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INTRODUCTION and PURPOSE

In the design of machine foundations, the important factors
to consider are the allowable deflections of the machines, and the
natural frequency of the spil. Although there is argument as to
the applicability of the present theories used to design machine
foundations, the soil properties used in these theories are difficult
to obtain accurately.

Since the only means of determining these soil properties
necessary for the design of machine footings is with elaborate testing
equipment, many soil investigation firms are excluded from machine
foundation engineering., This study is designed to explore the
possibility of approaching the design of machine footings by using
a simplified model of field conditions and comparing these results
with that obtained by a simple laboratory test. With this.comparison,

an allowable bearing capacity will be obtained directly.



LITERATURE REVIEW

Development of a rational approach to the design of machine
foundations began with Eric Relssner and his colleagues in Germany
in the 1930's, The first English translation on the subject did not
appear until 1944, forming the basis of the so called elastic half-
space solution (11).

The formulation of the problem was such that the stresses and
displacements were sought for a rigid, massless, circular footing
resting on a semi-infinite, homogeneous, isotropic, perfectly
elastic soil mass, By use of Fourier-Bessel integral methods, a

useful expression for the torque, T, was obtained as

- 3
T = 16p
3
where = modulus of rigidity of the soil
r. = radius of footing

= angle of rotation of footing
(expressed in radians)

The next exhaustive work on the subject did not appear until
1955 at which time Arnold, Bycroft, and Wharburton (1) considered
a "rigid circular body on a homogeneous elastic medium of infinite
surface area and constant depth which could be finite or infinite (1)."

The paper considered four modes of vibration: vertical translation,
torsion, horizontal translation, and rocking., The investigation
revealed that the amplitude of response to the vibrations were functions
of f1 and f2 which in themselves were comples functions of the shearing

modulus and poisson's ratio of the soil.



The equations for the vertical translation of a semi-infinite
medium were as follows: for the displacement of the plate in the
vertical direction, w,

w=PF (flcos,pt - f,sin pt)

MTo
and the amplitude of vibration, A,

A=, (67 + fg)‘é"

o
where P = amplitude of force in vertical direction

M= modulus of rigidity

r = radius of footing

P = circular frequency of force applied to
footing

t = time

In 1959, Bycroft (2) advanced a pafer which showed that the
elastic half-space theory could be applied with reasonable accuracy
to out of balance machines.

In 1962, Hsieh (6) popularized the lumped mass system which
proposed that a vibrating footing could be considered a mass-spring-
dashpot system., The mass of the system was composed of the mass of
the machine, the mass of the foundation, and the mass of a certain
portion of the soil which is moving with the foundation. No suggestions
were given as to how to treat the dashpot. The spring had as its
constant the modulus of subgrade reaction.

The paper advanced mathematical expressions for calculating
the amplitude of vibration of foundations using the lumped mass
system and also expressions to determine the weight of the foundation

necessary to reduce the amount of oscillations. The allowance made
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for a dynamic load was also proposed to be designated as a percentage
of the static load.

The lumped mass system proved to be exact as long as the ground
was considered as semi-infinite, isotropic, linearly elastic, and
possessed no internal damping.

The general equation describing the amplitude of wvertical vibration

of a foundation was

A= 7
PP 2].5
[:(Kvs ~w M)* + (WR )
where A = amplitude
Z = force

w = frequency

R = depth of stratum
radius of circular footing

M = mass of systenm

= spring constant

vs
=4 G__r0
(1 -v)
with G = shear modulus

E= radius of footing

vV = Poisson's ratio

The expression for the maximum amplitude of oscillation, AO, was

A= __MDb g
0 ) "N
(b +2)2 M

where g is a constant defined by

7 =ga’

and b is the so called mass ratio defined by
b= M
£,
with_p as the mass density of the soil.



The total dead weight necessary to prevent uplift with applied
amplitude of vibration AO is W. Noting that W = Mg then Hsieh gives

the following expressions:

for v = % W=0.l+1b§g_
(b +2)2 A
)
for y = + W= 0.52 b g <~ E
042 + (b +1)% A
for ¢ = 0 W= 0.61 b g

o]

£
0.24 + (b + .5) A

g being the gravitational constant.

Pichart (12) in 1952 prepared a paper which actually presented
a method of designing machine foundations; not by designing a static
foundation and then checking it for dynamic loads.

In this paper, by way of introduction, he defined three waves
which are induced in soil by impact loads. There are horizontal
waves of volume change, designated P-waves or compression waves.

The wave of distortion of constant volume is the shear or S-wave.
And a surface wave exists called the Rayleigh or R-wave.

Richart also compiled the work of other researchers to form a
graph of allowable amplitude of vibrations versus frequency. Richart
advocated that in the absence of specific instructions from the machine
manufacturer, this chart could be used to find the limit of the
vibration amplitude for a particular fregquency.

This paper also formally defined resonance as encountered in
soil as "the condition of vibration corresponding to a large increase
in amplitude."

However, the main point of this paper was the development of

curves to determine the resonant frequency of the soil and the maximum



amplitude of oscillation for an idealized equivalent of the actual
machine foundation. To use these curves the designer needs to know
the unbalanced forces and the operating tfrequencies ot the machine
as well as approximate values ot the shear modulus, poisson's ratio,

and the density of the soil. The determination of the shear modulus

and poisson's ratio is difficult at best, but knowing %hese Parameters,
the designer could choose the soil contact area and the necessary
static weight of the footing to control resonant frequency and amplitude
of osecillation.,

In the following year, Hall and Richart (5) developed a machine
and a complex testing procedure to determine the shear modulus of a
soll, This testing equipment is not widely used and therefeore limits
many firm's participation in the design of machine foundations.

Lysmer and Richart (8) in 1966 developed several expressions

from the elastic half-space model. Fop steady-state motion:

S

Q, Mcos wt + ¢)

K
where § = deflection
Qo= vertical load
K = spring constant

w = frequency

t = time
2
and M= Fl + Fg 7
(1 - el Fl)2 + (ma? F2)2
K K
with F‘1 and F2 = functions of f1 and f2

m = mass of system



and g = tam F?

For the case of uniform periodic loading:
S =-1s po elmt

I

QJJ:G)E

with p= vertical load

1
and s=(1-2v e

2(1 - v)
The authors then introduced a simplified analog solution which
was easier to apply but gave only limited agreement between theory

and practice, The equations are as follows:

S

- _ Qo eth
2
mew

For resonant frequency (fr):

i
M XE (B - .36)2

r, B
where VS= shear wave velacity
B=1-v7
4

and the resonant amplitude (Ar)=

A=Q B

K .85(B - .18)%
Funston and Hall (3) investigated the case of damping as applicable
to the elastic half-space and the simplified lumped system methods.
of analysis. Damping is considered to be the loss of wave motion
as the wave moves away from its point of origin. There are two types
of damping; internal and geometric. Geometric damping is just the loss

of wave amplitude due to distance from point of origin. Internal



damping is loss of wave amplitude due to energy losses as soil particles
are required to slide past each other. It was found that the elastic
half-space model could not account for geometric damping but the

lumped system could due to its approximations.

In 1967, shortly after the Funston and Hall (3) investigation,
Richart and Whitman (13) compared actual footing vibration tests to
the elastic half-space theory. They found that there was a very
rough correlation between the theory and actual field results for
accelerations less than 0.5g and oscillations less than 0.1 mil.

Whitman and Richart (16), also in 1967, published a comprehensive
paper on the design of dynamically loaded foundations. One of the
first paragraphs of the paper analyzed the state-of-the-art elegantly:

"The design of foundations subjected to dynamic loads is a trial
and error procedure. Initial dimensions are selected considering
such factors as the dimensions of the equipment or structure to be
supported, the space available for the foundation, and the normal
static bearing stress, The trial deslign must be analyzed to determine
its response to the design dynamic loading, and then be adjusted
and reanalyzed if necessary."

Also included in the paper is a formal explanation of the effect
of dynamic loading on soils as " ., . . sustained vibratory loads or
repeated impacts can cause the internal structure of soil to change,
causing settlements or loss in strength.”

The design criteria for machine foundations listed typical
operating frequencies of 200 - 12000 cpm, (3.33 - 200 Hz), with
maximum velocities of 1 inch/second and maximum accelerations of

0. 5g.



The lumped system was the design technique used exclusively in
this paper. The two types of damping were listed as "the loss of
energy through propagation of waves away from the viecinity of the
footing," i.e. geometric damping and "the internal energy loss within
soil due to hysteresis and viscous effects," i.e. internal damping.

To deal with geometric damping in footing design, the mass

ratio was defined as

b=_"o
o
for translation, with m = mass of foundation and machinery
J° = density
T,= radius of footing
and for rotation b= Lo

-
Lo
with I0 being the dynamic moment of inertia of foundation and machinery.

Equations were also given to convert a rectangular footing

into an equivalent circular footing as follows:

1
for translation ¥~ (B L) 2
o
1
for rocking T = B L3 %
3w
R _ 2 2\ %
for twisting r=(BL (B° + L°)
67
with B = footing width
L = footing length,

fharts were then constructed which gave geometric damping values
as functions of the mass ratio,
An equation for internal damping was given as

; 0.2 =0.
damping = 4.5 7,7 03, 5
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I

with N3 shearing strain

Xz

B confining pressure

In the absence of reliable internal damping data, the total

damping was to be taken as:
the geometric damping + .05

This paper departed from accepted practice in that it argued
for the exclusion of the mass of soil in motion under the footing
as part of the mass ratio.

