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FOREWORD

The study reported herein was performed by the U, S. Army Engineer
Waterways Experiment Station (WES) at the request of the U. S. Army
Corps of Engineers District, Louisville, and was authorized in Intra-
Army Order No, DC-B-72-105 dated 10 March 1972, ‘

The engineers of the WES who were actively engaged in this study
were Drs. F. C., Townsend and W. F. Marcuson III and Mr. P. A. Gilbert.
The work was conducted under the general supervision of Messrs. R. W.
Cunny, Chief, Soil Dynamics Branch, and R. G. Ahlvin and J. P. Sale,
Assistant Chief and Chief, respectively, Soils and Pavements Laboratory.
This report was reviewed by Mr. S. J. Johnson, Special Assistant, Soils
‘and Pavements Laboratory.

During the time this study was conducted, COL Ernest D. Peixotto,
CE, and Mr. F. R. Brown were Director and Technical Director, respec-
tively, of the WES,
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CONVERSION FACTORS, BRITISH TO METRIC UNITS OF MEASUREMENT

British units of measurement used in this report can be converted to

metric units as follows:

Multiply By To Obtain
inches 2.54 centimeters
feet 0.30L48 meters
miles (U. S. statute) 1.609344 kilometers
pounds 0.45359237 kilograms
pounds per square inch 0.689476 newtons per square centimeter
pounds per cubic inch 27679.91 kilograms per cubic meter
pounds per cubic foot 16.018k46 kilograms per cubic meter
"acre-feet 1233.482 cubic meters
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SUMMARY

A preliminary exploration of the damsite revealed foundation mate-
rials with extremely low penetration resistance. The site is in a
seismic Zone 2 (Algermissen) and near the border of a seismic Zone 3.
Consequently, a laboratory study was conducted to evaluate the liquefac-
tion potential of the foundation materials when subjected to an
earthquake.

To evaluate the liquefaction potential, undisturbed samples of the
foundation soils were obtained using a fixed-piston sampler and drilling
mud. The materials were found to be fine clayey sands, fine silty sands,
fine sandy clays, and silty clays. The in situ dry density was deter-
mined to range from 88 to 104 pcf in the depths considered to be criti-
cal in regard to liquefaction potential.

Cyclic triaxial tests were conducted on material representative
of the five depths that were anticipated to be subject to liquefaction.
.Based on the results of these tests, the foundation is expected to
liquefy if subjected to an earthquake of magnitude 6.5 with a peak
acceleration of 0.17 g or greater.

Logs of borings are given in Appendix A. A simplified procedure
for evaluating liquefaction potential is given in Appendix B,

ix



EARTHQUAKE LIQUEFACTION POTENTIAL AT PATOKA DAM, INDIANA

PART I: INTRODUCTION

'

Background

1. The U. S. Army Engineer District, Louisville, is designing a
dam on Patoka River in soﬁth—central Indiana, which will form Patoka
Lake (see fig. 1). The damsite is 13 miles* northeast of Jasper,
Indiana, and about 55 miles northwest of Louisvillé, Kentucky. The
purposes of the dam are to furnish flood protection in the Patoka and
Webash River \ralleys and to reduce Wabash River flood stages downstream
vhere it joins the Ohio River.

2. The reservoir is designed to store 301,640 acre-ft of water
with a pool elevation of 548.** The proposed dam is to be constructed
of earth and rock fill with a crest elevation of 566, a maximum height
of 86 ft, and a length of 1500 ft. | '

3. The dam will be founded on fairly weak alluvial and lacustrine
.clays, silts, and sands. Brown sandy clay to sandy silt comprises the
top 10 to 15 ft of overburden in the Patoka River valley. Gray silty
sand and sandy silts occur immediately below this layer and range in
thickness from 5 to 40 ft. Below the silty sand is an 11- to 21-ft
layer of gray silty clay to clayey sandy silt. With the exception of.
the top‘h to 10 ft, all of the underlying material is saturated, due to
a high groundwater table in the ﬁalley. Bedrock (highly weathered.to
friable gandstohe) is buried beneath at least-60 ft of overburden at the

damsite.

Purpose and Scope

4. A preliminary exploration of the damsite indicated foundation

¥ A table of factors for converting British unlts of measurement to
metric units is presented on page vii.

*% 211 elevations (el) cited herein are in feet referred to mean sea
level.
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materials of remarkably low penetration resistance values. Since the
damsite is located in an area classified by Algermissenl as seismic

Zone 2 and is fairly close to a Zone 3 border, the U. S. Army Engineer
Waterways Experiment Station (WES) was asked to evaluate the liquefac-
tion potential of the foundation materials should they be subjected to
earthquake excitation. A limited number of undisturbed samples were ob-
tained from the foundation material at the site, and various laboratory
tests, including mechanical analysis, classification indexes,.densify,
and cyclic triaxial tests were conducted on the samples to evaluate the
~iquefaction potential of the Patoka damsite foundation materials under

earthquake loadings.



PART II: SOIL SAMPLING

Initial Boring Program

Field investigation

5. The Louisville District engaged a contractor to drill two
borings, S-1001 and SD-1002, on the downstream side of the proposed dém,
and two borings, D-1003 and S-1004, on the upstream side of the propbsed
dam to obtain the samples for investigating the liquefaction potential
of the foundation material. These borings were drilled at sta 9+00
(fig. 2). Undisturbed samples were taken using a piston (not fixed)

. sampler, and both ends of each sample were sealed with wax. These
samples were to be used by WES for laboratory testing. Logs of the
borings are presented in Appendix A.

6. Boring S-1001. This boring was drilled to refusal at an
elevation of 424, which corresponds to a depth of 67.5 ft. The eleva-
tion of the top of the hole was 491.5 and the groundwater table was at
el 488.4 on 11 Jan 1972. Shelby tube samples 36 in. in length and 3 in.
 in diameter were taken continuously when possible.

T. Boring SD-1002. This boring was drilled to refusal at an
elevation of 427, which corresponds to a depth of 64.4 ft. The eleva-
tion of the top of the hole was 491.4. The groundwater table was at an

approximate elevation of 488 at the time of this investigation; Stan-
dard penetration tests were conducted continuously to a depth of 50 ft.
Below a depth of 50 ft, Shelby tibe samples 36 in. in length and 3 in.
in diameter were taken when possible. The N-values determined by the
standard penetration tests¥* were extremely low, with values of 2 occa-
sionally reported. These values -ere shown in fig. 3; other data shown
in this figure will be discussed subsequently. ' The low N-values sug-
gest that the in situ material has a low relative density.
8. Boring D-1003. This boring was drilled to refusal at an

* An N-value is the number of blows of a 140-1b hammer falling 30 in.
required to drive a split-spoon sampler the last 12 in. of an 18-in.
drive. ‘
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elevation of 426, which corresponds to a depth of 63 ft. The elevation
of the top of the hole was 489. Standard penetration tests were con-
ducted continuously for the depth of the hole. The N-values were ex-
tremely low, varying from 2 to 19 blows per ft. These low N-values
suggest that the in situ soil has a low relative density. The N-values
versus depth for boring D-1003 are presented in fig. 4. Also shown in
this figure are other data which will be discussed later.

‘9. Boring S-1004. This boring was drilled to refusal at an ele-

vation of 425, which corresponds to a depth of 64 ft. The elevation at
the top of the hole was 489 and the groundwater table was at el 456 on
22 Mar 1972. Shelby tube samples 36 in. in length and 3 in. in diameter
were taken continuously when possible, . '

Laboratory examination

10. Based upon the N-values obtained from borings SD-1002 and
D-1003 and upon the driller's descriptions of the samples, the follow-
ing samples were determined to be composed predominantly of sand with

little or no fines and were believed to have low relative densities.

Boring Sample Boring  Sample

No. No. No. * No.
S5-1001 n S-1004 N
12 ‘ 5
13 6

1k

18

11. These samples were X-rayed to determine sample disturbance
and variation of density of material within the sample. If one assumes
a uniform thickness of homogeneous material, then any variation in
film density (darkness of X-ray) is proportional to the variation in
material density. If the material is layered and if these layers show
up distinctly across the sample aé well as at the sample edge, it can
be concluded that little sampling disturbance has occurred. The con-
vérse of this principle is also true.

I 12, Fig. 5 is»a'radiograph of sample 13 from boring S-1001 and
is considered typicai. The'bottom 2 ft of the sample were lost when the
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BORING S 100l SAMPLE I3

Fig. 5. Radiograph of sample 13, boring S-1001




tube was removed from the hole; the light area in the top two-thirds of
the tube shows the evidence of the void. The top of the sample was ob-
viously disturbed, as indicated by the swirls in the radiograph. The
remaining portions of the specimen appear undisturbed. Based on the
radiograph, the sample was cut into three segments, 13-1, -2, and -3,
as shown on the side of the radiograph.

13, Even though examination of the radiographs indicated that
all samples appeared to be considerably disturbed, the samples were-
cut into various segments as dictated by the radiographs, and density
and gradation tests were conducted on each segment. The dry density
and percent (by weight) passing the No. 207 sieve for samples 11, 12,
13, 14, and 18 of boring S-1001 and samples 4, 5, and 6 of boring S-1004
are shown in figs. 3 and U4, respectively. Fig. 3 shows that organic
matter (wood) was encountered in boring S-1001 at approximately 32 ft.
The dry density varies from about 100 pcf at 29 ft to 80 pef at 48 ft,
'with a large portion of the foundation area at a dry density of around
95 pef. The data in fig. 4 show less scatter than in fig. 3, and show
a lower density in the upper 15 ft than in boring S-1001. These samples
.would indicate an in situ dry density of approximately 90 pef for the
upper layers of material.

14, TFig. 6 shows the range of the gradation curves from samples
11, 12, 13, 14, and 18 from boring S-1001 and samples 4, 5, and 6 from
boring S-1004. These plots indicate that the percent (by weight) finer
than the No. 200 sieve varied from 7% to T6%. The majority of these
specimens had more than 20 perceht fines. Two segments were determined
to be fine sand (SP-SM). These were samples 11-3 and 1l-4 of boring
S-1001, which had DSG, of 0.16 and 0.25 mm, respectively. All other
segments were either sandy clay (CL), sandy silt (ML), silty sand (SM),
or clayey sand (SC). '

Additional Boring Program

Field investigation

15. Because the first borings had extremely low N-values and

11
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because sample disturbance was suspected, three more borings were
drilled by personnel of the Louisville District. At the request of the
Louisville District, Mr. Kearney Waites, an experienced WES driller,
assisted in the sampling operations. Boring S-1006 was drilled in the
same area as borings S-1001 and SD-1002; borings S-100T7 and S-100Ta
were near boring locations S-1004 and SD-1003. Boring logs are pre-.
sented in Appendix A, figs. A5-AT.

16. Sampling techniques. The 3-in.-diam undisturbed samples were

taken using the technique and procedures described in reference 2., A
fixed-piston sampler and drilling mud are used in the technique. Hy-
draulic pressure was used to push the sampler and was recorded as aver-
age drive pressure for each 6-in. -increment. A perforéted, expanding
packer was inserted at the bottom of the sample immediately after the
tube was lifted clear of the drilling mud in the borehole., The sampler
head and piston were removed, and the sample was placed in a rack,
pinned to prevent rotation, and held in a vertical position until it
was properly drained. Then an expanding packer was inserted on the top
of the sample. The sample and the rack were next rotated 90 deg and
held in a horizontal position. With the sample in this position, the
top side was then struck approximately 50 light blows with a hammer,
This consolidated the sand and thus prevented possible movement of
loose samples of sand in the tube during transportation. Once in the
laboratory, the tubes were X-rayed, cut into segments, and the density -
of each segment was determined. This procedure assumed that the vol-
ume of the tube segment was the in situ volume of the sand which was
inside the tube segment. . . .

17. Boring S-1006. This boring was drilled to refusal at a depth

of 60 ft. ‘Continuous Shelby tube samples 36 in. in length and 3 in. in
diameter were taken when possible. Average drive pressure versus depth
for boring S-1006 is shown in fig. 3. This plot can be compared with
the penetration resistances from boring SD-1002 which is also shown in
fig. 3. Both borings exhibited a drop in penetration resistance at
depths of approximately 18, 33, and 44 ft and an increase in resistance
at a depth of sbout 30 ft.

13



18. Borings S-1007 and S-1007a. Boring S-1007 was drilled to re-
fusal at a depth of 64 ft. When possible, Shelby tube samples 36 in.

in length and 3 in. in diameter were taken using the fixed-piston

sampler. Fig. A6, the boring log, shows that it was not possible to
obtain 36-in.-long samples from depths of 27 to 40 ft using the stan-
dard Shelby tube sampler. Therefore, core catchers consisting of six
or eight spring steel fingers were fashioned in the field and boring .
S-1007a was drilled adjacent S-1007 (see fig. 2). Samples were ob-
tained between depths of 27 and 37 ft, by using the modified Shelby
tube. Fig. AT is the boring log for this hole. Average drive pres-
sure versus depth for borings S-1007 and.S—IOOTa are shown in fig. k.
This plot can be compared with the penetration resistancés from boring
D-1003 which is also shown in fig. L.

Laboratory examination

19. Based on the driller's description of the soil and on the
pressure required to push the sampler (obtained from boring logs),
samples 5-T, 9-23, 25, and 26 of boring S-1006; samples 2-10, 12-2L,
26, and 27 of boring S-1007; and samples 1l-b of boring S-100Ta were
,opened. A sample of the soil was removed from each and the packers
were replaced in the 36-in.-long, 3-in.-diam tubes after the sample was
removed. Each sample was subdivided so that a nunber of laboratory
tests could be performed. The sample was first visually classified.
This information is presented in table 1. Sieve analyses were also
conducted on these samples and percent (by weight) finer than the
No. 200 sieve is also given in table 1.

20. Available information, such as visual classification, grain-
size curves, and drive pressure values, was studied and it was decided .
“to conduct Atterberg limit tests on samples 5, 6, 7, and 20 of boring
S-1006 and samples T, 8, 23, and 24 of boring S-1007. Plasticity in-
dex data are also presented in table 1. After reviewing the additional
plasticity index information, it was decided to determine the in situ
dry density of the following samples: 5, T, 9, 11, 12, and 13 from
boring $-1006; T, 13, 14, 15, 16, and 23 from boring S-100T; and 1,
2, 3, and 4 from boring S-100T7a.

1k



2l. Several of these samples were X-rayed prior to cutting opén
the tubes to determine if the samples were disturbed or stratified.
Stratified samples were cut according to the stratifications indicated
by the radiographs. Fig. T is the radiograph of sample 16 from boring
5-100T7 and is considered to be typical. Based on the radiographs, the
samples were cut in approximately 3-in. segments and density tests and
sieve analyses were conducted. In situ dry density was determined in
this manner for samples 9, 11, 12, and 13 from boring S-1006; samples
12, 13, 14, 15, and 16 from boring S-100T; and samples 1, 2, 3, and 4
from boring S-1007a. Fig. 8 presents density versus depth data for
borings S-1006, S-1007, and S-1007a. The incremental density date are
also shown in table 2. The in situ dry density was also determined
for samples 5 and 7 from boring S-1006 and samples 7 and 23 from bor-
ing S-1007. These dry density values are listed in table 1., Because
sample 5 from boring S-1006 and samples T and 23 from boring S-1007
exhibited low density values (see table 1), these tubes were cut into
6-in. increments and dry density was determined. These data are also

given in table 2.

Selection of Potential Liquefaction-Susceptible Zones

- 22, With this portion of the investigation completed, five zones
in the foundation were selected as probably the most susceptible to

liquefaction. The five zones are described below.

a. A 9-ft-deep layer represented by sample 5 from boring
S-1006. The in situ dry density of this material was
estimated to be 92 pef. This material was selected
because it was nonplastic; it had a fairly low density;
and the drive pressure in the sample area was low.

