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ABSTRACT

SUGGESTED NEW PROCEDURE FOR SOIL CONSOLIDATION TEST

Isan Fan
Master of Science in Engineering

Youngstown State University, 1981

The Standard Soil Consolidation Test (ASTM D 2435-
70). adopted by most laboratories today entails some dis-
advantages and inconveniences. These include an increase
in the time needed for the sample preparation, and most
importantly, the unavoidable specimen disturbances caused
by cutting, trimming and fitting. These greatly influence
the results obtained. |

In an attempt to accomplish the test more accurately
and effectively, Dr. John N. Cernica developed a new method
for the consolidation test. Using this method, instead of
extracting and trimming, the specimen is tested within the
shelby tube with the tube acting as a floating ring consoli-
dometer. This makes the test more expedient and, as indicated
later, more accurate.

The contents of this thesis were based upon the
results obtained from eighteen sets of comparative tests.
Test data were recorded, void ratio - pressure relationships
(e - log p) were plotted and the comparison of the results
from the two methods were also discussed. A conclusion was

subsequently obtained and presented in the final chapter.
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CHAPTER I

INTRODUCTION

Virtually all stationary structures rest upon soil

through some type of

foundations. Also, every material

undergoes a certain amount of strain when subjected to

stress; so does soil.

Unlike a steel rod or to a lesser

extent a column, when a soil is loaded or compacted, the

strains are not proportional to applied stress increments.

Furthermore, the strain may not be necessarily reduced when

the load or a portion of the load is removed.

When a clayey (fine-grained), saturated soil is

subjected to compressive load, the volume change in the soil

is primarily due to the expulsion of water from the voids.

According to Terzaghi: "Every process involving a decrease

in the water content

of a saturated soil without replacement

of the water by air is called a process of consolidation.

The opposite process
involves an increase
in the volume of the
voids and the volume

either by the weight

is called a process of swelling, which
in the water content due to an increase
voids''. ''The change in the volume of
of water in the voids is brought about

of the soil itself, or from static

loads. Thus, consolidation is the process of adjustment

of the volume of the

soil pore water (volume change) under

an applied load on soil."1



Generally speaking, the entire consolidation process
can be divided into two distinct parts: primary and secondary.
During this earlier stage after the external load has been
applied, air and pore water are stressed and gradually
expelled from the voids of the soil. This phenomena is re-
ferred to as primary consolidation. With time and under
sustained load, plastic deformation and other surface
phenomena then become active. This is generally referred to
as secondary consolidation. These processes are very slow
and rather hypothetical in nature; at present time there is
still no accurate method available to deal with secondary
consolidation.

Of the two types, the primary consolidation is by far
the more significant of the two, accounting perhaps for 95%
or more of the total consolidation. In practice, only the
primary consolidation is usually dealt with. Since the primary
consolidation of a soil mass is the result of a decrease in
the volume of the void spaces in the soil, it is convenient
to express the stress-strain relationship in terms of void
ratio and unit pressure instead of unit stress and unit
strain used in the case of most other engineering materials.

By means of a device termed the consolidometer, the
consolidation test is actually a compression test on a
laterally-confined soil sample. The main purpose of this
test is to obtain information on the compressive properties
of saturated soils, especially clayey, and subsequently in

determining the magnitude and rate of settlement of structures.



Physical and mechanical properties such as its
structure, density, porosity, water content and the stress
condition in the soil will influence the accuracy of the
result of the consolidation test. Thus, one should attempt
as much as possible to maintain the soil sample under an

undisturbed condition. However, the term '"undisturbed'" is
only a relative one. This is because it is almost impossible
to obtain a soil sample, to transport it, to handle and pre-
pare it for tests in the course of laboratory investigation
without disturbing it to some degree.

For the étahdard test method which was adopted by
most of the soil laboratories (ASTM D 2435-70),the soil sample
is ejected from the sampler (e.g. shelby tube). Then the
sample is trimmed to the inside diameter of the consolidometer
ring, placed in the ring and trimmed flush with the plane
surface of the ring. Actually the removal of any sample from
its original environment is certain to disturb the sample to
some extent. Also during this preparing process, the stress
condition of the sample is first disturbed and changed by
ejecting the soil from the shelby tube. Then during the
process of trimming, the sample is again disturbed. Therefore
the state of a typical soil sample used for standard test
method is far from that of the original undisturbed condition
on which an accurate result is based.

In an attempt to eliminate those unnecessary disturb-

ances during the sample handling, Dr. John N. Cernica developed
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an alternate method to maintain the sample as "undisturbed"
as possible during the test. By this modified method, the
shelby tube is cut to a desired length with an original soil
sample in it. Instead of ejecting, cutting, trimming and
fitting into the consolidometer, the new method uses the
shelby tube itself as a floating ring consolidometer. This
not only eliminates the disturbances of extracting, cutting
and trimming but also reduces the time consumption of the
preparation. Furthermore, since the sample does not have to
be removed from the shelby tube, the new method prevents
coarser non-cohesive soils from falling apart.

In the following chapters, one finds that void ratio-
pressure curves obtained from the new method are very similar
to‘those from the standard method. Actually each set of
comparison curves are almost parallel to each other, with
more than 907% of the curves from the new method falling above

those from the standard method.



CHAPTER II

PERFORMANCE OF SOIL UNDER COMPRESSIVE LOAD AND THE CONSOLI-
DATION PROCESS

2-1. Settlement and consolidation

Settlement of a structure resting on soil may be
caused by two distinct kinds of action within the foundation
soil. 1In one case the load imposed may cause shearing
stresses to develop within the soil mass which are greater
than the shearing strength of the material. When this occurs,
the soil fails by sliding downward and laterally, and the
structure settles and perhaps tips out of vertical alignment.

In the other case, a structure settles by virtue of
the compressive stress and the accompanying strain which are
developed in the soil as a result of the load imposed upon
it. This strain is a normal phenomenon and in no sense is
to be thought of as a failure of the soil, although it may
cause the structure to fail if the settlements are excessive
and nonuniform. This time-related decrease involving
compression, stress transfer and drainage is called

consolidation.

2-2. Causes of consolidation

Some of the main factors contributing to consolida-

tion of soils are:



(1) static loads on soil;

(2) dynamic forces from vibrations excited by machinery,
traffic, pile driving operations, explosions, earth-
quake, and various impacts on soil due to collapse
of structures and earthworks. These factors loosen
the structural strength of the soil, particularly the
strength of non-cohesive soils;

(3) fluctuations in the elevation of the groundwater
table;

(4) settlement from frost-heaved soils;

(5) other possible factors.
2-3. Consolidation characteristics

One can be aided in understanding the consolidation
process by an excellent mechanical analogy schematically
shown in Fig. 2-1. Fig. 2-la is analogous to a saturated
clay stratum where the volume of the vessel represents the
voids of the soil mass with a porosity of n. All of the
voids of the soil mass are fully saturated with water. The
spring represents the solid particles, while the petcock,
by analogy, represents the seepage paths in the soil through
which the water exits. The gauge is to measure only hydro-
Static excess pore-water pressure.

Fig. 2-1b shows the relative percentage of the excess
load taken by the spring and water at some arbitrary sequence

of loading. Before the excess load Q is applied, the hydro-
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static excess pore-water pressure was 0; the pressure in the
water was merely that of a simple hydrostatic case, while the
force in the spring at any given depth was merely the weight
of the spring above that level.

When the load Q is applied to the frictionless piston
with the petcock closed, the total load Q is fully assumed
by the water (assuming the water to be incompressible). Hence,
in Fig. 2-1b all of the load Q is shown to be carried by the
water, with no load carried by the spring. This increased
pressure is called hydrostatic excess pressure. At the instant
the petcock is open the total load Q is still carried by the
water until some water escapes and subsequently compresses
the spring. As more water escapes and the deformation AL
increases, more and more of the total load Q is assumed by
the spring and less and less by the water, as indicated in
Fig. 2-1b. Subsequently the hydrostatic excess pressure is
reduced to 0, with all the applied load carried by the spring.
At this point the deformation would cease, analogous to a
complete consolidation for a given magnitude of load.
Needless to say, increasing the load would constitute a new
cycle of the phenomena just described.

