | |
1. That the bearing capacity of a pile can be
computed from the effect of the blow. |
2. That the bearing capacity of the complete
fonndation is equal to the sum of the‘bear-
ing capacities of the individual piles;
So far among the formulas that héve»been developéd
there are three Which needs mentioning here. They are Good-
rich, Engineering~NeWs and a formula depending on'thé semi-

elastic as Redtenbacher's, and Kropf formula.
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THE GOODRICH FORMULA

The most elaborate attemptlwhich has been made
to deduce a general theoretical formula for the final res- ‘
istance of a timber bile when subjected to the blow of a
drop-hammer is that of Ernest P. Goodriéh, the results of whidx
are Qontained in a paper entitled, The Supporting Power of
Piles, published in the Transactions of the American Society
of Civil Engineers, vol, 48, page 180, August, 1902. The
phenomena'of pile driving which are taken into account ﬁaf 7
thematically in dedueing the formula, in accordance with the
‘prlnciples of physics and mechanics.

It is then shown how 14 other pile-driv1ng formulas
are derived from this general one, by stating‘the various as-
sumptions with respect to_its elements or terms which ére made
in each case. That some of the assumptions are serioﬁsly in
error is proved conclusively by the wide variations in results
obtained by the apﬁlication of thé'formulas. The true values
of some of the terms can be determined only by experimental
_investigafion. | | | |

The'general formula consists ofv25 terms besides
several numerical coefficients aﬁd exponents, and is therefore
too complicated and unwieldy for practical use, For this pur-~
pése, é number of terms wére evaluated with the aid of experi- |

ments conducted under proper conditions for pile driving‘in'
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good practice. By substitﬁting the valués and inserting
Suitable numericel values for the dimensions and Wéights of
the pile and hammer, an expression was.derived giving a dir-
ect relation between the pressure on the head of the pile
when it comes tofiest,_and the penetration. From this rela-
tion, it was found that for an allowance of 3‘percent error
in the obser#ation.(which, for example, is a_vafiation of 1/8
inch for penetration of 4 inches), the cdrresponding'error
involved in the pressure on the pile is 3.1 percent when the
\penetration is 4 inches and 23 percent when the penetration
is 1 inch. Hence, any terms in the formula which involves a
change of less than 3 percent in the pressure on the pile méy
be advantageéusly omitted, and no penetration much less than 1
inch cen be trusted to give the4correspohding pressure within
a reasonable percentage of error. )

An extreme variapion in the elaétic shortening of.
the hammer is found to produce a changé of ohly 0.07 percént
ih the pressure on the pile, and hence the four terms relating
to the deformation are omitted. ,The dlfference between the
elastlc shortenlng of a long softwood pile and that of a short
hardwood pile may cause an extreme variation in the pressure
on the head of the pile of about 25 percent, and hencethis term
is reteined. '/ |

» After introdﬁcing the experimental}vaiues, and
‘making the other changes mentioned, the formule for the final

pressure on the head of the pile, as it comes to rest, is

" reducéd to ’ ; ' A
e , F = =p f le'?A-' L.I5CW, hiR, = V) (1)l
T . . i
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in’which P denqtes the benetration of_the pile under a single’
blow, C the elastic shortening of the pile due to longitudinal
compressién, Wy, the weight of the hemmer, h the fall of the
hemmer, Ry the ratio of the weight of the hammer to the com-
bined weight of hammér, pile and earth moved in connection
with the pole and v' the ratio of the work donevin'crushingi*
and heating the head of the pile to the total work done by
the hammer exclusive of losses before it strikes the pile.

| " The coefficient 1.15 in this expression relates to
the velocity of the hammer,'it being found by experiment that,
when the heammer is operated in the customary meanner with}the

5 hE
= 1.15¢gh, instead of

line from the engine attached to it, v
vzg 2gh for a free‘fall.' ‘
| This loss of energy may be computed by eqﬁation (1)
from two sets of observations on the same pile for falls of
the hammer which do no% differ_widely, provided it be assumed
that both the total pressure or resistance Qf the pile and the
loss of energy are the same in the two cases. From observa-
tions made on a number of piles Goodrich found that the loss of
energy v' rarely exceeded 5 pércent and in mést cases was
nearly 2 percent for piles that were sound and well driven.
From a given numericel example in which Wy = 3009 pounds and
h = 180 inches, the Value_of F is found by computafion to be
134,400 or a reduction of about 7 percent.. Without such ob-
servations and computations, it is absolutely impossible to

form any reasonable judgment of the value of v','ér of its

effect.
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To eliminate the value of C iﬁ équation (l), the
same data are used and the #alues-of v! domputed from the
formula but with 6 omitted. The velue v' thus obtained for
each pile includeé lossés due to the compression of the
pile, as well as to'héating and crushing its head. The values
" $hus found vary‘greétly but average less than 10 percent, -
even with some very badly broomed piles. By pldtting the
percentage of energy losses due to all causes for the different
falls of the hammer used ih the expériment, the curve shows
that the loss of energy increases with the height of the fall,
The author of the formula states,.however, that his observa-
tions tend to show that the terms iﬁvolving the compression
of the pile can be neglected and proper compensation be made
by teking v' as 2 pércent in the formula, provided the%iles
are sound and well driven; but the,formula}is liable tdvbe'
in error about 20 percent, if the piles are poorlyidriven
and the fall is much less than 15 feet; |