The paper also listed four ways of obtaining spring constants
for the lumped mass system. The first was with laboratory testing,
again unreliable due to ignorance of the shear modulus and Poisson's
ratio. The second was by plate bearing test, next was vibration-tests,
and finally by determining the elastic subgrade modulus and using
charts,

Equations were also given for the spring constants depending
on the type of motion and footing configuration, as summarized below:

circular footings

motion formula
vertical K, =4 Gz,
1-v
horizontal K, = 32 (1-v)a .
7 - 8w
rocking K =8¢ r3

torsion K

]
=
[}
H
oW
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rectangular footings

motion formula
1
vertical K= _G ,gZ(B L)
1 -y
1
= z
horizontal Kx 2 (1+y)aC f& (B L)
rocking K= _G ‘B‘B L2
S
where ,3 = a constant depending on motion type

In 1968, Karasudhi, Keer, and Lee (7) advanced a paper using
Fredholm integral equations designed to prove mathematically that
the motion of machine foundations was a complex function of the different
properties of the soil,

McNeill (9) presented the most comprehensive work to date in
1969 at an international soil mechanics conference. The paper stated
specifically that the design of machine foundations had one goal -
to limit the motions of the machine. He also stated that the problems
of design fell into two categories; '"the response of the machine's
own foundation;"™ and "the isolation design of another foundation which
feels the first machine's motions."

He further stated:

"Many machine foundations today are designed by nonrational
rules-of-thumb which are furnished by some machine manufacturers,
found in many mechanical design papers and handbooks, or handed from
father to son."

There are two types of load: the known load, such as from impact
hammers or pistons; and the unknown lecad due to a machine imbalance.

The basic analytical tools necessary to analyze harmonic motion

are: the natural frequency (fn) defined by



1
f = _1 (stiffness)?
2n-\ inertia
and the damped natural frequency fd;

_ 2\%
f—fn(l—D)

d
where D is the damping factor defined by

D= o
T
2((stiffness)(inertia))?

with ¢ given by figures included in the paper. The operating frequency
of the machine was designated by fo' and the frequency of maximum

response ffd was
f

S T R =
(1 - 2D°)2

The maximum amplitude, A 5 was then

A = Rea

2D (1 - D°)?

where Rfd is called the machine ratio which is a function of each

case of motion, The frequency of maximum response for a constant

force, £ _., is
cf
2y3
fcf" fn (1 - 2p%)
and the associated maximum response is
A = Rcf
max 2_!__
2D (1 - D)2

with Rcf being the machine ratio for a constant force.

For nonharmonic analysis, special figures were given, while
Richart's (5) tolerable motion chart was glven as a good design
guideline,

The velocities for the different types of earth waves were given

as:

12



P-wave cP =& 1 -
p-20)(1 +w»
i
S-wave cq =( §)2
P
R-wave c. = c_ f(z)
‘ T S

and finally the laboratory "soil bar" wave Cyr
- -1
ey = ((®) (o))

where f(p) simply stands for a function of Poisson's ratio,

ES
2

The properties required for design of dynamic foundations are
shear modulus and Poisson's ratio. The determination of these

preperties can be done by two laboratory techniques: the wave

[y

2

y

13

propagation, which is too complex and uncertain; and vibration techniques.

The determination of the natural frequency fn can be accomplished

in three ways.

NfASE I. Both ends of sample free or fixed.

CASE TII. One end fixed, the other end free,

fn =2n -1 ¢
L L ¥

CASE III. One end fixed, while the other end has a weight of
Wm with inertia of Im attached.

2p L fr)(tan 20l £,) = Wy, or I
Cu Cy W I
m

m

where n = integer dependent upon the mode of vibration
L = length of sample
g = velocity of generated wave
Wb= weight of bar of soil
I,= inertia of bar of soil

b
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Field tests, such as wave propagation and model measurements,
can also be used to determine a soll's dynamic properties.

Finally, the paper advocated taking internal damping equal to
9% of geometric damping in the absence of other data,

The method of design advocated in the paper was the elastic
half-space model with its assumptions of a circular foundation at
the ground's surface which is stiff enough to track the soil's motions
sitting on elastic, homogeneous, isotropic soil.

The design analysis of the footings was to be done using the
charts included in the paper. The paper stressed that for layered
soil, or embedded footings, the elastic half-space solution was
unapplicable., The theory could not handle coupled motions, and deep
pile foundations were a last resort, but when used, the piles should
be bantered.

The paper also briefly mentioned isolation design as falling into
two categories: active, where a massive footing is used; and passive,
where a barrier is actually created.

Finally, after a machine is in operation and the footing fails
due to vibration, there are three corrective measures: to alter the
foundation configuration, to alter the subgrade properties, and to
alter the machine loads,

Novak (10) in 1970 promptly called the applicability of the
elastic half-space theory in doubt when he compared the theory with
experiments and showed that the theory led to a large underestimation
of - the resonant amplitudes.

Richart, Woods, and Hall (14) promptly submitted a paper tracing
the history of the elastic half-space theory, defended its applicability,

and extended Lysmer and Tichart's (8) work to include varying force



machines as such: for the resonant frequency of a varying force (fmr).

1
2 r, b B, - A5

where BZ =1-9 m

3
hooprg

the mass of the footing and machine

with m

The varying force QO is defined as

_ 2
Q, =m, e
where T, = eccentric mass
e = eccentricity
The rotating force amplitude Azm’ was
- m, e BZ
Zm T
m .85 (BZ - .18)2

The constant force resonant frequency (fm) was rewritten slightly

1
25 T B

o] Z

to become

while the constant force amplitude (Am) was

. B, (QO (1 -v)
m I
085 (BZ - -18)2 ‘l'l' G I‘O

In 1971, Weismann (15) specifically modified the half-space

equations to deal with torsion,

Finally, in 1979, Gazetas (4) qualified the elastic half-space
solution with the following:

"The design of machine foundations is a trial-and-error procedure
involving three interrelated steps: (1) Establishment of desired
foundation performance ("failure") criteria; (2) determination
of magnitude and characteristics of the dynamic loading; and (3)
estimation of the anticipated translational and rotational motions

of the machine-foundation-soil system."
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"It is concluded that if the foundation has a high mass ratio
and does not operate at very low frequencies, small errors in modeling
the soil are unimportant and one can safely base the design on available
half-space solutions.,"

Gazetas then gave an equation for finding the amplitude of motion

s

SO of a massive machine which was infinitely long as
w 2 2 3
go - so G fl " f2
2 2
P, (1-—baof1) +(baof2)
with SO = amplitude of machine motion
PO = force amplitude
a, = VB
s

while a, is the frequency factor. To conclude his paper, Gazetas
then summarized by stating that the elastic half-space solution

should be used when dealing with rotating machinery.
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DESIGN of EXPERIMENT

The experimental program was designed to equate the unconfined
compression test with a dynamic load test to determine how the unconfined
compression test results could be used for machine foundation design.
This would be of great value to consulting engineers since the unconfined
compressive strength is commonly run by all commercial testing labs
at low costs while vibratory tests are difficult to obtain and very
eXpensive.

The testing program was limited at the outset to twenty-one
samples of silty clay. These samples, which normally cost rourteen
dollars apiece, were obtained by Midcontinent Engineering and Testing
(MET) at a site in Kansas City, Missouri, at no cost t0 the University.
The silty clay samples obtained are typical of the altered loess which
covers very large areas of the Upper Midwest. Silty eclay was a good
material to work with since sand requires a confining pressure such
as in a triaxial shear machine, and pure clay is very sensitive to
changes in frequency.

The deslgn of the experiment consisted of testing a portion of
each sample by unconfined compression procedures (ASTM - D-2166-66, 72)
with a machine similar to that shown in Figure 1. A remaining portion was
tested by dynamic loading using an MTS Model 483.01, System 90332,

see Figure 2, which has no standard ASTM test method. All samples
used came from Shelby tubes, having a diameter of 27/8 inches, (7.30 cm).

For the MTS machine testing, Richart's tolerable motion chart (12)
was used, see Figure 3, to select a frequency range and amount of
displacement. The most delicate recording range on the machine was
used since even then, for most of the frequencies, the maximum

displacement was in fractions of squares on the graphing paper.
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Figure 1.

Unconfined Compression Testing
Machine

18
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Using this criteria, and looking at Table 1 which was composed from
Pichart's chart, 5 Hz was selected as the testing frequency since
this was in the range of machine operating frequencies (3.33 - 200 Hz).
This frequency also had as its maximum displacement ,03", which is
ten squares on the MI'S graph paper using the most delicate recording
setting.

Samples were loaded onto the MTS machine, adjusting the height
of the head of the machine so that the testing being pertormed was
in the range ot the plotter. The machine was then zeroed and put
into the run program mode using stroke control. The span was increased
until the proper displacement was indicated on the plotter, This test
was run an optimum number of three times per sample in order to obtain
a good average of the force required to deform the sample the specified
amount (.03") at 5 Hz.

A half-sine function was chosen as the loading function since
this most closely resembled a footing in place. A full sine function
would have been inappropriate since under the premise of this experiment
such a loading function would have been a footing jumping clear of the
ground and imparting an impact load,

Finally, there was concern about the length of sample being
worked with would not be long enough to allow full waves to form in
the sample. This length would not give any allowance for damping either.

However, it was decided that the waves that would be generated
would be reflected back into the sample by the steel plates, and with
the absence of damping, the testing condition would be conservative.

Thus, the condition being worked with could be likened to a

machine operating at low frequencies above bedrock at a shallow depth.
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A condition where the elastic half-space solution breaks down totally
according to Gazetas (4).