'"The rate at-which the volume change, or consolida-
tion, occurs in a soil is directly related to the permeability
of the soil because the permeability controls the speed at

Which the pore water can escape. The permeability of most

Sands is so high that the time required for consolidation



after a load application can be considered negligible except
for cases where a large mass of sand is subjected to a rapid
shear or shock. On the other hand, the low permeability of
clay makes the rate of volume change after a load application
a factor which must be considered."2 Therefore, the experi-
mental consolidation studies presented in the following
chapters are almost entirely limited to clayey soils of low

permeability.
2-4, Stress-strain relationship

Soils, although they undergo compression like solid
bodies, actually follow Hooke's law of deformation only within

a relatively narrow load interval.

r
A A
u.s.
e :
1) )
~ H
- )
) G _¥Ye )
e fE.L
Op PL.
strain strain
o AL - 0 AH, AHz _ oA
- il H H ="H
(a) stress-strain diagram (b) stress-strain diagram
for steel for a continuously and

increasingly loaded soil

Fig. 2-2
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where

P.L. = proportional limit
0p = stress at proportional limit

E.L. = elastic limit

Y.P. = yield point
q; = ,yield point stress
Ju = ultimate strength (U.S.)
L = length of steel bar

AL = deformation of steel bar
€ =AL/L = relative deformation, or strain
H = thickness of layer of soil

AH = absolute deformation (settlemént) of soil

€

AH/H = relative settlement of soil

As shown above in Fig. 2-2, the stress-strain curve
for soil departs from the straight line, indicating that
soil departs from Hooke's law and that the. deformation
increases at a great rate after the so-called proportional
limit is passed. At the yield point the strain approaches a

very large value.
2-5. Cyclic loading

As schematically shown in Fig. 2-3, the stress-
Strain curves of the soils subjected to repetitional or '’
¢yclic loading are plotted. Such a curve results when
loading a soil in a lateral confinement, such as a pit

Surrounded by sheet piling, or in a soil consolidometer.
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The branch of the cyclic loading curve, 0-1, is the loading
or compression curve, giving a settlement of a soil layer,
marked byAH]. Branch 1-2 is the unloading or swelling

curve. From the curve shown, we could easily see that after

Permanent deformation

0 (plastic deformation) 12 P toad
b i = ! >
/1 :1‘
X |
j-t :
______ ﬁ
/ ©
X 3 o
4 8 w
Q .~ o~
ik g
—
s £ o a
~ O o o
F=1 4 0 &
U g
o ) |
I TR - b0 RS SR ., o
V] \
wn \
\
Y AH ‘

Fig. 2-3 Cyclic loading curve of a soil

the soil is first unloaded to zero, a permanent or plastic
deformation AH9 is found. This means that upon unloading,
the soil does not swell indefinitely, but swelling ceases
at a certain void ratio. Thus, upon unloading, the initial
‘Settlement, AH; does not disappear fully i.e., the load has
Caused a permanent decrease in the volume of voids. Only
the elastic deformations disappear upon unloading the soil.
The permanent deformation, AH2, is believed to be caused by

S0il particle translocation and readjusment. The reloading
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of the soil, branch 2-3, completes one full loading cycle.

The loop of the load-settlement curve is termed the hysteresis
loop. Hysteresis loops brought about by cyclic loading are
almost parallel among themselves for one soil sample under
cyclic test. This phenomenon is one of the bases of compari-

son and will be proved and discussed again in Chapter 1IV.

2-6. Influences and properties of void ratio

Reloading curve

Virgin curve

Void ratio

Unloading curve

Pressure

Fig. 2-4 Idealized void ratio-pressure diagram

Fig. 2-4 shown above is an idealized void ratio-
Pressure diagram. One notes that the void ratio decreases
at a relatively rapid rate as early increment of pressure
dre applied, But the rate of decrease diminishes as the
Pressure increases. The curve is roughly logarithmic .in '

form; that is, the void ratio decreases in proportion to
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the logarithmiof the pressure. An empirical equation for
the curve can be written
e = ey ~ Cc log p/py (2-1)

in which

e void ratio at pressure p;

p = any applied pressure;

I

eo known void ratio at pressure pg;
Po = pressure at which void ratio is known; and

Cc = compression index, which defines the relationship
between applied pressure and void ratio,

Now suppose that the soil is loaded to some pressure
such as indicated at point B, and the load is then removed.
Rather than return to the original void ratio, the soil will
expand to some void ratio which is considerably less than
the initial value and the difference between the two void
ratios at zero pressure represents the permanent change in
volume caused by the loading cycle from zero to point B and
back to zero again. The unloading curve from B to C also
approximates a logarithmic curve and may be represented by
the following formula:

e = ey - Cg log p/po (2-2)

in which Cg is the expansion index for soil.
2-7. Compression index

Since the void ratio-pressure relationship for soil

is approximately logarithmic in character, when plotted on
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semilogarithmic graph paper with the pressure on the loga-
rithmic scale, the virgin curve will approximate a straight
line. The slope of the curve is negative on this type of
plot and is equal numerically to the compression index C,.

From Eq. (2-1), we obtain

e - e
Cp W (2-3)
log p/po
when p = 10 p,

That is, the compression index may be quickly determined
from a void ratio-pressure diagram by subtracting the void

ratio at 10 p, from the void ratio at p,,

2-8. Preconsolidation

Void ratio
w
A

5

!
I i
| I
[ [
L ' >" P
Ppr Pt Pressure

Fig. 2-5 Pressure-void ratio curve of a
preconsolidated soil. Arithmetic scale



15

The preconsolidation load is the probable load to
which a soil stratum may have been subjected in the geologi-
cal past. From Fig. 2-5 shown above, we notice that the
soil has been preconsolidated along the theoretical p-e
curve from point 1 to point 2 and the preconsolidation
pressure ppy is found at point 2. After the consolidation
time elapsed the load on the soil was removed to zero, i.e.,
branch 2-3. Some time after the unloading this sample could
possibly be taken and subjected to a consolidation test under
loads from p=0 to p=pt, i.e., branch 3-4-5, past the previous
preconsolidation pressure Ppr> that existed on the soil
earlie:. It can be easily observed that, in Fig.2-5, the
pressure-void ratio (p-e curve) has a relatively flat slope
from p=0 to P=Ppr> whereas past the preconsolidation pressure
. the curve has a relatively steep slope. Such a curve is
typical for preconsolidated and re-loaded clays.

To discover the preconsolidation pressure most

readily, it is expedient to plot the p-e curve to a semi-
logarithmic scale, where pressures are plotted to a loga-
rithmic scale, and void ratios to an arithmetical scale.
Then the preconsolidation pressure, Ppr, appears theoreti-
cally as a point of break between two straight lines,
Separating the preconsolidated part of the p-e curve from
the consoliaated part.

To determiﬁe the preconsolidation pressure,

A. Casagrande suggested the following method, see Fig.2-6.
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"Locate by eye the point of the greatest curvature (point A
on the recompression branch,:fOr example). Through this
point draw a horizontal line, A-h, and a'tangent, A-t, to
the curve. Bisect the angle hAt, thus formed by the by-
sector, Ab. Then draw backwards, from point 5, the straight
line part of the compression curve, 5-5' (straight dotted
line, a-a), until it intersects the bisector line, Ab, to
give point Ppr- This point then approximately determines

the preconsolidation pressure."3

e
A
o)
o
]
©
o
o
fr
o
>
h
b
e B

Ppr Pressure

Fig. 2-6 Casagrande method of determining
y preconsolidation pressure
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CHAPTER III
LABORATORY PREPARATIONS AND TESTING PROCEDURES
3-1. Sampling

It has already been mentioned that the success of
a consolidation test is heavily dependent upon obtaining
an undisturbed soil specimen. Because of the serious
effects that specimen disturbance can have on the test
results, every reasonable precaution should be taken in
the handling and the preparation of undisturbed soil
samples.

From an undisturbed clay pit, soil samples used
for the test were obtained by forcing a standard 2 7/8 inch
diameter, thin-walled, seamless, stainless steel shelby
tube into the soil at the bottom of the test pit., To
Prevent vibrations, the forcing was accomplished by a
continuous push. After a soil sample was extracted from
its original environment, the shelby tube was immediately
Sealed with wax at both ends to keep'the moisture in the
80il from evaporating.

During the specimen preparation, the top 6-inch
and the bottom 6-inch sections of the shelby tube were cut

Off ang discarded to reduce any effects of end bearing

faused by driving the tube. The remaining middle part was
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cut into four samples at desired lengths. These were then
tested in two sets of adjacent samples to keep the samples

as identical as possible.
3-2. Testing apparatus

The following is a description of the testing appa-
ratus, sample preparations and specifications used for both
methods:

(1) The consolidometer is used to hold the sample in a
ring which is either fixed to the base of the con-
tainer or floating. Porous stones were placed to
each end face of the sample. Both conéolidometers
also provide a means for submerging the sample, for
applying a vertical load, and for measuring the
change in thickness of the sample. They are shown
schematically in Fig. 3-1 and Fig. 3-2.

(2) The sample diameter used was 2 1/2 inch for the
standard method and 2 7/8 inch for the new method;
the minimum sample thickness should be 1/2 inch.

(3) The ring is made of a material that is non-corrosive;
for the new method, the floating ring is part of
the shelby tube.

(4) The porous stones are of silicon carbide, or alumi-
num oxide. The stone thickness shall be sufficient
to prevent breaking.