By making théée furtherAsﬁbstitutions, the-formula
becomes F = 0.575 Whh (Ry~ 0.02)/p. The term Ry involves the
unknowable quantlty Wg or the weight of the ground moved in
connectlon with the pile. It Wasestimated that for piles 700
1nches long and welghlng 2000 pounds Wg should not be taken
less than 1000 pounds, this estimate being based on observa-
tions of minature piles drlven in a box of sand with glass
sides, and of the ground found clinging to sctual piles withdrawn
from the earth. In special cases, such an assumption may in-
volve an error of 33 percent and if éombined~with other cumu-

lative errors the final value of F given by the formula may be
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50 percent in error. _The-opinion ﬁasexpressed by its author
however, that if a sound well-driven pile»wéighing somewhat
less then the hammer be teéted by a.fali of about 15 feet
and shows a penétration3of-about 1 ineh, the formula in its
finel shape will give the supporting poWer of the pile im-
mediately after driving, with a probable error of consider-‘ .
ably less than 10 percent. Inserting the value of Ry= 0.5, the
formula finelly fedﬁces to the expr6351on F = 0.276 Wyh/p, or
by changing the height of the fall from inches to feet, it

becomes

(2)

F = 10Wy H
—g;———.

in which F denotes the ultimate bearing power in pouﬁds imme~
diately after driv1ng, Wy the weight of the drop-hammer in
pounds, H the restrained height of fall in feet, the line belng
fastened to the hammer and p the final penetration per blow,
expressed in inches. - ' ‘

Goodrich recommends "that in meking tests for tﬁe‘75%”
supportihg power of piles, a standérd fall of hammer be ad~-
opted and specified for making all determinations, and that 15
feet be adopted for the following reason: (a) This height of
: fall}produces.good observable penetration with any but very
light hemmers, or for piles in éxtremely compact soils; (b)
the penetration is not excessive for any but very héave hammers
or for piles in very iight soils; (c¢) all fremes are large ”
. enough to afford this fall; (df the 1ostvenefgy is comparatively

small (e) nearly all formulas give nearly the same values through



this region bf variation; (f) the writer's foimulé is espe-
cially built for this fall." After iecommending a speci-
fication relating to the weight of hemmer, height of fell
end finel penetration, he adds "that designers can more
easiiy détermine the necessary pile spacing andvthe most
desirable factor of safety to be used in individual cases, .
and meke the pile-driveré follow a standard specification,

than otherwise."



FORMULAS DEPENDING ON THE THEORY

OF ELASTIC AND'SEMI’ELASTIC BLOWS

P H A" P o W
!

(1)

%:EE(-siVsz-tth'R*mGL)
T

E R+4G F

Weight of hammer
Weight of the pile

. Length of the pile

Area of the cross section of the pile
Modulus of elasticity of thepile-material
Distence the hemmer drops

Penetration produced by one blow

coefficient of elasticity of the 1mpact mso for
perfectly non elastic impact; and m-1 for perfectly
elastio 1mpact. ,

Resistance against penetration of the pile undér'impac1

Ultimate bearing capacity o the pile under statiec
load.

Empiriceal constant dependlng on the nature of the pile
and the resistance against penetration = 84dL
LEF

The velue m, is usually assumed equal to 0.5
(semi-elastic impact. For mso, the equation becomes
Redtenbacher's formula, which is quite extensively
used in Europe. On the other hand, if perfect elastic
impact is assumed,msl, equation (1) becomes

2 F 'E 2 TFE
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o]
|
o] I

If the fact fact that the term.}.gg L, ‘depending
on both the nature of the pile'and thg r£s§stance egainst
penetration, is disregafﬁed'and'ifvthis veriable term is
replaced by an empirical conétant,'c, independent of 4dll

these factors

=)

h | (4)
- |

Qg =
s

-

which is nothiné else but the well knqwn fngineering news |
formﬁia. |

From a mechanical point‘of view, the assumption '
on which these formulas are baaed, are sound and there is
not much doubt about their giving a fairly accurate concep-
tion of the resistance one has to overcome while driving
the pile by a succession of impacfs. Therefore, if,experiencé
shows that in certain cases the values furnished by the pile
driving formulas have practically nothing ih common with these
, détermined by loading; tests being either far too small or far
too large, the cause camnot be a deft in theAformhlas, but
must be due to the fact that.in these:partiéular instancés the
forces Qg résisting the penetration of the pile under 1mpéct

are fundementally different from the forces @, which resist the

penetration of the pile under static load.
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This is preciseiy the:situatien a tﬁéoretical study
of‘the pile driving'phenomandn‘hes disclosed, It is said that
the.bearing capacity of pile depends on two different facters,.
nemely the frictional resistance acting along the sides of the
pile and the point resistance or the resistance of the soil
egainst being compressed and displaced bj’fhe pile} If these
two resistances were‘denendent only on the character er the
ground and on nothing else there could be no question about the
resistanee; Qq, against driving the pile, and the bearing ca-
pacity Q, of‘the pile being identical. However, it is easj to
prove that either one of them may be very dlfferent according
to whether the pile is slowly faced or driven by impact.

