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Chapter 1

Introduction

1.1. Premise of Current Study

A question arises as to the capability of the engineering profession to
successfully predict changes in the near surface groundwater flow condition that
occur as the result of planned highway fill construction. A case in point is the
groundwater flow in a flat, grass covered, alluvial deposit underlain by a shallow
gravelly artesian layer that is fed by spring snow melit from the Carson Range. The
purpose of this research is to evaluate the need for -a coupled field - lab test -
analytical model to approach such prediction. The study was proposed with the
prospect of using the Zolezzi Lane site of the US 395 Extension as a test case.

Currently, the geotechnical group of a highway department conducts a field
investigation, performs laboratory tests, and undertakes an analysis with the
objective of assessing the stability and settlement associated with planned or
proposed highway fill construction. Given the desire to also assess changes in the
near surface groundwater flow condition, the issue is whether this can be
accomplished by simply performing additional field and laboratory work and

undertaking a separate flow or seepage analysis. In this regard, the question is

J



how involved or coupled this work would have to be. In other words, could the
test program be successfully accomplished by performing permeabi‘lity fests in the
field or in the lab on a few additional samples taken during field exploration and
then the results applied in an independent seepage analysis, or would sample
location, in situ tests, lab test setup and test pressures depend upon knowledge of
the deformational and stability analysis results ahead of time. As is the nature of
most Department of Transportation (DOT) work, different groups will work on a
segment of a project, but each group will perform its work independently and pass
its information on to the next group with little feedback from those that employ
that information. While the work proposed here would be carried out entirely by
the Geotechnical / Materials group, the question is whether the information
required for such assessment can be carried out using information obtained during
the exploratory subsurface investigation and the initial laboratory testing phase or
whether a subsequent detailed field sampling / testing and laboratory test prograin
would be required, one that can only be fashioned after first studying the results of
analytical studies that are based on the exploratory work and standard lab test data
as input. In other words, would a feedback loop be required as part of a coupied
investigation.

Given this question, it was proposed by the Nevada Department of

Transportation (NDOT) that a fieid case study be initiated with the stated objective
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of ascertaining the need for undertaking a coupied field - lab - analytical program
to assess changes in groundwater flow conditions resulting from highway fill

construction.

1.2. Field Study Site

The Zolezzi Lane site along the extension of US 395 was proposed and
accepted as a suitable field study site. See Fig. 1.1. At the start of this research
project, there had been no construction at Zolezzi Lane, only staking, and there
woulc.I- Ee a half year’s time span to establish seasonal piezometer readings before
fill construction reached that location.

As shown on the geologic map for the Mt. Rose NE Quadrangle (Nevada
Bureau of Mines and Geology, 1983), Zolezzi Lane east of South Virginia (old US
395) and its extension falls in a region of Quaternary alluvial bajada deposits (Qa).
See Fig. 1.2. Such deposits are described on the geologic map as “thin sheet-like
aprons of fine- to medium-grained clayey sand and intercalated muddy, medium
pebble gravel; deposits of low gradient streams that are reworked older gravelly
outwash and alluvial fan deposits; weakly weathered and largely undissected with
little or no soil development (entisols)”.

Figure. 1.3 taken from the “Geology of Reno and Truckee Meadows,

Nevada” (Gates and Watters, 1992) shows that groundwater movement in the



Truckee Meadows region is at a near right angle to South Virginia Ave. and,
therefore, virtually perpendicular to the planned alignment (-)f thé US 395
Extension. From the geologic map (Fig. 1.2), note that the deposit occurs
immediately east of two channels of White’s creek. As shown on the soils map
(part of sheet 27 and 28) of the “Soil Survey of Washoe Co., South Part” (SCS,
1983) of Fig. 1.4, the northern channel of White’s Creek feeds the agricultural
ditch that passes through the west side of the site. From the “Reno Folio™ (Nevada
Bureau of Mines and Geology, 1976), it is stated that such quaternary aliuvial
sediment is poorly bedded to unbedded and displays a wide variation in physical
properties. It has very low to moderate permeability, low to moderate
compressibility, excellent to poor drainage, good to poor bearing and low to
medium plasticity. The variability in physical properties necessitates careful on-
site investigation.