Any variability between samples would be non-consequential
since the dynamic strength of the sample was compared with its
unconfined compressive strength.

By reading the force required to deform the samples the specified
amount, the bearing capacity of the soil for the specified frequency-
displacement characteristic was obtained.

This bearing capacity was then compared with the bearing capacity

from the unconfined compression test.



TABLE 1, LIMITS of TOLERANCE

Frequency (Hz) Displacement (inches) cycles/minute

1.67 ol 100

5 .03 300

16.67 .0095 1000

33.33 . 0047 2000

50 .002 3000

83.3 . 0007 5000
166.67 00018 10000

* using the .5% plotting range

23

Squares on
plotting

paper *
20: 53
10,0

.16

1.57
667
233
.06



23a

ANALYSTS and PRESENTATION of DATA

Since many of the samples available for use in this study were
of only sufficient length for one test, use was made of unconfined
compression data and results furnished by either Midcontinent Englneering
and Testing or by the Advanced Soil Testing class, spring 1983,
whenever possible, The data furnished from these sources appears
on sheets marked with the MET logo. Nine unconfined compression
tests are original data and are presented as such. For the information
furnished by either MET or the Advanced Soils Testing class, see
Appendix A.

By observing an unconfined compression test data sheet, as in
Appendix B one may follow how data is compiled.

Columns one and three are read directly during the test as
according to the ASTM procedure, Column two is compiled by dividing
column one by the original length of the sample being tested.

folumn four is obtained by multiplying column three by .31 in
this test case.

Column five is the original area of the specimen divided by the
quantity of one minus column two,

lolumn six is column four divided by column five,

The mathematical formulas are shown on the data sheets.

Column six versus column two is then graphed, multiplying column
two by one hundred for convenience, The peak of this graph is the
ultimate strength, q, The graphs for nine unconfined compression
tests follow this discussion,

By referring to an MTS data sheet, in Appendix C, it is seen
that the data was much easier to use in this test. The horizontal

axis is the displacement axis, With a machine setting of .5% on the
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plotter, each small square is .003 inches (,0762 mm). The vertical
axis is the load axls, again with a plotter sensitivity of .5%,
each small square is 10 pounds (44.5 newtons).

During the test, the span was increased until the horizontal distance
on the plotter was ten squares from the starting point. When the
vertical distance had stabilized at this point, the lcading was
ceased. The vertical distance from the original point was then determined
and multiplied by ten to give the load on the soil. This load is
defined herein to be the "dynamic strength,” Qd.

Table 2 was constructed as follows. A gage length of 5 inches
(12,7 cm) was selected. For the required specimen deformation of
.03 inches (.762 mm), the corresponding strain was .006. The length
of each individual dynamic specimen was then multiplied by .006
to find the required deformation. This deformation was found on the
MTS data sheet, and the corresponding load determined. This load
was then divided by an area of 6,53 inches? (421 cm2) which is the
original area divided by one minus the strain. Since there was an
optimum number of three trials per specimen, the locad which was
used was an average of the three. This procedure gave Qd' the
"dynamic strength.,"

The corresponding static unconfined compression strength at a
.006 strain level was read directly from the compression versus
strain curves. This was designated as q.03‘ The ultimate unconfined
compression strength, Q. is the peak of the compression versus
strain curve.

The ultimate strength was divided by the dynamic strength,
qu/Q y to see what sort of a "safety factor" would be used. There

proved to be a wide scatter of points with a mean of 4,32, a standard
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deviation of 3.18, and a coefficient of variation of 73.6%.

The ultimate strength was then divided by the compressive strength
at .006 strain, qu/q.OB’ to see if there would be a corresponding
manner of scattering comparing a static test to a static test, The
mean of this set of figures was 4.53, with a standard deviation of
2.15, and a coefficient of variation of 47,6%.

The dynamic strength was then divided by the static strength
at .006 strain level, Qd/q.Oj' to determine if under identical strains
which type of loading showed a higher "strength." The mean of this
set of figures was 1.28, the standard deviation was .74, and the
coefficient of variation of 57.8%.

Table 3 is a comparison of the dynamic strength obtained by using
different safety factors on the unconfined compressive strength.

An asterisk indicates the computed "dynamic strength"™ is less than
the tested "dynamic strength.” The row below the list of borings

is the percent of time the "safety factor" yields a dynamic strength
value below the tested value. The bottom row lists the percent
increment between consecutive safety factors.

Table 4 lists the densities and water contents of the samples.

The samples which did not prove to be acceptable for a safety
factor of six were checked for similarities. The depths of the
samples were checked and found to be unrelated.

The densities were next compared and found to bary between
89.5 and 105.7 pounds/ft>, (1434 to 1693 ke/m>.) This was well within
the acceptable range so it was discounted as a faétor.

The natural water contents were next checked and found to range

between 22,5 to 23.3 percent, Again this was discounted as a factor



due to being well within the range of acceptable tests.
Finally, the lengths of the samples were next compared and found

to have no relevance on the safety factor.
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Figure 4.
Compression vs. Strain
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Figure 6.
Compression vs, Strain
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Figure 8.
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Figure 9,
Mompression vs. Strain
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Figure 10.
Mompression vs. Strain
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Figure 11.
fompression vs, Strain
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Figure 12,
Compression vs. Strain
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TABLE 4, DENSITIES and WATER CONTENTS

Boring #, Depth ft. Lenth of Dry Density pef Water Content %

Dynamic

Sample

(inches)
2 14 - 16% 5 3/8 102.3 23.3
2 20 = 22 5 1/4 102.5 23.6
2 30 -~ 32 5 5/8 114,0 18.2
2 2 -3 5 3/8 109,7 922
3 5-7 5 1/4 92.4 32,2
3 10 - 12 3 3/8 98.8 25.9
3 o5 —~ JP 5 91,0 32.9
L 5=~ 7 bo1/4 92.6 30.9
L 10 - 12 4 1/8 98.6 24,1
9 10 - 12 5 99.4 25,1
9 20 - 22 51/4 98.8 23.8
12 5=~7 51/4 106.7 21.%
12 20 - 22% L 1/8 105.7 s
13 20 - 22 2 5/8 102.9 2345
13 25 - 27 h1/2 97.6 23.3
13 30 - 32 4 3/8 105.7 18,7
16 15 - 17 6 3/4 109.1 22,8
17 20 - 22 4 7/8 99.0 25,7
18 20 - 22% 5 5/8 89.5 22,8
23 10 - 12% 5 1/4 103.4 22.5
26 30 - 32 5 1/4 100.7 26.9

* were not acceptable with a safety factor of 6

1 foot is .3048 meters.
1 pef is 16,018 kg/m3

1 inch is 2.54 cm.



CONCLUSIONS

Table 2 shows that soil behaves in a similar manner as any
other material in that at identical strains, soil can withstand
a higher dynamic load than it can a static load.

For the testing conditions described herein, there seems to be
evidence that using a safety factor of six will result in a safe
allowable dynamic bearing capacity Bl percent of the time using the
unconfined compression test as a standard.

The study presented herein hopefully suggests a starting point
for the correlation of unconfined with dynamic strength. The work
indicated that at low frequencies on a silty clay material, the
minimum safety factor to be used would be six. PFurther research

is necessary in this area before anything definitive can be stated.
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RECOMMENDATIONS for FURTHER RESEARCH

A beginning has been made on the design of machine foundations
using simple testing methods and not relying oﬁ sophisticated, and
possibly misleading, testing procedures.

The next step of the research should try to show an actual
relationship between the unconfined compressive strength and the
bearing capacity actually used in the field on successful machine
foundations,

This should be accompanied by extensive laboratory testing of
different type material specimens at different frequencies.

Identical samples should be obtained so that a statistical
analysis could be performed to determine the typical scatter from
an unconfined compression test. Identical samples would also be
needed so that a statistical analysis of the typical scatter from the
dynamic testing could be determined.

A literature review should be done in ordexr to ascertain the
variability of the shear modulus tests now being performed.

Finally, the sensitivity of the MTS machine should be improved
g0 that other frequencies can be tested other than 5 Hz. All this
testing requires a large number of samples so that the tests will
have statistical significance.

This work will allow a more precise safety factor to be used,

which in turn will appreciably assist in machine foundation design.



%L

ACKNOWLEDGMENTS

I would like to thank Dr. Cooper for willingly answering my
questions when Prof. Williams was not available.

Dr. Swartz should also be recognized for his willing devotion
of time to my efforts.

I would like to thank Midcontinent Engineering and Testing
and the Advanced Soll Testing class, spring ]983, for the use of their
test data.

I would like to recognize Prof. Williams for being a constant
source of inspiration.

Finally, I salute Dr. Henry Beck, who agreed to be on my

committee, and carefully proofread my manuscript.



1.

10,

11.