If a friction test is made on a layer of sand by
loading it and then measuring its resistance against sheear,
it will be found that the shearing resistance of the loaded |
layer, immediately after the application of the load is prac-
tically the same as is three days later, if‘howeverlpreciseiy
the same test is performed with a leyer of,net clay it is found
that immediately after the application of the load the frictional
resistance 1is very smell, so small that oné has the‘impression
that the material is’iubricetedi The full frietional resistanze
does not develop for e cdupb of days in clay. If,rhewever,
laterally confined mass of sand is compressed, the speed with
which the oompr8851on is performed has very little influence
on the amount of work required to eompress the material. Oon
“the other hand, the amount of work required for rapidly reducing

the volume of 1 cu. ft. of laterally confined clay by 2 cu. in
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may be even 200 times‘as great as the amount of work fequired
for pfoducing the same voluﬁeﬂchange slowly.

- The physicel eauses of thesé phonomena are clearly
understood. | | ,
ﬁ Applied to the mechanics of.pile driving, knowledge
of the hydrodynamic,stress phenomeha has led torélassify soils
“into two mainAgroupé. In certain material (perticularly in
sand, gravel, and permeable artificial f_ins,) the resistance
acting while the pile is being drivén; are practioally iden-
tical with those acting on the pile under stetic load. Under
such conditions pile driving formulas can be expected to furnish
good results. .

(Infother meterials (very fine grained silts, soft
clays) the friciton acting on the pile duriig the driving is
very much less than that which deﬁelops after a couple of
days reste,While the resistance of the point of the pile under
impact is very much greater than its resistance under static
load. Due to these facts the total resistance against penet-
ration of the pile into such material is:

(1) Dynamic resistance,Q, against penetration under
impact which is the sum of a very small rictional resistance
and a very considersble point resistance., : .

(2) Static resistance ( ultimate bearing capacity,
Q, under static.load,which is the um of a full frictional re-
" sistance and a very small point resistanCe.‘
| Since the pile driving formulas furnish the value

Qgd,there is no assurance whatsoever that for this class of
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materials the,valug,Q , may be of the same ordef of maghitude.
The value Qd, may by chance be equal to Q , the deficiency in
statig friétion being compensated by an EXéess in point resis-
tance; but condition is by normeans necessary. It could as well
be very much’greater or #ery much'less,depending on the materiéi,
The following ahalogy démonstrates the error committed When ép-
plying the pile driving formulés to resistance agaihst the pe-
netration of pile in this second class of materials.

The best wéy to distinguish whether. a material belongs
.to the first or fo the second class in that of comparing the
penetration per biow immedistely below and after a period of
.rest at least 24 hours. If these two penetrations are inden- A
tical,one can be quite sure that the material belong to the first

class,and the pile driving ~ormulas furnish reliable results.
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. PILE DRIVING TESTS ON MODEL PILES.-

This experiment had in general 4 parts:

ll.vDriving e circular pile in dry sand

2+ Driving a circular pile in wet sand

3. Driving a conical pile in dry sand

4. Driving a conical pile in wet sand

Let us take each item sepafately

'vDriving a circular pile in dry sand

The simple home mede apperatusias shown in the figure
was constructed the tank being filled with the fine send. A pile
.2 cm. in_cross—secfion and-47 1/2 cm. long‘was placed in the
leads. The ratios of length;cr0ss—section of the pile,the;fineés
of the sand and the weight of drop hammer were so made;in/order
to keep the corresponding ratios that are existing in actual}
pfactiee. The weighﬁ of the pile Wés 75 grams and the weight of
the drop hammer,which was a steel pipe 2 cm. in cross—eection
aﬁd rilled with lead,was exactly twice the weight of the pile
that is 150 grams. A string was atfached the end of the drop
hémmer,and a string was allowed to pasS over a pulley with al-
lowing very little friction.

The aim of the first test was 70 determine the effect
of height of drop to penetration.

A shown in the Figure Same as fig b
the pile was divided into eleven ¢;ce?+' }he two dia-
sections,the Tirst ten sections ' meders are equal .

D em 4) —l—hraqﬂhou‘(

being five centimeters apart
8 ' +he levt9+h of +he )7'\|€'
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from each other while the ilth section was 2~i/2 centimeters
apart from former section.: | | |

A section 3 Waé chosen thisbmeant thet the pile
was driven,before the experiment,up fo section thrée into the
sand by big blows corresponding to big falls; then the drop
hammer was left to drop freely ( note that the fail'was not é
restained fall) on the head of the piie from a height of 5
centimeters for five times,and the enlafged penetration’on the séz
was ready and it was divided by the nﬁmber(blows and penetration
per blow was noted. |

The same proceés'ﬁas repeated ,for é fall of 10,15,
20,25,30;cm; respectively énd the penetrations noted.

This experiment was carried three times,and diffe-
rent resulté were obtéined'this is simply due to the jercking of
the sand and the changing of its dénsity each time‘after"driving
and pulling the pile out of the sand container. |

The same proceedure as was Stated in the case of dry
sand was carried with the wet sand Wafer content being 1.262‘
also with three different densities. The plots shown in Fi-
gure (7) was obtained.