According to the Soil Survey of Washoe County, South Part (SCS, 1983)
the upper 5 fi. at the site (the depth of interest for Soil Conservation Service work)
consists of soils of the Rose Creek Series, Unit # 810. See Fig. 1.4. Tables 1.1 and
1.2 provide the Soil Survey information relativé to this series and particular unit.
Highlights from these descriptions are that this upper 5 ft. of soil

e is alluvial material from mixed rock sources



e is poorly drained material of moderately rapid permeability of a flood plain
deposit

e has a C horizon (16 to 60 in.) that is stratified sandy loam, fine sandy loam,
very fine sandy loam or loam

e has fine to medium roots to a depth of 5 fi. and fine to medium pores

o has inclusions of other soil units (Holbrook and Truckee} and wet areas
(wetlands)

e has altered drainage because of changes in the original course of streams or
channel entrenchment

o exhibits a seasonal high water table at a depth of 4 to 6 fi. in spring and early
summer

According to the soil survey the engineering index properties and the

physical and chemical properties of the Rose Creek soils are as given in Tabie 1.3.

1.3. Qutline of Succeeding Chapters

In ensuing chapters, the report will present the following:
Chapier2  General Field and Laboratory Work
Chapter 3  Laboratory Triaxial Hydraulic Conductivity Tests

Chapter 4  Field Hydraulic Conductivity Tests



Chapter 5 Analytical Modeling
Chapter 6  Piezometric Readings and Their Implication

Chapter 7 Comparison of Lab and Field Evaluation of In Situ Strength and
Density

Chapter 8  Lab and Field Hydraulic Conductivity Test Results

Chapter 9  Finite Element-Stress Path Studies

Chapter 10 Conclusions and Recommendations



Table 1.1  Description from SCS Washoe County, Nevada, South Part, p.
103 ) :

810—Rase Creek fine sandy loam, drained. This
very deep, poorly drained solt Is on flood plains.
Drainage has boen attared. The soil formed in alluvium
derived from mixed rock sources. Slopes are 0 o 2
percent. Elevation is 4,000 to 5,000 feet. The average
annuzl precipitation is about 6 to B inches, the average
annual air temperature is 47 1o 50 degrees F, and the
average frost-free period iz 100 to 120 days.

Typically, the surtace layer is grayish brown fine sandy
loam abowt 16 inches thick. The underlying material to a
depth of 60 inches is light brownish gray, stratified very
fine sandy loam through gravelly loamy sand.

Inctuded in this unit are Holbrook s¢ils on narrow
stringer channels, Truckee soils on lower flood plains,
and wet areas. The unit is about 6 percent Holbrook
soilg, 5 percent Truckee soils, and 4 percent wet areas.

Permeability of this Rose Creek soil is moderately
rapic, Available water capacity is moderate. Etfective
rocting depth is 60 inches for water-tolerant plants but is
fimited by the water tabie for water-sensitive plants.

Runoff is very slow, and the hazard of water erosion Is
slight. The hazard of soil blowing is slight. A seasonal
high water table is at a depth of 48 to 72 inches in
spring and early summer. Drainage has ¢hanged
because the water table has dropped as a result of
changes in the criginal course of streams or of channel
entrenchment. This scil is subject to fiooding during
storms of prolonged high intensity. Channeling and
deposition are common along streambanks.

This unit is used for urban developmsnt and crops.