12

13.

b2
REFERENCES
Arnold, R.N., Bycroft, G.N., and Wharburton, G.B., "forced
Vibrations of a Body on an Infinite Elastic Solid," Journal

of Applied Mechanics, Transactions of the American Soclety of
Mechanical Engineers, Vol. 77, 1955, pp. 391 - 401

Bycroft, G.N., "Machine Foundation Vibration,” Proceedings of
the Institution of Mechanical Engineers, Vol. 173, Number 18,

1959, pp. 469 - 473

Funston, N.E., and Hall, W,J., "Footing Vibrations with Nonlinear
Subgrade Support," Journal of the Soll Mechanics and Foundation

Division, ASCE, Vol. 93, SM5, Sept., 1967, pp. 191 - 213

Gazetas, G., and Roesset, J.M., "Vertical Vibration of Machine
Foundations," Journal of the Geotechnical Engineering Division,
AS"E, Vol, 105, GT 12, Dec., 1979, pp. 1435 - 1455

Hall, W.J., and Richart, F.E., Jr., "Dissipation of Elastic
Wave Energy in Granular Soils," Journal of the Soil Mechanies
and Foundation Division, ASCE, Vol. 89, SM 6, Nov., 1963,

pp. 27 - 57

Hsieh, T.K., "Foundation Vibrations,’ Proceedings, Institution
of Civil Engineers, Vol. 22, London, England, 1962, pp. 211 - 226

Karasudhi, P., Keer, L.M., and Lee, S.L., "Vibratory Motion of
a Body on an Elastic Half Plane," Journal of Applied Mechanics,
Vol. 35, Series E, No. 4, 1968, pp. 697 - 705

Lysmer, J., and Richart, F.E., Jr., "Dynamic Response of Footings
to Vertiecal Loading," Journal of the Soil Mechanics and Foundation

Division, ASCE, Vol. 92, SM 1, Jan., 1966, pp. 65 - 91

MeNeill, R.L., "Machine Foundations: The State of the Art,"
Proceedings of Specialty Session 2, Seventh International
ronference of Soil Mechanics and Foundation Engineering,
Mexico City, Mexico, Aug., 1969, pp. 67 - 100

Novak, M., "Prediction of Footing Vibrations," Journal of the
Soil Mechanics and Foundation Division, ASCE, Vol, 196, SM 3,

May, 1970| PP- 83? - 861

Reissnar, B,, and Sagoci, H.F., "Forced Torsional Oscillations
of an Elastic Half-Space," Journal of Applied Physics, 1944,

DP. 652 - 65u

Richart, F.E., Jr., "Foundation Vibrations," Transactions,
ASCE, Vol. 127, Part 1, 1962, pp. 863 - 898

Richart, F.E., Jr., and Whitman, R.V., "Comparison of Footing
Vibration Tests with Theory,'" Journal of the Soil Mechanics and
Foundation Division, ASCE, Vol. 93, SM 6, Nov., 1967, pp. 143 - 169




14,

15.

16.

Richart, ¥.BE., Jr., Woods, R.D., and Hall, J.,R., Jr., "Thecries
for Vibrations of Foundation on Elastic Media,"™ Vibrations of
Soils and Foundations, 1st ed., Prentice-Hall, Inc., Englewood
nliffs, New Jersey, 1970, pp. 194 - 212

Welssmann, G.F., "Torsional Vibrations of Circular Foundations,"
Journal of the Soil Mechanics and Foundation Division, ASCE,
Vol. 96, SM 9, Sept., 1971, pp. 1293 - 1317

Whitman, R.V., and Richart, F.E. Jr., "Design Procedures for
Dynamically loaded Foundations," Journal of the Soil Mechanics
and Poundation Division,ASTE, Vol. 93, SM 6, Nov., 1967,

pp. 169 - 190

43



APPENDIX A
MET and Advanced Soils Testing Class Data

44



45

T

fLsose

[ 374 3TE APUBS [ | 6,0v] 6 €
Yy3ys 3138 Lake1d Lwad | - 0,09
Y3Fs pI[II0OW UBI-38N
16 [ kAY 2 LE-,SE 8 €
M3J ® YIJm IS uel
-3801 YA paf3jow uey
9°¢t6 [9°9T 318 | ,ze-,08| (L €
£ea18 yipa pearazom uey
v v *76 X o J1}8 2831800 -
il i e . 213 pue uv3-3sni Y3IA 1L2-452) 9 g
vuvmonuuu:m cuu-gmmum
T 0°S0T [27CC -
o smos y3tM ITFS Lakeyd wermil0e 3 £
y u®3 YITM pa[3low umoag
291 0°00T [Z2°%2 ITIs umoaq IYIYT | ,L1-,ST| ¥ [3
"t 601 8786 6°6¢ 3TF¢ uMoag | ,Z1-,01 € t
~N.ﬂ " 26 ¢t Uﬂgﬂﬁ .hl-ﬂ 4 t
'y L0 6 %6 [L°9T 31¥8 Asdeyd umoag | ,z-,0 1 €
6°81 @1®4ys | ,6,0% 6 4
4eal pue uw3 paiayleam |-,0,0%
3% 4S1L id 1d m ‘494 NOILVA313 M .“ W“
Mm% vwo |23 |22
SHHVYW3IH NOISSIHJINOD siiwnn LINN NOILYDIJISSY 1D er ﬂnu.
M Hid3a |2 ™ | 3
Q3NISNOINN OY3eNILLY AHa
—£861 ‘91 UoXBH *A "0) 3UF359] § SUFI99UTIUT JUSUTIUOIPIR Aloitsoqe]
S1531 0SS 40 ABYWANS
"oN 123(o1g 11¥H 39130 K20308J ISSMPTH 38919 13foig
ST 30 g 9%¢%q 66L0ZF IaH
&L

'O ONIISIL ¥ OMINIINIONT ININIINOJOIW

H



M

@ MIDCONTINENT ENGINEERING & TESTING CO.

T

A=t=1{=1 11 971 4 fetes bk =f = .
- =y o - ey
/ >4 r--“ i 2 r=1=1={ 1= {* A
J 3.0
: r qHf f o f 030 4 oy pu 'l
o "'Fqﬂﬂ - -4 .
2.5$ 7 »
‘- E‘ EZEs ik
o e o o
2.0 Anhumiiy
Skelech of specimcn ™ of od of pof =
after failure F .
1.5a .
$EST TYPE a et
(check ong) 1.0§
§ v 1% ,
D Controlled-stress
i
4 T
X controlled-strain "
L 2 mmla‘ .8 5

B Undtaturbed

Type of specimen O Resolded Test Mo. Pest We. Test Mo. Feat Ho.
Vates content v 23.3% $ ] $

.3 Veld retio s

£ | sawrstion ) $ $ ] $
Dry doneity, 1bfeu £t | 102.3

Pime W0 failure, amin e

Uumm‘}f nemnutn strength, Y 2.55

Ual;'auid sheas strength, tons/sq ft Sy

Sansitivity retie 5,

2] o,

RS
#2 | prejoes Great Midwest Factory Outlet.
pesarks MET #20799 Mall
Ares
Poriag Moe 2 Sosplo Moo e

©15'9"-16"'3"%. Mar. 8, 1983
UNCONFINED COMPRESSION TEST REPORT




M

(2 MIDCONTINENT ENGINEERING & TESTING CO.

T

BEAREEEaS aRp I
< o s . N
ERiEanEaanRReNARER AR 5
1.50 L =
[ 1 o o 7 9 u
1.25£ r.-‘----‘..-—;/. bl 44 2
g = - o o =f =g ] ]
E b ---‘{ HEE L -::--'-. i
- oy of = =] = B
L.0 = 7 r
Shotch of apecimen w W ] b
© after fajlure 5 b | et
754
] e
3 Z 113 aT
IS P ¥ "
(Cnask on) .50 g I T -
& [17 I ;
o - 1
[0 controlisdestress 25 jr
L] _‘_1'
L =T T ™
) controlled-strain 1 1 T
- .n.m:.3|nuu.£'. . $ 5
Type of spesisen podisturbed | eat o, | Test Ne. Test Mo, | Teat o,
watar content Yo 22,2 ¢ $ } 4 %
E Veid ratio ‘%
=
& | Baturstion 5 $ ] 3 ¥
Dry density, 1b/eu ft Tal 109,7
Pime to fallure, min - by
comprassive
e e s 1.68
Und;ctnid shear strengih, tonsfeq ft fu
Sensitivity ratie 5
= ™ ed WLCh ruSt-tan and gray clayey sl
q
9,
)
iadl pregees Great Midwest Factory Outlef.
mesarts _MET #20799 Mall
Area
Boring Me. 2 Sample MNe.
_.._,:.:'__E32"9“-33'3'Lu Mar. 8, 1983
UNCONFINED COMPRESSION TEST REPORT

47



MIDCONTINENT ENGINEERING & TESTING CO.

V7 R
1 2 i 11111 = =
t b Bt Bt o ol Il e Bl il ol o
5 N L 17 . L L
§ 1,08 . 24 :
| lfnananhnnfyEhniknrdf ah
; H T
.Be T
Bhateh of ppectmen o s i )
after foilure ? 7{
6%
apme alels
B 35
JIST TYPE et
{Chack ong) ol g
[ 7 i 4 ¥
[ controlled-streas 2
. 4 i 67
B
X) controlled-sirain )
ol . oZd 3, 3,79
AXIAL BDWIN, ¢ , §
Type of specisen Smjﬂ""' Test Bo. | Test No. Test No. | Fest io.
Waler CORLEAL Y] 25,9 ¢ 3 1 %
g Veld rasio %
:‘- Saturation % # $ ] £
Dry density, lbfeu ft Te! 98.8
fime to failure, win be
Unconlined compresaive strength,
1ons/fiq It %, 1.09
 Undratsid shosr stsengtn, Sansfoq v | *u
lculuvl.'w ratio ‘t
| classiriestion Brown gilt
LL ' M l P 1‘|
2 Projoey Great Midwest Factory Qutlef
pesaris MET #20799 _Mall :
Area
Boring Mo« _J_-——- Basple MNe. .._.._-.—-——
k Deptn, B 11'0"=11"6pee Mar. 8, 1983
UNCONFINED COMPRESSION TEST REPORY

48



[2 MIDCONTINENT ENGINEERING & TESTING CO.