=2

A 17.5-ft-deep layer represented by sample 7 from boring

S=1007. The in situ dry density of this material was

estimated to be 88 pcf. This material was chosen because

it was nonplastic; it had a very low density; and the
. drive pressure in the sample area was low.

c. A 28-ft-deep layer represented by sample 13 from boring
S-1006. The in situ dry density of this material was
estimated to be 98 pcf. This material was chosen because

15



it appeared to be a fine sand similar in grain size to
sands that have liquefied in the past.

|

A nominal 33-ft-deep layer composed of various increments
of samples obtained from borings S-1007 and S-100T7a. To
obtain this material, a plot of unit dry weight versus
percent passing No. 200 sieve (fig. 9) was made for the
segments of samples from this approximate depth. Mate-
rial from every sample plotting inside and on the perim-
eter of the polygon in the upper right in fig. 9 was
combined to form the 33-ft sample. The dry density of
this material was estimated to be 104 pcf. This material
was picked because it was extremely difficult to obtain
an undisturbed sample; the WES driller said that this

was the softest material he had seen in 25 years of
drilling.

e. A 55-ft-deep layer represented by sample 23 from boring
5-1007. The in situ dry density of this material was
estimated to be 90 pcf. This material was chosen because .
of the extremely low drive pressure required to obtain
the sample and the low N-values obtained in the sampling
area., It is interesting to note that the soil at this
depth in boring S-1001 poured from the tube as it came

out of the drill hole. However, boring S-1006, which

was drilled beside boring S-1001, did not show this soft
material.

23. Grain-size curves for each of these five materials are shown
in fig. 10. From the field and laboratory data, a soil profile at
sta 9400 was prepared (fig. 11). The locations of the five materials
that were determined to be most susceptible to liquefaction are shown
in this plot. , .

24, For this study relative density was not used because absolute
in situ dry density was determined directly. However, the maximum and
minimum densities were determined for some of %he samples from the
depths considered to be susceptible to liquefaction. The tests were
performed using a vibratory table to determine maximum dry density
(Y4 pax) With the following results: |

Dry Density, pcf

Material Depth

£t Y4 min Yd max
17.5 79 -
28 82.4 ) —
33 81 112

16



BORING SI007 SAMPLE 16 .

Fig. 7. Radiograph of sample 16, boring S-1007
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Compaction tests were performed on the 17.5- 28-, and 33-ft material.
For these tests, the samples were compacted inside a 2-in.-diam, 4-in.-
high mold in four layers, with 25 blows of a L4-1b hammer falling 12 in.

per layer. The results of these tests are:

Material Dry Water
Depth Density Content
ft Y4 max
17.5 108.9 0
28 112 , 17.5
33 116 : 13

Using .the data above, in situ relative densities of the 17.5-, 28-, and

33-ft materials were calculated to be 37%, 59%, and T3%, respectively.

Petrographic Analysis

25. Following selection of the depths at which materials might
be susceptible to liquefaction, samples of materials from these depths
were furnished to the WES Geology Branch for determination of rock type
and particle shape.

. 26. Petrographic examinations were coﬁducted on the samples rep-
resentative of the materials at 9-, 17.5-, 33-, and 55-ft depths. The
procedure used for this examination was as follows:

a. Approximately 250 g of each material was weighed.

. Each sample was sized over the Nos. 60, 120, and 200
sieves. The individual plus No. 200 size fractions were
then examined under the binocular  and petrographic
microscopes for determination of rock type and particle
shape. The minus No. 200 size ‘material was examined for
rock type, and particle shape was estimated under the
_petrographic microscope.

o |

2T7. Tables 3-5 show the percentages of each rock type and par-
ticle shape present in each of the samples and also show the distribu-
tion of rock types and particle shapes within each size of each sample.
The samples consisted principally of angular to subrounded fragments and
crystals of quartz with minor amounts of chert, feldspar, organic matter,
or calcite. The minus No. 200 sizes contained a considerable amount of

silt and clay-size fragments of quartz.
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PART III: CYCLIC TRIAXIAL TEST EQUIPMENT AND PROCEDURES

Equipment

Triaxial device

28.2-In~cycli§,triaxial tests the deviator stress is uniformly in-
creased and deqreaéed‘whil¢ maintaining a constant chamber'pressﬁre.
The test equipment utilized by the WES is shown schematiéaliy in fig. 12.
The pneumatic control unit:consists of regulators and soleqoid valves
that are actuated by a cam-operated miproswitch.v These valvés-provide
alternating air pulses to a double—actihg»air cylinder (loading piston)
such that a cyclic load is transmittéd from the air cylinder throuéh
the piston to the sample. Obviouslj, to regulafevthé puléating air
pressures so that desired loads are imposed on the specimen requires
extremely careful calibrations, considering friction in the system and
uplift pressures generated by the chamber pressure.

Instrumentation-

29. Electrical pressure transducers, a deformation transformer,
.and a load cell are used to measure pore‘préssure and chamber pressure,
axial deformation, and axial load, resbectively, Because of the rapid
change in sample behavior at liquefaction. A hiéh—speed recorder is
required to provide a continuous record of’evéhts during the test.
Extra care is required to calibrate these sénsors such that accurate
measurements are maintained over the rahge of data created by the tests.

Procedures

30. The tests performed were consolidated-undrained. Four vari-
ables were recorded continually during the tesf;_ exial load, axial
deformation, pore water pressure, and chamber pressure. Each test con-
sisted of four stages: molding, saturation, consolidation, and cyeclic
loading. Each stage is described in detail below.-

Molding
31. The forming Jjacket was measured to determine its exact

25
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volume, Sufficient dry soil to give the desired density of the speci-
men to be built was then weighed and placed in a container. Distilled
deaired water was added to the container to cover the soil completely
and the soil and water were stirred gently to release entrapped air.

The mixture was then boiled over a low flame for sbout 10 min. The
rubber membranes used in this testing were 0.023 in. thick. A few
inches of vacuum was applied to the space between the membrane and form-
ing jacket to hold the membrane flat against the Jjacket. With the mem-
brane and forming jacket in place on the triaxial base, the boiled soil
(which had been allowed to cool) was spooned into the membrane., Two
testing densities were sometimes desired, a medium density and a high
density. The medium density was obtained by spooning the wet soil into
the mold gently. To obtain the higher density, the.wet soil was spooned
into the mold then rodded gently with a 1/2-in.-diam steel rod. When
the volume of the forming jacket had been filled with soil and the top
soil surface smoothed off, a cap was put in place on top of the soil
specimen and the membrane was pulled up around the cap. A rubber O-ring
was used to hold the membrane tightly to the cap, and 10 in. of vacuum
.was applied to the soil specimen through the top cap. The forming
Jacket was removed and the specimen was measured at the top, bottom,
and midheight under 10 in. of vacuum to determine its area and volume.
Saturation

32. The process of saturation consisted of two stages: seepage

saturation and back-pressure saturation. As was mentioned above, a
vacuum of 10 in, was applied to the specimen at the end of molding.
After measurements of the specimen were made,-the vacﬁum was increased
to at least 20 in. A chamber pressure of 2 psi was applied- to-the-
sample and a line containing deaired distilled water was introduced to
the bottom of the specimen. This line allowed water to seep into the
specimen while air, which was entrapped inside the soil, percolated up
through the top porous stone and out of the specimen. This operation
was continued until air bubbles were no longer seen coming through the
line from the top of the sample. At this point the vacuum was released

and water allowed to enter the specimen from the top as well as the
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bottom. When ehough water had entered the specimen to dissipate the
vacuum that was left in the soil from the seepage operation, pressure
was slowly added to the chamber fluid while ﬁaintaining the pressure in
the pore water of the soil at a constant 5.0 psi below the pressure in
the chamber. Thus, the volume of air remaining in the specimen was de-
creased and, with time, was forced to dissolve in the pore water. Ex-
perience with the soils tested in this program showed that about 65.0 psi
of back pressure acting for a period of 16 hr was sufficient to produce
the desired saturation. Saturation for this testing program was given
in terms of Skempton's B-parameter. The B-parameter is determined by
the ratio of the change in pore water pressure to an induced change in
chamber pressure. The value was checked in this testing by closing the
drainage line and increasing the chamber pressure 5.0 psi and observing
the increase in pore water pressure. The minimum acceptable B-value for
this testing was 0.96; however, typical values were greater than 0.98.
During saturation, the change in height of the specimen was measured
with a dial indicator that could be read to the nearest 0.0001 in.

Consolidation

) 33. When saturation had been completed, the specimen was con-
solidated to the effective confining pressure under which it would be
tested. This was done by closing the drainage line and increasing the
chamber pressure such that the difference between the back pressure and
chamber pressure was the desired effective confining pressure. The
drainage line was then opened and the specimen began to consolidate.

The volume and height change of the specimen were observed with time
during consolidation, and the process was considered to be complete when
the volume and height of the specimen reached a constani value, Typi-
cally, for the materials tested in this program, no more than 30 min was
required for complete consolidation.

Cyclic loading

3k. Cyclic loading consisted of the cyclic application and re-
duction of axial stress. The specimen was loaded in this manner through
a double-acting air cell driven by the loading unit described previously

at a frequency of 2 Hz. Depending upon the material tested, effective
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confining pressure, density, and magnitude of cyclic load, the soil
specimen would withstand a number of cycles of load and then would
liquefy. Liquefaction consisted of deformation and a partial-to-total
loss of strength. At the start of-cyclic loading, little deformation
occurred; but as the cyclic loading progressed, the pore pressure in-
creased, consequently reducing the effective stress. 1Initial liquefac-
tion is defined as the stage when pore pressure first becomes equal to
the chamber pressure, giving an effective stress of zero. When this
happened with a loose specimen, large deformation would soon occur ac-
companied by a total loss of strength. In dense specimens, liquefaction
consisted of smaller deformations (typically ebout 5%) and loss of the

ability to support a load under this amount of deformation.
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PART IV: CYCLIC TRIAXIAL TESTS

35. As discuséed in Part II, materials at five depths at the dam-
site were identified as possibly being susceptible to liquefaction under
earthquake loading. Remolded samples of material from each of the five
depths were subjected to cyclic triaxiasl loading under isotropic and
anisotropic stress conditions. The sequence of testing was determined
by the anticipated degree of susceptibility of each material to lique-
faction, beginning with the one expected to be most susceptible. Re-
sults of these tests are discussed in the following paragrephs and are

summarized in table 6.

Isotropic Loading

Material from 28-ft depth

36. Tests 1-4 and 20 were conducted on material representative
of the 28-ft depth. The in situ dry density was estimated to be 98 pcf.
The dry density of the remolded samples ranged from 97.0 to 99.8 pef.

For these tests, the B-values were 0.96 or more. These tests were con-
ducted at a normal stress (ol) computed from overburden conditions to be
17.4 psi. The cyclic deviator stress (odc) was varied between 3.96 and
10.34 psi. Initial liquefaction was obtained over a range of 1 to 13k
cycles of loading, depending upon the magnitude of axial load. After
these samples reached initial liquefaction, they developed a peak-to-
peak strain of about 9% to 12% within one or two additional cycles of
stress. The same samples reached ébout 20% strain in Just & few more
cycles (see table 6).

37. Fig. 13 is the actual trace (raw data) for cycles 1-3 and
11-13 for test 2. This sample behavior is considered typical. The top
line is the chamber pressure, which for this test was 72.9 psi. The
second line from the top is the axial load that started at an initial
value of 27.3 1b, which ga#e an isotropic state of stress. The third
line down is the axial deformation as measured by ﬁhé_LVDT. The bottom

line is the pore water pressure, which had an initial value of 55.5 psi.
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The cyclic deviator stress for this test is 6 psi, which corresponds to
an axial force of 38 1lb. This figure shows that with each cycle of
load, the pore pressure increases; however, at first the actual defor-.
mation is small. By the eleventh cycle, the pore pressure approached
the chamber pressure and the actual deformation was still relatively
small., On the twelfth cycle of loading, the pore pressure actually
equaled the chamber pressure (initial liquefaction) and the axial de-
formation was approximately 0.65 in. peak to peak. The deformation can
be subdivided, compression being about 40% and extension about 60% of
the total peak-to-peak values. This is typical.

38, Fig. 14 is a plot of the triaxial data expressed as stress
ratio versus the number of cycles of loading. The stress ratio3 is

expressed as

%dc
20
where
%3¢ = cyclic deviator stress, psi
o, = ambient effective consolidation stress, psi

The curves in fig. 14 are for initial liquefaction and 10% and 20%
strain. Along the right ordinate is plotted peak ground acceleration.
The conversion from stress ratio to acceleration was made for an assumed
relative density of about 50% according to Seed's simplified procedure.3
A brief review of the simplified procedure is presented in Appendix B.

39, The remolded dry density of the specimen fof test 5 was
supposed to be 98 pcf; however, the actual remolded dry density was
101.2 pcf. The confining pressure for this test was calculated assum-
.ing that the embankment was on top of the foundation. This gave a 9
of 58 psi. The results of this test are plotted in fig. 1k. It is
seen that when the results were normalized with respect to Og » the
effect of the dam on top of the foundation was negligible.

Lo. Tests 16-19 were also conducted on material representative of

the 28-ft depth. The purpose of the tests was to determine the effect
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of field densification. For this series of tests, the dry density of
the remolded specimens ranged from 107.4 to 109.1 pef. Fig. 15 is a
plot of stress ratio versus number of cycles of loading to initial
liquefaction and to 10% strain. Acceleration is plotﬁed along the right
vertical axis. To calculate the acceleration, the material was assumed
to have a relative density of T0% to 80%. After this material, in a
dense state, developed a state of initial liquefaction, a substantial
number of additional cycles was required to develop 10% strain. This
behavior is quite different from the 98-pcf material, which developed
large strains at only one or two cycles more than was required to de-
velop initial liquefaction.

41. Fig. 16 is a plot of stress ratio versus the number of
cycles of loading to initial liquefaction for the 28-ft-depth material
for both the 98- and 109-pcf densities. If this plot is entered at a
stress ratio of 0.2, the 98-pef material is shown to liquefy after five
cycles, while the 109-pcf material will liquefy after 100 cycles. Thus,
it is seen that densification of this material from 98 to 109 pcf sub-
stantially increased the stability of the material. The benefits are
.even greater, however, since the dense material did not develop large
deformations in the tests.

Material from 33-ft depth

42, Tests 6-9 and 11 were conducted on material representative
of the 33-ft depth. The in situ dry density of this material is be-
lieved to be 104 pcf. The effective vertical stress, based on over-
burden conditions, was calculated to be 19.5 psi. The cyclic deviator
stresses ranged from 3.06 to 5.65 psi, which ééfé a range of 5 to
287 cycles to initial liquefactibn. The results of these. tests-are-.
presented in fig. 17, which is a plot of stress ratio (acceleration)
versus number of cycles of loading to initial iiquefaction and to 10%
and 20% strain.

43, Test 10 was also conducted on the material from the 33-ft
depth at a confining pressure of 60.4 psi, which was computed for the
condition that the dam was constructed on top of the layer. Data from

this test are also plotted in fig. 17. The data points fall on the
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previous curve, which indicates that the additional overburden pressure
had no significant effect. .

44, Tests 12-15 were conducted on the material from a depth of
33 ft. TFor this series of tests, the samples were remolded at a dry
density of approximately 113 pcf. The results of these tests, which
were performed to letermine the effect of in situ densification, are
presented in fig. 18. Fig. 18 is a plot of stress ratio (acceleration)
versus the number of cycles of loading to initial liquefaction and to
10% strain. The results of test 12 were suspect, so test 14 was con-
ducted to check test 12. The results of test 14 are believed to be
valid and test 12 is, therefore, ignored.