(5) The porous stones should be saturated so as not to
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absorb water from the sample or to contribute water
to the sample. All surfaces of the consolidometer

which are to be enclosed should be moistened.
3-3. Procedure followed for the standard method

(1) After the shelby tube was cut into desired length,
the soil sample was ejected from the tube by a
steady pushing force from a hydraulic jack.

(2) The specimen was carefully trimmed to the inside
diameter of the consolidometer ring, placed in the
ring and trimmed flush with the plane surface of
the ring. Special caution was taken during this
process to insure as near a perfect fit as is
possible,

(3) The specimen was fully saturated and the porous
stone was dampened.

(4) Caliper readings were taken and the vertical deflec-
tion gauge was attached to the consolidation assembly.

(5) The loads were applied on the soil with each weight
maintained constant as long as needed. The deflec-
tion reading was taken and recorded before each
pPressure increment was applied. The weight were
applied in the following increments: 2.2 lbs.,

4.4 1bs., 6.6 1bs., 8.8 1bs., 17.6 lbs., 26.4 lbs.,
35.2 1bs., 17.6 lbs. and 2.2 lbs.
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(6) At the completion of the test, the entire sample
was removed from the consolidometer. The sample
was placed in the oven to dry and the dry weight
was taken and recorded to obtain the weight of

solids.
3-4, Procedure followed for the new method

(1) The shelby tube was cut into a desired length and
thickness.

(2) The inside diameter of the shelby tube was measured
and recorded. Also, caliper readings of the thick-
ness of the porous stones to be used were taken.

(3) The soil samples were fully saturated and the porous
stones were dampened.

(4) The shelby tube with the porous stones at the top
and the bottom was placed in a plastic molded con-
tainer.

(5) The vertical deflection gauge was attached to the
consolidation assembly and the weights were applied
to the specimen. Each weight was left on as.long
as needed and a deflection reading was taken and
recorded before each pressure increment was applied.
The weights were applied in the following increments:
2.2 1bs., 4.4 1bs., 6.6 1lbs., 8.8 1lbs., 17.6 1bs.,
26.4 1lbs., 35.2 1bs., 44.0 1lbs., 17.6 lbs. and 2.2 lbs.
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(6) At the completion of the test, the soil sample was
removed from the shelby tube and was placed in the
oven to dry. The dry weight was taken and recorded

to obtain the weight of solids.
3-5. Calculations

(1) Standard method:

L s Cover L
R N
} § Stone }
; /) !
oy Soil —
. | N
N specimen ///
i / ;Q i
Container ring
Fig. 3-3 Dimensions . of container for

i standard consolidation test.

As shown above in Fig. 3-3, the sample thick-
ness 2H; is calculated from
20y = Z1 - Zp + Z3 (3=1)
where
2H; = the height of the soil specimen
Z1 = the thickness of the consolidometer ring

Z, = the combined thickness of the upper
porous stone and the cover

Z3 = the depth from the top of the cover to
the top of the ring.
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The height of solids, 2H,, is found from the Eq.

(3-2)

in which
2H, = height of solids
Wy = dry weight of soil sample
G = specific gravity of soil
7w = unit weight of water
A = cross section area of soil sampie.
By definition, the void ratio is the ratio of the

volume of voids, V to the volume of solids, Vg,

v’
i,e,
Vy
= 3-3
e Ve . (3=-3)
or
= 3-4
e A 7 (3-4)
. ZHi - 2Ho (3_5)
2Hq
New method:

As shown in Fig. 3-4, the sample thickness, 2Hj,
is obtained from

2Hj = Hy - Hg - Hg (3-6)

combined thickness of specimen and two
porous stones

N
S
I

N
()]

N
o

[l

thickness of top and bottom porous stones.
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v
S?g Stone 1
1
4 Soil R
N specimen
!
g?{ Stone 1
T %
Shelby tube

Fig. 3-4. Dimensions of container for
new consolidation test.

Wg
Using Eq. (3-2), 2Hg =:ET7§77§ , the height of
solids is obtained. Substitute ZHO and 2Hi into
2H;-2H
(3-5), e = ——%ﬁf—Jl , the void ratio for the
o J.

new method is also obtained.

Eq.
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CHAPTER IV '
THEORETICAL AND EXPERIMENTAL BASES OF COMPARISON

4-1, Test results from two methods

Eighteen sets of comparative tests had been accom-
plished through two different processes described in the
previous chapter. The previously described procedures were
carefully followed and data were accurately recorded. Void
ratios of soil samples subjected to different applied pres-
sures were subsequently calculated and plotted as void ratio
vs log of pressure curves. The records are presented from
Table 4-1 to Table 4-18, and the figures are shown from

Fig. 4-1 to Fig. 4-18 in the following pages.
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NEW METHOD

APPLIED DIAL DIAL VOID VOID RATIO
PRESSURE | LOAD READING CHANGE 2Hi |HEIGHT | 2Hji-2Ho
1b/ft2 1b in. in. in. | 2Hi-2Ho 2Ho
0 0 0 1.0910 [ .4608 g ET W)
428 . 2.2 .0118 ] .0118 [ 1.0792 ] .4490 7125
856 [AA 02231  .0105 | L.063874 %385 6958
1,284 6.6 .0301 .0078 | 1.0609 | .4307 . 6834
1,712 8.8 .0374] .0073[1.0536 | .4234 6718
3,424 17.6 0553] .0179 [ 1.0357 | .4055 6435
5,136 26.4 .0639] .0086 ] 1.0271 | .3969 6298
6,848 35.2 .0690| .005L | L.0220 | .391I8 96717
8,560 44.0 .0740 .0050 1 1.0170 .3868 .6138
3,424 T .06651! -.0075 [ 1.0245 | .3943 76257
428 7.2 0436 -.0229 | 1.0474 | .4172 6620
2H4{ = 1.0910 in. 2Ho = 0.6302 in.

STANDARD METHOD

APPLIED DIAL DIAL VOID VOID RATIO

PRESSURE | LOAD READING CHANGE 2Hi |HEIGHT | 2Hi-2Ho
1b/ft2 1b in. in. in. 2H4i -2Ho 2,
0 0 0 .9980 | .4132 .7066
567 2.2 .0289 .0289 .9691 .3843 L0711
134 .4 .0429 L0140 .9551 3703 6332
1.701 6.6 .0551 01221 .9429 3581 6123
2,268 8.8 .0603 0052 .9337 3529 .6034
4,536 17.6 .0806 .0203 .9174 3326 .0687
6,804 26.4 .0957| .0151] .9023| .3175 . 2429
b 072 3552 .1046] .0089] .8934[ 3085 2275
5 4,536 17.6 .1005] -. 00411 .8975 1127 | - .534%
567 2:9 .0795] -.0210 9185 22337 .5706
2Hi = 0.9980 in. 2Ho =0.5848 in.

Table 4-1. Results for test No. 1
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NEW METHOD

[ APPLIED DIAL DIAL VOID VOID RATIO
PRESSURE | LOAD READING| CHANGE 2H{ HEIGHT 2H{ -2Ho
1b/ft2 1b in. in. s lnm 2H1i -2Ho 2Ho

0 0 0 1.1330 .4928 .7698
428 ; 2.2 40157 LA L. 1173 L4771 . 7452
856 4.4 .0291 .0134 1.1038 4637 ol 283
1,284 6.6 .0391 .0100 1.0938 4537 ./08
1,712 8.8 .0473 .0082 1.0857 L4455 .6959
3,424 17.6 .0719 .0246 1.0611 .4209 .6575
B 136 26.4 .0904 .0185 1.0426 L4024 .6286
6,848 BS: 2 .1080 .0176 1.0250 . 3848 6011
8,560 44.0 1223 .0143 1.0107 3105 5787
3,424 17.6 .1106 | -.0117 17,0224 3822 .5970
L a28 | 2.2 .0738 | -.0368 1.0592 L4190 6545
2Hi = 1.1330 in. 2Ho = 0.6402 in.

STANDARD METHOD

PAPPLIED DIAL DIAL VOID VOID RATIO
RESSURE | LOAD READING CHANGE 2Hi |HEIGHT | 2Hi-2Ho
B /ft2 1b in. in. in. 2H1i -2Ho 2Ho
. 0 0 0 T.0000 4142 _/071
& 567 2.2 .0277 . 0277 .9723 3865 .6598
B 1 13/ A L0416 .0139 .9584 3726 6361
: rLJOl 6.6 .0504 .0088 .9496 3638 6210
2,268 _ 8.8 ,0589 | .0085 9411 3553 | 6065
4,536 17.6 .0780 | .0191 92211 | 4362 5739
6,804 26.4 .0913 .0133 .9087 .3229 5512
; 2 as 2 .1023 .0110 .8977] 3119 _ 5324
1-4.536 17.6 0982 | -. 0041 . 9018 3160 5394
567 2.2 0768 | -.0214 9232 3374 5760
2Hi = 1.0000 in. 2Ho = 0.5858 in.