The line joining the points;in 2ll of the six cases
were all straight lipes,dontinuoué driving loosened the sand
particles and the penetration was increased by a small amounﬁ,
the éurves A,B, and C in the case of dry sand were the results
of the first second and third trials respectively. The inérease.
@enetration sHexd Wés smgll falls and large in bigger falls res-
pectively.

In wet sand again the lines joining the points were
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were again a straight lines and the rate of increase were the
same as in the Tirst case,only.penetration for the same Tall being
twice as mucﬁ as in the case of dry sahd this shows that in ﬁet
sand the piles héve little resistance agaihst penetration that is %
say'the pileS'frictional resistahcé decrease with the Water cohtent
| The fact that the lines lie on a straight line accor-

ding to the theory df‘pile driwing by impact,indecates that
the resistance of sahd remained unchangéd dnrihg the driving
periode. | | | " |

In the cése of a conical pile the seme experiment

was repeated in the same manner for the same section 3

corresponding to the Figure (b) ‘Z:n
‘ , - v :
The conical pile had a diameter +
ry
of two centimeters at the top J T
‘ . +3
and one centimeter at thé bo- R +4
ttom. v +5
The increase in X o - +6
the penetration was from 23 to “ ‘+7
: ) +5
34/ voth in dry :nd wet sand o .
+
. o
_and average of 28/ increase is = —"

sald tb be the sverage increase ’
.dué to the addition of water of C°”‘f“{_9;\¢'
about 1.26/ >

. The second part of the drivind experiment Waé to the
drive the pilethrought its lenghth and determine the penetration
at -each of these 10 sections.

The rirst test was a trial test,just to see roughly
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whether what the approximate penetrations ére at each séction.
There ib was observed that in section’o,l, and 2,one drop had
to be apnlied in order to get the results‘where as in the lo- ;
wer section, the hammer was dropped for 5,7, and 10 times in
order to get enough and accurate penetratidns. ' »

The resulis obtaiﬁed show that the penetr&iion per -
blow decreased in all cases in dry and wet sand for both shapes,

If the results are compared ’ in wet sand penetration.
incfeases about 100%'or more if the sand is loose,if the sand
is well compacted so that the voids is minimum the penetration
per blow decreases, and even it is less than it is in dry sand,
same data were obtained but the author is not sureof their ac-
curacy so they are not mentioned hére but it ié safe to'state‘
that the penetration per blow atAdifferent section decreases
about 45% in well compacted sand, |

The-pénetration per blow in conical piles is much
higher than it is with cifcular and also increases with the
water contént if sand is loose, and decteases{with respect to
the penetrafion in dry sandiif well»compacted. The curve plot—‘
ted show this difference Very clearly. A | |
The author found it very difficult to d:ive both circular and
conical pile in well cdmpacted wet sand. One way to render\it
easy was by means of water Jetting. Lack of time and avaiiabi
1it& of apparatus were the reasons why these tests were neg-
lected. ,

.Conclusions that are drawn from the driving tests

,afe: In the first case penetration depends upon the degree of
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compactness in wet sand, and also on thé shape of the pile,
The curves dbtained suggest that pile driving formulas such a
a8 Engineering News and Redtenbaher formulas give good re-
sults,

According to this assumption, as was stated by
Dr, Terzaghi, the bearing capacity 6f a pile depends uﬁon
the effect of impaci » arrangement of sand parficles that is

to say the degree of its compactness in moist sand,
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PULLING TEST

Thefagparatus shown in Figure (8) ﬁas construcﬁed.
The experient Was'éhilar to the Friction Test,the only diffe-
rence wes in the puil,which was a vertical pull instead of a
horizoﬁ%l one. |

| The results obtained snd the plot =Zimwre (7 )
shquthe pull increase rspidly'at Pirst and then increésé is
gradual as the depth penetrated increase.
B This show that especially in send the bearing power .
of pile increases'with the depth penetfated where the pile is
a friction pile. | |

In wet sand the friction action along the sides of
the pile decrease véfy much,so'that the bearihg capacity dec-
rease provided the ssnd is not very well compacted.

In cdnical piles the friction is greater when the
upward motion of the pile is impending,and it is very small |
when that point is rerched. Herefore one might just as well
say that the bearing capacity of frictionrpile.depends on the
shape o the pile,on the degree o7 compactness and the depth
penetrated; Ebrmulas derivéd along that line fufnishes gquite
accurate results Tor there are not many cases where the foun-

dation resting on a pile is apt to be pushed upwards.
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LOADING TEST OF PILES

| The simple home made appératus as shown in Figure

(9 ) was constructed. T&g loading test for the round snd co-
>nical”plle wvas carrled?'Several trisls were made,but the ta-
bulated results here are the accuratevand the best ones.:

The author found great dlﬂflculty in keeping the
'plle and the box which carrled the load the pile vertical
and W1thout swavlng in any direction. Thet difficulty was over-
come in thls way: v

Two posts as shown in the sketch of the apparatus
were rigidly nailed to the sand contalner w1th guides so that
the roller attached to s:nd box and Weight on top were alowed
to slide while the pile settled uﬁder the load.