45, Fig. 19 is a plot of stress ratio versus the number of cycles
of loading to initial liquefaction for the material at dry densities of
104 and 113 pef. If this figure is entered at a stress ratio of 0.13,
. the numbers of cycles to initial liquefaction are 10 and 120 cycles for
the 10& and the 113 pcf material, respectively. This is a significant
increase in dry density and a significant increase in stability.
Material from 17.5-ft depth

' 46. Tests A-1, -2, -3, -and -5 were conducted on material repre-
sentative of the 1T7.5-ft depth. The in situ dry density was estimated
to be 88 pcf. Sample consolidation occurred during saturation, and the
dry density of fhe remolded specimens increased from its desired value
of 88 pef to 93.3 to 97.9 pef. The B-values for these tests were 0.96
or higher. The overburden pressure was calculated to be 12.8 psi. The
cyclic deviator stress ranged from 2.98 to 5.00 psi, which p}oduced ini-
tial liquefaction in 1375 aﬁd 2 cycles, respectively. Fig. 20 is a plot
of stress ratio (acceleration) versus number of cycles to initial lique;
faction and to 10% and 20% strain.

Material from 9-ft depth

L47. Tests.A-4 and -T were conducted on material representative of
the 9-ft depth. The in situ dry denéity was estimated to be 92 pef.
The samples were prepared at a dry density of approximately 90 pef, but
saturation and consolidation caused the density to-increase to 110.1 and

115.2 pef for tests A-L4 and -7, respectively. Thus, the test results
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are for materials much denser than the in situ material. The B-values
for these tests were 0.91 and 0.90. These B-values are below the 0.96
value that is considered to be the minimum acceptable B-value. During
these tests the back pressure was increased to the approximate limit of
the transducer. In the interest of time, testing was conducted with the
low B-values. The applied vertical stress was calculated, based on
overburden conditions, to be 7.8 psi. The cyclic deviator stress was
varied from 3.6 to 5.2 psi, which yielded initial liquefaction in 109
and 10 cycles, respectively. The results of these tests are presented
in fig. 21, which is a plot of stress ratio (acceleration) versus number
of cycles of loading to initial liquefaction and to 10% strain.

Material from 55-ft depth

48, Tests A-6 and -8 were conducted on material representative of
a depth of 55 ft. It should be noted that 98% of this material passed
the No. 200 sieve. The meaning of tests on remolded samples of this
material is questionable. The in situ dry density of this material was
estimated to be 90 pcf. The samples were tested at dry densities of
96.7 and 93.0 pcf. The B-values were 0.96 for this material. The over-
,burden pressure was calculated to be 29.1 psi. The cyclic deviator
stresses ranged from 8.8 to 11.7 psi, which produced initial liquefac-
tion in 217 and 17 cycles, respectively. Fig. 22 is a plot of stress
ratio (acceleration) versus number of cycles of loading to initial
liquefaction and to 10% and 20% strain.

Tests at in situ density

L9. Fig. 23, a summary of all of the test results of isotropic-
ally loaded samples at in situ density, is a ﬁlot of stress ratio versus
the number of cycles to initial liquefaction. From this figure it can )
be seen that the 33-ft material is the most susceptible to liquefaction.
A stress ratio of 0.1 will cause initial liquefaction in 65 cycles of
loading of this 33-ft méterial. All the other material will stand con-

siderably more loading cycles at a stress ratio of 0.1.

Anisotropic Loading

50. All results discussed so far were for tests consolidated
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isotropically. 1In the field this is generally not the stress condition.
To evaluate the effect of cl # 03-, tests were conducted at K values
of 2.5 and 3.0. (These were considered to be the upper limits of the

K values.) Tests A-9, =10, and -11 were conducted at a K = %% = 2.5
and tests A-12, -13, and -1l were conducted at K = 3.0 . These tests
were conducted on the material representative of the 33-ft depth, since
it was considered the most critical in regard to liquefaction. The
tests were conducted at a remolded dry density of approximately 108 pecf,
which was somewhat more than in situ dry density of 104 pef. The re-

o]
sults of these tests are not presented in terms of stress ratio de

because 9, is defined as an ambient pressure. For K # 1 , amb?ggt
pressure is not applicable.

51. The results of tests A-9, -10, and -1l are presented in
fig. 24. This is a plot of pulsating deviator stress versus number of
cycles of loading to 10% and 20% strain. (This strain is zero to peak
and is in compression only.) These samples did not develop an initial
liquefaction condition. Fig. 25 is a plot of poré pressure at 20%
strain versus pulsating deviator stress for these tests. It can be seen
.that the pore pressure never equaled the chamber pressure.

52. The results of tests A-12, -13, and -14 are presented in
fig. 26. This is a plot of pulsating deviator stress versus number of
cycles of loading to 10% and 20% strain. Fig. 27 is a plot of pore pres-
sure at 20% strain versus pulsating deviator stress. These samples did
not reach initial liquefaction.

53. To compare the data for the material from the 33-ft depth at
K=1.0, 2.5, and 3.0 , fig. 28 was prepared.. This is a plot of pulsat-
ing deviator stress versus number of cycles of loading to 10% (zero to ‘
peak) compression strain. If ‘this plot is entered at 20 cycles, then a

of 5.0 psi causes failure if K=1.0 ; a o

T4e %3¢ of 8.7 psi causes
failure if K = 3.0 ; and a Udc of 10.6 psi causes failure if
K=2.5. :

54. The vertical consolidation stress is not a constant in this
plot; it varied from 19.5 to 32.5 psi. To more clearly present the

data, fig. 29 was prepared, which is a plot of vertical consolidation

k7
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stress (Ei_c) versus pulsating deviator stress, for the material from
the 33-ft depth at a compression strain of 10%. This plot shows that
Ei_c (not K) is the parameter influencing the test results.

55. There are two different phenomena involved in comparing these
three K values. For the K = 1.0 data, the samples remained fairly
stable until the effective confining pressure became small. At this
point the samples strained in extension and compression, an amount ap-
proximately 20%, in a few cycles. Comparatively, the K # 1.0 samples
strained a proportional amount on each cycle of stress application. The
samples strained only in compression and no catastrophic movements were

observed.
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PART V: ANALYSIS OF LIQUEFACTION POTENTIAL AT PATOKA DAMSITE

Predicted Ground Motions

56. A study was made at the WES to predict earthquake ground mo-
tions at Patoka da.msite.h In the study several earthquakes at bedrock
were considered. Among these earthquakes was a magnitude 7.5 earthquake
occurring in the Mississippi Embayment, Nuttli's Zone 1, which is some
130 miles away. Such an earthquake would produce the following recur-

rent peak ground motions for 0.3 to 3.0 Hz at the damsite.

Acceleration, g 0.045
Velocity, cm/sec 17
Displacement, cm 7.5
Duration, sec#* 160

5T. The second earthquake considered in the studyh is one that
might occur anywhere in Nuttli's Zone 2, in which Patoka damsite is lo-
cated. The epicenter of this earthquake would occur close to the dam-
site but not at it. The regional Zone 2 earthquake is a magnitude 6.5
event having at least the following peak recurrent ground motions for
0.3 to 3.0 Hz at the site.

Acceleration, g 0.11
Velocity, cm/sec 54
Displacement, cm 26
Duration, sec 68

58. The third and most severe earthquake considefed is a local
earthquake having its-epicentér beneath the damsite. Such an earthquake-
might produce severe high-frgquency acceleration pulses at‘the damsite'
according to California experiences at Parkfield, Pacoima Dam, and
Melendy Ranch. Ambraseys also predicts severe acceleration pulses of

high frequency in the epicentral area.** Data do not exist in the

¥ Duration is defined in this study as the total time duration of
shaking greater than 0.05 g.

N. N. Anbraseys, seminar "Selection of Design Earthquekes," U. S.
Army Engineer Waterways Experiment Station, CE, 4 November 1970.

*%

22



central United States to indicate if similar high accelerations at high
frequencies can be expected at Patoka damsite. While geologic condi-
tions at the site differ greatly from those in California, raising the
possibility that California experiences do not apply, Ambraseys' views
are based on a broad variety of geologic conditions. In the absence of
observational data, it seems necessary to conclude that an earthquake
having its epicenter at the damsite would result in some high accelera-
tion pulses, having short periodé at the damsite. Obviously, the like-
lihood of an earthqueke occurring at the damsite is smaller than that of
one occurring within a radius of 5 or 10 miles from the dam. An earth-
quake at the site might produce some accelerations as high as 0.7 g or
higher but possibly would not affect maximum parﬁicle velocities and

hence would have a somewhat limited significance.

Liquefaction Potential

59. The analysis of the liqueféction potential at Patoka damsite
was made by a procedure3 that involved the assumption of a horizontal
acceleration and absence of shear forces on horizontal planes prior to
the earthquake* Therefore, this analysis is valid near and beyond the
toe and beneath the center line of the dam.

60. The magnitude 7.5 earthquaske occurring in the Mississippi Em-
bayment is obviously not the most critical event; therefore, it is nec-
essary to consider the regional or the local earthquake. No active
faults were found in the immediate vicinity of the dam.  This would in-
dicate that the possibility of experiencing the local earthquake is ex-
tremely remote. For this reason the regional earthquake will be con-
sidered first. |

61. The lower limit of expected acceleration is fhe 0.11-g peak
recurring acceleration, given in reference 4, and is assumed to be the
average acceleration, or 0.658.max as defined by Seed.3 The maximum
acceleration is computed to be 6%3; (0.11 g) or 0.17 g . . The follow-
ing relationship between magnitude and average number of cycles having a

magnitude of O.65a.max has been proposed by Seed.

%¥ The ratio of the acceleration at the soil surface to the acceleration
at bedrock was assumed to be one.
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Magnitude _eq
8 ' 30
T-1/2 20
T 10

¥ Neq is the equiva-
lent number of cycles
as defined by Seed.

If one extrapolates these figures, a magnitude 6.5 earthquake would cor-
respond to an Neq of 5 cycles. If the duration of earthquake motibn
in the midcontinent area is taken to be four times that in the West
Coast area, as proposed by Nu.ttli,5 Neq as defined by Seed wouwld pre-
sumably become 120, 80, 40, and 20 cycles.

62. Following Seed's procedure, the'fbllowing stress ratios

(odc/2oa) can be calculated.

[0}
_d£>
Depth (gmax> (0°65amax> Y r c Ua <2°a
't g g pef d r psi psi
"9 0.17 0.11 125 0.98 0.70 7.8 0.155
17.5 0.17 0.11 125 0.96 0.60 12.8 0.210
28 ©0.17 o1 125 0.92 0.60 17.4 - 0.237
33 0.17 T 0.1 125 0.91 0.60 19.5 0.246

55 0.17 0.11 125 0.85 0.60 29.1 0.257

63. The stress ratios in the last colum of the tabulation above
are used in conjunction with figs. 21, 20, 14, 17, end 22. If the fig-
ures indicate more than 20 cycles of loading are required to fail the
material, the foundation is considered safe according to the number of '
cycles proposed by Nuttli and by Seed. However, if less than 20 cycles
caused failure, the material would fail according to Nuttli, but
5 cycles or less would have to cause failure according to Seed. The
" following tabulation présents the results of the analysis of the behav-
ior of the foundation soils at in situ dry density under this regional

~earthquake.
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In Situ

Dry %40 Cycles to

Depth Fig. Density <§;—) Initial 10% 20%
ft No. pcf a Ligquefaction Strain Strain
9 21 - 92 0.155 1500% 1500% 1500%
17.5 20 88 0.210 in L T
28 14 98 0.237 3 N 6
33 17 104 0.246 1% 1% o%
55 22 . 90 0.257 T* 5% T*

¥ ‘The data curves were extrapolated to obtain these vaiues.

64. Thus, it is seen that the area around the dam and undefneath
the center line would undergo extensive liquefaction during a Nuttli's
Zone 2 magnitude 6.5 earthquake according to Nuttli's criteria. However,
it takes more than 5 cycles to cause 20% strain in all but the 33-ft
material ; therefore, only the 33-ft material fails according to Seed's
criteria,

65. The O.li-g peak recurring ground motion that gives a peék

acceleration of 0.17 g assuming a = 0.65amax can be assumed as a

ave
minimum value. California experience would indicate that a peak accel-
eration of 0.k g can be expected during a 6.5 magnitude earthquake.

Using this value of peak acceleration, the stress ratios in the follow-

ing tabulation can be calculated. If figs. 21, 20, 14, 17, and 22 are

In Situ
Dry %40 Cycles to*

Depth Fig. Density 35 Initial 10% 20%
ft No. pef - a Liguefaction Strain Strain
9 21 92 0.k01 5 10 -

1735 20 -88 0543 1 1 2

28 1k 98 0.613 1 1 1

33 17 104 0.637 1 1 1

1 1 1

55 22 90 0.665

¥ The data curves were extrapolated to obtain these values.

then entered as indicated in the tsbulation, it is seen that the founda-
tion around the dam and underneath the center line would undergo ex- '

tensive liquefaction according to any criteria proposed to date. The
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data for the 55-ft material should be accepted with some reservation
since remolded samples were tested 'in lieu of undisturbed specimens.

66. Cyclic triaxial tests were conducted to determine the effects
of densification on liquefaction potential. Materials representing the
28— and 33-ft depths were tested at dry densities of about 109 and
113 pef, respectively. This corresponds to a relative density of 88%
for the 28-ft material and 94% for the 33-ft material. These test re-
sults are presented in figs. 15 and 18. The calculation of stress ratio
is identical with that discussed in paragraph 62 except that C, is
equal to 0.7. A maximum peak acceleration of 0.1T7 g will yield a stress
ratio of 0.203 for the 28-ft material and 0.211 for the 33-ft material.
These stress ratios and figs. 15 and 18 were used to predict the behav-
ior of the compacted materials. The results are shown in the following
tabulation giving the behavior of the compacted materials under the
regional earthquake.

%4c Cycles to¥
Depth Dry Density, pef Fig. 5o Initial 10%
£t In Situ Compacted No. a Liquefaction Strain
28 98 108 15 0.203 100 . 1ko
33 104 113 18 0.211 5 6

¥ The data curves were extrapolated to obtain these values.

67. Based on this analysis it is seen that the compacted mate-
rials would be safe if subjected to a magnitude 6.5 earthquske with a
peak acceleration of 0.1T7 g. ﬁoﬁever, if the peak acceleration is in-
creased to 0.4k g,6 then stress ratios of 0.525 and 0.546 are computed ‘
for the 28- and 33-ft materials, respectively. If fig. 15 is extrapo-
lated and entered at a stress ratio of 0.525, initial liquefaction is
predicted in 1 cycle and 10% strain is predicted in 2 cycles.  If
fig. 18 is extrapolated and entered at a stress ratio of 0.546, initial
>liquefaction and 10% sfrain are predicted during the first cycle. Thus
by using both Seed's and Nuttli's criteria, the compacted materials
would experience a strain of 10% or greater if subJected to a magnitude

6.5 earthquake with a peak acceleration of 0.4L g.
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68. It ié doubtful that the materials could be compacted to these
densities in situ without removing the material and replaéing it. Cer-
tainly a field compaction would be required since the fines exceed the
amount considered suitable for in situ compaction. (The maximum density
obtained on the vibratory table was 112 pcf for the 33-ft material.)

If the material is removed, it should be mixed with a cohesive material
prior to replacement, as this would increase its resistance to
liquefaction.

69. A similar analysis using the predicted ground mbtions for an
earthquake occurring at the structure could be conducted. Because the
foundation materials are predicted to fail when subjected to a Zone 2
regional earthquaeke, the use of an earthquake whose epicenter is located
at the site is considered unnecessary. Obviously, extensive liquefac-
tion of the foundation materials is predicted if the earthquake epi-

center is located beneath the dam.