Table 4-2. Results for test No. 2
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NEW METHOD

APPLIED DIAL DIAL VOID VOID RATIO
PRESSURE | LOAD READING| CHANGE 2H; |HEIGHT | 2Hj-2Ho
1b/ft2 1b in. Gy 19, 2Hi -2Ho 2Ho

0 0 0 1.0790 .4763 .7903
428 I. 2.2 .0206 .0206 |1.058%4 .4557 7561
856 4.4 .0392 0186 |1.0398 4371 %Ly
1,284 6.6 .0503 .0111 |1.0287 4260 .7068
1,712 8.8 .0596 0093 |1.0194 L4167 .6914
3,424 17 .6 .0890 .0294 .9900 .3873 6426
5,136 26 .4 .1015 0125 .9775 .37438 . 6219
6,848 35. 2 .1139 L0174 .9601 3574 .5930
8,560 4. 0 .1300 L 0L11 .9490 3463 5746
3,424 17.6 .1239 [-.0061 .9551 .3524 . 5847
428 252 -0888 |=-U3>51 | .9902 .3875 | .6429
2Hi = 1.079 in. . 2Ho = 0.6027 in,
STANDARD METHOD
APPLIED DIAL DIAL VOID VOID RATIO

PRESSURE | LOAD READING CHANGE 2Hi | HEIGHT | 2Hi-2Ho
1lb/ft2 1b it in. in. 2H1i -2Ho 2H0
0 0 0 .9700 4157 ~7500
567 2.2 .0205 .0205 | .9495 .3052 7130
1,134 A .0333 .0128 | .9367 3824 .6399
701 6.6 .0435 .0102 | .9265 3722 -pak
2,268 8.8 .0519 .0084 | ..9181 3638 | .6563
4,536 17.6 L0745 .0226 | .8955 3412 .6156
| 6,804 26.4. ] .0892 .0147 | .8808 .3265 »2 00
072 35 2 .1006 0L1l4 | .8694 .3151 , 2080
4,536 17.6 .0978 [-.0028 | .8722 3179 <33
567 2.2 L0649 [-.0229 [ 8951 3408 .6138
2Hi = 0.9700 in. 2Ho = 0.5543 in,

Table 4-3. Results for test No. 3
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NEW METHOD

APPLIED DIAL DIAL VOID VOID RATIO
PRESSURE | LOAD READING| CHANGE 2Hi |HEIGHT | 2Hi-2Ho

1b/ft2 1b in. in, in. 2H1i - 2Ho 2Ho
0 0 0 1.0767 . 4584 L7414
428 . 1n 2.2 .0150 .0150 [ 1.0617 L4434 JL71
856 JAA .0278 .0128 | 1.0489 .4306 .6964
1,284 6.6 0372 .0094 [ 1.0395 212 .6812
1,712 8.8 . 0456 .0084 11.0311 .4128 .6676
3,424 17.6 .0683 .0227 1 1.0084 .3901 .6309
5,136 26.4 . 0843 .0160 .9924 L3741 6050
6,848 35.2 .0968 L0125 . 9799 3616 5848
8,560 44 0 .1080 o112 .9687 . 3504 . 5667
3,424 17,6 .0996 | -.0084 .9771 .3588 5803
428 2.2 0710 ] ~-.0286 [ 1.0057 .3874 .6266
2Hi{ = 1.0767 in. " 2Ho = 0.6183 in.

STANDARD METHOD

APPLIED DIAL DIAL VOID VOID RATIO
PRESSURE | LOAD READING CHANGE 2Hi | HEIGHT | 2Hi-2Ho
1b/£t2 1b in. in. in. 2H; -2Ho 2Ho

0 0 0 .9830 4041 6930
567 2.2 L0171 0L71 .9659 .3870 .6685
1134 4 4 .0281 .0110 .9549 .3760 .6495
1,701 6.6 .0365 .0084 .9465 .3676 6350
2,263 8.8 L0436 ,0071 .9394 .3605 .6227
4,536 17.6 .0630 .0194 .9200 3411 .5892
6,804 26.4 .0760 ,0130 .9070 .3281 .5668
0672 35.2 .0859 .0099 .8971 .3182 5497
4,536 17.6 ,0828] -.0031 [ .9002 3213 .5550
' 567 2.2 06221 -.02061  .9208 3419 5906
24{ = 0.9830 in. 2Ho =0.5789 in

Table 4-4. Results for test No. &
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NEW METHOD

34

APPLIED DIAL DIAL VO1D VOID RATIO
PRESSURE | LOAD READING| CHANGE 2H; |HEIGHT | 2Hi-2Ho
1b/ft2 1b tin & o 9 in. 2Hi -2Ho 2Ho

0 0 0 1.1900 . 5484 . 8547
428 2.2 .0165 .0165 [ 1.1735 | .5319 .8290
856 4.4 .0301 .0136 | 1.1599 .5183 8078
1,284 6.6 : 0402 .0101 | 1.1498 5082 7921
W 3 3 0487 .0085 | 1.1413 4997 7788
3,424 176 .0/75 0288 | 1.1125 4709 7339
5,136 26 .4 .0971 0196 | 1.0929 4513 7034
6,848 35,2 1155 0184 | 1.0745 4379 6747
8,560 44 0 .1298 0143 | 1.0602 4186 65724
3,424 .6 {~ 1191} <-0107-1 3.0709 4293 6691
428 - B .0858 | -.0333 | 1.1042 | .4626 7210
~2Hi = 1.1900 in. 2Ho = 0.6416 in.
STANDARD METHOD

APPLIED DIAL DIAL VOID VOID RATIO

PRESSURE | LOAD READING CHANGE 2Hi |HEIGHT | 2Hi-2Ho
1b/ft2 1b in. in. in. | 2Hi-2Ho 2Ho

0 0 0 9700 | .4217 7691
567 VI .0175 0175 9525 L4042 2372
134 4.4 .02901 . 0115 L9410 3927 7162
(1,701 6.6 .039 .0101 9309 | .3826 6978
2,263 8.8 0470 0079 .9230 3747 6834
4,536 17.6 0725 .0255 .897 3492 6369
6,804 26.4 .0863 .0138 .8837 .3254 6117
4-072 35 2 .0985 L0122 8715 3232 5895
536 17.6 .0955] =.0030 87451 3262 5949
567 2.2 .07551 -.0200 89458 3462 0314
2Hi = 0.9700 in. 2Ho = 0.5483 in.

Table 4-5, Results for test No. 5
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NEW METHOD

APPLIED DIAL DIAL VOID VOID RATIO
PRESSURE | LOAD READING| CHANGE 2H; |HEIGHT | 2Hi-2Ho
1b/ftd 1b in. in. in. 2Hi -2Ho 2o

0 0 0 1.1283 5202 .8555
428 | 2.2 .0140 .0140 11,1143 5062 8324
856 4L .0255 LOLLD |1.1028 1,947 8135
1,284 6.6 MiEX P O L, U35 4,870 8009
1,712 3 3 . 0393 .0061 |L.0890 .4809 .7908
3,424 17.6 . 0564 0L7/1 |L.0719 4638 JIB27
5,136 26.4 0676 0112 [1.0607 L4526 L7443
6,848 35. 2 . 0792 0116 [L.0401 4410 .7252
8,560 44,0 ~0893 .0I0T [1.0390 | .4309 . 7086
3,424 17.6 L0794 [ -,0099 [1.0439 4408 .7249
428 2.2 .0496 | =,0298 [1.0/87 4706 7739
2Hi = 1.1283 in, 2Ho = 0.6081 in.
STANDARD METHOD

APPLIED DIAL DIAL VOID VOID RATIO

PRESSURE | LOAD READING CHANGE 2Hi |HEIGHT | 2Hi-2Ho
1b/ft2 1b in, in. in. 2H1i -2Ho 2o

0 0 0 .9763 4192 1525
567 .2 ,0185 .0185 .9578 .4007 .7193
1,134 4.4 .0304 .0119 .9459 .3888 .6979
701 6.6 .0372 .0068 .9391 .3820 ,6857
2,268 8.8 L0442 .0070 .9321 .3750 B131
4,536 17.6 .0632 .0190 .9131 .3560 .6390
6,804 26.4 .0755 .0123 .9008 .3437 .6169
N7 2 35.2 | _.0898 _0143 . 8365 3294 .5913
- 4,536 17.6 .0868 | -.0030 .8895 L3304 .5967
] 567 2.2 L0660 | -.0208 ,9103 | ~.3532 6340
2Hi = 0.9763 in. 2Ho = 0.5571 in.