Flooding is & kmitation to use of this unit as sites for
dwellings. This soil is subject to seasonal flooding that
can bs controlied only by major fiood control structures.
The use of this soi) as septic tank absorption tields is
moderatsly limited by flooding and the high water table.
Dikes and channels that have outlets 10 bypass
floodwater can be used to protect buildings and onsite
sewage disposal systems from flooding. if the density of
housing Is too high, community sewags systems afe
needed to prevent contamination of water supplies as a
result of seepage.
 The main limitation to use of this soil as sites for roads
is the susceptibility of the soit to frost heaving. Roads
should be provided with drainage. Suitable material
should be added 1o provide an adequate wearing
surtace.

It this unit is used for imigated crops, the main
kimitation is the high water table. Under good
management including a conservation cropping system,
thie soil will produce 5 tons per acre of alfalfa, 73
bushels per acre of barley, or 360 hundredweight per
acre of potatoes. Applications of irrigation water shouid
be adjusted to the available water capacity, the water
intake rate, and the crop needs to avoid overiigating
and leaching of plant nutrients. Crops respond to
nitrogen and phosphorus fertilizer.

This soil is in capability subclasses liw, imigated, and
Viw, nonirrigated.




Table 1.2

Description from SCS Washoe County, Nevada,
264

South Part, p.

Rose Creek Serles

The Rose Creek series consists of very deep, poorly
drained soils on flood plains. Drainage has been allered.
These soils formed in alluvivm from mixed tock sources.
Slope_s are O to 2 percent.

Typical pedon of Rose Creek fine sandy loam, 2,000
feet west and 1,600 feet south of the northeast corner of
sec. 17, T. 19 N, R. 20 E.

Ap1p--0 fo 8 inches; grayish brown {10YR 5/2) fine
sandy loam, very dark grayish brown (10YR 3/2)

moist; moderate fine subangular biocky structure;
slightly hard, friable, sfightly sticky and slightiy
plastic; many very fine to medium roots; common
very fine to medium pores; 10 percent pebbles;
effervescent; moderately alkaline; clear smooth

A12—8 to 16 inches; grayish brown (10YR 5/2) sandy
loam, very dark grayish brown (10YR 3/2) moist:
common medium prominent strong brown {7.5YR
5/6) mottles; massive; slightly hard, friable, slightly
sticky and slightly plastic; many fine to medium
roots; common very fine to medium pores; 10
percent pebbles; effervescent; moderately alkaline;
clear smooth boundary.

CG1—16 to 60 inches; light brownish gray (10YR 6/2)
stratified very fine sandy loam, gravelly loamy sand,
sandy lcam, dark grayish brown (10YR 4/2) moist;
common medium prominant strong brown (7.5YR
5/6) mottles; massive; slightly hard, triable, slightly
sticky and slightly plastic; common very fine to
medium roots; few very fine to medium pores;
effervescent; moderately alkaline.

The soil profile is deeper than 60 inches. The mollic
epipedon is 10 to 18 inches deep. Reaction throughout
the profile ranges from mildly alkaline to moderately
alkaline. The control section is stratified and has texture
of sandy\loam. fine sandy loam, very fine sandy loam, or
loam. It is'more than 15 percent fine or coarse sand and
5 10 18 percent clay. In pedons where texture is the
coarser part of the range, the control section is 0 to 20
percent graval.

Mottles are common beiow the upper part of the A’
hor'?on.TheiowerpanloaChorizonishighlymotﬂed
or gleyed.
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Chapter 2
General Field and Laboratory Work

s

2.1. Proposed Approach

It was proposed that the need for, and the implementation of, a coupled
procedure for the evaluation of the soil properties (i.e., the change in void ratio,
hydraulic conductivity, strength, and stress-strain behavior with consolidation and,
therefore, time) and the selection of an analysis scheme for the assessment of
changes in flow conditions associated with highway fill construction be assessed. It
was hypothesized that the field and laboratory tests and soil property evaluation
would need to be tailored to the analytical scheme to provide for a more accurate
determination of the response. This would mean that certain modiﬁcatiqns_might
need to be made to traditional field and laboratory testing procedures. Likewise, it
was felt that the two-dimensional analysis incorporate changing (spatial and time
varying) property values that account for staged construction conditions. It was
proposed that the degree to which field and labdratory analysis schemes affect each
other and need to be coupled shoulci best be determined via a typical field