- To keep thekpile vertical at the same time two small
planks were rigidly attached to the posts the ends of Whicﬂ were
grooved and pulleys made of hard wood were placed in such a -
way. So that when two of these arrangements placed opposite

each other as shown below:

| » \ 1
the pile was able to fit it nicely and smooth%ly and while settﬁng
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the pulleys simply'rotated; this provided ssfety against
sideway inclining.of the pile while the lOad~WaS applied
on it. |

The measurement was taken by the use of the
p01nter hinged to a stand as shown on the loading ap-
paratus,00 es thevratlos of the settlement Was‘;_ that
is to say on actUal settlement of .1 of a mlllligter would
register 1 millimeter on the scale. Therefore results accu-

N

rate to one tenth of a millimeter wewe avallable.

In carrylngighe experlment settlement reading for
the seme load was teken r:ght at the time when the lo=d was
superimposed and also a while,in dry sand or both types,
that is,conical and circular'pile the time had no effect
on the settlement in dry sand,the settlement was instantaneous.

‘This proves one of the characteristics of loadl ng
a pile in sand.

S=nd particles as soon as displaeed or pushed away
from the sides of the pile come back immedistely to their
0ld position that group themselves again quickly along the
pile and prevent it from further settlement. This shows that
there is only instantaneous settlement in dry sand.

| burthermore settlement under the same loads Tor a
conlcal pile was much greates,sh0W1ng that a clrculat pile
has a greater bearing capacity.

| The next loading test was carried with both round

and conical pile in dry and wet sand the water content
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in sand being 1. 26%. A 1ittle water af Fected the settlement
greatly. For the same loads in partly and very little com-
pacted sand the settlement increased rspidly. The ineffi-
ciency. of the experiﬁental equipment did not allow me to

put the datas obtained then.

There was one thing,snyhow,that the author feels
safe in stating,besideé the immediate settlement in Wetksﬁéd
there is'also a gradual settlement especially in poorly

compacted sand,and also in well compacted wet sand.
The loading test proved the followings:
1. In dry sand settlement oceurs immediately,

irrespective of the shape of the pile

2. Settlement depénds upon_the water content
~and the degree of compactness of the sand.

3. In wet sand besides immediate settlement
there exists also a gradual settlement which does
not last more than a few seconds only.

. ot
Besides the tests Carriedﬂon the sand the loading

and the driving tests suggested the following charscteristics

of sand used:

‘ ' in the
1. Shrinks in drylng ( is. due to dlrt besides
sand) p
(-4

Be Tbe volumeAv01ds is much less than the ave-
rage of 30- 40/ it is about 1/4 of those.

3. Has very little cohes1on

4, Compresses immediately When load is applied
on it.
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Relation Between Drop and Penetration in Dry
Sand of Three Difrferent Densities -
For g Circular Pile at Section III

. VWeight of pile = 75 grams Length of pile = 47 1/2 cm.
Weight of drop hammer = 150 grams , L
Diameter of pile = 2 cm.

1
H T [ 1 |
' h ' Initigl ' Final ' Penetration ' Penetration
! ' Reading ' Reading ! per 5 blows ! per blow
Units?! cme ' cm. - ch. ! mme. -t M e
ox) ] T . K d : 1
! ! Detsity = L !
! 5 ' 37.25 ' 37.40 ' _1.500 T « 30
' 10 ' " ' 37.575 ' 3.3251 ' «65
' 15 ! " ' 38.050 ' 5.325 t 1.10
' 20! " ' 37.815 ' B.25 ! 1.25
' 25 ! n ! 38,100 ' 8.400 ' 1.700
- 30" " ! 38.275 ' 10.250 1 2.05
1 T T T3 1
1 ! Dedgity = ' 2 !
! 5 ' 38.00 ' 3.175 ' 1.750 ! 035
Lo 1o ! " ' 38,375 ' 3.750 1 0.77
f 315 ! " T 38.575 ' 5.750 ! 1.150
' 20! " ' 38.750 ' 7.50 ! 1.500
' 25 1! Y ' 33.950 ' 9.570 t 1.900
.30 " F 39.150 ' 11.500 J 2.500
k 4 1 b ¢ 4 d []
! ! Dedsity = . ' 3 !
! 5 ' 37,00 ' 37.175 ' 1.75 ! +900
' 10! " t B7.450 ' 4.50 ! 1.200
r 15 7 d T 37.600 ' 6.00 v 1.65
' 20! " T 37,8756 ' 8.75 ! 2050
t 25 ! " ' 38,025 ' 10.25 ! 242
' 30! " ' 38.200 ' 12.10 !

o = @ b se " g B h 4 S s g 6 P 6 4 B @ = % up g @ O af .y

. . . o
W g 6 W s T @ eg b b % ) 8 D S G E s O e " v N W -
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Relation Between Drop and Penetration in
Wet Sand of Three Different Densities
. ( Water 1.26/ )