PR EE B o 4= {1 L]
70 1 L
] e « afuh | Aafuhofe] el ofs
C1Ts 1 1 o
e apefo e foof o g | of gt o 5 i rw
3 LT T
o == 4=
\\ 1.05 . [ T T
g AR P Y b e
< =y = }.‘ aje
{ .8 n
Bietch of specimca n 11371 T
after fallure E - =
6@ -+
e s
E n REN
. $ o
(Cnach ang) _Qg .
o . i 8
[O) controlled-stress
.2 m B
t =
[X) Contrellsd-stirain T f
AXIAL SDAIN, ¢ $
Uadisturbed
Typs of spacisen g#ﬁ;.‘_ﬂ Test Ne. Test No. Teat Ne. Test Ho.
Veter content Yo 24,1 ¢ $ i $
'.f. Void raiie %o
-
& | sauration 5 $ 3 1 $
Dry denaity, 1bfeu ft Ts 98 .6
Tins to failure, ®in Se
nconl ined compressive strength,
Lons fiq fL L 0,90
Undrained shear strengih, tons/sg ft )
Saneitivily retie 5

classifteatisaReddish brown silt

lu ] 9,

po

L "
"l._n'Ef ) )
I am 1n. | Neagnt 1n.| prejess Great Midwest Factory Outlef
mesarks MET 20799 Mall

Ares

Bering No. 4 S

pepus, 0111'0"-11'6'bsa Mar. 8, 1983

UNCONFINGD COMPRESSION TEST RLPOAT

49



M

(2 MIDCONTINENT ENGINEERING & TESTING CO.

] 4 u-H - = p=f ] = | = =t -4
31431133 pm
-] fefet | dot=]-]={ 4=
b=t == wscf ] mpnd et - et
\ : 3 r-:-:q---_—. »-{c--d-ir- -
o -] oy -
| 1.0§
l' \ 2 L | J:i o o e g e o -
L] bt e B Bl e
[ — T
Sketch of specimca w 1137771 ird
© after fallure E v potete (o footm
.64 >
e = +
& ks
IEST TYPE g v, o | et
(Chack one) .43
@ - e 4 i e -
(7] Controlled-stress
.2 St |
A :
Y =1 -
[X) controlled-straln I I B
.3 - m‘lgmn.-‘.l oD .8
Undisturbed
Type of apetinen E Mm:dgd Tesd Bo, Tast MNe. st No. Teat Ke.
j Watar content Yol 25,1 % ] £ $
g Veid revio ‘s
=
5 | Baturatson 5 $ [ [ %
Dry deasity, lbfeu ft Ta! 99,4
Tise to fallure, ein tr
Unconfined comprassiva atrengih,
tons/fiq It 4% 0.95
Undrained shear strangth, tons/ag ft "y
Benaitivity retie 5, _I

prejesy Creat Midwest Factory Outlet
meearis MET #20799 Mall

Ares

hm e, g Sasple Mo,

popia, £310'0"-106"%a1e Mar, 9, 1983

UNCONFINCD COMPRESSION TEST REPOAT

30



GERG fzcose

3 4 TE] 30 89991d UIFR| L/~
£ero huumn £wva8 n unmﬁ iy 8 . &

‘uv3-moyIeL Jo sangxjm y
17701 [E70T 2TBYs 3 "8 Jo 892’Fd| ,7-,0 ! £
YITs 3738 35N “uwy ypa

paxTm umoaq-£eal yaeq
{750T 0°ET ATFE Ava¥ swos| 7z-.0z | ¢ A
Yays parajom uej-umoag| - :

g°1 |[58°0 €9 62t IT¥s £ead swos [ [1-,ST | % | 21
. YITA pITlIom uBl-umolg

It [29°1 6 701 0° €2 I1T8 Kv39 3a®p |,g1-,01 | € | 21
03 LT3 AEaB pue 3sny

(872 90T ["12 ITTE_AKSI5 ¢ | 2 51

Lead puw uMoaq Haep
YITA paxpu UBl-ysjppay

0TI IT T L7901 £7¢T | P 12,0 1 A
Ren1 ‘umolq JO IINIXW ¥
0°Z6 St pues X318 Awid-uwi| .9,9% | 0T | 6
YIFM p313zow uel-3sny | -,0,5%
5T 91 pues AJTI8| ,6,0% | 6 6
Uel-#0TT4 YITM 3Isna-uel | -,.0,0%
"3 —¥51qqed swos UIIE | 8,9 | 8 | &

pues L34 ue3-3eny | - 0,S¢

I% 451 Id d mn

.mm” . _ . . |NOILYATT3 mm z3
. HO =3 |22
SMYVYWIH NOISS3HAN0D simn LINN " NOILYJIFISSYT1D o = e = z
Q3NI4NCINN DYIBHILLY Aua Riag L™ 1
“TE6T U1 YoIEW A*Q "o) Bujlsel ¥ BUTASIULIUY JUSUTIUODPTH MOIEI0Oqe]
= S1S31 08 40 AHYWWNNS . . i ¥
‘oN 1aforg 11eH 3191300 A3030837 3I89MpTH 3vainialold
ST 30 7[ a¥eg- 66L07# LN

‘O ONIISIL ¥ SNINIINIONT LNENLINO



ﬁl ONTINENT ENGINEERING & TESTING CO.

T

Fus0 786 TS~
.n g T .
S
- { -l "-L-'- -1 . e o
Ft - - g cto,
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Sketch of epecimen ) . b4 i 4 /1 t ]
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IIET TIEE P 1 -+ Hlsdan
(Check one) 4 i -+
i
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[] controlled-stress 2“"‘"‘ il e
199 L | H
L4y _._..._;_‘_i |
- | (5
[ controlled-strain W B8
2 X ; ; ag . Os =T |
1 o Ay Fiam, ) % 7
Type of specimen S oodiaturbed | pegt wo. | Teat Mo Test Ho. | Test Na.
Water content Yo| 23.88% % $
g Vvoid ratio ‘| 7606
S
S | Saturstion S % % %
Dry density, lbfcu ft naf 73.92
Time to failure, min r
Unconfined compressive atrength,
tons/aq £t U
Undrained shear strength, tons/sq rt | "u
Sensitivity retio 5y
Classification
w ! FL PI G,
Snec lnen cm | Speclimen m
1 in. | Helght ind] project Jeh No.
Remerics
Area
Boring No. Sample Mo, __ /3
[l oeper, 11 25-27 pave S -/D-83
UNCONPFINED COMPRESSION TEST REPORT
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SEmpAm teter
TEST TYPE g -
{Check one) ,302 '
=] }_ . tofe] 4
] controlled-struse T
.15 pan -
T
+ et ; Ll
(X] controlled-strain Tt +
i .b 1.

B Vsdiaturbed

Type of spucinen © Resoldcd Test No. | Test Me. Tost No. | Teet ko
Water content Yo 18.7¢% $ { £

g Veid vatio e

.'.." Saturstion 'o ] [ 3 ] 4
Dry density, 1b/eu ft Yq| 105.7

Time to failure, sin b

n‘::;in;d.r:-pnnlu strengih, . 0.83

Ulll.-flln-ld ghear strangth, tons/sg fu | °

Sansitivity ratie : B, |

| cisssirioacion Yellowish-tan silty sandy clay
w : 'n. r ]7.

pe

mearte MET #20799

A 2.850=.|lmg& 5,563 ind projess Creat Midwest Factorv Qutlet

Mall

Area

h‘l; ‘t.—ﬁ—_ Sample Moo
| pepun, &2 31'0"-31"6%0, Mar. 10, 1983
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o3 4l L |
7 S
[X} contrelled-strain ! -~
"
! Z ml}imu, :‘. $ 5
fype of epecinen m;:“’s!“‘ Test Ne. | Test Mo. Tost No. | eat bo.
Valar content a1 22,8 4 $ £ 4
g Void recls %s
E Seturation 5 $ % 11 %
Dry denatty, 1b/cu rt al 109.1
Tva otr
T - & 1.89
tlndmn-d shear strengeh, tans/faq ft | “u
Senditivity ratio 8, ,
claseificatien Weathered grayish-green shale
[ ] an
e 0 in. | Hesgne 18] ppogecs Great Midwest Factog Qutlet
pesarhs _MET #20799 Mall
Area
posing Moo 16 samus me.
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; 7F
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] controlled.sirein - 3 1
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Type of specisen & Undisturbed
© Resaldes Teat Ho. Test MNao. Twet Ne. ‘Teat ¥o.
Water content Ys) 25.7 ¢ $ ] $
g Veid rasio %
E Baturation 5, $ $ % ¢
Dry denaity, iufeu It 4| 99,0
p:m;_“ ﬂmpuul.n SLrangLh, g, 0.84
| Undratsad snear scrangun, tanafeq v | % |
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UNCONFINED COMPRESSION TEST

Description of soil
Specimen No. _¥2  Location_20-22"'