60



PART VI: CONCLUSIONS AND RECOMMENDATION

70. Based on the results of the study reported herein, it is
concluded that if the Patoka damsite is subjected to‘a magnitude 6.5
Nuttli's Zone 2 earthquake, extensive liquefaction should be expected
to occur in the foundation material around the dam. This liquefaction
would occur throughoﬁt the foundation soil to rock. '

Tl. If the consequences of foundation liquefaction require de-
signing the dam for earthquéke effects, it is recommended that consider-
ation should be- given to removing the foundation material to bedrock and
replacing it with a compacted rolled-fill section of cohesive material.
If in the cost analysis of this task, the cost of the removal of the
bottom 15 ft of silty clay becomes prohibitive, it is recommended that
a series of tests be conducted on undisturbed samples of the material
to determine the liquefaction characteristics of such samples, since

remolded samples were tested in this study.
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Table 1

Soil Classification Data

Percent )
. Passing Range of
Boring  Sample Depth Plasticity No. 200 In Situ Dry
No, No, ft Visual Clasgification Index . Sieve  Density, pef
5-1006 5 8.0-9.6  Fine silty sand (SM), gray 1 43 90-96
6  10.4-12,8 Fine sand (SP-SM), light brown NP 12 -
7 12.8-13.8 Fine silty sand (SM), gray RP. N 98-100
9 17.6-19.5 Fine silty sand (M) Lol 28 " 61,5-86.6
10 20.0-22,3 Fine clayey sand (SC), gray; - 28 -
organic matter (wood)
11 22,4-23.8 Fine silty sand (SM) - 28 68.2-90.7
12 24.8-25.9 Clayey sand silt (ML) -- 53 90.7-103.2
13 27.2-29.5 Fine silty sand (SM) -- 17 92,2-102.8
14  29.6-31.9 Sandy clay (CL), gray; organic - 52 -
matter (wood)
15  32.0-34.3 Fine sandy clay (CL), gray -- 78 -
16 34.4-36.7 Fine clayey sand SSC), gray; - 22 -
organic matter (wood)
17 36.8-39.1 Sandy clay (CL), gray; organic -- 8y .-
matter .
18  39.2-41.5 Fine sandy clay (CL), gray; . - 69 --
organic matter .
19 41.6-43.9 Fine sandy clay (CL), gray; .- 87 .-
organic matter
20  L44.0-46.3 Silty clay (CL), gray; fine 19 85 -
sand and organic matter
21 L46,4-18.7 Silty clay (CL), gray; fine -- 89 -
sand and organic matter
22 48.8-51.1 Silty clay (CL), gray; trace - 97 --
of iron oxide, fine sand, and
) .. organic matter -
23 51.2-53.5 Silty clay (CL), gray; trace - 98 -
of fine sand and ‘organic :
matter
25 56.0-58.3 Silty clay (CL), gray; trace -- 99 -
of fine sand, iron oxide,
and organic matter
26 58.4-60.1 Silty clay (CL), gray; trace - e- 99 --
of iron oxide and organic.
matter
S-i007 2 4,9+7.1 Sandy clay (CL), brown -—- 61 -
3 7.2-9.3 Sandy clay (CL), gray -- 51 -
L 9.6-11.7 Fine clayey sand (SC), brown - . 33 -~
5 12,0-14.2 Fine clayey sand (SC), gray; -- y7 T e
organic matter (wood)
6 14.4-15.6 - Fine clayey sand (SC), gray; -- 33 -
organic matter (wood)
7  16.8-19.1 TFine silty sand (M), gray; 1 38 87-90
organic matter (wood .
8 19.2-21.1 Fine clayey sand (SC), gray; 6 1 --
organic matter (wood)
9  21.6-23.9 Fine silty sand (SM), light -- 18 --

brown; organic matter (wood)
(Continued)



Table 1 (Concluded)

Percent
) Passing Range of
Boring Sample Depth Plasticity No. 200 In Situ Dry
—No. Mo, __ft = _ _ Visuws) Claggification ___ __Index  _gieve Density, pef
S-1007 10  24.0-25.1 Fine silty sand (SM), brown; - 27 -
(Cont'd) organic matter (wood)
12 27.5-28.5 Fine silty sand (SM) -- 45 --
13 29,9-31.5 Fine silty sand (SM) -- 38 79.5-103.5
14  32.3-33.4 Fine silty sand (M) -- 35 - 101.9
15  34.7-36.0 Fine silty sand (M) - 36 103.2-104.9
16 -37.1-38.6 Fine silty sand (SM) -- 1 98,2-108.2
17 39.5-41.5 Fine sandy clay (CL), gray -- 52 -
18 41.9-44,2 Silty cley (CL), gray; trace -- 81 --
of fine sand and organic
matter
19  h44.3-46.6 TFine sandy clay (CL), gray; .- 68 -
organic matter
20  46.7-49.0 Fine sandy clay (CL), gray; -- 98 -
organic matter ) .
21 49.1-51.4 8ilty clay (CL), gray; fine -- 99 --
sand, iron oxide, and
organic matter
22 51.5-53.8 Silty clay (CL), gray; trace - 99 --
of fine sand and organic ‘
matter
23 53.9-56.2 Silty clay (CL), gray; trace 23 99 88-92
of fine sand and organic
matter
24  56.3-58.4 Silty clay (CL), gray; trace 17 "] -
of fine sand, organic matter,
and iron oxide 4
26  61.1-63.4 8ilty clay (CL), gray; trace -- 99 -~
of fine sand, iron oxide,
and organic matter
27  63.5-6L4.4 B8ilty clay (CL), gray; trace -- 98 --
' of fine sand, organic matter,
. and iron oxide o _
§-1007a 1 27.5-29.7 Clayey sandy silt (ML) T e 56 99-112
2 29.9-32.1 Fine silty sand (M) i -- 27 99.7-107.5
3 32.3-34.4 Fine silty sand (SM) -- 28 97.8-105.8
L 34.7-36.9 Fine silty sand (SM) -- 37 101,3-108.0




Table 2
Dry Density of Sample Segments

Boring Depth Sample Dry Density, pef, of Increment No.

No. fi* No. 1 2 3 L 5 6 7 8
S-1006 9.0 5 89.7 95.6 - - -- - .= -
17.6 9 79.7 61.6 86.6 T77.0 178.3 17T2.5 -~ -
22.5 11 68.2 84.3 .91.7 -- - - -- -

24.8 12 103.3  90.9 - - - -- -- -

. 27.3 13 92.2 97.0 9%.1 97.5 9.2 9.8 98.0 102.9
$-1007 17.5 7 8.6 88.0 90.4 -- -- - - --
30.3 13 99.6 79.5 99.5 103.5 -- -- -- --
32.4 14 102.0 -- -- - - - - -
34.8 15 104.0 105.0 103.2 -- - -- -- --
37.2 16 97.1 105.0 106.9 107.8 108.2 - - --
55.0 23 87.6 90.3 91.7 9l.2 -- - - -
S-1007a  27.5 1 100.7 99.1 112.0 108.0 -- -- -- --
30.0 107.5 107.0 99.8 ~e -- -- -=

2 -
32.5 3 102.9 101.9 104.1 105.4 103.3 104.7 105.7 97.9
34.8 4 108.0 105.8 105.4 104.7 101.3  -- -- —

* Depth to the top of the sample.

Table 3
Summary of Petrographic Analysis

Mineral Content, %, of
Sample at Depth of

Size Fraction Mineral 9 ft 17.5ft 33 ft 55 ft
Plus No. 200 sieve Quartz 54 58 62 2
Limonite . 1 - Trace -

Chert 2 -- Trace -

Mica . - Trace - --

Feldspar . Trace - -=-  Trace

Organic Matter Trace L -- --

Minus No. 200 sieve Calcite _ - -- -- 5
Silt and clay-size material* 26 25 27 69

. Clay ' 17 13 11 24

Shape, %, of Sample
at Depth of

Particle Shape 9ft 17.5ft 33 ft 55 ft

Plus No. 200 sieve Round ~ 2 1 8 Trace
) Subround 15 10 9 1
Subangular 30 | 31 36 1

Angular 10 20 9 Trace

Minus No. 200 sieve Round ' -- Trace 1l --
Subround v 12 2 2 L

Subangular 14 7 22 5k

Angular _ 17 29 13 4o

* Predominantly quartz fragments.



Table k4

Distribution of Minerals by Sieve Size

Mineral Content, %

Depth of at Sieve Size
Material -60 -120 -200
ft Mineral +60 +120 +200 +Pan
9 Quartz 49 9 95 --
Limonite L9 - -- --
Organic matter 2 - - --
Feldspar -- 1l 1 --
Chert - -- 4 -
Silt and clay-size
material* -- -- -- 60
. Clay -- - - Lo
17.5 Quartz 4 -- 93 97 --
Organic matter 100 7 3 --
Mica - Trace - --
Silt and clay-size
material* -- - - 80
Clay - -- -- 20
33 Quartz 99 100 99 35
Limonite 1 -~ 1l -
Chert -- - Trace -
Silt and clay-size :
material¥* -- -- -- 30
Clay -- -- -- 35
55 Quartz -- -- 96 --
Feldspar -- -- 2 --
Mica -- -- 2 --
Calcite , -- - -- 5
 Silt and clay-silt
material* -- - -- 69
Clay -- - -- 24

Predominantly quartz fragments.



Table 5

Distribution of Particle Shapes by Sieve Size

Depth of Particle Shape, %, at Sieve Size
Material -60 -120 -200
ft Particle Shape +60 +120 +200 +Pan
9 Round -- 5 2 -
Subround 10 25 28 28
Subangular 4o 55 53 33
Angular 50 15 17 39
17.5 Round -- -- - -
Subround -- 15 19 18
Subangular -- 55 50 15
Angular 100 30 30 75
33 Round 1 1 3 n
Subround 19 21 12 6
Subangular 60 51 61 60
Angular 20 .27 ol 30
55 Round -- -- 5 -
Subround -- -- 4o L
Subangular -- -- 45 54

Angular -- -- 10 40




Table 6
Summary of Test Results

Stress

Denetty % O°F Ratio 104 Strein 20% Strain
Sample No. y Back r . %30 Init faction* Actual Actual
Boring (Representing Test d Pressure 3-c dc  Acceleration 21- Cycles of Strain** Cycles of Strain* Cycles of Strains+
Depth, ft)  _No. __pef __psi B _psi  _psi & Ja  _Loeding _ % _Loading __%  _Loading X
Isotropic Loading

" 5-1006 13(28) 1 97.6 .1 0.989 17.4 5.07 0.098 0.136 19 3.6 20 11.5 23 21.9 1.0
: 2 9.4 59.5 0.960  17.4 6.01 0.124 0.173 12 3.8 13 9.4 16 18.8 1.0
3 9.8 75.0 0.960 1T7.3  10.3%4 0.213 0.297 1 4.5 2 1.4 L 17.2 1.0

L 98.8 si.8 0,984  17.4 3.9% 0.083 0.114 134 2,2 136 12.4 140 21.5 1.0

5  101.2 .9 0.986 8.0 17.80 0.110 0.153 15 6.5 16 11.7 17 15.5 1.0
. §-1007 (33)t 6  104.5 6Y.6 0.98% 19.5 5.23 0.092 0.134 7 8.4 7 8.4 8 22.4 1.0
$-1007a 7  101.9 64.9 0.993  19.4 3.36 0.060 0.087 130 8.4 131 13.4 133 19.6 1.0
. 8 1041 64.7 0.987 19.5 4.16 0.078 0.11% 54 3.7 55 13.2 57 21.1 1.0
9 105.8 64.9 0.993 19.5 5.65 0.100 0.145 5 0.5 7 6.7 8 14.3 1.0

10 103.9 ¥k 0,92  60.4  13.26 0.076 0.110 18 T4 19 13.2 20 20.6 1.0
11 104k 647  0.995 19.5 3.06 0.054 0.078 287 1.4 288 12,0 291 18.4 1.0

12 112.8 64.8 0.976 19.L 5.20 0.108 0.134 10 9.2 10 9.2 17 16.3 1.0

13 113.2 64.8 0.99% 19.5 2,84 0.060 0.075 960 0.2 976 8.8 976 8.8 1.0

14 114.0 64.8 0.996 19.5 5.22 0.108 0.134 110 0.9 125 7.0 127 7.2 1.0
15  113.0 64.9 0.997 19.5 8.2y 0.170 0.211 5 8.4 6 10.0 15 .y 1.0
$-1006 13(28) 16 109.1 6d.4  0.981  17.4 4,60 0.110 0.132 1360 1.0 1389 9.1 1389 9.1° 1.0
17  108.9 64.8 0.990 17.4 8.50 0.204 0,244 12 0.9 s 7.9 T4 7.9 1.0

18 108.7 64.8 0,990 17.4 6.73 0.162 0.193 131 1.2 157 7.6 157 7.6 1.0

19  107.% 64,9 0.992 17.4 8.43 0.203 0.242 19 1.1 Ly 8.5 61 8.9 1.0

20 97.0 70.0 0.989  17.4 7.12 0.147 0.205 6 4.5 7 10.7 9 19.5 1.0
§-1007 7(17.5) A 95.0 64,8 0.960 12.5 2,98 0.094 0.119 1375 1.9 1377 n.5 1385 17.0 1.0
. A2 97.0 7.3 0.960 10.0 5.00 0.158 0.250 . 2 4.4 b 2.5 1.0

A3 93.3 69.7 0.980 12.8 3.9 0.110 0.136 123 4.3 124 10.0 130 18.2 1.0

5-1006 5(9) A4 101 1231 0910 7.8  3.65  0.257 0.234 109 6.9 110 1.8 113 22.2 1.0
$-1007 7(27.5) AS 97.9 64.7 0.980 12,9  3.92 0,124 0.152 33 11 35 10.8 38 17.1 1.0
§-1007 23(s5) A5 9.7 1.0 0.960 291 1.7 0.1 0.201 17 251 15 1.4 17 24,1 1.0
§-1006 -5(9) AT 115.2 82,5 0.900 7.7 5.17 0.364 0.336 10 1.7 18 10.8 20 11.0 1.0
8-1007 23(55) A8 93.0 = 30.5 0.960 29.2 8.78 0.106 0.150 217 3.4 220 10.9 22) 19.2 1.0

. Anisotropic Loading

§-1007 (33)t A9  108.5 6k.7 0.970 13.0 L.27 - - - - . 275 10.0 1185 19.1 2,

$-1007a Al0 108.3 65.0 0.990 13.0 8.10 - -- -- - 42 10.0 149 20.4 2,

A1l 107.4 65.0 0.960 13,0 12,08 - -- - - 1l 10.0 19.6 2.

A2 106.6 65.0 0.970 9.8 7.27 - - -- - 36 10.0 8y 18.7 3.

A3 107.0 65.0  0.970 9.8  10.07 - -- -- -- 13 10.0 38 18.0 3.

AL 107.2 65.0  0.970 9.8 13.20 - - - - 5 10.0 14 17.8 3.

#+ Defined as the stage when the pore pressure first equaled the chamber pressure.