For a Circular Pile a Section III

} ,
Penetration

1 1 [ 1
! ' Intial ! Final ' * Penetration
' ' Reading * Reading ' per 5 blows ' per blow
Onits ' cms ' cm. ' cm, 1 mne ! ™.,
T T : T T3 T
_v ! ' Dendity = ' ] ’ !
. ! 5 1 35,00 ' 35,325 ' ' 3,25 _ ! +650
- T 15 T # T 259750 1 9,750 1 1.95
v pg v —w T 3s.a50 T 15,650 ° 5.50.
| T o5 1 i T 26.625 1 16.25 7 .25
7 3o 7 T T 38,050 T 19,560 ¢ 5.90
T .t T d. : [
_ ! ! Density = 't 2 ' !
L T 5 ' 35.00 ' 85.850 ' _ _ 3.400 ' .680
— T_10 t " T 35,650 ° 6,50  ° 1.30
- 15 ¢ T 36,00 1 10.00___7 5.00
r. 20 ! " ' 36.350 ' 1350 ! 2.70
~ T_o5 1 T 1 36.700_ 7 17.00___° 340
~ T 20 7 m T 37,550 1 50.25 ¢ 4.05
] ] ? H t d v? -
! ' Density = t 3 ‘ !
~ T 5 7 35,00 ' 35,400 ° 3.400 7 .680
— T 10 "t 35,750 7 7.50 1 1.50
ro1s5 ' " T 36.050 ° 10.50 ! 2.10
20 ! " ! 36.500 ! 14.50 ! 2.90
- r 95 1 " ' 36.800 f 18.00 ' 360
! ! " d ! 21.75 ! 4,35

@ 9 0 s 0 6 0 g 8 w4 % B W ap 4 YO W W w4 8 @ Y 0 W O @ 4

37175
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Data for the Penetration jpvei' Blow
gn Conical Pile in Dry Sand

~ Bég Diameter — 2 cm.

@ W 9 T B B s W g W e s e 4 e = -

Small Dismeter —= 1 cm.

Length = 47 1/2 cm.

Weight = 60 grams

Weight of drop hammer — 150 grams.

H ] t ?
'Drop'Penetration'PenetrationtPenetration

r v @) v (e v (8)

Units ' cm mm . mm. : mm.
5 ' 0.438 513 '_.528
10 0.888 +893 ! .916
15 ' 1.487

1.510 = '1.560
. 1 .

- ] a w] @ W] @ @] w W] w @] 0 -
o o] 4 v o o] @ o} @ W] @ @] o -
- | 4 o} 0 w] @ ] 0 o] o+ @] o -

20 ' 1.875 1,683 '1.810
1

55 ' 2.183 2.206 __ '2.230
1

30 2.568 2.9530 13.060

W e W B M w 4 W W M e @ W e e e



Data for the Penetration per Blow

6n Conical Pile in Wet
Sand(1.269, water Content)

Pile the Sangd Pile as the one

used in Dry Sand.

1

[

] 1

"Drop' Penetration ' Penetration ' Penetration
r (1) ' (2) ! (3)
1 1 t H

‘Units ' cm ! MM« ! mme. ! mn,
? | 4 4 . 1 .
' 5 ' 0.758 ! 0.780 ! 0.810
1 T T T
t 10 ' 1.630 ! 1l.712 ! 1.800
14 H 1 K [H
' 15 ' 2.513 ! 2.600 ! 2.670
H t . b 1
t 20 ' 3.413 ! 3560 ! 3.716 .
1 1 , 1 o 1
! 25 i 4:0508 ! 4:.4:4:5 t 40571
1 T T - 1
't 30 ' 5,138 t 5.210 t 5.352

o e M 4 wp @ 4 se 4 e =

“ O M v 4 4 4 O 4 s 4 w4 @ en g 4 ¢
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Data for the Penetration per Blow
at Different Sections
throughout the Entire
Length of the Circular
Pile Driven into Dry Sand

brop being 20 cmbtrs.

T e W ep v B e M e 4 wh " e W @ uh B W W ) e B = e =

1 H I .
Section ' No. of Drops ' Penetration per Blow
! - -t in mm. v
t }
0 L A ! 12.25
s !
1 L 1 b 5.000
. T 1 .
2 ! 3 ' 2.670
H 1 ‘
3 ! 4 ! 1.900
!
4 ! 6 ! 1.800
' ‘ t (
5 ! 8 ! 1.450
] , ?
) ! 10 ' 1,125
L4 T
i ' 10 ' 0.775
T 1
8 ! 10 ! 0.525
" [} 4
9 ! 10 ! 0.210
4 1

10 T e e e ' Hammer Bounceé

“ 4 0 s W e 0 W % 0 g W o D D g W D N o
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Data for the Penetration per Blow at
Different Sections throughout
the tntire Length of the Cir-~
cular Pile Driven into Wet Sand
(Water Content 1.26/) Drop Being

' 20 cm.

Section

T

No. of Drops ' Penetration per Blow
! _mm.

26.250

'11.100

6.12%

5.980

5.460

2.260

1.870

N NN o o s R o -

1.310

o ® N joo jo s Ja o ok o

[
O

2563 _

-]
o

T
4
1
1
?
H
4
T
1
t
t _ 2.870
4
1
)
1
t
t
1
4
1
t

«-o-en-c-o-on-o-o-‘-q-o-o-a-o-o-‘-‘-o-‘-c-o-o--n

1=
O

. 350

-c-o-o-ouo-o-ﬂ-‘-‘-‘n-o.-.-oco-‘-‘-on-‘-o-o....-.