Moist weight of specimen moisture content %
sigeh of speciimen, L 8 28 Diameter,D — 2 72" Area, Ag (0. 427"
Proving ring calibration factor: 1div. = _ _¢ 3|
Specimen Vertical fi:;vzf, cL;ads; C‘lﬁ?fi‘d S&f?
dsfponarion swain, reading calibration i Col. 5
= AL AL —No. of factor of B B
i small proving
. divisions ring (lb) (in?) (Ib/in?)
(1) ) 3 @ ) 6
L0 LOQISLD Z e s 0 D28
L2 L6034 Jvich 44, G G.5\ Q.8
.02 L N Z21 3.5 .52 /0. 5]
et £ 002 229 10! o /12738
;D5 00784 |.369 (144 G.5M [7.40
Do caoopl | 74) 136 (.55 | 20.9
| B ol onoe | ¥ 5 1612 6 5 <2
LOR OlZ2EE SR 179 % .57 237.4
=] NLICTT GR( 211 S8 | 321
M ia) DISRo | 132 227 &89 244
] 72 1%n 248 Ll | 276
i o8re | ep 2R &Gl 46,4
.z . 02eY %20 285 3 ] 430
1y L0220 171 303 (oo (a4 45.(0
= (0225 | 16l 3229 G5 | 498
i . 025 1141 S5 Cotalo | 032
5 0267 | 1208 i 0 P O W
3 L0282 1270 394 .n | 590
.19 .C298 1310 Hole -2 b7
.20 . 0314 1372, hzm G (o234




179
UNCONFINED COMPRESSION TEST
Descriprion of soil
Specimen No. 2 Location _20 =22,
Moist weight of specimen moisture content %
Length of specimen, L %8"_ Diameter,p 218" Area, Ay 249"
Proving ring calibration factor: 1div. = _ a3/
: x Provi Load = Corrected Stress =
Specimen Vertical ring dia Col. 3 x area = Col. 4
deformation swrain, reading calibration e Col. 5
= AL AL =No. of factor of By = g
R small proving
i divisions ring (Ib) (in?) (Ib/in?)
(1) (2) 3 4) (5 (6)
o2l . D320 {422 i ] (o357
22 L0345 M3 4o4 &2 A
23 AN Y Y5 13 2
24 G Yo L] 474 (n7Y 6.5
(25 06302 Sow 490, (75 Y
26 0408 S92 HOH (o1 3
2 OH2Y eIty 4oy o L8 | I3
22 co43o | ypan 5a5 9 | 743
20 04955 1G4 S08 o, B0 243
. 30 L4 Ko S| S\7 (. D 152
.3 L4 8l Y 213 G T2 52
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UNCONFINED COMPRESSION TEST
Description of soil
Specimen No. _~2___ Location 30’ - 32"
Moist weight of specimen moisture content %
Length of specimen, L 53" Diameter, D 27 Area, Ag o0 i
Proving ring calibration factor: 1 div. = _
Specimen Vertical z'::ifl CL:l“.l! =x Ct;rﬂ;:c:d 551:1-':5:
deformation strain, reading calibration Ag Col. 5
= AL AL —No. of factor of e, = g
in T diﬁ'ﬂns prr?r‘::‘g(lb) (in?) (Ib/in?)
() @ e ) ) ©
Ll 16 L 001860 4, %90 6.50 T
L2 L2, 00272 | 9 22 £ 51 .95
e o) L DOSER 40,3 .53 | 617
- 209 . 0074y 4.7 6.54 1 9.8
o5 293 0030 | 90,9 £.55 | 13 R
- 39 L Olilig 14,4 s.55% 1 .84
a7 541 L0072, 131 6. 58 | 2n 8
ne Tk YRS 1597 b 59| 242
- 591 LO1ETY [83.2 e 6l | 278
o A ir L0860 | 208 G (gl 3L5
) 5z 0208 | 233 e | 35,1
Y g2 i 255 ( Ly | 384
e == N 7 230 (.5 | 42
Y Oz L DREIS 2°% .l | HYO
5 10/ L 0270 23 .68 | 4.9
s DB | . oze] 555 b.69 | 507
3 477 U245~ | 0230 349 Gozo | B2
8 o | ,oass | 370 .71 55|
BTN . 3 .3 58,2
o JE&; . E;f 5 3 H%Z Z. 74 (ols.'b
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UNCONFINED COMPRESSION TEST
Description of soil
Specimen No. __L Laocation 20 -22"
Moist weight of specimen moisture content o
Length of specimen, L S¥8 l Diameter, D 28" Arca, Ay £99%"
Proving ring calibration factor: 1div. = _ 3]
r . : Provi Load = Corrected S =
Spcc:m_:n Vertical n':\g ::El Col? 3 x a:::i &::-
deformation strain, reading calibration B Col. 5
= AL AL —No. of factor of A = —=
=55 small proving
. divisions ring (Ib) (in?) (Ib/in?)
(0 2) (3) (4) (5) (6)
21 028 B2 422 LS )
22 0902 | 141/ 439 G 701 BHB
23 o428 | Jsd) 1738 .78 1] 70.5
.24 L0447 1582 120 .75 | 722
25 IR BT 503 (o R 3.9
20 o489 | 62 518 .32 6.0
.23 OS2 INes S25 L2231 TS
28 052! [74] 40 LRSS | 8.8
229 . Y 1772 550 LB | 202
20 o558 | 1793 S56 e 71 BO.9
2 552 |B 1] S\ o2a] BLY
Az oo | 1822 ShS (.ol BlLO
W32 Loty | 1832 SC3 -.0% | B2.0
2H Y |R'52 =14 (. | A2
25 L o6l | sz 57% 6£.GL | RCT
Yo L nig10 RS2 574 O | B2
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UNCONFINED COMPRESSION TEST
Description of soil
Specimen No. .. %3___ Location __35'-37"
Moist weight of specimen moisture content %
Length of specimen, L O 58" Diameter, D — & S Ares, Ag 2. 997 -
Proving ring calibration factor: 1div. = _ 23|
spinen | veen” | g | losts | Comeent | S
deformation strain, reading calibration Ao Col. 5
= AL AL —Nao. of factor of A, =
s mEE small proving
in. “f divisions ring (Ib) (in?) (ib/in?)
(1 (2) (3 (4) O (6)
. Ol o 00CIIR D 650 )
.02 5 OR300 A .51 24
o 39 en532 | 12,09 (52 | L8y
ny 53 07| 2677 E.5Y 408
LS 25 | .0880 | 38.9 6. 55 5.5
O 172 101067 533 = PO I 9
rry 211 024 5.4 0.S7 | 9.95
L0 242, D422 158 LoSB | 1140
o) 287 < Cllo .0 &.G0 (3.9
0 320  l.omaR | 1020 .Gl | 1543
e ICTAS| 1O19850 12. R o.? o4
L2 392 OZ|™ 12,5 Ll | A3
o3 [ 7w IR Y AN [32.4 G.L4 | (o, CH
Y 482 L0249 1460, | Gl | 2100
L5 487 W02 57 1497 (elal | 224
wlia SOE NeYALR 1592 (0GR 234
NG, 532 0362 145 by | 2406
3 S4 Jeoyd i) (0. 70
.19 830 O3 1G4 3 Gis T 244

62



UNCONFINED COMPRESSION TEST
Description of soil
Specimen No. ._8=7__ Location S-3!
Maist weight of specimen moisture content %
Sienili of spediines; I, 5 2 " Diameter, D — 8 Area, Ag 6197
Proving ring calibration factor: 1 div. = _ .3/
spomn | Ve | Mo | Lemds | G | see
deformation srain, reading calibration A Col 5
= AL AL —No. of factar of R
ala b 75 small proving
i divisions ring (lb) (in?) (Ib/in?)
(1) (2) (3) (4) (5) (6)
.0f Y] ooie8 12.33 (2,50 2,03
02, Glo 0] 00NN A (S| 1706
i ot 1], e054s 4.5 L) (0. 3o
Wor! 135 0Rl . oom2o LYy (o.54 220
ng T 251  emeopd 135 (.55 [1.22
£l 2a| |.o00 871 L.56 | |328
e 23z | .o1292 far ) (.57 LA
02 377 OUST [5.3 (2.5 | 1950
0% N ollaAa 26.8 M) (9.2]
10 4460 DIR\B ReH o (ol 260 (
¥ 4720 07 145.3 (0.2 22.0
iz
i 12
NE
&
g
i1 _
8
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UNCONFINED COMPRESSION TEST

Description of soil
Specimen No. 2 Location
Moist weight of specimen

zO'-22"

moisture content

%
Length of specimen, L 7% Diameter, D 2 la 3 Area, A, 2.492° "
Proving ring calibration factor: 1 div. = _ Q.31
Specimen Vertical ::::lfl é.:[adi :( Co;f::itd Sé:ﬁ;
deformation strain, reading calibration Ao Col. 5
= AL AL =No. of factor of A = {—=
Sl small proving

in. divisions ring (ib) (in2) (Ib/in)
(1 o)) (3) ) (5) (6)
L0 tn3aa & T .SO | .00
L a2t g5 3. 05 b, 5] £.l9
O3 and b | 22.2] G.52 | 433
o4 srogan | Y2 44. 02 .52 | .15
oS 00667 | (O £2.62 | £ 83 1.8
afiic LOOR 242 15.6%2 .54 | /.97
09 £0%233 |3/ 9,41 ©.55 | 1472
D08 Lelog [ 38) (R ©.56 | /800
00 D172 by /3R (.57 21.00
o o133 |03 [55.9 (.58 | 2300
JU o Lewa | &P 174.2. ©.5D | 2043
il2 NI G| 185.0 loslary | BS0L,
J2 lLamaz | 687 2i3 Glo | 323
Y logen | 932 229 .l | 245
L5 .02 Wizva 242 .62 | 36.0
il VAL 82Y a5 6.3 | 3835
o7 28 Bl 261 @64 40.Z
8 . |0 B3R5 | 274 .S | 4.2