#%  Strain values shown are peak-to-peak values (the sum of compression and extension strains) or zero-to-peak values, whichever was greater. -

+ Materisl cbtained by combining boring S-1007 samples 13-1, 13-2, 14-1, 15-1, 15-3, 16-1 and boring $-1007a samples 1-4, 3-2, 3-3, 3-4, 3-5, 3-6, 3-7, 3-8, L-1, k-2, L4-3,
L4-4, and L4-5. )



APPENDIX A: BORING LOGS



DIVISION
DRILLNG LOG  |™"Ohio River

r.'.r.m—-o«
Loulsville District

1. PROXCT
Patoka Lake

0. smaomeorw 3" Diam Shelby Tube

11, DATUM POR REVANON SHOWN (TBM o MSL)

1 LOCATION { Coordimases or Siatron )
Sta 9+10, 255' D.§. ¢ Dam

36" length

3 DENLING AGENCY
Book 775, Page b

T2, MANPACTURER'S OEMGRATION OF DAL
CME

13. TOTAL MO. OF OVERSURDEN } ousrvmed § ImeisTvasEY
[ o::!;f.::‘::‘.- oa drawing wale § 51001 SAMAES TAKEN H ;
T O 14. TOTAL MUMSER COME BORIS
Pittsburg Testing Laboratory 13, BLEVATION GAOUND WATEH L88.4
S OWECTION OF O e, pam wont imrm 1972 T Com
[o. IR VD T — R ) i11 Jan 197 124 Jan 1972
12 e opwou 491.5

7. TCKNESS OF OVERBURDEN

6 DEPTH DRNLED INTO BOCK

18, TOTAL CORE RECOVERY FOR BORING

[T, TIGNATURE GF wasrecTOR

9. TOTAL DEFTH OF HOLE D.L.T.
% COft | BOX OF — WRARKE
REVATION DeErTH LEGEND cu‘"‘ﬁ;::’z;‘““. *E 'c.c:v. u.:;u 10:::-‘1'::,,‘-77" :"t A’d' o
. b 3 [ . ] ]
. Brown sandy clay, medium 35-1 —
- moist -
1—] .
- Rec. -
2] 20 —
L88.4 3—] 8s-2 ol
1-11.72| - -
Ly —] .
7 -
= Rec, -
5_” 2.5 [
= Tube leaked HyO after |—_
- sealing -
7—— Rec. —
4840 & 7 1.7 -
8 5§ —.
- 3 =
9—_: 3] [
481 .5+ 10— =
: - Brown silty sand, loose SS-h Sample disturbed in -
= sealing : -
1.1—: —
_E Rec.* E_
479.0 + 12 - 2,0' -
13— Gray silty sand, loose §S-5 Tube leaked HyO after |—
- ) sealing -
b — -
476.5¢ = §e;; -
15— * ulll
] 55-6 N -
16— -
pu Gray sandy clay, -
h trace organic, wood Rec, -
3 particles - 2.5¢ -
17— ) I
18— §8-7 -
= -
19— Rec. —
. 3 2.4 -
471.5+ | 20 L =

Fig. Al. Log of boring S-1001 (0 to 20 ft)



o aTaGARGN U
DRILLING LOG ] Ohio River Louisville District I.,.h o
v 10. I AMD TYPE OF BT
Patoka Lake 77, Saam 708 REVATON SHOWN {TEA o MIL)
1. LOCANON (Cosrvbnases or Stasion )
: 12, MAMUPACTURER 3 DEBIOMATION OF DML
RTT T v 13, YOTAL NO. OF OVERIURDEN | o | Wt
" end fle member) ) H §-1001 haatmichinsual : H
T oot OF DMLER 14. TORAL MUMSESR CONE SONES
15, RAVATION GROUMND WATR
¢ o e 16. DA MOLE i i€
(e S e T ——— L X _ : :
- 17. TOP OF HOLE
7. Dackess or Ovenaont 16 TOTAL COPE MCOVERY FOR SONMG .
0. DEFT DRRLEO INTO ROCK -
9. YOTAL DEFTH OF MOLE D.L.T.
TeNALS % CORt | s0X OR "~ WRAINY
turvanon | oertn | weceno me’;‘ u'c:'w u':u { Drilling m'::v" does, h" o
. » 3 U] . [) []
3 55-8 Pushed tube 1.8', hit |-
3 wood ==
21 7] Gray silty sand, trace clay ~
3 Rec. -
3 2.1 -
22— Flsh- —
3 tailed -
- . -
23— §8-9 Pushed tube 2.2', hit |—
- wood —
24 mkuitzo:;m ' Jar 1| Lost sample in sealing [~
- ° Rec. € | tube and took jar sam- |-
- 0.7' [24.7'| ple =
25— §8-10 1-10-72 -
= Hole heaved to 23,0' -~
26 Rock bit to 28.0' [~
E Rec. E
27— 0.0 —
3 Rock E
- bit =
: 8S-11 Gray, .fine sand -
29— SP, loose sample f—
3 disturbed -
30 Rec. -
- 2.0 —
31— iy
3. 55-18 -
32 —
p Rec, ~
333 23 1 i
— 85-13 Brown, sandy clay, -
hn w/fwood -
- -
K. s y
- —
35— Rec, —
=1 1.1 ~
367 $5-14 1-19-72 —
- Gray sandy clay w/rock |-
377 "|fragments and fine sand [~
3 Rec.. layers . I =
7 1.8' * |Bottom s1 disturbed 38.0'|C
35: 85-15 Light gray sandy clay |-
3 to gray fat clay -
393 —
Lo J -

Fig. Al (Continued). Log of boring §-1001 (20 to L0 ft)



DRILLING LOG I Ohio River

BT ALATON
Loulsville District

1 PORC

Patoka Lake

.saamoteorm 3" Dism Shelby Tube

1 10CATON (Cm

Sta 9+10, 2557 Bs. ¢ Dam

. CARME FOR BLEVATION SHOWN (TBM o MSL)

3 DRRLING AGENCY

. MANUFACTURER § DESIGMATION OF DAL

|_Pittsburg Testing Laboratory 13, TOTAL MO, OF OVessuRDEN | DrPvae T
4. MO ND. (Ar sbown ou drawing tisle SAMALES TAKEN H i
and fls number) S-1001 H
T ok OF DR 14. TOTAL NusdEd CORE BOMS
Donahue 15. BLEVANON GROUND WARR
4. OMECTION OF HOLE P gm EW
B vmcu [ wcinuwe 260, FROM VeY. : 11 Jan 1972 ¢ 21‘ Jan ;m_
" rororwoe  491,5
B iiadid 18. TOTAL CORE MICOVERY POR BOMNG -«
. DEPTH DRNLED INTO BOCK
* T0TAL DEP™ OF HOLE J.V,
BEvANON | DRI | LEGEND M”';‘,;::’z:)‘"“’ :l:? :25: { Drilling d—.m-'u;' dous, .un' o
- 3 — [ [ ee. ] []
4 2.3 L0.5 =
L -
3 Gray sandy to fat clay, |-
- Bottom 1.0' v. liquid, |-
1 §3-16 poured out of tube, not |-
- Rec. recovered -
— 1.5 L —
h3—: Rock 430 —
- bit Very soft; sampler fell —
L from 43.0' to 43,6'; no [
3 samples. -
= §5-17 Reddish brown to gray |-
l‘5——' sandy clay - -
p Rec, -
L6 2.3! 46,1 il
pm §° 1e Shelby tube & rods —
= aamp settled 16,1 to 47.2, |-
W13 ﬁo sample —
3 -
3 -
48— §5-18 It gray fine sand, —
- loose, wet -
49— -
9—- Rec. -
3 2.0' 49.7 Shelby tube -
50— irst try, plunger did - =
=] not return. Second try, [~
3 tube returned empty. -
& =
3 Rec. ot
52 0.0 52.2 il
- Gray, 1iquid; sample E
3 Jar 2 |poured from tube as it [T
53— 54.7%came out of hole —
sh ] Gray silty sandy c].qy, vet, [
-] cL very soft Rec., —
3 0.0 54,7 -
55— No sample recovered. [
- Tube pushed by hand -
5671 without reaming _l_xgl_.e_._ =
- Rec., -
571 0.0 57.2 ~
3 JJars (Gray, liquid, thickness |
] 34 jof drill mud -
587 [ il
b= |Rec. -
597 0.0 597 -
60 -
Fig. Al (Continued). Log of boring $-1001 (LO to 60 ft)



| | —

Traiaancn (N
DRRLING LOG | Ohio River Louisville District [oog Seerm
10. SAIT AND TYPE OF BN
[Patoka Lake T BaRons 708 TV ARG WGW (TBA e ML)
2. LOCATION (Cosrdimatr ov Sioiion )
: Va2, s OF DL
*pitteburg Testing Laborato O
‘mml‘s“_e "mi“'or? ry 13. TOTAL NO. OF OVERBURDEN Eum im
" end flo menber) §5-1001 e : i
3. MAME OF ORRLSS 14. TOTAL NUsBER CORE SOMES
Donahue 15, MEVATION GAOUND WA
5. DEECTION OF NOU + R :M.
O vemca [ wases [ o, am nout {11 Jan 1972 |24 Jan 1972
(b A 10° OF NOUE
i kad 18. TOTAL CORE RECOVERY FOR SOMNG -
3_bermt owien #iro sock [T ST O TR
». YOTAL DEPT OF WOLE J.V.
» COont S0OX O8 j ﬂm‘
nevanon | o | oo a7ty bt mcov. | samnt (Drilicg time. wate b b of
) . 3 4 [ [) [)
- 58-19 Gray, liquid w/0.2' soft
61_"} clay at bottom of sample
- Rec.
& 3 RS 61.9 Refusal to Shelby
S Gravel, compact
-
633 Rock
bit 63.7 Tried to push
& Refusal, gravel
65
you.2e | 67
Refusal

llllllllIIHII]HHIII]I]HHIIHIIHHI”IIIIIIIllllII]IHIIHl‘llIl‘ll”l”fllllllllﬂlllIlllllll

Fig. Al (Concluded). Log of boring S-1001 (60 ft to refusal)



NLATION 3 1
DRAILLING LOO Ohio River Louisville District ],,.7 e
1 MORC 10. SUTE AND TYPE OF BT
PAtou Lue 10, DATUM FOR BLEVATION SHOWN ( TBAM e MSL)
1. LOCATION (Cosrdinates ov Shoties )
Sta 8495, 265' D. S. ¢ Dam T2, MANUFACTURES § DESIGNATION OF DAL
[3. OaRinG AGERCY
Book 775, Page 6 13. TOTAL NO. OF OVERBURDEN | Mo ToRA—
D I e e e 8D-1002 Basnzs tasew i ;
3 o OF GRALE 14. TOTAL NUMBES CONE BOXES
Pittsburg Testing Laboratory 15. BIVANION GROUND WATER
o DMCTION OF WAL 16. DATE WORE § oo [ pngind
B v O] weimee —— : {11 Peb 1972 {25 Feb 1972
17. R TOP OF MO hql h
rr o 18. TOTAL CORE RRCOVERY POR BORNG -
8 _oerm: omiso s s0cx IV SGhaToR OF WaRCion
® TOTAL DEFTH OF HOLE E. G. P.
% Cont 0% O8 TTRANT
WEVANON otrn | wroEne ‘““"‘3‘,;,‘2",,?,.'_‘;""“’ n'cxv. n:;\. (Drilling m ‘:'u'v hul-'ab‘ o
. » < 4 . ! [ ]
= 8 ol
3 Medium brown-tan silty clay,|. L -
11— [
3 sl. sandy wet, soft Jar 1|Red brown damp silty [~
J 1.5t{clay, sandy —
e LI i M Py —
= : -
3 =t
i 5 ol
—] . -
= Jar 2 -
3 e 5_183-0'lw = 25.0 -
= 2 =
4 3 =il
- Jar 3 —
n 4.5 -
L 5 (824 = 2u.0 il
5 : —
- Jar & -
hn ] -
—] CL 3 e5'5 - 2“‘0 =
3 Jar 5 -
& 2 |66:0'1v = 83,0 =
~{ SM | Brown w/tan silty sand, Jar 6|Wet tan to reddish [
3 8l, clayey wet, comp. 6.5 sandy clayey silt -
] : 1 W = 20.0 =
5 . |dar 7] . E
P L |#-0"y 2 21,0 -
. Jar 8 -
— L] poe
M 1 (€5 |w = 19.0 =
- Jar 9 —
- 1) e
g—] s 2 |80y 190 C
~ Reddish brown to tan wet |-
- silty sand -l
—] 2 will
3J - Tar 10 -
9.7 8™ 2 _Rog,0'|W=1T.2 -
- 2 will
= - —
48L.4+ | 10 3 - 5

Fig. A2. Log of boring

SD-1002 (0 to 10 ft)



DRILLING LOG ImOMO River

SR ALLATION

Louisville District

+. PRORCT
Patoka Lake

2. LOCATION (Cosrdinats or Siation )
L

3. DRRLING
Book 775, Page 6

19, 34T ANOD TYPE OF B

iR

Bttt S S——
11, SARS FOR BLEVATION SHOWW (TS o AMSL)

12, MANUFACTURES S DESIOMATION OF DIILL

4. WO NO (As sbown en dvawing sitle

ond fls sumber) ; 8D-1002

13. TOTAL NO. OF OVIRIURDRN | e
SAMPES TAKEN i

3. NAME OF ClaLm

Pittsburg Testing Laboratory

14. TOTAL NUMBER COM 8O3

15. MEVATION GAROUND WATIR

4. GERCTION OF NOLE

T N et
{11 Feb 1972 {25 Peb 1972

16. DaTE NOL2
B vwmca [ e, 8. MOn veu.
”. TOP OF HOU 591, .4
7. DECINESS OF OVIRRMDEN
18, TOTAL CORE RECOVERY POR SORNG
§. DEPTY DRILED S0 AOCK -
9. TOTAL DEFTH OF MO - E. G. P, )
nevanon | oeerw | roeno Rty eyt ::g%: .'2'.:?: (Dyiling s, s b btk of
[} 3 [} 4 () [} [ ]
- 2 ~
- Very soft brown silty [
b Jar 11 sand -
11— s 2 11 W= 20.0 il
- [Light reddish brown silty -
3 sand, wet, comp. -
- 2 e
] Jar 13 ~
- L -
123 M 0 pl2 We=l7.2 -
_: 1 Brown silty sand -
- ar 13 -
— 1] - e
133 8M 1 013" |w=13.6 -
pu L -
— -
- [Same a8 above with some gray \Tar lhw'm'l. I
b in color. Loose, sl comp. [613.8Y Brown loose silty sand |-
- 1 -
W Gray with reddish brown silty Tar 19 . —
= sand, wet, comp. 814 .31 W = 20.0 -
M 1 il
- Jar 14 -
3 gs' |W = 19.0 -
15— sM 1 —
. Jar 17 Gray loose silty sand [~
: sM 7 315o5 W= 19-0 il
91 Jar 1§ -
16— 8M 2 __|@6.0]1 W= 21.0 -
- Jar 19 -
i R 12 (@6.5] W = 20.0 =
17— 2 Gray loose silty sand |
A4 3 . ‘[ar 29 E
s 2 lar.5{ w=21.0 -
3 ar 2 -
18— BN | Gray silty sand, sl. org, 3 _{@8.0] W= 240 —
3 wet, camp, -
3 7| & -
3 =
'19_‘ 10 § No recovery :_
3 8 -
y42 | 20 3 L -
Fig. A2 (Continued). Log of boring SD-1002 (10 to 20 ft)



ETALATION C )
DRILLING LOG Ohio River - Louisville District L,,, Sun
1. MMORC 10. S4TE ANO TYPE OF MT
Patoka Lake T1. DATUM FOR ELEVATION SWOWN ( TBM or MSL)
1. \CCATION (Cosrdmates or Siation)
M 12, MANUPACTURER § DESIGMATION OF DRRL
3. DELUNG AGENCY
Book 775, Page 6 13. TOTAL NO. OF OVIRIURDEN HEE st
4 RO NG (A1 thewn em drawing iifle SAMAES TAKEN i H
and fle sumber) i SD-1002
3 Al OF OMLE 4. TOTAL NUMSER CDRE BOXES
Pittsburg Testing Laboratory 13. BEVANION GAOUND wam .
4. DIECTION OF WO . 16. DAT WOLL E"m ecm
O e [ weumes R : {11 Feb 1972 25 Feb 1972
17. BEVATION TOP OF HOU 491.4
7 DACKES Or OvessumDen 19. TOTAL COPE RECOVERY POR SORING -
8. Derm dauED 81O ROCK [T ToraTORE OF WaRETOR
9. TOTAL DEPTH OF HOLE E. G. P,
CLASSIMICATION OF MATEmALS % Cort 0K 08 RN
HEVATION oerTH 7\!61.'0 R (Description) u!c'ev- IA:I { Drilling time, .uﬁvvhu J.':.[
[ » 3 4 . 4 ]
— Gray silty sand,wet, comp. =
pn Jar 22Gray medium silty sand [
_T]sM 11 5 W= 22,0 =l
- ‘ =
- Gray silty sand,wet, comp. Jar 23 -
21-T] SM h sional small rootlets 8 1.0 W = 23.0 —~_
3 Jar2l -
_-|M L 1.5'(W = 20,0 —
- [
b Jar 25 -
oo S lGray silty sand,wet,verycomp| 9 .| W = 21,0 -
3 Jar 24 . -
— o
i 12 2.5'| W = 23.0 =il
E Gray silty light gray sand, L é’%"g? W= 22.0 E
23— SM  |wet, comp. * ¢ —
3 Jar 28 -
sm Gray silty sand with trace - -
- SM 1ot clay 8 _|23.5% W = 22,0 —
3 Jar 29 =
ol —] 13 le2h, 0 W = 15,4 i il
= Light gray silty clayey sand, Jar 3(; Gray comp. silty sand -
- wet, comp. 18 L 8. -
—]5M-SC 2L.5" W = 18.1 =
3 Light gray silty sand,wet, Jar 3% =
25_: sM |s8l. comp. 18 |@25.0q W = 20.0 E_
= Jar 33 =
_—sM 15 |g25.5| W = 21.0 ol
- Jar 33 -
26— M 10 |@6.04 W = 25,0 ol
= ‘ Jar 3} -
—] 8M @65 W = 23.5 .
3 Jar 3] -
-1 8™ 17 @®7.0]1 W =23.5 -
214 - - £ i ) [
- Jar 36 -
- sM : : 27,51 W = 22,0 =
= : Jar 37 =
— SM N - . :
281 8 Light gray-white silty sand, 19 8.0y W = 22.0, —
- wet, sl. comp. Jar 38 -
M Light gray with tan silty sand ol 28.5{ W = 24.0 :_
- Gray with brown clayey silty . -
- sc sand, wet, soft Jar 39 -
29— . 5 |@29.0y W = 25,0 ==
- Gray with brown clayey silty Jar ig -
g% 7_1625.5] W = 26.1 =
7 Gray-black silty sand with Jarl Gray comp, silty sand -
30 -{ sM |light trace of clay and de- 8 o ;é' 071 with blgck organic -
gayYed weed, Comp., : . -