Data for the Penetration per Blow at
Different Sections throughout
The Entire Length of the
Conical Pile Driven into

W o e e M 4 4 b s T W @ s N 4 8 N @ D 4 b s B e

DI'Y Sand. : L
‘=2 & 1 cm. - Veight = 60 grams
= 47 1/2 cm. Drop — 20 cm.

g ‘ T '
Section ' No.of Drops ' Penetration per Blow 4
- ! ' in ymm, !
4 1 1

0 ! 1 ! 54;.50 '
H 1 4

1 ! 2 ! 16.250 '
T - ] 1

2 ! 3 ! 8.910 !
3 ! 4 ! 4,310 '
1 t t

4 ! 5 ! 24670 _ '
1 H H

5 ! 6 ! 1.850 !
1 L I

&) ' 8 ! 1.250 !
1 1 \

y t 10 ' 0.900. '
L 4 1 E 1

8 ! 10 ! 0.530 !
4 ? b

9 ! 10 ! 0.225 '
1 1 v | §

10 ! 10 ' 0.113 '
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Data for the Penetration per Blow
at Different Sections through-
out the entire length of the
conical pile Driven into wet
Sznd ( Water Content I.26/)

Drop = 20 cm.

!

- e w e S e e M e ap = e B = B el T B v ey v S = oy

W@ T % 8 cp T % e S G T W @ ea S D e @ 8 N N e

t 1
Section ' ‘No.of Drops ' Penetration per Blow!
1 1 il'l mme 1
1 1 CL
0 ! 1 ' 48.50
1 1
1 ! 1 ' 31.00
T 4
2 ' 2 ! 19.25
_ ' , g v
3 ' 2 ! - 7.630
4 ! 3 ' 5443
1
S ! 5 e 4.120
- T . 1
o) ! 7 ! 2.670
t !. :
-7 ' 7 ! 1.920
1 [ ] R
8 ! 10 ' . 1.610
K [} -
9 ! 10 ! .610
1 : T
10 ' 10 ' <325




DATA FOR PULLING TEST

FOR CIRCULAR PILE IN DRY SAND

- . 0

N e e @ G e B ) M T B W e

Depth ~ v :

' Penet- ! Pull ! Pull ! Pull t Pull ' Average
v Tated (1) ' (8) (3) (&) ' Pull
t ] 1 . \{ , 1 t

'‘Units' cm. ' Grams ' Grams ' Grams ' Grams ! Grams

1 1 1 i 1 - ' )
! O.o ] J t ] t 0
' ‘ 1 1 vt 1 ‘ 1 ‘
' 13,5 ' 228.0 ' 221.0 ' 218.7 ' 281.60 ' 223.10
1 ] 1 ] t ?
' 17,5 ' 718,0 ' 723.0 ' 720.0 ' 716.0 ' 719,98
$ ? ] ] t 4 T
' 22.5 '1008.0 ' 1000.10 11017.0  '1010.0 _ '1008.75
t - v t t T 1 ]
' 27,5 '12851.0 ' 1311.50 '1298.0 '1308.0 '1292.50
1 | L} 1 . A 1
' 32.5 ‘2180 ' 2162.0 '2195.0  '2203.0  12189.50
1 1 1 1 o r t -
v 387.5  '4116 ' 4113 '4128.70 '4110.8  '4115.33
1 : 1 1 } :

1

- B B e W@ W W @ W B = W W B @ b



Results of the Pulling Test on a

Conical Pile Sgme Pile used

in gll the Preceeding Tests

@ ) TP G B P § e B B b = O =B

“ % s e e e b

K] T T ,
t t Section Penetrated ' Pull
' ! in Sand !
i) ! ' :
'Units? ' greams
4 } 4 1
' ! 0 ' 9025
t T T
St ' 1 ! 8431
7 i 1 1.
! ! P \ 7353
4 T . ‘t
t t 3 t 5350 !
t 3 T -
1 t 4 ! 4726
H [} £ .
t t 5 1 2374 .0
k 4 1 [
' ' 6 ' 875 .30
1 4 4
1 1 74 t 750.00
1 t 1
L .t 8. ! 501.8
4 ) 4 ] [
4 t 9 ! 124'080
? T : E
H k 4 10 1 60110

—
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DATA FOR LOADING TEST

FOR 2 cm. ROUND PILE IN DRY SAND

)