application.
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A study area across a segment of the planned US 395 Extension was offered
by the Nevada Department of Transportation (NDOT) as a field test -case. Baséd on
boring logs and cone penetration data for the general area, a transverse section at
station 557+00 near the Zolezzi Lane crossing was chosen. See Fig. 2.1. At this
location the water level is within one to two feet of the ground surface, the
controlling aquifer is shallow, and samples, cone penetration testing, and installation
of pneumatic piezometers to a shallow depth (< 25 ft.) would likely suffice. In
consultation with NDOT, it was judged that three holes, each with three to four
piezometers at different depths, and four other holes with one piezometer each
would likely provide sufficient information on the flow regime. NDOT would
provide Standard Penetration Test (SPT) data and Shelby tube (or other) samples
from the three more heavily instrumented holes. In addition, slug type permeability
tests would be undertaken adjacent to one of the holes containing three to four
piezometers. The slug tests and piezometer installation would be undertaken in
consultation with University of Nevada, Reno personnel. University personnel
would provide ongoing readings from the piezometers using the NDOT pneumatic
readout system. Such readings would encompass a time span from one-half year
before to one year after construction.

More advanced laboratory testing would be carried out using GDS volume

controllers in conjunction with the CKC Soil Equipment Company triaxial test

1
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system on the University of Nevada, Reno campus. Such stress path controlled
stress-strain-strength and permeability tests would be tied back to field and standard

laboratory test results where possible.

2.2. Pre Construction Field Work

2.2.1. Installing Piezometers

Starting on October 11, 1993, the geotechnical field crew from NDOT m
conjunction with University of Nevada, Reno personnel were on site to install
fifteen piezometers in eight different locations along a 690 fi. wide cross section
north of Zolezzi lane (see Fig. 2.1 and 2.2). These piezometers were installed
according to the manufacture’s recommendations. The typical installation of a

piezometer consisted of the following steps (see Fig 2.3):

Boring a hole to a depth 1.5 fi. below the required depth of the piezometer;

e Filling the bottom of the borehole with coarse clean sand to a height of four
inches;

e Deairing the piezometer by putting it in a cloth bag filled with sand under
water;

¢ Placing the piezometer in the hole and then filling the hole with coarse sand

until the height of the sand layer is two feet total from the bottom of the hole;

¥
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e Sealing the hole by placing bentonite chips to a height of two feet above the top
of the sand; - |
e Backfilling the remainder of hole with soil to the ground surface.

The piezometers installed were pneumatic piezometers, Model No. 514177,
supplied by the Slope Indicator Company. Twin pneumatic tubes run from the
piezometer to a terminal at the surface. Readings are obtained with a pneumatic
indicator. The piezometer contains a flexible diaphragm with external water
pressure acting on one side of the diaphragm and applied gas pressure acting on
the other. When a reading is required, a pneumatic indicator is connected to the
tubing. Compressed nitrogen gas from the indicator flows down the input tube to
increase gas pressure on the diaphragm. When the gas pressure exceeds the water
pressure, the diaphragm is forced away from the vent tube, allowing excess gas to
escape via the vent tube. When the returned flow of gas is detected at the surface,
the gas supply is shut off. Gas pressure in the piezometer decreases until water
pressure forces the diaphragm to its original closed position, preventing further
escape of gas through the vent tube. At this point, gas pressure equals water
pressure, and a reading can be obtained from the pressure gauge on the indicator.
All the piezometers were calibrated and a chart of calibration was provided with