Table 4-6. Results for test No.l6
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NEW METHOD

APPLIED DIAL DIAL VOID VOID RATIO]
PRESSURE | LOAD READING| CHANGE 2Hi |HEIGHT | 2H{i-2Ho
1b/ft2 1b in. in. in. 2Hi -2Ho 2Ho
0 0 0 1.1620 4602 .6557
428 ) b 2.8 .0427 L0427 | 1.1193 4175 .5949
856 1 0.5 .0551 .0124 | 1.1069 L4051 D772
1,284 6.6 .0637 .0086 | 1.0983 .3965 .5650
1,712 8.8 JOZ12 .0075 | 1.0908 ,3890 .5543
3,424 17.6 .0911 .0199 [ 1.0709 .3691 .5259
5,136 26.4 L1040 .0129 | 1.0580 .3562 .5076
6,848 35.2 .1159 ,0119 | 1.0461 3443 4906
8,560 44.. 0 .1270 .0111 [ 1.0350 3332 4743
3,424 17.6 1176 -.0094 | 1.0444 .3426 .4882
428 2.2 0899 -.0277 | 1.0721 3703 5276
2Hi = 1.1620 in. " 2Ho = 0.7018 ifL

STANDARD METHOD

APPLIED DIAL DIAL VOID  [VOID RATIO
PRESSURE | LOAD READING CHANGE 2Hi |HEIGHT | 2Hi-2Ho
1b/ft2 1b $15.. in. in. 2H1i -2Ho 2Ho
0 0 0 9530 | _.3520 .5857
L 567 22 ,0179] 0179 .9351 | .3341 .5559
1,134 4.4 ,0273] . 0094 ,9257 [ .3247 5403
701 6.6 0332 0059 ] .9198 | .3188 . 5304
12,268 8.8 0409 00771 9121 | ,3111 5176
4,536 17.6 .0574] .0165] .8956 | .2946 4902
| 6,804 26.4 .0671] .0097| .8859 | .2849 L4740
072 35.2 0769] . 0098 .8761 | .2751 4577
3,536 17.6 07321 -.0037| .8798 | .2788 4639
567 2.2 05651 =-.0167 8968 2955 4917

2Hi = 0.9530 in. 2Ho =0.6010 in.

Table 4-7. Results for test No. 7
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NEW METHOD

40

APPLIED DIAL DIAL VOID VOID RATIO

PRESSURE | LOAD READING| CHANGE 2Hi |HEIGHT | 2Hi-2Ho

1b/£t2 1b in. in. ifi, 2Hi -2Ho 2Ho
0 0 0 1.2170 . 4857 . 6642
428 2.2 .0400 .0250 | 1.1920 .4607 .6300
856 4.4 .0579 .0179 [1.1741 4428 . 6055
1,284 6.6 .0698 ,0119 [ 1.1622 .4309 .5892
i, F12 8.8 .0807 .0109 | 1.1513 .4200 .5743
3,424 17.6 .1056 .0249 [ 1.1264 39571 . 5403
5,136 26.4 .1191 00135 | 1.1129 .3816 5218
6,848 B0 . 2 . 1306 0115 | 1.1014 3701 5061
8,560 44 0 . 1404 .0098 | 1.0916 3603 4927
3,424 176 1325 |-.0079 [ 1.0995 36382 5035
428 2.2 1061 |-.0264 | 1.1259 3946 .5396

2H{ = 1.2170 in. 2o = -0.7313 in.

STANDARD METHOD
APPLIED DIAL DIAL VOID VOID RATIO

PRESSURE | LOAD READING CHANGE 2Hi | HEIGHT | 2Hi-2Ho

1b/ft2 1b in. in. in. 2H3i -2Ho 2Ho
0 0 0 .9610 .3648 6119
567 2.2 .0185 .0185 .9425 3463 .5808
1,134 4.4 .0285 | .0100 9325 3363 5641
1.701 6.6 034 0060 9265 3303 5540
2,263 8.8 0407 0062 9203 3241 5436
4,536 17.6 .0557 .0150 .9053 .3091 .5185
6,804 26.4 L0654 .0097 .8956 .2994 .5022
072 35 2 .0750 .0096 .8860 .2898 . 4861
4,536 17.6 0715 | - 0035 8896 2933 4919
567 D12 0525 1 -.0190 9085 3123 5238

241 = 0.9610 in.

2Ho = 0.5962 in.

Table 4-8. Results for test No. 8
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NEW METHOD

42

APPLIED DIAL DIAL VOID VOID RATIO
PRESSURE | LOAD READING| CHANGE 2Hi [HEIGHT | 2Hi-2Ho
1b/ft2 1b in. in. iy o 2Hi -2Ho 2Ho
0 0 0 2.0040 .8178 | .6894
428 2.2 .0200 .0200 [1.9840 .7978 .6726
856 [ .033%4 .0134 |1.9706 7844 | 6613
1,284 6.6 0431 .0097 [1.9609 7747 6531
1,712 3 3 .0507 .0076 |1.9533 L7671 .6467
3. 424 17 & .0699 L0192 |1.9341 . 7479 .6305
5,136 26.4 .0848 .0149 [1.9192 11330 |  .6179
6,848 35.4 .0960 | .0IL12 |1.9080 S T218 6085
8,560 44.0 .1093 0133 |1.3947 . 7085 .5973
3,424 17.6 .0993 | -.0100 [1.9047 7185 .6057
_428 2.2 0669 | -.0324 [1.9371 ., 7509 . 6330
2Hi = 2.0040 in. 2Ho = 1.1862 in.
STANDARD METHOD
APPLIED DIAL DIAL VOID VOID RATIO
PRESSURE | LOAD READING CHANGE 2Hi | HEIGHT | 2Hi-2Ho

Rb/£t2 1b in. in. in. 2H1i -2Ho 2Ho
0 0 _ 0 .9672 3732 . 6233
3 567 2.2 .0049 .0049 .9623 .3683 6200
L 1,134 4.4 .0102 .0053 .9570 .3630 L6111
e R 701 6.6 L0146 .0044 | .9526 .3585 .6035
L 2, 763 8.8 0215 .0069 .9457 L) .5921
L 4,536 17.6 ,0400 .0185 .9272 .3332 .5609
| 6,804 26.4 .0501 .0101 9171 .3231 . 5439
072 35.2 .0581 .0080 | .9091 L . 9305
£ 4,536 17.6 .0550 [ -.0031 L9122 | .3182 9357
567 2.2 .0431 [ -.0119 .9241 .3301 D557
2H{ = 0.9672 in. 2Ho = 0.5940 in.

Table 4-9. Results for test No. 9
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NEW METHOD

44

["APPLIED DIAL DIAL VOID VOID RATIO
PRESSURE | LOAD READING| CHANGE 2H{ HEIGHT 2H{ -2Ho
1b/ft2 1b “in, in. in. 2Hi -2Ho 2Ho

0 0 0 2.0354 .8495 .7163
428 2,2 .0187 ‘0187 [2.0167 .8308 .7006
856 4.4 0331 0144 12.0023 .8164 .6884
1,284 bH 0466 .0135 [L1.9888 .3029 .6770
Lo d L 8.8 .0582 0116 |L1.9772 L7913 .6673
3,424 17.6 1024 0442 [1.9350 .4/l . 6500
5,136 26.4 1271 .0247 [1.9083 /224 .6092
6,848 35,4 .1467 .0196 |L1.688/ - 70238 + 2926
8,560 44,0 1744 | ,0277 (1.8610 .6/51 + J093
3,424 17.6 .1694 | -.0050 |1.8660 6801 v
428 2.2 .1003 | -.0691 [L1.Y351L . /492 .6313
2Hi = 2.0354 in. 2Ho = 1.1859 in.
STANDARD METHOD
PAPPLIED DIAL DIAL VOID VOID RATIO
RESSURE | LOAD READING CHANGE 2H4 HEIGHT 2Hi-2Ho
1b/ft2 1b in. in. in. | 2Hi-2Ho 2Ho
0] 0 0 . 9430 .3659 .6286
567 2.2 .0176 .0176 .9304 .3483 .5984
8134 4.4 .0270 .0094 .9210 .3389 .5822
R 701 6.6 .0345 .0075 .9135 .3314 .5693
2,268 8.8 .0413 .0068 .9067 .3246 5976
4,536 17.6 .0609 .0196 .8871 .3050 .5240
6,804 26.4 .0727 .0118 .8753 2932 . IU3Y
-%*QZZ 35.2 .0820 .0093 .8660 . 2839 L4877
$536 17.6 .0806 [ -.0014 .8674 .2853 L4901
=567 2.2 .0605 | -.0201 . 8875 .3054 Diai
281 = 0,9480 in. 2Ho = 0.5821 in.
Table 4-10. Results for test No. 10



Void ratio

L

.70
.68
:.66J
.64
.62
.60
.58

. 20
.54
sl

.50

.48

New method
NN

Stardar|d met

ho

\ N

100

1,000 ;
log of Pressure #/ft2

Fig 4-10. e - log p curves for test No. 10

10,000

cY



46

NEW METHOD

APPLIED DIAL DIAL VOID VOID RATIX
PRESSURE | LOAD READING| CHANGE 2Hi |HEIGHT | 2Hji-2Ho
1b/ft2 1b in. in. in. 2H4i -2Ho 2Ho
0 0 0 1.0410 4552 JIlL
428 2,2 .0180 L0180 | 1.0230 L4372 . 7463
856 ~ 4.4 .0255 .0075 1.0155 .4297 L1330
1,284 6.6 .0315 .0060 | 1.0095 L4237 . 7233
1,712 8.8 .0340 .0025 1.0070 G212 .7190
3,424 17.6 .0413 .0073 .9997 .4139 .7066
5,136 26.4 .0509 .0096 .9901 L4043 .6902
6,848 35 .2 .0571 .0062 .9839 .3981 .6796
8,560 44.. 0 L0612 .0041 .9798 | .3940 . 6726
3,424 17.6 0581 {-:0031 .9829 .3971 .6779
428 2.2 .0452 | -.0156 . 9985 L 2] . /045
2Hi = 1.0410 in. ' 2Ho = 0.5858 in.