' t o ; ' r ) ' '
1Unitst!  Load ' Pregsure'Settlemmt!'Settlement' Settl. ' Settle.!
IR ' ' 1 ' 1 -t
1 t Keg. 1 Kg. em 2' 0 o t mMme y  INMe ) nm « :
) 1 [] Q [ 1 ' t
' ! 1 ! «320 ' 3.82 t 3.14 v 3,09 v .3,15 '
' 1 t. ' t t 1 B
! ' 2 ' .680 ' 11,18 . ' 11.32 ' 11.85 v 11,85 '
| 1 ] ‘t : 4 1
' ' 3 ' 960 v13.10 't 13.10 v 13,40 t 13.10 1
* 1 1 T 1 ! ' 1 ‘ 1
' ' 4 ‘r1.280 ' 15.25 ' 16.35 ' 16.50" 116,00 ¢
1 T 1 1 R t ' 1 T , t
' ! 5 ' 1.600 ' 16.47 ''16.75° ' 16.70 ' 16.63 ¢
1 T 1 . ! ' 1 . t ]
! !t [ ' .920 ' 18.67 ' 18.28 v 18.41 1 18,42 '
' ( I 1 UR 1 1 1
! r 7 v'ol1.3%44 Y 17.16 ' 17.83 ' 17.96 ' 20.10 ¢
L] (D 1 _ 1 1 1 . T m t
! ! - 8 ' 2.060 ' 20.41 ' 20.28 ' 20.3]1 't 20.36 '
t 0 U 3 1 1 ) 1 . [ . L
' ' 9 ' 2.880 ' 20.82 ' 20.76 ' 20.66 120,78 '
1§ 1 ' ] i \ : v ] 1§
ot ! 10 . 3.80 ' 22.00 ' 22.29 ' 22,19 ' 22,16 '
 { [ 1 1 t 1 , [} t
' ' 11 ' 3.b4 ' 22.91 ' 22.88 vt 287.76 ' 27.85 '
\l 1 Y T T ] T 1 : 1
! ' 12 ' 3.84 ' 23.72 ' 23.58 ' 23.65 t 23.65 '
T ! 1 Bk T ' 1 ‘ T
' ! 16 t 4.16 ' 24,09 m 24,28 v 24,11 ' 24,11 '
t [] [] 1 [] g - 1 t
' ' 14 ! 4,43 ' 24,86 ' 24,97 ! 25.08 ' 24.97 '
| L 1 T 1 1 T N
1 ' 15 v 4,80 ' 25,43 't 25.49 ' 25.58 ' 25,52 '
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Data for the Loading Test of
Conical Pile in Dry
Sand Sand Pile as
the one used in Pre-
vious Experiments

- S W e W G S e e B S

- - w e

1 H []
¢ Load ' Area ' Load/Kg cm® ' Settlement
1 ’ ? 4 t
L4 4 2 1 t
Units 'grams ' cm t Ke/ cm2 ! mm.
[ T 1] 1
' 955 ' ,785 ! <325 ! 12.91
B ] T 1 t
' 510 ! oot «650 ! 18.75
H . H 1
' 795 ¢ not 920 ! 21.54
1 T Y . 1 ,
t 14 ¢ "ot 1,260 ! 24,00
.t [] t [
11220 t w v 3,550 ' 26 .27
1 1 H ] T
1488 ' " ' 1880 ! 28.30
2 H [ -
11880 ! nort 2508 ! 20,40
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TIME SHEERET
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From the start up to the éompletion of my thesis Y kept
a carefﬁl record of the time that I speﬂ;. |
The total time spent in purchasing,carrying and drying the
Gﬁksu sand as well as the time given to testswhose results were not
'succesSfulFQre‘excluded from‘the following list:
 The total number of hours spent was 181 hours,which is
much more then the 72 houfs that was set for the theéis,this in-
ciuding hdlidays and spfing vacation.
| I hope at least,the Professor in charge of this thesis
will take the time element into account very seriously and limit

his expectations.



~J
(W)

- TIME SHEET

l. SOil meChaniCS Study OQ.Q.ooooolool....lo._.."oiﬁ;o.20 Hours

2. Reading about theory of pile driving «ceceeeeceeess 15 n

3. Préliminary steps in model construction eeecveces. 3 "
4. Mechanical Analysis of GBKsU Sand eeceececcsccsses 6 "

5; Construction.iﬁ‘of}internal friction agpparatus ... 5 "

6. Internal Friction tEST eeeeeseereseesoneeioeaaneas 9 0

7. Construction of pile driving apparatus ;.......... 12 v

8. Cohstruction of pulling apparatus seececeecscecoee 3‘ "

9. Puiling‘test'for conical & circulgr pile ..;...... g8 "
10. Construction of the loading apparatus ececeeecccess 5 n

11. Driving test for conical- & circular pile in
‘ dry andv;et Sand-co.oooooooooooo.oo 18 ’ "
12. Loading test for circular & conical pile seeeveees 10 n

13. Tming oooouo;ooouono.o-oooooo--o'o..o.-oo;oooooo;o'4:0 "

14. Drawing sketches for the apparatus used ..ceeeeees 3 n
N 15 [ ] Plo’bting & dravfi n% the cIlI'veS ® @ 8 ¢ & 5 5 6 5 5 0 G OB S s 0 . L ] ll " |
16 * Reading the thesis ® 9 0 6 6 068 6 0 8 5 0 5 & O O E S e s 0 et 2 "

170 Arranging the thesis‘..’.0..000_0‘0!0...-oooocooctclg l i

TOtal-....-.....................1_81 "
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CONCLUSION

I expedtéd to do mo:e than‘fhave done so far,in-the
ﬁay of:testing piles not only in one type Qf sand but some
other types too, also ﬁith different water contents,and draw
conclusion as the effect of grain size and‘watér content on
'bearing power of piles, but the time in*the'least was not
sufficient to reach that far,

Each of the data obtained are the results of many tests,
and the close agreemgnt of each test is-a préof of their accu-
éacy gnd correétnéss. | S .

‘I want to express my gratefulness to Prof, E. F,‘Sheiri,'
the head of the départment,FWﬁo, by his usefﬁllsuggeéQions hel-

ped me in carrying over my thesis successfully.,
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THE END
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