UNCONFINED COMPRESSION TEST

Description of soil

Specimen No, ../2____ Location 20 22 ¢

Moist weight of specimen moisture content 9%
Length of specimen, L 5 3/9” Diameter, D 2 A Area, Ag mi“
Proving ring calibration factor: 1div. = _ _¢2 !
Specimen | Vertid | ToTE x| dme | e
deformation strain, reading calibration Ay Col. 5
= AL AL —No. of factor of A= —
€ = T small proving
e divisions ring (Ib) (in2) (lb/in?)
(1 (2) (3 (4) (5) (6)
W 01RO 4y 1221 a5, P
07 L0632 = 2R.2. (. 5] 433
ok 0085R | /38 42,2 (.53 ¢85
! oo | 21y A .54 10,13
€5 Lot | 283 R (.55 Jde
ey ol | 337 [0%. 8 (i Sl [S. 23
owi L1202 | 3O 122,/ ©.SR® | /8.5
OR LOMBR | YYS (3R ©.52 | 20,9
L0 ol | D/ 58 ¢ 6.0 | 24
O 01RO | S6& 2] Gl 2ty
%o D205 o2 | 192.5 Lo la 28.0
12 oz | (L3 20(, . 64 3.0
2 L0242 208 219 (ool 3
N 0260 | 752 233 (o laly 35.0
8 279 | B(7 253 (0. GR 375
T 0228 | R332 By 0S| 4.4
Wi L3 | 843 2552 (0. 70 43.(o
18 L0205 | 1oy G . B €
2 (035 oG 323 .73 48.2
Fil 32 /g a4 L. 51.5
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UNCONFINED COMPRESSION TEST
Description of soil
Specimen No. 12 Location 2n'- 22"

. Moist weight of specimen.______________ muoisture content %
Length of specimen, L Sy Diameter, D 28 " Area, Ag G- 19
Proving ring calibration factor: 1div. = _ . 3 [

Specimen Vertical :::::;:El CL;T(; ; cc:::u:d s(?:]s_s:
deformation strain, reading calibration Ay Col. 5
= AL AL —No. of factor of A, W ==
&% Tp small proving
- divisions ring (Ib) (in?) (Ibfin?)
(1) 2) (3) (4) (5) (6)
2 | 03D =3 G L] S 'S
: 22 LCHOO 23 322 .17 YA
LB Ve 1202 40 .73 56,1
24 20447 1340 45 (.72 Gl
25 46T =Y 428 (8l (2.3
20 LY 197} 437 (ra B2 &Y. |
&7 Rolateyd 1432 Hyy {GQB 5.0
28 l.n52) 1482 k) 6.8 | 7.0
2% | ox 1493 Hod .86 | (575
30 |.os5R | 18I0 1CR (o8 | 6B
3L leosys | ys3e |4 (.85 | &8,
32 losos | 155) 43| (.20 | oo
23, OlolY 1569 486 6. S 702
= D33 1572 4277 (.93 | 0.3
Y ees 1572 437 (.OH | 5701
Al oo, o i 429 G&. 2o 200
237 1o6BB | Isa3 12\ .97 | 04
23 07077 1582 4o (.9% 0.3
.39 R 15779 48D 77.00 2.9
.40 o144 1510 4.8 2.0l s B
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UNCONFINED COMPRESSION TEST
Description of soil
Specimen No. L2 Location 20-221
Moist weight of specimen.__________ moisture content %
Length of specimen, L .5 25" Diameter, D —Z 72" Area, Ag 4937
Proving ring calibration factor: 1 div. = _ 3]
; ; Proving Load = Corrected Stress =
Specimen Vertical ring dial Col. 3 area = Col. 4
deformation suain, reading calibration Aa Col. 5
= AL AL —No. of factor of A e
R small proving
s divisions ring (Ib) (in?) (Ibfin?)
49 (2) (3 (4) (%) ()
0! MO | . SoEed 2.9 (2. 50 429
22 L Jen] (e0Z72 4. b, S 1,62
3 287240 _ens5R 0l | (52 s
ont _@6 37 eomuy [65.4 L 5Y I 1Y l
5 W0 | onSae (2| s [5H40
o Ho s ot | IS5 [5G 230
o g80 | . 0\302 (79,8 58 2373
2%
0%
10
all
74
14
alD
Ll
Al
L2

67
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UNCONFINED COMPRESSION TEST
Description of soil
Specimen No. 1R location_25-272°
Moist weight of specimen moisture content %
Length of specimen, LCJ 5B Diameter, D —2 Li- 3 Area, Ay _ﬂb
(:réowzi?;lg_ c.alibrarian factor: 1div. = _
Specimen Vertical i;m é.;zd; : C:::::ﬂi SSE
deformation strain, reading calibration Ay Col. 5
= AL AL —No. of factor of A e
€ == small proving
i divisions ring (Ib} (in?) (Ibfin?)
(1 () 6} () (5) (6)
ol |looo22 /.0 0-3/ 6.504 | 0-098
oz “locvds /13 03 G-5/8 kO-eZ
o3 “pooes | 24 e | 6532 [/
o |o-oo8a| s J0.85 | e.526 | 1 o
oo |o-0/3 b2 [9:22 @575\ 2.92
08 lo-0l7 | 84 2G-of | 6602|394
w0 o-022| s 35.-65 | 6630|537
iz T o-026 | |14 464 | (663|670
o Tlo.o3o| 73 53-63 | ¢.690|g-02
6 *l0-03G| 195 &0-45 G 732 | 8-98
a8 10-039| 282 65-72 | 0753 | 9-73
20 T |p-Od3| 224 ©9-¢L ¢.782 | 10-24
24 o052 | 232 7792 | G684 | tO-555]
28 0060 T oS | 6994 |7-65¢
, 32 e
o
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UNCONFINED COMPRESSION TEST "
Description of soil
Specimen No. 2.3 Location & = (2|
Moist weight of specimen moisture content %

Length of specimen, L Gy Diameter, D 27g" Arez, Ag 2,99
Proving ring calibration factor: 1 div. = _ __. 3|
Specimen Vertical :I:::?IEI CL::K;‘; Cc;:;e::ed Sgs;
deformation strain, reading calibration Ao Col. §
= AL d = AL —~No. of facmfof A = ==
L small proving
e divisions ring (lb) {in?) (Ib/in?)
¢} (2) (3 o) (5) (6)
LOf col4al &8 | 7.05 (S0 | 2.62
Nore L0029 (Dl 32.9 .S 5.05
.03 , 0O4YH 15 48.4 (.52 | 1.4z
or 1 5059% | 209 4. R 65> .92
05 L0079 2638 83,1 (.54 2.1
Lo LoRGS | SY 057 .55 | {14
owi LA 3ES boZ [24. (s 4 506 8.9
LO8 SLcites | Y72 [ D 5,57 1 22,5
02> | ni3n3 | H2R 637 .58 | 24,0
0 D481 | BOp 1835 6.5% | 27.R
Ll 030 22 o7 (.60 79,5
2 L1778 | 697 Fad b A 32.9
12 clez, | I15] 233 lno2 | 352
al L0207 151 237D b.b> 35 1
S 0222 13z 242 .y | 364
o 10239 fatll 251 .5 | 379
3 (0252 BR 273 &, oo 1.0
12 £ 0267 | D527 gey b7 H47
) .ozl 10172 a WM A 4.0
2 0236 o7 232 66D 49,6




UNCONFINED COMPRESSION TEST

Description of soil
Specimen No. __2=2_ Location 10! = |2 '

Moist weight of specimen moisture content %
Length of specimen, L. A Diameter, D 2 Area, Ag % Ko il
Proving ring calibration factor: 1div. = _ _¢ 3|
: ; Provin Load = Corrected Stress =
Spcc:mc.n Vertigal ri::g dif] Col. 3 x area = Col. 4
deformation strain, reading calibration Ag Col. §
= AL AL ~No. of factor of R
L A small praving
in. divisions ring (Ib) (in?) (Ibfin?)
(1) (2) (3) (4) (5) 6)
Ml 0607 | (53R 477 (o.9] (2.0
.42 022 | [54O 4327 22 | 8.5
.43 O3 | S48 420 .83 | (%5
Y 0052 | (551 481 . o 8.3
245 o] | 562 4849 (.95 | 9.6
Mo |.ee | 1571 487 6.2 | 900
M loese | ist2 434 9% | 93
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UNCONFINED COMPRESSION TEST