STANDARD METHOD

APPLIED DIAL DIAL V01D VOID RATIO
PRESSURE | LOAD READING CHANGE 2Hi |HEIGHT | 2Hi-2Ho

1b/ft2 1b 110 in. in. 2H1i -2Ho i i
0 0 0 T.0000 4336 .7655
567 2.2 0173 0173 9827 4163 7350
1,134 ANA L0203 0080 9747 . 4083 .7209
1.701 6.6 .0335 .0082 .9665 4001 7064
2,263 8.8 . 0407 .0072 .9593 .3929 .6937
4,536 17.6 .0582 .0175 .9418 3754 | 6628
6,804 26 .4 0662 .0080 9338 3674 | .6487
072 35.2 0737 .0075 9763 .3599 6354
4 536 17.6 .0696 | -.0041 9304 3640 6427
567 9.9 .0496 | -.0200 .9504 3840 .6780
2Hi = 1.0000 in. 2Ho = 0.5664 in.

Table 4-11. Results for test No. 1l
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NEW METHOD

APPLIED DIAL DIAL VOID VOID RATIO
PRESSURE | LOAD READING| CHANGE 2H; |HEIGHT | 2Hi-2Ho
1b/ft2 1b in. {112 in. 2H1i -2Ho 2Ho
0 0 0 1.0290 .4500 1177
428 |+ 2.2 .0042 .0042 | 1.0248 4458 .7699
856 4.4 .0084 .0042 | 1.0206 L4416 .7627
1,284 6.6 «0125 L0041 [ 1.0165 .4375 .7556
1,712 8 8 .0154 .0029 | 1.0136 .4346 .7506
3,424 17.6 .0240 .0086 | 1.0050 .4260 .7358
5,136 26.4 .0312 .0072 .9978 .4188 7233
6,848 35.2 03715 .0063 .9915 41725 L7124
8,560 44,0 . 0429 . 0054 .9861 L4071 . 7031
3,424 17.6 .0374 [-.0055 .9916 .4126 .7126
428 2.2 -0194 [-.0180 | 1.0096 .4306 L7437
2H; = 1.0290 in. " 2Ho = 0.5790 in.

STANDARD METHOD

APPLIED DIAL DIAL VOID VOID RATIO

.~ [PRESSURE| LOAD READING CHANGE 2Hi |HEIGHT | 2Hi-2Ho
| 1b/ft2 1b in. in. in. 2Hi -2Ho 2Ho

0 0 0 1.0030 . 4509 8167
567 2.2 .0103 L0103 |- .9927 L4406 .7980
1,134 4.4 L0171 .0068 .9859 .4338 .7957
B 701 6.6 .0215 L0044 .9815 4294 7778
2,263 8.8 .0258 .0043 .9772 L4251 .7699
4,536 17.6 .0375 .0117 .9655 4134 .7488
6,804 26.4 0457 .0082 .9573 .4052 .7339
072 95 .2 0544 .0037 . 94386 .3965 /182
4,536 17.6 .0493 [-.0051 .9537 4016 _J274
567 2.2 .0295 [-.0198 9735 L4214 7633
21 = 1.0030 in. 2Ho = 0.5521 in.

Table 4-12. Results for test No. 12
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APPLIED DIAL DIAL VOID VOID RATTI
PRESSURE | LOAD READING| CHANGE 2Hi |HEIGHT | 2Hi-2Ho
1b/ft2 1b in. in. in. 2H1i -2Ho 2Ho
0 0 0 1.0660 4293 .6743
428 2.2 .0101 .0101 1.0559 4192 .6584
856 4.4 .0176 .0075 1.0484 L4117 6466
1,284 6.6 .0238 .0062 1.0422 4055 6369
1,712 8.8 .029Z% 0056 | L.0366 .3999 .6281
3,424 17.6 0459 ;L0623 | L:0201 3834 6022
5,136 26 .4 .0573 0IL1Z | 1.0087 .3720 .5843
6,848 33,2 .0659 .0086 | 1,0001 3634 5708
8,560 440 .0708 0049 .9952 .3585 5631
3,424 17.6 0653 |-:0055 | 1.0007 .3640 L5747
428 2.2 0419 [-.0234 | L.0241 .3874 .608%4
2H{ = 1.0660 in. 2Ho = 0.6367 in.
STANDARD METHOD
APPLIED DIAL DIAL VOID VOID RATIO
PRESSURE | LOAD READING CHANGE 2Hi | HEIGHT | 2Hi-2Ho
1b/ft2 1b in. in. in. 2H;i -2Ho 2Ho
0 0 0 .9970 .3994 . 6633
567 2 ik .0166 .0166 .9804 .3828 .6406
134 A .0230 .0064 .9740 .3764 .6299
1.701 6.6 .0302 .0072 .9668 3692 .6178
2,268 8.8 0375 .0073 .9595 .3619 .6056
4,536 17.6 .0550 | .0175 | .9420 3444 | .5763
| 6,804 26.4 .0635 .0085 .9335 .3359 5621
b 72 35.2 .0758 .0123 .9212 .3236 5415
4,536 17.6 .0736 | -.0022 .9234 3258 5452
B 567 2.2 ,0546 | -.0190 9424 | 3448 5770

2H; = 0.9970 in.

2Ho = 0.5976 in.

Table 4«13, Results for test No. 13
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NEW METHOD

-V

APPLIED DIAL DIAL VOID VOID RATIO
PRESSURE | LOAD READING| CHANGE 2H{ |HEIGHT | 2Hi-2Ho
1b/ft2 1b in. in. in. 2H1i -2Ho 2Ho
0 0 0 1.0950 .4388 .6687
428 2.2 .0130 .0130 ] 1.0820 L4258 .6530
856 A .0228 .0098 ] 1.0722 .4160 .6340
1,284 6.6 .0294 .0066 | 1.0656 L4094 .6239
Lo Fl2 8.8 .0352 .0058 | 1.0598 .4036 .6151
3,424 17.6 0472 .01201 1.0478 .3916 .5968
5.,.1.36 26.4 .0525 .0053 ] 1.0425 .3863 .5887
6,848 35.2 0573 .0048 ] 1.0377 .3815 . 5814
8,560 44.0 .0622 .0049] 1.0328 .37/66 .0/39
3,424 17.6 .0553 -.0069 | 1.0397 .3835 . 5844
428 2.2 . 0423 -.0130] 1.0527 .3965 .6042

2H{ = 1.0950 in. 2Ho = 0.6562 in.

STANDARD METHOD
B | APPLTED DIAL DIAL VOID VOID RATIO

~ [PRESSURE| LOAD READING CHANGE 2Hi | HEIGHT | 2Hi-2Ho

B 1b/ft2 1b in. in. in. 2H1i -2Ho 2Ho
0 0 0 1.0030 .3926 .6432
567 Do 2, .0118 .0118 .9912 .3808 6239
1,134 4.4 .0213 .0095 9817 3713 .6083
1,701 6.6 .0282 .0069 9748 3644 .5970
2,268 8.8 .0339 .0057 .9691 .3587 .5876
4,536 17.6 .0507 .0I68] .9523| .3419 .5601
- 6,804 26.4 .0625 L0118 9405 3301 5408
9,072 35 9 .0710 .0085 0320 3916 5260
- LL.4,536 17.6 .0680 | -.0030 9350 3246 .5318
267 2.2 0474 | -.0206 9556 3452 . 5655
2Hi; = 1.0030 in. 2Ho = 0.6140 in.