each of them.
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The fifteen piezometers , in eight locations, were numbered according to the
hole location (number 1 to 8) and depth (letters A to D). See Figures -2.1 and 2.2 and
Table 2.1 for plan and vertical views and the numbering scheme. Eleven of the
piezometers (Pz3 through Pz6) were installed so that they would be beneath the
roadway e_mbankment after construction. Three of these were toward the east fill
slope edge (Pz3), seven are in the middle, and one (Pz6)is toward the west fill slope
edge (the upstream end of the groundwater flow regime). The seven in the middle
were placed three in one hole and a single in another hole at the same location (Pz4)
and two and one in another two holes 110 ft. west (Pz5). Two out of the thirteen
piezometers (Pz1 and Pz2) were installed to the east side of the embankment and the
other two (Pz7 and Pz8) were installed to the west side. One of the piezometers
(Pz4D) was installed in the controlling artesian layer at a depth of 21 fi. below the
ground surface.

During the installation process, continuous and “undisturbed” samples were
alternately obtained from different locations and at different depths. The
“yndisturbed” samples were taken through an 8 inch diameter hollow stem auger
using Shelby tubes that were sealed at the site with wax, capped and then
transported to the University in a padded rack. At the University, they were stored
vertically in the moist room. Representative soil samples obtained as part of SPT

testing were logged by NDOT personnel and a copy of the boring log is included

4
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as Appendix No. 1. Table 2.2 provides the depths and locations of the samples
obtained. Continuous samples were taken in 5 ft. long 4 inch c-liameter piastic
tubes and stored vertically along with the Shelby tube samples in the moist room
on the University campus. While such samples are continuous and can be viewed
through thpir clear plastic wall, expansion in the oversize tube precludes that they
are undisturbed.

After the installation of the fifteen piezometers, a trench approximately four
feet deep was excavated to carry all the pneumatic tubes from the piezometers to
monitoring stations. There were three different monitoring stations, two of them
were located at the east edge of the fill (at Pz3) and the other was located at the
west side of the fill (between Pz7 and Pz8). Each monitoring station consisted of -

steel casing with a steel cover which was kept locked unless readings were being

taken.

2.2.2. Standard Penetration Testing

Standard Penetration Tests (SPT) were performed in three borings (Pz3
through Pz5) at different depths in order to estimate relative density and soil
strength characteristics from the recorded blow counts and to obtain disturbed but
representative samples of the soil for water content, grain size, index tests, and s0il

classification. = Additional samples were obtained and logged using a 2.8 inch
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diameter “California” sampler . Table 2.3 provides locations and depths where
SPT tests were performed.

Please note that a Mobile drill rig with a hammer with a 60% energy ratio
was used . Unfortunately the water level in the hole was not routinely adjusted to
match the higher external water level and some loosing of the soil is likely to have
occurred at the bottom of the hole due to upward flow. However as will be
mentioned later in this Chapter, the two holes B1 & B2, investigated by NDOT,

were done using a rotary mud hole advancement.

2.2.3. Well Installation

In order to assess the in-place hydraulic conductivity of the soils, two wells
for slug tests were installed at the east edge of the embankment near the location of
Pz3. The two wells are five feet apart and five feet away from Pz3. A typical
cross section for the two wells as well as a plan view for the location is shown in
Figure 2.4. Note that the three piezometers at this location (Pz3 A, B and C) are in
three separate holes. The casing for the two wells is made of polyvinal chloride
(PVC) and has an inner diameter of 2 inches (outer diameter of 2 % -inches). The
casing was installed in the 9 1/4 inch diameter holes resulting from the use of the 8
inch anger. While the slotted length was the same for both wells, the different

lengths and sand filter yielded effective lengths of 48 and 24 inches respectively.

———am St R [ [~ -
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Both wells have the same effective depth which is 11 ft. from the original ground

surface.