Description of soil

Specimen No. 23 Location___[0/=12!
Moist weight of specimen moisture content %
Length of specimen, L (a2M"  Diameter, D 27" Arca, Ag L H2F
Proving ring calibration factor: 1div. = _ _, ™|
SPCcimfn Vertical f:gv;n:i cL:lldJ jc co;::;c::cd Sgl_s:;
deformation srain, reading calibration Ao Col 5
= AL AL —No. of factor of AL g
E ¥ 5 small proving
in. divisions ring (Ib) (in2) (Ib/in?)
(1) (2) 3 #) (s) (6)
2| O3 130 350 Gt S22
22 L0320 | IRl I la (o, 11 S5
22 L0341 11230 331 b | D, ]
.24 025 | 1272 3 o4 (13 | SRS
.25 0370 | 310 404, .77 ¢0,2
26 o3RS | zyg AR - TR
.27 Mok 132 A Tl (2.4
28 L0415 [3R2. 2% e 6 &32
29 o473 /41D 437 (I8 4.5
20 l.oy4y 142 H) (79 | Y
(21 N5 | 1432 444 680 | 63,
22 .oy | 132 44 ARSI AT
e HRS | 145) 4506 ©.82 .,
2 0504 | 1462 H&s (o B3 . D
25 l.ogiD | 482 450 @85 | (o0
3 0533 | 1462 [P} (e, Bla (3.5
37 o542 | 1502 H(l L. | 678
23 omen | s12 A [ ates LR.T
-39 o578 1522 HTE, L8> 685
4O ‘0553 (529 44 20 87
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UNCONFINED COMPRESSION TEST
Description of soil
Specimen No. “2¢ Location 30"32 !
Moist weight of speciman moisture content %
Length of specimen, L G R Diameter, D Fa 7’3 : Area, Ag NSl
Proving ring calibration factor: 1div. = _ 3]
2
. ; Provi Load = Corrected Stress =
Spesimen Wizl ring di] Col. 3 x area = Col. 4
deformation strain, reading calibration Ag Col. 5
= AL AL —No. of factor of L
R 71 small proving
in. \| divisions ring (Ib) (in?) (Ibfin?)
(1) (2) (3) 4) (5) (6)
Y 41 OIS0 L 650 832
oz 83 - £0302 25 (W] 3 %=
25 e LOEN53 7.4 .52 1575
o 1753 PRar. il .53 194
e 20! L 0TS ! (e .53
ra 23¢( o= 116 .55 /10,23
. 263 | o557 Aal.5 (86 | 12,42
g 203 A0 0. 3 (0,577 3.8z
2 22) 01353 o5 L [5.12
b 8Y folisYats, [ (.59 1.5
1l 3 DlleD 15 el 7,42
i 3% | &l [21.5 .l | 1R.33
{3 brx  loelosz (R.R .02 (o B
e ) oy AN o 7 (CR %) 2151
1< N 0220, 147> .l 2213
L -5’3.7 247 ]..55 (o P ) o @)
22 Si) 0257 [=8’Y4 (o.blo | 23.9%
hie: 53] . 02772 Jtath o .1 247
9 850 237 0.5 -3 %5.5
.29 8 o302 | 7.\ b-LO 2.7

72
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UNCONFINED COMPRESSION TEST

Description of soil

Specimen No. _A (e _ Location 2032
Moist weight of specimen.______________ moisture content %
Length of specimen, L _....._R_..__..(“ Ay Diameter, D B ¥ Area, Ay -(9-—‘[‘3—0"
Proving ring calibration factor: 1 div. = _ __o 3|
. ; Proving Load = Corrected Stress =
Specimen Vel ring dial Col. 3 x area = Col. 4
deformation strain, reading calibration Ag Col. §
= AL AL —No. of factor of A = =T
= e small proving
. divisions ring (lb) (in?) (Ib/in?)
(1 (2) (3) (4) (5) (6)
2\ a2 S8 1 201 (LI 2.0
.22 o2z | 503 183.8 (. 274
P O3 | Sor [85.5 72 L35
24 L0302 L1 150.0 (L3 | 2872
.z 0277 | 63 1951, L4 | 200
L 259 L0389 | GO [BR.3 L35 | 290




APPENDIX C
MTS Data Sheets

74



75

K

ool g st

e
'
!
T
jEnS

LA
T

I
3
f
t
!
.

4 04 gt ¢

e
d
44
H

1

2.0

EPR CHART A

SRUNERY NGEE i
s bmeda e i B2t dags
e g
4 5 1 3 - .A..H +
T b 3 T it
TIv Rt : i R T ™t
Firm : 3 o GBS S §
=-1= o .1
w m Pett EBE b &Sy syan
1 T 1 1 m
RRREA L - 3 -
. i i . X
t P 11 s 2
5 Tt it ! !
) sl Piinds i SH
: fudt ig=as s
: pe e flirEd 5
i Tttt +
! e Spass
e et b R am
: : T ey 111
i i ! G g e
RRRY RN s . i T I
] 2 ﬁ« Pl i e ERE s Suinunsup &
Pert I f: - fegisit +
T T
58 BARES dddss _ .
‘ R oty paa g : _ :
[ E RS JTOS puny:
o ] Mtwr:; i
s % | i by kg ok v
IR 1 fLA Flo ' | Toal s
ao ot aty g G Ra RN RN ! I [

uejieA

nsa Ry

-!.E&ﬂ. el ot



76

_
t
b : B R
T - - , .
. ; FH
“ i . 5 i ‘
H o ek i E
. - sl i a, ,
t - : e ]
1 - T 3 ; ;
- 4 - B ! -
PLLIEE o T B, + ;
o L . )
2
& - 3 Ty
H AE T4 IE
A 4 z d
G ~ :
NuRgEE
HH :
C A
= ]
saashef] : :
i [ [ /; j
it ts : :
145 . aN
shid Rafdceasstnnenadls i 23
T b e . ak
SpaOREN: 258
i HT T
r T T @
T _ o Q11
56 by £
i T
: oy bt -
- : ¥ -
i — 5 =
r T T o 5 :
a3 _ : 2 £
L THE b s
B Lrll ] [1
. H 3 H =
! —t- b +111 -
i ug 1
e HH S8k :axg fadbaans e
5 T 1 ] -
i 4 : o - {
1 =
| I i
! £
t
78 :
= T =
T
4




77

¥
-
2

B
SaRs manausnk

1
1
I

o

B 4 B

i
-+
+
o+
T
THRTT

1T
;|
1
!
T
1
!
'
+
185 BY

)4

p 208 B Iy
cre=r e i

i arie

T+

Iill'[

P

e

e




78

v

-

n & i

A

FELAEL 3

1 w :
L
bl i
T bant
B R *
2 e
H1d -

1
i

M

1




9

3
i
grapagass
aga !
aas T
L e
jeets iy
HH . 52 s
g sgans ]
1 oy t
e e Tt
2 £r HH
T ; ! H
& H
M =n
T

b0 5,0 2 2§

1

1

11

-+

EASatnuas

4 gty




80

LLIILILY

it

bt _..I

i B

e 1
tal
s

.v.




81

|

N eBEy

' 3

1
IITY i 4 8

h @3 B8 B

AT

po mE

!Ea




82

.- e

| ] 0
+—0r- i w
¥ 3 ]
} ] A
ge ] # |
i i | |

|

|
‘TT’:‘TL'*
gl g

{4

a8 L

L
o

4

HE

e

s anen n i
Ra enh'tgal

1Tt -
i

r—

H

i |
= s s L i |
i s _ 24 ; I
S i e i
Hrer i
i sl byl prata g




83




84

e tee

AR URE 15 [N

|
——t "
Z R
3 ; Bdsngys:
3 e kg Basee
1
inaga |
1 i
L0t
pauss i
1 . |
! |
fanss !
Enan |
8 B BEaLh Gl i b B U (S |

i~
:

LR

it

.rm_,. ”bLT i

prwey

I'd
LS T IO G,




85

—

—

IBANERS NS
T

A

L]

L B I

1

H

T




86

4T

e
o

i B A b

3

At 4

HTHTT

8 -

T
B ER T

£ ke

i
g3

R e e




87




88

b M s
s H |
b i . 1=
|
_.ﬂ. ._|—|,u_ L .»_.— _”..",_.“ ,.Tr—
Aousnbaiy dARMO umusdwa) Aousnbely LOENPON

=S

j’j

S
e ] spmgdury SRENPSY



89

LA 8 14 __L.... e O N T i) Bl A B ' BT SV S TN LA B8 SR NI aoataca USRI §
nUMHUSY Aoueniady Sefmioyg oy i

Thy T OT ) = = Sw T
, 8252 ‘S : seifiiedg ey n wep senecey _ sprapa -




90

13

- Lff“l'— -

s

DT

Ty

st

. m\m-

b




91

.,r,
i g | :
i g t
L 14 L+t
REesE i
E -
Ph 1! :
-2d
TiL - - = -
.
g b
I :
gosnu
o

paa
ol

1

BE
+

2k
H
I

t
T

e

-t -
I 4 vay -
i 18
b
vlivda S
P e 2ABER
. .- -.”
x
: 1
-
. -
P 3 L
i Ll Rl 1 R IR
i b I
_ : (- | .
| k f : [ P
Joble o b i i ¥ ¥ 0 A O A S N

|
)
|




92

I R T | TR T O L

.7.,_

DpTWey

£, i G
»ed-Ng LT




93

Jrene

ns B

S uw s
ML LERRSSE A RAnRE

bodeid o,

BliBA




94

- U

t"“:ul}r‘

1

e
B SRR

e

+114

At

T




95

Lol _ ,_"._. 1

Asusnbalj uogeNpoR




MOMPARISON of DYNAMIC and UNCONFINED
NOMPRESSION STRENGTH for MACHINE FOOTING DESIGN

by

JAMES J., BRENNAN

B. S., Kansas State University, 1982

AN ABSTRACT OF A MASTER'S THESIS

submitted in partial fulfillment of the

requirements for the degree

MASTER OF SCIENCE

Department of Civil Engineering

KANSAS STATE UNIVERSITY
Manhattan, Kansas

1983



ABSTRATT

A study of machine foundations bearing capacity as related
to the unconfined compressive strength is presented. The purpose of
the study was to determine an appropriate factor of safety to use
with the unconfined compression test so that the elaborate and expensive
laboratory analysis necessary in the present design of machine foundations
could be avoided.

A literature review was conducted which traced the history and
development of the present machine footing design procedure in vogue,
Some of the information thus gathered was used to determine parameters
in the laboratory research,

The results of the study showed that for a silty clay soil,
suppoerting a machine foundation vibrating at low frequencies, the factor
of safety to decrease the unconfined compressive strength by to
obtain an allowable dynamic strength was 5, which was adequate 85%
of the time.

This study was meant to be a beginning since extensive research
is necessary relating unconfined compressive strength to dynamic
bearing strength of footings already in place, and further laboratory

work is necessary for different soil materials at different frequencies,