Fig. A2 (Continued). Log of boring SD-1002 (20 to 30 ft)



Im Wm 13
DRILLING LOG Ohio River Louisville Distriet m o
[T eoRcy 10. S48 AND TYPE OF OY
Patoka Lake VY. GATM FOR SLEVATION SHOWN { o M)
1. LOCANON (Cosrdisnates ov Staivesn )
' [T, S ACTORES § DEMGMANGH OF BiRL
3 ONILLING AGENCY
Book 775, ngg":? T3, 10T N0, O Ovemeie | S zm
Ry ilraiabaten bl P NS S9N Sames taxie :
3. vAd OF DL 14. TOTAL MUMSER CORE SOMS
Pittsburg Testing Laboratory 15. BEVANON GAOUND WaATR
6. OWICTION OF MO T WA T oS
B wenca [ wicime 0. mou Ve, - am e {11 Feb 1972 | 25 Feb 1972
. orornou 4014
7 TaCAMESS OF OVERSURDEN 10, TOtAL COR 708 0RO ,‘
8. 00Pm oamits #0 B0k (T BTt 7 WRered
0. T0TAL DEPTH OF WOLE E. G. Po m
nevanon | oeen | ucewo s okl :55:‘ ”“:‘5'. (Oriling time, oo b d0sh o
. s s 4 (] [} [}
- Gray silty sl. sandy clay W= 40,2 -
J Mith decayed wood, wet, soft g!u'! 153 Gray sandy clay with |-
L 4 $30.5" black organic. =
- e -
- Jar bl 27 I~
n-— 6 PE31.0Y|w = 37.0 -
= rar b5 =
] [Decayed wood (black) 1 31.5" -
32- > =
= Gray black silty sand with 3 -
— light trace of clay and wood . -
m fragments, wet, sl. comp. Jar 46 il
33— 5M P33.07 W = 26,6 ==
~ Gray black sandy silty clay -
3 (org), wet, soft ar 7 -
-1 ‘ 33.5 W = 29.9 il
. Gray sandy clay with -
pn ar 48| black org. - E
/- CL [Gray with some tan sandy sil 34,0 W = 38.9 —_
3 lay Jar b9 -
= L j934.5% W = 28,2 =
- [Brown sandy clay (org), wet, =
- soft Jar 50 -
35— cL 35.00 W = 23.5 ol
- -
- : ar 51 -
SC [Brownish gray silty clayey 35 STW e 22,0 il
sand, wet, .qazp. ar 52 E
—PM-5C : o'| W = 25.0 -
36 ILIght gray VWIth scme brown | 36. 5 —
silty sand, wet, sl, comp. ar 53 . -
ap 36. S1We22,0 -
CGray silty sand comp. [—
ar 54 =
37—] 8P [Light gray vith some brown 22 I837.0‘ W= 22,0 -
_|silty sand, wet, al. comp. - - 4=
Jar 55 -
SP|Light gray with brown silty | 20 [@37.51W = 22,0 il
= sand,wet, sl. comp. ’ -
- Brownish gray silty sandy Jar 56| Gray sandy clay, soft [
38_7] cr [clay,wet, soft O 1838.01 w = 28.2 § nalll
] Jar 57 =
o 0 r38.5 W= 28,2 =
m Jar 58| . E
394 CL 3 [€39.0f W = 26,6 il
3 Jarsel . -
] 1 _1e33.5{ W= 23.0. wll
- Jar 60 E
sL.bt| o 2_[s40.0] W = 24.0 -

Fig. A2 (Continued).

Log of boring SD-1002 (30 to L0 ft)



BON TRTALATION wen 5
DRILUNG LOG Ohio River Louisville District lo-7 wam
1 PORCY 10. SiTE AND TVYPE OF BIT
Patoka Lake 11, DATUM FOR ELEVATION SHOWN ( TBM or AISL)
H nocmon 1
A
P — .g:- ) 26.. D. s, g Dw 12, MANUPACTURER'S DESIGNATION OF DRILL
Book 775 Page 7 | oisTuans Unoisroe

4 NOLE NO (As dbown ou drawing tutbe

13. TOTAL NO. OF OVERBURDEN
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Fig. A2 (Continued). Log of boring SD-1002 (40 to 50 ft)
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Fig. A3 (Continued). Log of boring D-1003 (10 to 20 ft)
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Fig. A3 (Continued). Log of

boring D-1003 (20 to 30 ft)
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Fig. A3 (Continued). Log of boring D-1003 (30 to 40 ft)
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Fig. A3 (Continued). Log of boring D-1003 (40 to 50 ft)
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Fig. A3 (Continued). Log of boring D-1003 (50 to 60 ft)
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15, REVATION GROUND WATER
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0 v [ s ove. mom e i 28 Mar 1972 {31 Mar 1972
" TOP OF MOLE hag.o
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9 TOTAL DEPIH OF HOLE E. G. P.
THERARE
UEVANON OtrIn | LEGEND u“um",;,f:'z.’"w“‘ :l:::’::f :2:-5: (Drilling time, ':-7; ‘l::;‘:p:‘ of
. . ¢ ‘. . " '
1 Y Gray clayey silt
3 Jar
61— Gray with brown silty clay,| ¢ 961.9('?"'1 = 30.0
- Wet, Sort
3 X Jar 99 Gray clayey silt
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. Gray with brown silty clay, 5 = 37.0

- vwet, medium JarlOd Gray clay
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b26.5% lgo.5sd o 63 862,51 W = 22.0
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Fig. A3 (Concluded). Log of boring D-1003 (60 ft to refusal)



ST ALATION C= Y
DRILLING LOG I Ohio River Louisville District o) vem
L) - 10 SIZE AND TYPE OF 07
Patoka Lake TV OATUm FOU LLEVATION SHOWM (TBM o MSL)
T (OCATION (Coordraater or Viatow )
Al
—— 10 17 MANUFACTURES § DESIGNATION OF DRRL
Book 775, Page 9 13 TOTAL NO OF OVERSUOIN Httatad T
4 NOLENO. (As theun ou drawmg iwle | SAMMLES TAKEN i i
ond fls susber) 1 §-1004 ;
L) 14, TOTAL NUMSER CONE SORS
Pittsburg Testing Laboratory 15 BIEVATION GROUND WATS
4 OEICTION OF NOWL 16, DATE N Ll T Caav
[« [TV m [T S— TN Y TN : i 29 Feb 1972 i2b Mar 1972 n

Revanontoror ot 189 1

9 TOVAL ORPTM OF MOAL

TOTAL COME MCOVIRY FOR BOMNG

]
E. G. P.

CLASSIPICATION OF MATIMALS % cost | wox O —
HEVATION perrn | Leceno {Descripies ) nlc.sm u.:u (Dridling u-'a.m ua;r ‘I:: Jmo‘ o
3 ] 3 [} [3 ! ;]
n SS-1 -
1 —E Brown sandy clay, [—
- medium, moist -
-] Rec, ~
2 ;j‘ 1.5' =
3 T 85-2 -
- Brown sandy clay, -
3 — medium, moist =
E Rec. -
5 — 1.2 -
- §5-3 =
6 _E Brown sandy clay, moist -
— Rec. E_
L= 1.6 =
8 S SS-L il
3 Gray silty sand -
. -
773 —
- Rec. -
- o'7| :
1073 —
- 85-5 -
1 — —_
- Gray silty sand -
- ad
12 Rec. —
- 0,9
- -
13 — ss-6 | - -
" - Gray sand, -
14 medium, moist . —
. Rec. -
15— 02 =
] 55-7 -
16 =
- Gray sand -
hn Rec. -
17 3 1.5 —
18 — ss-8 :_
- Gray silty sand : E
19 — —_
3 Rec, -
29 2,4 -

Fig. Ak. TLog of boring S-1004 (0 to 20 ft)



DRILLING LOG . W

presmm—
BETALLATON

1 P0RQ

Patoka Lake

10 SUE AND TYPL OF MY

1 LOCATION (Leordinats or Statren)

St 10, 260' U. S am
1 i

3 ORLMOG .
Book 775, Page 9
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12 MANUFACTURER S DESIGMATION OF DL

2 13. TOTAL NO. OF OVERRMDIN | s

T WOLENO (A1 shonn om drawmg tidle SAMAES TAKBN H

and Mo sumber) i S-100L4
T g OF GRIER 14. TOVAL NUMSER CORE SONES

Pittsburg Testing Laboratory 15. HEVATION GAOUMD WA

& DMECTION OF NOLE o Te. DaTe WO e im

@ venca [ S oe0. mow vest, ‘ 129 Feb 1972 124 Mar 1972

17 rorormour )89 1 .

7 THICKMESS OF OVERBURDEN

§ DEPTH DRNLED INTO BOCK

18. TOTAL CORE MICOVIRY FOR BORING

¥ TOTAL DEPTH OF MOLE E. G, P.
| X COM [ soxOn o
wevanon | otrte | woewo |- ““""‘,‘&3:,:3‘ TamaAly nlc.ev. u:;u (Drilling time, ':'ua:; dose, bl‘ of
. » 3 4 (] 1] ]
3 ss9 | - -
21 — Gray silty sand with organic il
22 Rec. il
3 2.5' -
|23 3 §5-10 ll
5 __:_ Gray silty sand with some -
2h — organic -
4 Rec, -
25 —] 2.5° adl
3 §s-11 [~
26 — —
b Gray silty sand -
3 -
27 — Rec, —
3 2.5° -
28 — ss-12 -
- :
3 Gray silty sand -
29— [—
] Rec. -
30 — 2,2 —
= -
3 §s-13 -
3 -
31 — —
-] Gray sand -
32 — Rec. [~
3 0.8 -
- -
E1 456+ |33 — SS-14 [
3-22-72 - -
T ?-—: ) Gray sand - ] E_
- Rec. —
= 2.4 -
35— [~
- No -
36 Rec, —
= -
37 3 —
= No =
38 = Rec. -
39 ‘ —
40 —

Fig. Al (Continued). Log of boring S-1004 (20 to 40 ft)
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4y — No
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2 —
=
43 —
3 No
LYy —1 Rec.
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o
W7
48 —
ha No
49 — Rec.
50 —]
= -
51 — No
-1 Rec.
52 ]
: -
53 —]
3 Tor
s = Rec,
3
55 ] «
56 _5 No
hn Rec.
-
57 —
58 —
3 No .
59 _— Rec.
60 —
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Fig. Ak (Continued). Log of boring S-1004 (40 to 60 ft)
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DRUUNGLOG | wh e

TORTT 10 5438 AND TYRe OF 0
Patoka Lake V1. DATUM FOR EVATION SHOWN ( TBM or MSL)
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Fig. Al (Concluded). Log of boring $-1004 (60 ft to refusal)



BORING LOG

FIELD DATA
Project __Patoka Dam Location ' Date 27 April 1972
Drill Rig__CE=-3772 _ Inspector_K. Waites Operator __P. Martin Surface elev _
Levee District Job No. 411-5382.125Rh1 Boring No. _S=1006
iﬁ’:&;ﬁ {é% .FRS(:ATU:O %R;R|VE -~ FR;:MPLETO STAYMPFELE’; zgzges. CLASSIFICATION AND REMARKS
5 |27 Apr '8.0| 8.5| 8.0| 9.6 |3" undist. tu;e 140 | Sand, silty, clayey, wet, tan
8.5| 9.0 170
9.0] 9.5 180
9.5] 10.0 180
10.0]°10.4 160
6 17 Apr 10.4 | 10.9[10.4 [12.8 | 3" unaist. |4ibe| 140 | Sand, fine, silty, wet, tan
10.9( 12.4 180
11.4] 11.9 1180
11.9| 12.4 180
12.4] 12.8 200
7 27 Apr 12.8] 13.3]12.8 |13.8 | 3" undist. t%l')'e 140 | Sand, fine, silty, wet, tan
13.3]13.8 180
13.8] 1k4.3 180
. k4.3 14.8 180
14.8] 15.2 180 (Sheet 1 of 8)

Fig. AS. Log of boring $-1006 (samples 5-T)



BORING LOG

FIELD DATA
Project Patoka Dam Location Date 27 Apr 1972
Drill Rig____CE-3772 . Inspector___K. Waites Operator ___P. Martin Surface elev
Levee District - Job No. 441-5382.12SRU1  Boring No, ___S=1006
STRATUM DRIVE SAMPLE Eres
SAMPLE | DATE TYPE OF
, e _CLASSIFICATION AND REMARKS
NUMBER | TRKEN] From | 1o | FRoM | 10 [FrROM | 7O - SAMPLER ‘fori ,
Li g
8 27 Apr 15.2 115.7 115.2 |17.6 | 3" undist, jtuibe [180 | Sand, fine, silty, wet, wood, gray)
15.7 |16.2 ' 200 _ :
16.2 |16.7 200
16.7 |17.2 220
17.2 |17.6 220
: 1"
9 28 Apr] 17.6 |18.1 |17.6 |19.5 |3" undist. |tdbe[120 | Sand, fine, silty, wet, wood, gray
18.1 |18.6 160
18.6 |19.1 160
19.1 |19.6 170
19.6 | 20.0 170
10 @Anr 20.0 | 20.5 |20.0 22.3 13" undist, éube 180 | Sand, fine, silty, wet, grey
20.5 | 21.0 200
21.0 | 21.5 220
21.5 |22.0 230
22.0 |22.4 230 (Sheet 2 of 8)
Fig. A5 (Continued). Log of boring

$-1006 (samples 8-10)



BORING LOG

FIELD DATA
Project _ Fatoka Dam Location Date 28 Apr 1972
Drill Rig__CE=3772 Inspector_ K. Waites Operator_ - Martin Surface elev
Levee District Job No. 4t4+1-5382.125R41 Boring No. _S-1006
sampLE | paTE STRATUM DRIVE SAMPLE ° TYPE OF res-
NUMBER | T - SAMPLER sure CLASSIFICATION AND REMARKS
TN | From | 1o FROM | To | FRoM | TO st
11 {28 Apr 22.4122,9 {22.4 | 23.8 | 3" undist. t%be 180| Sand, fine, silty, wet, gray
22.9]23.4 200
23.4]23.9 210
23.9]2k.b 220
2l L }2L.8 220
12 [28 Apr 24.8(25.3 [24.8 |25.9 |3 " undist. tu;e 180 | sand, fine, wet, white
25.3]25.8 | - 260
25.8]26.3 280
26.3|26.8 300
26.8]27.2 300
13 [28 Apr] 27.2]|27.7. |27.2 | 29.5 | 3" undist. tu;e 240 | Sand, fine, wet, white
13A |28 Apr| 27.7 28.2 |29.5 | 29.6 jar | 280 | Sand, fine, wet, white
28.2]28.7 300
' 28.7]29.2 320
29.2]29.6 340 (Sheet 3 of 8)

Fig. A5 (Continued).