2.2.4. Cone Penetration Test

On December 22, 1993, Tonto Environmental Drilling from Sacramento,
California, arrived on site to perform piezo cone penetration tests in four locations.
These locations are Pz3, Pz4, Pz5 and Pz6. Tip resistance, sleeve friction, friction
ratio, pore pressure ratio and other relevant parameters were recorded continuously
with ‘&;epth. Plots of the readings appear as Figs. 2.6a to 2.6d. (Note the
superposition of piezometers in these logs.) In addition to this, dissipation of
porewater pressure was recorded with time at different depths as an aid in
asse;ssing the hydraulic conductivity. All the recorded data were sent to the
Sacramento office for interpretation. A copy of the interpreted logs is included as
Appendix No. 2. Note that Roberston and Campenella (1984) correlations were

employed in these interpretations.

2.2.5. Monitoring the Piezometric Surface

Soon after the instaliation of the piezometers, readings were taken to

monitor the piezometric surface. A pneumatic pressure indicator by Slope
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Indicator, Model 5141 (Serial No. 136) was provided by NDOT for this purpose.
A University of Nevada, Reno graduate student was trained by NDOT pérsonnel in
obtaining the readings. Readings for the fifteen piezometers were scheduled to be
taken every week for the full time of the project to assess the difference in
piezometric surface before and after the construction of the fill in order to assess
the effect of fill construction on the piezometric surface. Piezomefric readings
were also taken the day after SPT tests and the day of cone testing. It should be
noted that the same person, using the same order and procedure in readings, was

employed in order to reduce the possibility of operator effects.

2.2.6. In Place Hydraulic Conductivity

Soon after the installation of the two wells, a slug test (falling head test)
was performed in both of the wells. A typical slug test consisted of the following
steps:

e Extending the stand-pipe by a known length with an O-ring coupled section in
order to be higher than the original ground surface;

e Measuring the distance between the top of the stand-pipe and the existing
piezometric water level in the hole;

¢ Filling the stand-pipe with water to its top, and then;

—n st O mammis  subes $ BEEmR ol
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e Monitoring the drop of water in the stand-pipe with time. (Monitoring was
done using a water level indicator.)

Data were recorded and a sample of these data is included as Appendix No.

2.3. During Construction

Three months before the construction of the fill, irrigation water, located on
the west edge of the fill near Pz6 (see the irrigation channel in Fig. 2.2) was
completely shut down. This is the water channel shown in Fig. 1.2 and 1.4. After
a mo;iﬂl, a concrete lined channel was used to divert the irrigation water until the
construction of the fill was completed.

During the construction of the fill, readings of the piezometers weré taken
every week to provide a continuous record of the piezometric surface (especiaily to
catch any excess porewater pressure that might develop as a result of fill loading).
According to the piezometric data, there were both horizontal and vertical
hydraulic gradients across the site, indicating flow of water was taking place. It
was only possible to calculate average gradients since piezometers were finite
distances apart. Further, there were no stand-pipes installed at the ground surface
in the locations of the piezometers to monitor a drop of the ground water table
surface and, therefore, any change from a confined to an unconfined flow

situation. Accordingly, a crew from the University of Nevada, Reno installed
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eight stand-pipes on April 15, 1994, of one inch diameter, to depths of three to five
feet measured from the ground surface. Soon after this instaliation. was- complete,
water level readings were taken in the stand-pipes. However, within three weeks,
these stand-pipes were covered by the roadway embankment, and it was no longer
possible to continue monitoring the position of the water surface.

In the mean time, slug tests were routinely performed on both wells (Nos. 1
and 2) until it was realized that another well far enough from the first two was
needed in order to allow separate evaluations of vertical and horizontal hydraulic
conductivities. Based on this realization, a third well was installed on June 10,
1994. This well was located approximately fifteen feet north of well No. 2 along
the east edge of the fill. It was installed by hand augering to a depth of 9°-2” with
an effective depth at eight feet and an effective length of 28 inches. A typical
cross section for the well is shown in Fig. 2.5. Four weeks after the installation
was completed, a construction access road was constructed over this well. This
access road was not in the originai plans. Readings from this well were
unavailable after this date.