Table 4-14. Results for test No. 14
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NEW METHOD

APPLIED DIAL DIAL VOID VOID RAT
PRESSURE | LOAD READING| CHANGE 2Hi |HEIGHT | 2Hji-2Ho
1b/ft2 | 1b in. in. in, 2Hi -2Ho 2Ho

0 0 0 1.2010 L4931 6966
428 2.2 | _.0175 | .0175 |1.1835 4756 6718
856 4.4 | 0283 | .0108 [L.1727 46438 6566
1,284 6.6 0377 | _.0094 |1.1633 4554 6433
1,712 8.8 | -0457 | .0080 [L.1553 L4 7Y 6320
3,424 17.6 | _-0679 | .0222 |1.I331 4757 6006
5,136 26.4 | -0844 | .0165 |1.1166 4087 5773
6,848 35.2 | -0992 | .0148 |L.1018 3939 5564
8,560 44.0 | 1048 | 0092 |1.0926 3847 5434
3,424 17.6 | -0992 | -.0092 [1.1018 3939 5564
423 2.2 | 0683 | -.0309 [1.1327 4248 6001
2Hi = 1,2010 in. 2Ho = 0.7079 in.
STANDARD METHOD

APPLIED DIAL DIAL VOID  |[VOID RATLIO

PRESSURE | LOAD READING CHANGE 2Hi |HEIGHT | 2Hi-2Ho
1b/ft2 1b 5., in. in. | 2Hi-2Ho 2Ho

0 0 0 1.0030 .3987 6598
567 2.2 | .0189 [ .0189 | .9841 .3798 .6285
1,134 4.4 | .0280 | .0091 | .9750 .3707 6134
1,701 6.6 | .0353 | .0073 | ,9677 3634 L6014
2,268 | 8,8 | ,0419 | .0066 | .9611 .3568 . 5904
- | 4,536 17.6 | .0592 | .0173 [ .9438 .3395 .5618
| 6,804 26.4 | 0716 | .0124 | .9314 3271 5413
- 1 9. 072 35.2 | .0829 | .0113 | .9201 3158 5226
- |4.536 17.6 | .0789 [ -.0040 | .9241 3198 5292
567 2.2 1 0571 [-.0218 | 9459 3416 5653
2Hi = 1.0030 in. 2Ho = 0.6043 in.

. Table 4-~15. Results for test No. 15
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NEW METHOD

APPLIED DIAL DIAL VOID VOID RAT
PRESSURE | LOAD READING| CHANGE 2H4{ HEIGHT 2H{ -2Ho
1b/ft2 1b T1.. in. in. 2Hi-2Ho 2Ho
0 0 0 1.2084 «9327 . 7884
428 - 2.2 .0192 .0192 1,1892 e Db D .7599
856 4.4 .0334 .0142 1.1750 .4993 . 7389
1,284 6.6 . 0447 .0113 1.1637 .4880 L1222
1,712 8. 8§ .0530 .0083 L.1554 .4797 .7099
3,424 17.6 .0765 .0235 1.1319 4562 .67/52
5,136 26.4 .0925 ,01l60" | 1.1159 L4402 .6515
6,848 35.2 .0983 .0058 T.IT01 G344 . 64729
3,560 44.0 1174 L0191 1.0910 L4153 06146
3,424 17.6 .1073 |-.010L 1.1011 Jal2dh .6296
428 2.2 .0761 |[=.0312 1.1323 . 4566 ,6/57
2H; = 1.2084 in. . 2Ho = 0.6757 win.

STANDARD METHOD

APPLIED DIAL DIAL VOID VOID RATLIO
PRESSURE | LOAD READING CHANGE 2Hi |HEIGHT | 2Hi-2Ho
1b/ft2 1b in. in. in. 2H1i -2Ho Mo

0 0 0 9970 | .4046 ] .6830

567 2.2 .0137 | .0137 . 9833 .3909 | .6599
1,134 A .0210 | _.0073 .9760 | .3836 | .6475
1.701 6.6 | .0306 | .0096 9664 | 3740 | .6313
2,263 8.8 .0332 | .0026 9638 3714 |  .6269
| 4,536 17.6 .0513 .0181 .9457 .3533 .5964
6,804 26 .4 .0586 | .0073 .9384 | .3460 | .5841
072 35.2 0711 | .0125 9259 | .3335| .5630
4 536 17.6 0683 | -.0028 9287 |___.3363 | .5677
567 2.0 .0488 | -.0195 94821 35581 .6006
2H; = 0.9970 in. 2Ho = 0.5924 in.

Iable 4-16. Results for test No. 16
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NEW METHOD

APPLIED DIAL DIAL VOID VOID RAT
PRESSURE | LOAD READING| CHANGE 2H{ HEIGHT 2Hi -2Ho
1b/ft2 1b in. in. in. 2H4 -2Ho 2Ho
0 0 0 1.1110 .4395 .6545
428 - 2.2 .0095 .0095 | 1.1015 .4300 .6404
856 4.4 .0226 L0131 | 1.0884 L4169 .6208
1,284 6.6 iy .0036 | 1.0848 B el = ot 3)
1. 752 8.8 .0324 .0062 | 1.0786 L4071 .6063
3,424 17.6 .0493 .0169 | 1.0617 .3902 .5811
5,136 26.4 .0632 .0139 | 1.0478 v3763 .5604
6,848 35.2 .0726 .0094 | 1.0384 .3669 . 5464
8,560 44.0 .0834 .0108 | 1.0276 o301 .5303
3,424 17.6 .0766 -.0068 | 1.0344 .3629 .5404
428 2.2 , 0473 =093 | £, 003/ . 3922 . 03841
2H1 = 6 U ey T 2Ho = 0.6715 in.

STANDARD METHOD

APPLIED DIAL | DIAL VOID  |[VOID RATLO

PRESSURE | LOAD | READING CHANGE 2Hi |HEIGHT | 2Hj-2Ho
1b/ft2 1b in. in. in. 2Hi -2Ho 2Ho

0 0 0 9960 |_.3837 6267
567 P N 1 - O P B 9783 |_.3660 5977
1.134 4.4 | _.0257 | .0080 9703 |_.3580 5847
1,701 6.6 | .0320 | .0063 9640 | 3517 5744
2,268 8.8 | .0377 | .0057 9583 | _.3460 5563
4,536 17.6 | .0508 | .0131 9452 | _.3329 5437
6,804 26.4 | .0608 | .0100 9352 | _.3229 5274
072 35.2 | _.0693 | .0085 9267 | _.3144 5135
4,536 17.6 | 0662 [-.0031 9298 | 3175 5185
567 2.2 | .0498 [-.0164 9462 | 3339 5453
2Hi = _0.9960 in. 2Ho = 0.6123 in.

Table 4-17. Results for test No. 17
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NEW METHOD

APPLIED DIAL DIAL VOID VOID RATIO
PRESSURE | LOAD READING| CHANGE 2Hi |HEIGHT | 2Hi-2Ho
IbfEt2 1b in. in. in. 2Hi -2Ho 2o
0 0 0 1.1680 L4840 .7076
428 | 2.2 .0128 .0128 | 1.1552 L4712 .6889
856 I .0251 .0123 [ 1.1429 .4589 .6709
1,284 6.6 .0340 .0089 | 1.1340 .4500 .6579
1,712 8.8 .0423 .0083 11,1257 4417 .6458
3,424 176 L0651 .0228 | 1.1029 4189 . 6124
5,136 26.4 .0816 .0165 | 1.0864 L4024 .5883
6,848 35.2 . 0954 .0138 | 1.0726 .3886 5681
8,560 44, 0 .10638 L0114 | 1.0612 3772 5515
3,424 17.6 .0974 |[-.0094 | 1.0706 . 3866 .5652
428 2.4 0659 |-.0315 | 1,1021 L4181 .6113
2Hi = 1.1680 in. 2Ho = 0.6840 in.

STANDARD METHOD

APPLIED DIAL DIAL VOID VOID RATIO

PRESSURE | LOAD READING CHANGE 2H4 HEIGHT 2H1i-2Ho
1b/ft2 1b in. in. in. 2H4 -2Ho 780
0 0 0 1.0110 .4053 .6691
567 2oerd 0186 .0186 .9924 .3867 .6384
1,134 4.4 0278 ,0092 .9832 .3775 .6232
1.701 6.6 0347 .0069 .9763 .3706 6119
2,268 8.8 0411 .0064 .9699 . 3642 6013
%,536 17.6 0568 .0157 .9542 .3485 A57 5L
6,804 26.4 0679 QLT .9431 .3374 .5570
i, 072 35.2 0768 .0089 .9342 .3285 .5423
h 4,536 17.6 0727 1-.0041 .9383 3326 5491
567 2.2 0520 |-.0207 9590 3533 5833

oy = 1.0110 in. 2H, = 0.6057 in.