Log of boring S-1006 (samples 11-13)




BORING LOG

FIELD DATA )

Project _ Patoka Dam : ~ Location ‘ Date 28 Apr 1972

Drill Rig__ CE-3772 Inspector__K. Waites Operator _ P Martin Surface elev

Levee District Job No. L441-5382.125R41 Boring No. §-1006

sampLE | pate | STRATOM DRV SMPLE TYPE OF ‘Et::q CLASSIFICATION AND REMARKS

NUMBER | TAfFY | From | 1o | FRom | 70 |FROM | 1o |  SAMPLER ~ |psi

14 |28 Apr 29.6]30.1 |29.6 | 31.9 | 3" undist. t%l‘;e 200 | Sand, clayey, wood, wet, silty,gray]

14A |28 Apr 30.1]30.6 | 31.9 | 32.0 jar | 280 | Sand, clayey, wood, wet, silty,gray
30.6]31.1 300
31.1/31.6 300
31.6]32.0 300

15 |2 May 32.0[32.5 [ 32.0 [ 34.3 [ 3" undist. |3pe | 240 |Clay, sandy, silty, soft, gray

15A |2 May 32.5]33.0 | 34.3 | 34.4 jar | 180 |Clay, sandy, silty, soft, gray
33.0433.5 200
33.5]34.0 200
34.0|34.4 200

16 [2 May 3.4 | 34.9 | 34.4 | 36.7 | 3" undist. tii;e 160 | Sand, fine, silty, wet, gray

16A |2 May 34.9(35.4 | 36.7 | 36.8 jar | 200 | Sand, fine, silty, clayey, wet, gray

' 35.4]35.9 220 ' :
35.9]36.4 240
36.4]36.8 2o (Sheet k4 of 8)
Fig. A5 (Continued). TLog of boring S-1006 (samples 1L-16)



BORING LOG

FIELD DATA
Project __Patoka Dam Location : Date 2 May T2
Drill Rig___CE-3772 Inspector__K. Waites Operator _ P« Martin Surface elev
Levee District Job No. L4h1.5382.125R41 Boring No. §-1006
STRATUM DRIV AMP res
Zﬁ'&g'éi fé(;é‘ o R Ero FR; Lio - JAYMPlEL‘E): Eu;j CLASSIFICATION AND REMARKS
‘ : 37
17 |2 May 36.8)37.3 |36.9 |39.1 |3" undist. |tibe|180|Clay, sandy, silty, soft, grey
17A |2 May 37.3137.8 39,1 |39.2 : Jar | 220 IClay, sandy, silty, soft, gray |
' 37.8]38.3 2ko ‘
.38.3]38.8 230
38.839.2 B | 220
18 |2 May| 39.2(39.7 [39.2 [41.5 [ 3™ undist. [t3pe| 180 [clay, sendy, silty, soft, gray
18A |2 May | 39.7]k%0.2 [41.5 [41.6 jar | 200 |Clay, sandy, silty, soft, gray
40.2 [40.7 200
40,7 [b1.2 | 200
41.2|41.6 200
19 |2 May 41.6[42.1 [41.6 [43.9 [3" undist. [43pe| 200 {Clay, sandy, silty, soft, gray
194 |2 May 42.1|42.6 |43.9 |4k.0 jar | 220 |clay, sandy, silty, soft, gray
| k2.6 {43.1 240
. 43.1|43.6 2ko
43.6{4k4,0 240 (Sheet 5 of 8)

Fig. A5 (Continued). Log of boring S-1006 (samples 17-19)



BORING LOG

FIELD DATA
Project __Patoka Dam Location Date 2 May 72
Drill Rig__CE=3772 _ Inspector__K. Waites Operator _P. Martin Surface elev

Levee District

Job No. LY41-5382,.125R41

Boring No. §-1006

zmg‘éi DEN TR DRYE SANLE JIJ&?E Ef;z' CLASSIFICATION AND REMARKS
T8 rrow [ 10 | FROM | TO | FROM | TO | st
20 |2 May 4.0 k4.5 [uh.0 [46.3 | 3" wnaist. [t3pe] 160]clay, sandy, silty, wet, soft, aray
20A |2 May Wh.5|45.0 [46.3 [46.4 jar | 180 |Clay, sandy, silty, wet, soft, gray
hs5.0[45.5 ' 190
bs.s|u6.0 190
L6.0]46.4 190
21 |2 May 46,4 [ 46.9 |64 | 48.7 | 3" undist. tu;)re 180 |Clay, sandy, silty, wet, soft, gray
2]A |2 May h6.9 k7.4 |48.7 | 48.8 jar | 200 |Clay, sandy, silty, wet, soft, gray
b7 .4147.9 200
47.9|148.4 200
48.4148.8 190
22 |2 May 48.8]49.3 [148.8 [51.1 |3" undist. |tgpe| 190 [clay, siity, soft, wet, gray
22A |2 May 49,3149.8 [51.1 |51.2 Jjar | 200 |Clay, silty, soft, wet, gray
49.8]50.3 210 | -
50.3]50.8 210
50.851.2 210 (Sheet 6 of 8)
Fig. A5 (Continued). Log of boring S-1006 (samples 20-22)




BORING LOG

FIELD DATA
Project ____Patoka Dam Location Date 2 May 1972
Drill Rig___CE-3772 Inspector K. Waites Operator P, Martin Surface elev
Levee District Job No. - : Boring No. 5-1006
STRATUM DRIV AMP . [Presd
zmgléi gé} — T Em FR:M LET - ;AYMP:Lg; ;:Ii‘e CLASSIFICATION AND REMARKS
23 2 Mayl 51.2 §51.7 {51.2 | 53.5 | 3" undist. ta;e 200 | Clay, silty; firm, gray
234 | 2 May] 51.7 | 52.2 | 53.5 | 53.6 Jar 1230 | Clay, silty, firm, gray
‘ 52,2 | 52.7 240
52,7 | 53.2 240
53.2 | 53.6 240
2y 2 May 53.6 | 54.1 | 53.6 | 55.9 | 3" undist. |tube|200 | Clay, silty, firm, gray
24A | 2 May 54,1 154,6 | 55,9 | 56,0 Jar [220 | Clay, silty, firm, gray
54,6 55,1 230
55.1 | 55.6 240
55.6 | 56.0 240
25 3 May 56.0 | 56.5 | 56.0 | 58 3 3" undist, tibe|150 | clay, silty, soft, gray
25A 3 May] 565 57.0 58.3 | 58.4 jer 1180 | Clay, silty, soft, gray
57.0 | 57.5 190
: 57.5158.0 200
58.0 | 58.4 200 (Sheet 7 of 8)
Fig. Log of boring $-1006 (samples 23-25)

A5 (Continued).




BORING LOG

. FIELD DATA
Project Patoka Dam Location Date 3 May 1972
Drill Rig CE-3772 _ Inspector K. Waites Operator P, Martin Surface elev.:
Levee District ' Job No.__41i1-5382,125RU1  Bgring No. ___ S-1006

STRATUM . DRIVE SAMPLE Presq ) ~
:ﬁ“&gti DAATE JAXAP*EL‘E”; sure CLASSIFICATION AND REMARKS
TASFY | From | 1o | FrRoM | TO | FROM | TO . psi

26 3 Mayl 58.%4 | 58.9 | 58.4 | 60.1 | 3" undist. t%be 150 | Clay, firm, silty, trs.gravel, gray
26A 3 May 58.9 | 59.4 | 60.1 | 60.2 jar |180 | Clay, firm, silty, trs.gravel, gray

59.4 | 59,9 200

59.9 | 60,3 500 | Refusal

BORING COMPLETE

(Sheet 8 of 8)

Fig. A5 (Concluded). Log of boring S-1006 (sample 26)



BORING LOG

FIELD DATA
Project _ Patoka Dam Location Date 3 May 1972
Drill Rig_CE=3772 Inspector_K. Waites =~ Operator P, Martin Surface elev

Levee District

Job No. t41-5382,125R41

Boring No. _S=1007

SAMPLE | DATE STRETOM ORWE SAMPLE TYPE OF Eﬁi:- CLASSIFICATION AND REMARKS
NUMBER | TAKEN | From | 7o | FRom | 10 | FROM | TO SAMPLER bsi
3 May [0.0 10.0 2.4k Fish tail Clay, silty, soft, tan; no samples
1 May :a.h 2.9 [2.4 |u.5 |3" Undist. |tive!180 |clay, silty, soft, wet, ten
1A {3 May 2.9 |3.4 k.5 |h.6 Jar ]210 [Clay, silty, soft, wet, tan
3.4 {3.9 220
3.9 |k.L 230
L.h 4.8 230
2 May :h.8 5.3 4.9 ]7.1 |3" Undist. t131be 170 |Silt, sandy, soft, wet, tan |
oA [3 May 5.3 [5.8 7.1 |7.2 dar |200 |Silt, sandy, soft, wet, tan
?5.8 6.3 200
6.3 16.8 1200
16 8 |7.2 200
(Sheet 1 of 10)

Fig. A6. Log of boring S-1007 (samples 1 and 2)



BORING LOG

FIELD DATA
Project __Patoka Dam : _ Location : Date _4 May 1972
Drill Rig_CE=-37T2 Inspector_K. Waites Operator _P. Martin Surface elev
“Levee District ‘ Job No. _141-5382.3125Rl1  Boring No. _S=1007
. Pres-
STRATUM R . MPLE
SAMPLE | DATE _DRYE > TYPE OF ure - CLASSIFICATION AND REMARKS
NUMBER | TAKEN FROM TO FROM "To EROM T0 SAMPLER 1
197 o ps
3 i May 7.2 7.71 7.2| 9.3]3" Undist. |ube 140 | Silt, sandy, soft, wet, gray
© 38 |4 May 7.71 8.2] 9.3| 9.4 jar |180 | Silt, sandy, soft, wet, gray
8.2 8.7 200
8.7] 9.2 220
9.2 ]-9.6 220
Y |4 May 9.6 110.1| 9.6 11.7 |3" Undist. |21 [140 | Sand, silty, soft, wet, gray
YA |4 May 10.1 | 10.6 {11.7 { 11.8 Jar {180 | Sand, silty, soft, wet, gray
10.6 [11.1 ' 200 | -
11.1§11.6 200
11.6 {12.0 200
) : 3 A
5 |4 May 12,0 112.5 12,0 | 14,2 { 3" Undist. [tube |160 |Sand,silty,clayey,sof't,we ]
SA |4 May 12,5 | 13.0 | 14.2 | 14.3 Jar 1190 |Sand,silty,clayey,soft,wet,.gray .
13.0 |13.5 | 200
13.5 {14.0 210
14.0 | 14.4 2i0 (Sheet 2 of 10)
Fig. A6 (Continued). Log of boring S-1007 (samples 3-5)



BORING LOG

FIELD DATA
Project __ Patoka Dam Location Date 4 May 1972
Drill Rig_CE=3772 Inspector__K. Waites Operator _P, Martin Surface elev

Levee District

Job No. _#41-8382.125Rb1

Boring No. __S=1007

;m‘;'éi [;“EN STRATUM ORIVE SMPLE :AY}"P,ng; iﬁ::- - CLASSIFICATION AND REMARKS
9'r2 FROM T0 FROM T0 FROM T0 psi
6 |4 May by [14 9 [ 144 | 16.6 | 3" Undist. |tope|160 Sand, fine, silty, wet, gray
6a [i May 1%.9 |15.4 |16.6 | 16.7 jar|200 |Sand, fine, silty, wet, gray
15.4% |15.9 200
15.9 |16.4 200
;L6.h 16.8 200
7 t May 16.8 17.3 |16.8 [19.1 |3" Undist. t131be 150 |Sand, silty, soft, wet, gray
7A |4 May 17.3 17.8 |19.1 {19.2 Jar[180 |Sand, silty, soft, wet, gray
17.8 |18.3 180
18.3 |18.8 190
18.8 |19.2 190
8 i Mav ig,a 19.7 {19.2 {21.1 [3" Undist. té‘;e 180 |sand, silty, soft, wet, gray
8a |4 May 19.7 | 20.2 |21.1 [21.2 jar|200 |sand, silty, soft, wet, gray
20.2 |20.7 200
: 20.7 |21.2 200
21.2 |21.6 220 (Sheet 3 of 10)
Fig. A6 (Continued). Log of boring S-1007 (samples 6-8)



BORING LOG

FIELD DATA
Project __Fatoka Dam : Location : Date _4 May 1972
Drill Rig_CE-3772 _ lrispector_K. Waites Operator Y. Martin Surface elev
Levee District ‘ ’ Job No. 44 -5382,105RU)  Boring No. __§=1007
i Pres
STRATUM . DRIVE SAMPLE .
:ﬁ’:‘:'éi DA“E STAYMPPELg; ‘ sure CLASSIFICATION AND REMARKS
Y| rrow | 10 | FrROM | 71O [ FROM | TO psi
W .
9 4 May 21.6 |22.1 |21.6 [23.9 | 3" undist. t%be 180| Sand, fine, soft, wood, gray
oA |4 May| 22.1 |22.6 |23.9 |2k4.0 _ljar | 220| Sand, fine, soft, wood, gray
' 22,6 |23.1 230
23.1 [23.6 | 230
23.6 |24,0 ' 230
: , Ul
10 4 May 24.0 |24,5 {24,0 |25.1 | 3" undist. |tUbe| 180| Sand, fine, silty, wood, wet, gray_.
104 |4 May 25.2 |24.5 [25.0 |25.1 |25.2 Jar | 200| Sand, fine, silty, wood, wet, gray |
25.2 | 35.0 |25.5. 600| (Refusal)
25.5 |26.0 Fish tail - Log
11A |4 May 26.0 |26.4 26,0 |26.,4 | 3" undist, |jar | 640] log
27.8 [26.4 |27.5 Fish tail Log
(Sheet 4 of 10)

Fig. A6 (Con’pinued). Log of boring S$-1007 (samples 9-11)



BORING LOG

FIELD DATA
Project Patoka Dam Location Date _4 May 1972
Drill Rig__CE-3772 Inspector_K. Waites Operator __P. Martin Surface elev

Levee District :

Job No._L41-5382,125R4)  Boring No. —_S-1007

zm:;% %DAAJEEN STRATOM _DRIYE SANPLE sTAYMP;ELg; zf‘;z CLASSIFICATION AND REMARKS
1675 | FRom | 1o | FROM | TO | FROM | TO psi _
12 |4 May|27.8 |l 27.5] 28,0]27.5 28,5 | 3" undist. t3pe | 300|Sand, fine, soft, wet, gray |
12 |4 May 28,0| 28,5|28,5 [28,6 jar | 240|Sand, fine, soft, wet, gray
28.5] 29.0 220
29,0] 29.5 220
29.5] 29.9 220
13 L4 May 29.9/ 30.4129.9 [31.5 3" undist. t131'1'>e 180{sand, fine, soft, wet, gray
30.4] 30.9 200
30:9 31.L 210
31.4] 31.9 210
31.9/ 32.3 210
14 |4 May 32.3]°32.8132.3 [33.9 | 3" wndist. tobe | 200|Sand, fine, silty, soft, wet, gray. |
kA |4 May 32.8] 33.3]33.9 [33.3 jar | 220|Sand, fine, silty, soft, wet, gray |
33.3| 33.8 230
. 33.8] 34.3 230
34.3| 34.7 230 (Sheet 5 of 10)