Backfill material, different from what was used for the majority of the
roadway embankment, was employed adjacent to the Zolezzi lane overpass
structure. (See p160 of the “Soils and Foundation Workshop Manual” (1993) for

approach embankment details.) Samples of both fill materials were obtained for
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material property characterization for computer modeling of the stress state change

brought about by fill construction.

2.4. Laboratory Work

A fypical geotechnical investigation was undertaken in proximity to the
Zolezzi site by NDOT in early 1993. NDOT logged soil and groundwater level,
using a rotary mud, in two holes (Bl and B2 of Fig. 2.1) 230 fi. apart and 70 ft.
deep. B1 and B2 are 320 fi. and 180 fi. away from Pz4 respectively. The boring
logs are shown in Figs. 2.7a and 2.7b along with the percent fines, water content
and occasional Atterberg limits established from laboratory evaluation of
representative (split spoon) samples obtained during SPT testing. (Note the blow
counts given on the left side of the soil column). It is the upper 20 fi. of brown to
gray-brown silty sand resting on the silty gravel artesian layer that constitutes the
flow regime of interest in the current study.

While description of this soil is the same as noted in the logs for Pzl
through Pz8 of Appendix No. 1, the stratified nature of the soil as indicated in the
Soil Survey (see Table 1.3) suggested that a more detailed laboratory inspection of
a continuous soil sample taken during piezometer installation was in order. This

was further warranted by differences between the CPT and SPT logs. (Compare
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Appendix 2 entries to those of Appendix 1 and Figs. 2.7a and 2.7b over a depth of
21 ft.) -

While relatively small scale stratification may not be important in relation
to stability and deformational behavior, it is likely to have a controlling effect upon
groundwater flow (i.e. cause anisotropic permeability). Therefore, a continuous

clear tube sample from Pz4 for the depth of 8 to 21 fi. was logged. A complete

description is provided as Appendix No. 4

2.4.1. Standard Geotechnical Tests

A number of standard geotechnical tests were performed both in the field
and on laboratory samples. These tests were the in-place field density test, s;peciﬁc
gravity, sieve analysis, Atterberg limit and standard consolidation tests. Such
information was used for soil classification and characterization, density

evaluation, and correlations for various soil properties.

2.4.2. Field Density

The unit weight of the soil is a significant parameter in the input data for the

FEDAM model (stress strain behavior model). Field density tests were performed

to determine the in-place dry unit weight and moisture content of the unsaturated

— 3 ——
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soil at ground surface at the site. The sand cone test (ASTM D1556) was employed
for this purpose. This test was performed immediately below the -grass covef at a
depth of approximately one foot from the ground surface at two locations, Pz3 and
Pz5. Table 2.4 provides the results of these two tests and indicates the potential
variation in the unit weight and the moisture content.

Unit weights of the saturated soil below the water table can be assessed
knowing the specific gravity and water content values of the soil. Such values are

reported subsequently.

2.4.3. Specific Gravity and Water Content

The specific gravity of the soil solids is generally used in the calculﬁtion of
the density state of a soil. Test method ASTM D854 (fine material) was employed
relative to the samples from the test site. This test was performed on twenty
samples obtained from Pz2, Pz3, well 1, well 2, Pz4, Pz5, Pz7 and Pz8 locations at
different depths. Table 2.5 provides the results from these tests (and those from
NDOT’s Bl and B2) along with the moisture content resuits (w) and calculated

values of void ratio (e=wG, where saturation is 100%) and dry unit weight

G . . .
(y, = E—i%) of the soil at the specified locations and depths. Such densities were
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used as a guide in the preparation of any reconstituted laboratory samples. The

corresponding unit weight (y) is g = yq (1+w).