Table 4-18. Results for test No, 18
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4-2." Comparison based on the compression index

Compression index Compression index
Test New Standard Test New Standard
No. method method No. method method

1 -.085 -.108 10 -.119 -. 116
2 -.144 -.110 11 -.068 -.088
3 -.157 -.129 12 -.059 -.069
4 -.129 -.102 13 -.085 -.083
5 -.151 -.128 14 -.073 -.080
6 -.111 -.111 15 -.112 -.091
7 -.099 -.089 16 -.121 -.091
8 -.112 -.084 17 -.096 -.078
9 -.077 -.076 18 = -.113 -.077

| % Table 4-19 The compression index obtained
from two methods.

Compression index is the slope of the straight line
portion of the curve on a void ratio - log of pressure plot,
with a minus sign indicating a negati?e slope. From void
ratio - log of pressure curves and using the calculations
discussed previously in Art. 2-7, the compression indexes
of the soil samples were obtained and tabulated.

Ffom Table 4-19, one can easily notice that the
compression indexes obtained from two different methods
were very close in each set of test. The insignificant

differences of  the compression indexes from the
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two methods not only means the void ratio - log of pressure
curves have the same slope but also explains why these curves
are parallel to each other in every set of test. Most
importantly, one can also note that from 18 sets of e - log p-
curves, excluding test No. 12, all of the curves obtained
by the new method fell above those from the standard method.
During the cyclic loading, '"if the pressure is
removed, the soil will tend to rebound or swell back some-
what, but not to the original shape; a permanent deformation
will have resulted. Then, if the load is re-applied, the
cycle will form a hysteresis loop, with initial segment of
the new curve being somewhat parallel to the first.”4
From the discussions presented above, it can be
logically concluded that the void ratio - log of pressure

curves obtained by the standard method are actually one

cycle lower than those obtained by the new method.
4-3. Comparison based on the preconsolidation pressure

As mentioned in Art. 2-8, the preconsolidation
pressure is the pressure to which a soil has been subjected
at some time previously, before the compression test., The
preconsolidation pressure could have been induced in a
number of ways, for example, previous building loads, soil
Over-burdens, or glacial over-burdens.

Using Casagrande's method discussed previously,

the preconsolidation pressures of 18 sets of comparative
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Preconsolidation pressure Preconsolidation pressure
#/ ft2 #/£2
Test New Standard Test New Standard
No. method method No. method method
1 2,400 2,280 10 2,800 2,600
2 2,700 2,450 Jok 2,600 2,300
3 2,550 2,300 12 2,500 2,700
4 2,750 2,700 13 2,300 2,270
' 2,650 2,260 L4 2,490 2,450
6 2,600 2,500 15 2,700 2,500
7 2,550 2,500 16 2,700 2,400
8 2,750 2,570 17 2,720 2,400
9 2,530 2,480 18 2,700 2,450

Table 4-20 The preconsolidation pressure
obtained from two methods

tests were obtained from the corresponding é - log p curves.
As shown above in Table 4-20, one notes that for each case
the preconsolidation pressure obtained from the two methods
were very close. Also, the new method consistently yielded
higher values for the preconsolidation pressures, except
test No. 12, than did the standard method with the differ-
ences ranging’from 30 psf for test No. 13 to 390 psf for
test No. 5. :

Since 'remolding of the clay specimen - even if
Oonly partial, for instance that due to a slight disturbance
during sampliﬁg - is liable to lower the preconsolidation

Pressure because of the resulting decreased curvature of
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the void ratio-pressure curve.'"? The higher values for the
preconsolidation pressures obtained by the new method did
indicate that the new method caused less disturbance than
did the standard method.

One notes that even under the best of sampling
procedures, the loads on the sample would be removed,
thereby permitting the specimen to rebound. Hence, theoret-
ically speaking, if a soil sample could be maintained
"undisturbed" during the handling and the preparation, the
first cycle of loading in the laboratory actually corresponds
to a re-loading cycle for a soil which has been subjected
to a precompression or preconsolidation load. That is, the
first cycle of laboratory loading, in fact, represents the
equivalent of a re-compression curve (i.e. second cycle)
of an in-situ situation. Also, from the previous observation,
it has already been shown that the void ratio - log of
pressure curves obtained by the standard method are actually

one cycle lower than those obtained by the new method.

Therefore, as concluded previously in Art. 4-2 and
discussed above, another improtant result is obtained:
The standard consolidation method actually measures the
third consolidation cycle while the new method measures

the second ®onsolidation cycle.



66

4«4, Comparison based on the void ratio

Void ratio under Void ratio under
pressure of 1,000 psf pressure of 1,000 psf
Test New Standard Test New Standard
No , method method No. method method
1 .6935 .6375 10 .6875 .5850
2 .7200 .6425 11 .7370 7299
3 « 1253 .6965 12 .7600 .7895
4 .6920 .6535 13 .6435 .6315
5 .8045 .7200 14 .6390 .6150
6 .8125 .7050 15 L6545 .6175
7 5725 w150 16 .7350 iH523
8 .6015 .5700 17 .6260 .5900
9 .6675 5150 18 .6650 6275

Table 4-21 The void ratio obtained from two methods.
under the pressure of 1,000 psf

The values of the void ratios of two methods under
a.constant pressure of 1,000 psf were determined directly
from the void ratio - log of pressure diagrams and the
results were tabulated above. From Table 4-21, it is noted
that for each comparative test set, except No. 12, the void
ratio obtained from the new method was higher than that
from the standard method under a constant pressure. As
discussed previously in Art. 2-5, under cyclic loading and
for a constant pressure (e.g. 1,000 psf), the more frequently
b a soil sample is reloaded the lower its void ratio will be.
Therefore, onée again it is proved that the first consolida-

tion cycle obtained by the standard method is actually the
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re-loading cycle of the first void ratio - log of pressure

curve obtained by the new method.
4-5. Comparison based on the settlement

As soil settlement is discussed, the relative
amount of deformation of the solids is negligible; hence,
it is the change in the void volume that is assumed to be

the cause of the settlement. In Eq.

i P 4
S =AH = ] - Ce log o (4-1)

where
S = Settlement
H = Height of the soil sample
e; = Initial void ratio
Co = Compression index
P = Any applied pressure
P, = Pressure at which void ratio is known.
Since for both consolidation methods, H, p, po obviously
are constant under any given situation; the Eq. (4-1) can

be rearranged as

Ce
S= TTFe K (&2
- Where
p

K=H log—

' & Po

C
The values of iquig— from two methods were calculated

i
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and shown in Table 4-22. Once again the results obtained

Ce /(1+ey) © Ce [ (1+ey)

Test New Standard Test New Standard

No. method method No . method method
1 .049 .063 10 .069 071
2 .081 .065 iy ) .038 .049
3 .087 .074 12 .033 .037
4 .074 .060 13 .051 .050
5 .081 .081 14 .044 .048
6 060 .063 15 .066 .055
7 .059 .056 16 .067 .054
8 .067 .052 17 .058 .048
9 .046 .046 18 .066 .046

Table 4-22 The value of C, /(l+ei)for both methods.

by the two methods were noted to be nearly identical.

From previous discussion, one notes that both values
of CC and e; for the new method are higher than those for
the standard method and the differences were cancelled out

. in the calculation of Co /(l+e9 value. Therefore, it can
be logically concluded that the close values of the soil
settlements obtained by the two methods can be attributed
to the consistency of the differences in the C, and ej

Values.
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CHAPTER V
CONCLUSION

From the results obtained and presented in the
previous chapters, it can be concluded that:

(1) The compression index from both methods is nearly
identical.

(2) The new method consistently yields higher values
for the preconsolidation pressure and the void ratio
than does the standard method.

(3) The values for the estimate of total settlement are
nearly identical for both methods.

(4) The new method offers lateral restriction more
effectively.

(5) The new method permits a very accurate measurement
of the sample thickness.

(6) The mew method eliminates the necessity for extract-
ing, trimming and fitting, thus saving a considerable
amount of time, thereby making the preparation of
the soil sémple more expedient.

(7) Since the sample is tested within the tube, the new
method permits the consolidation of coarser silts,
which frequently fall apart during the extraction

and trimming process.
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(8) The new method permits the testing of thicker
(longer) samples.

For the new consolidation method, some precautionary
measures should be adhered to during the processes of sampl-
ing and handling to guarantee accuracy of the test results.
These include:

(1) A continuous and steady pushing force is required
during the sampling to ensure good adhesion between
the specimen and the wall of the tube.

(2) Special care should be taken during the transporta-
tion to avoid any impact or jarring forces which
could result in disturbing the sample.

(3) During the process of specimen preparation, a

suitable sharp cutting tool (i.e. a band saw with

a vise in good working order) is required to

prevent unnecessary vibrations.

In view of the advantages of accuracy, efficiency
and expediency that have been demonstrated through the
testsvin this study, there is strong evidence that the
New Consolidation Method developed by Dr. John N. Cernica

is superior to the Standard Consolidation Method.
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