Fig. A6 (Continued). Log of boring S$-1007 (samples 12-14)



BORING LOG

‘ FIELD DATA
Project __Patoka Dam ' Location Date_5 May 1972
Drill Rig__CE-3772 _ Inspector_K. Waites Operator _P. Martin Surface elev
Levee District ‘ Job No. _#41-5382.125R41 Boring No. _S-1007
STRATUM DRIVE SAMPLE [Pres:
SAMPLE | DATE * TYPE OF
CLASSIFICATION AND REMARKS
NUMBER | TAKEN| From | 10 | FRom | 70 | FROM | TO SAMPLER S;;'i
15 5 May 34.7 [35.2 |34.7 |36.0 | 3" undist. |tibe | 200| Sand, fine, silty, soft, wet, gray |
35.2 |35.7 220 ’
35.7 |36.2 ‘ 220
36.2 |36.7 : 230
16 |5 May i 7.1 |37.6 137.1 |38.6 | 3" undist. tube | 140} Sand, fine, silty, soft, wet, gray
' 37.6 |38.1 160
38.1 |38.6 180
38.6 |39.1 190
39.1 139.5 ' 200
‘ . ?I -
17 |5 May | : 9.5 {40.0 |39.5 (41,5 | 3" undist, {thbe | 160| Sand, fine, silty, soft, wet, gray |
17A |5 May A 40,0 {40.5 [41.5 J4l.6 jar | 200 | Sand, fine, silty, soft, wet, gray |
' 40.5 j41.0 220
B1.0 |u1.5 . 230
41.5 [41.9 ' 230 (sheet 6 of 10)

Fig. A6 (Continued). Log of boring S-1007 (samples 15-17)



BORING LOG

FIELD DATA
Project _Patoka Dam Location Date 5 May 1972
Drill Rig_CE-3772 Inspector__K. Waites  Operator P. Martin ___ Surface elev
Levee District ‘ Job No. _Ll1-5382,125R4)  Boring No. ____S=1007
STRATUM DRIVE SAMPLE Pres
SAMPLE DATE TYPE OF
CLASSIFICATION AND REMARKS
NUMBER | TRFEN| rrom | 70 | FRoM | 710 | FROM | 10 SAMPLER Sgﬁi
18 |5 May 81,0 fup.n {u1,0 {un,p [3" ynaist, |tdhel100 [clay, sendy, silty, soft. wet, gray
18A | 5 May | h2,4 |42.,9 {L4.2 {443 jar |200 |Clay, sandy, silty, soft, wet, gray|
Ju2.9 {u3.4 240
143.4 143.9 280
143.9 {443 260
19 5 May ‘hh.3 44 .8 |uk.3 |46.6 |3" undist. tibe |200 |Sand, silty, clayey, wet, gray
19A | 5 May |hh.8 |45.3 |46.6 [46.7 jar 1220
‘h5.|3 45,8 240
45.8 |46.3 2Lko
[u6.3 {167 240
20 | 9 May |u6.7 |u7.2 [46.7 [49.0 3" undist. tlslbe 140 IClay, silty, firm, gray
20A | 9 May - J47.2 {47.7 |49.0 |49,1 jar 1180 lClay, silty, firm, gray
47.7 |48.2 200
148.2 |48.7 220
148.7 |49.1 . 230 (Sheet 7 of 10)

Fig. A6 (Continued). ILog of boring S-1007 (samples 18-20)



BORING LOG

FIELD DATA
Project __Patoka Dam Location Date 9 May 1972
Drill Rig_CE=-3772 - Inspector K. Waites Operator _P. Martin ~ Surface elev

Levee District _

Job No. 441-5382.125RU41

Boring No. __S-1007

: STRATUM DRIVE SAMPLE Pres 4 o
i fé;é" o o Tiro T 70 Trrow T 7o JAYMP'ng; sure CLASSIFICATION AND REMARKS
21 9 May 1@9-1. 49.6 |49.1 |51.4 | 3" undist. tu'l')e 160|Clay, silty, firm, gray
21A_ 19 May 49,6 150.,1 |51.4 |51.5 jar | 200|Clay, silty, firm, gray
50.1 {50.6 220 |
50.6 |51.1 220
51.1 [51.5 220
22 9 May 51.5 |52.0 |51.5 {53.8 | 3" undist. tuit;e 140|Clay, silty, firm, gray
22A |9 May 52.0 |52.5 {53.8 |53.9 jar | 190(Clay, silty, firm, gray
52.5 {53.0 ' 200
53.0 §53.5 220
53.5_153.9 220
23 9 May 53.9 |54.4 |53.9 {56.2 | 3" undist. tibe | 120 |c1ay, silty, firm, gray
- 234 |9 May sh.4 |54.9 [56.2 |56.3 {jar | 160|Clay, silty, firm, gray
54.9 |55.b 180 '
55.4 155.9 180
55.9 [56.3 190 (Sheet 8 of 10)

Fig. A6 (Continued).

Log of boring S-1007 (samples 21-23)




BORING LOG
FIELD DATA

Project _Patoka Dam
Drill Rig_CE-3772

L.ocation

Date _9 May 1972

laspector_K. Waites

Operator P. Martin = Surface elev

Levee District Job No. 441-S382,125R4)  Boring No. _S=1007
STRATUM DRIVE SAMPLE [Pres-
iﬁ?&?&i -‘-DAAJEEN ! TAY';E oF sure CLASSIFICATION AND REMARKS
Yo7 |- FrRom | 10 | FRoM | TO | FrROM | TO SAMPLER psi
2l 9 May 56.3 156.8 |56,3 |58.4 | 3" undist. |t@be| 140|Clay, silty, firm, gray
24A 9 May 56.8.157.3 [58.4 158.5 jar | 170|Clay, silty, firm, gray
57.3 |57.8 190
57.8_{58.3 200
58.3 |58.7 200
v - 3"
25 9 May 58.7 159.2 |58.7 [61.0 | 3" undist. [tibe | 140|Clay, silty, firm, gray
2spa |9 May 59,2 |59.7 161.0 |61.1 jar | 180|Clay, silty, firm, gray
' 59,7 60,2 200
60.2 160.7 200
_160.7 161.1 210
26 9 May 61.1 |61.6 [61.1 |63.4 | 3" undist. |t3pe | 160/Clay, silty, firm, gray
26A 9 May |61.6 |62.1 |63.4 |63.5 jar | 200|Clay, silty, firm, gray
62.1 |62.6 240
62.6 |63.1 2L0
163.1 |63.5 240 (Sheet 9 of 10)
Fig. A6 (Continued). Log of boring S-1007 (samples 24-26)




BORING LOG

FIELD DATA
Project __Patoka Dam Location Date 9 May 1972
Drill Rig_CE-37T72 Inspector_K. Waites Operator P, Martin Surface elev
Levee District ‘ Job No. 141-5382,125R4).  BoringNo._S=1007
STRATUM DRIVE SAMPLE - Fr es
SAMPLE | DATE - TYPE OF
sure CLASSIFICATION AND REMARKS
NUMBER | TAXFN| From | 1o | FRoM | 70 | FrRoM | TO SAMPLER psi
- 11
27 |9 May 163.5 16L.0 163.5 |64 | 3" undist. tobe | 180 |c1ay, silty, fim, gray
IELL.O 64.5 340 |Rock on bottom
64.5 |64.7 500

BORING COMPLETE

(Sheet 10 of 10)

Fig. A6 (Concluded).

Log of boring S-1007 (sample 27)



BORING LOG

FIELD DATA
Project Patoka Dam Location 2_ft north of S-1007 Date 10 May 1972
Drill Rig CE-37T72 Inspector__K. Waites Operator P. Martin Surface elev
Levee District Job No._L441-5382.125RU1 Boring No. _S-1007A
STRATUM DRIVE SAMPLE Pres -
SAMPLE | DATE TYPE OF
CLASSIFICATION AND REMARKS
NUMBER | TAXEN| From | 1o | FrRoM | T0 | FROM | TO SAMPLER STes
1 poO May] 0.0 0.0 |27.5 Fish tail No samples
0 (L
1 10 May '27.5 28.0 |27.5 |29.7 |3" undist. té\be 160|Sand, clayey, wet silty, gray.
28.0 |28.5 220
28.5 {29.0 300
29.0 |29.5 260
29.5 |29.9 260
0 "
2 [0 May 29.9 |30.4 |29.9 |32.1 |3" undist. tébe 180jSand, fine, wet, gray
30.4 |30.9 210
{30,9 |31.4 210
{31.4 31,9 220
31.9 |32.3 220
(Sheet 1 of 2)

Fig. AT.

Log of boring S-1007a (samples 1 and 2)



BORING LOG

FIELD DATA .
Project ___Patoka Dam Location 5_ft north of S-1007 Date __10 May 1972
Drill Rig___CE-3772 Inspector_K. Waites Operator . Martin Surface elev
Levee District : Job No.__1l41-5382,12s5R41 Boring No. S-1007A
STRATUM DRIVE SAMPLE Pres-
;ﬁ’,“ﬂ:ﬁ TE‘Q‘;EZ‘ o] 10 Lrron | 70 Trnon | 7o AMPLoR sgxs-g CLASSIFICATION AND REMARKS
3 10 May 32.3 |32.8 |32.3 |34k | 3" undist. té‘t‘)e 160|Sand, fine, wet, gray.
32.8 |33.3 180
33.3 {33.8 190
33.8 |34.3 200
34.3 [34.7 200
b 10 May 34.7 §35.2 |34.7 [36.9 | 3" undist. 't.%'k')e 160|Sand, silty, clayey, wet, gray
35.2 |35.7 ' ‘ 210 :
35.7 |36.2 220
36.2 |36.7 220
36.7 137.1 220

(Sheet 2 of 2)

Fig. A7 (Concluded). Log of boring S-1007a (samples 3 and 4)




APPENDIX B: SIMPLIFIED PROCEDURE FOR EVALUATING
SOIL LIQUEFACTION POTENTIAL

1. Generally, the primary forces acting on a soil element during
earthquakes are those resulting from the upward propagation of shear
motions fron underlying rock formations; To represent these shearing
motions as a uniform cyclic load in the laboratory requires a number of
assumptions. The following procedure and assumptions were developed by

Seed and his coworkers (references 3 and T*).

Selection of Shear Stress and Cycles of Loading

2. The shape of a typical earthquake accelerogram is quite irreg-
ular in both frequency and amplitude. The problem is therefore to con-
vert the irregular accelerogram into an equivalent system of uniformly
intense cyclic stresses such that the response of the soil sample will
be identical with the actual field loading. Fig. Bl graphically illus-
trates the problem. .

3. The conversion developed by Seed and Idriss was based upon the
assumption that there exists an equivélent number of stress cycles Neq )
each of the same uniform average stress intensity Tave which would
have the same effect on the soil as the actual earthquake-induced load-
ing. The conversion method consists of determining in the laboratory
the number of cycles of loading that produced liquefaction at various
uniform shear stresses and,comparing these cycles withvthe number of
peaks in the earthquake accelerogram at the same shear stresses. By
arbitrarily selecting an average shear stress Tave and proportioning
the other shear stresses in the accelerogram, an equivalent number of
cycles at. Tave for the accelerograﬁxcan be determined. For éxample,
assume that four cycles of uniform shear stress Tave produced lique-
faction in the laboratory and that two cycles of uniform shear stress

Tl(rl > Tave) also produced liquefaction in the laboratory. Hence,

* Reference numbers refer to Literature Cited at the end of main text.

Bl
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Fig. Bl. 'Acﬁual and equivalent earthquake reéponse



1 cycle at T is equivalent to 2 cycles at Tave * Continuihg, by

counting the number of peaks in the accelerogram that have an intensity'

equal to these peaks can be proportioned and expressed in terms of

T
l *
equivalent cycles of Tave * For example, assuming that three peaks of

magnitude 71, existed in the accelerogram, these peaks would be equiv-

1
alent to 4/2 x 3 =6 cycles of =1 . Likewise, other intensities

can also be expressed in terms of ::je , and by summing the equivalent
cycles for each stress intensity, an overall equivalent number of cycles
corresponding to Tave C80 be determined. Based upon the study qf nu--
merous accelerograms and test results, Seed and Idriss recommended using
a value of = 0.651max and the following approximaete number of

ave
cycles of loading for various earthquake magnitudes:

Earthquake Number of
Magnitude Cycles of Loading
T 10
T-1/2 ' 20
8 30

Selection of Cyclic Deviator Stress

4, Having selected a Tove = 0.651max for the design‘eafthuake,
a cyclic deviator stress %e for use in the laboratory tests must be
selected such that the response of the triaxial specimen compares favor-
ably with observed field behavior. Accordingly, the following assump-
tions and procedures have been developed. T -

5. Assuming that the soil column above a soil element at depth 'h
behaves as & rigid vody, then the maximum shear stress on the soil'ele-
ment would be o . | .

( max) 1_'x ®max , (1)

vhere a _ is the maximum pesk ground surface acceleration (fig. B2).

B3
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Fig. B2.

Since the soil column is a deformable body, the shear stress will be

. somewhat less or

where rd

6. Fig. B3 shows the range of typical r

7(Thea '7h'9%?£

po— (Tmgx),

lo— (Tmox)y

(b)

-

(c)

Determination of maximum shear stress

(TﬁaX)d % (rd)(TmaX)r |

d

is a correction factor with a value less than 1.

(B2)

values with depth.
For the Patoka Dam study, the average value was used to a depth of Lo ft,

0.85 was used from 40 to 57 ft, and the lower boundary values were used
for depths greater than 57 ft.

T. Since the equivalent number of cycles is based upon 0.657

then the average cyclic shear stress may be expressed as:

However, a comparison of cyclic triaxial test results and observed field

T

ave

=O.65><I£><a

g

Bk

max

X

r

d

(B3)

b}
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Fig. B3. Range of values. of r, for different soil profiles

d
behavior (fig. B4) suggests that the cyclic triaxial test overestimates
the field strength and that the laboratory results under isotfopice.lly
consolidated condifions should be reduced by a cdrrection,factor‘ .Cr .
This overestimation by the triaxial test is due to the following factors:

a. The K field condition is about 2 to 2.5, while K =1
for the isotropically consolidated triaxial test.

b. Under field loading conditions, the directions of the
major principal stresses vary from about 0 to 40 deg each
side of vertical, while the stresses rotate through 90 deg
for the triaxial test. '

B5
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Fig. B5. Relationship between Cr and relative density

el

Necking of the sample, which creates unrealistic stress
concentrations and deformations in dense samples, affects

results. Accordingly, fig. B5 presents approximate values
for Cr under K =1 conditions, and '

T Udc
o 25, )0 " Cr (B4)
o/ field lab -

8. In the case of anisotropically consolidated specimens (K # 1),
by assuming that cyclic simple shear tests more closely represent field
conditions, comparisons between cyclic simple shear and cyclié triaxial
tests suggest that C = 1 for relative densities >50% , when
K > 1.5 (Lee*).

¥ Personal communication, Prof. K. L. Lee, University of California at

Los Angeles, to Dr. W. F. Marcuson, WES, lh August 1972.

BT



9. Therefore, by utilizing equations Bl through Bli, a cyclic

deviator stress o » which corresponds to a field earthquske accel-

de
eration, can be calculated for K =1 conditions.

List of Symbols

a Maximum horizontal ground acceleration

C. ‘Correction factor relating laboratory cyclic triaxial test
results to observed field behavior

Number of equivalent cycles for a given shear stress

eq
Ty Correction factor reducing behavior of assumed rigid soil
column to deformable soil column -
o Ambient consolidation pressure, i.e. chamber pressure for
a . .
K =1 condition
3c Cyclic deviator stress
9 Overburden pressure, field conditions
ave Average shear stress, i.e. 0.65:
T Meximum shear stress
max

(T ) Maximum shear stress, deformable soil column
max ) ; . : €

'(Tmax) Maximum shear stress, rigid soil column
r

B8
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