2.4.4. Particle Size Analysis

Particle size analysis is the most common of all the basic soil property tests.
It is used qualitatively along with other tests to estimate strength, stiffness,
permeability, and other engineering properties. This test is divided into two parts,
mechanical analysis and hydrometer analysis. The mechanical (or sieve) analysis
is pel:fdnned for particle sizes greater than the No. 200 sieve, whereas the
hydrometer analysis is typically performed for particle sizes less than the No. 200
sieve. The mechanical analysis (ASTM D422) was performed on various sémples.
The location and depths of the samples assessed is indicated in Table 2.5 (i.e. those
with a data entry in the minus No. 200 column). Figures 2.8a through 2.8n are the
plots of the grain size distribution for these samples. Corresponding values of the

mean particle size (D5() and uniformity coefficient (Cy, = Dgg/Djg) are indicated

in the figures.
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2.4.5. Atterberg Limits

As noted in the SCS information (Table 1.3) and the NDOT boring logs for
B1 and B2 (Fig 2.7) the material to 20 fi. depth is basically nonplastic (NP} to a PI
of 5. Manual “feel” of all samples noted in Table 2.5 confirmed this. Basically
only one sample of a higher (>40%) and more plastic fines content was singled out
for special consideration. The minus No. 40 fraction of this material yielded a
plastic limit (PL) of 27 and a liquid limit (LL) of 33 and, therefore, a P1 of only 6.

This was the most plastic of all the samples encountered.

2.4.6. Maximum and Minimum Dry Unit Weight and Void Ratio

Maximum and minimum dry unit weights (y,_,7, ) of these dirty sands
were desired in order to establish minimum and maximum void ratios, i.e.

G
e=ﬁ—1

Ya

where e, is obtained based on y, and e, basedon y, .

In turn, the field void ratio can then be used to establish relative density, Dy, as

max — Emin

where e is the field void ratio as reported, for instance, in Table 2.5.
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To simplify matters, e__ and ¢

were established from », and 7,

from bulk samples prepared at two fines contents, 23% and 38%. Note that the
Dsg and uniformity coefficient of different samples were pretty much the same
(D50 =0.2 mm, C; = 10).

The maximum dry unit weight was taken as the modified AASHTO (ASTM

D1557) test value using the %4, cu.ft. mold, while the minimum dry unit weight

was established by spooning the material loose into the %,0 cu.ft. mold (ASTM

D4254). Values for the two fines contents are reported in Table 2.6 along with

maximum and minimum void ratios calculated using Gg = 2.65 (an average value).

2.4.7. Consolidation Test

Two standard consolidation test (ASTM D2435) were performed in order to
assess the overconsolidation ratio and preconsolidation pressure (and, therefore,
the compressibility of the soil). From time rate readings, permeability might also
be indirectly assessed. A sample located at Pz3 at a depth of 7 ft. was tested. A
second sample at Pz2 at a depth of approximately 10 ft. was also tested. Tabie 2.7
provides the results of these tests. As shown in the consolidation plot (Fig 2.9), the
preconsolidation pressure is about 60 to 65 kPa (1250-1300 psf). The effective

overburden pressure in the field at this depth is 650 psf (based upon a total unit
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weight of 120 Ib/ft3 and a piezometric head of three feet), thus giving an

overconsolidation ratio (OCR) of approximately 2.

2.5. Summary

The foregoing data will be used in later discussion. No specific conclusions

are made here.
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Table 2.5 Summary of The Soil Properties For Different Samples
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Loacation Depth w Gs € Ya - #200

from to % pef pef %
Pz 2 7-6" 33.2 2.65 0.874 88.2 117.5 203
96" 246 2.65 0.647 100.4 125.1 203
A B 212 2.65 0.559 106.1 128.6 203
_ 10°-6" 25.1 2.63 0.661 98.9 123.7 299
Pz 3 1-6" | 26" 15.9 2.67 0.424 117.1 135.7 21.7
g'-6" 18.4 2.70 0.496 112.5 1332 194
9'-6" 16.1 2.70 0.435 1173 136.3 203
102" 184 2.69 0.495 1123 132.9 298

130" 12.1 2.69 0.325 126.7 1420
Well 1 4-6" | 5-0" 28.6 261 0.746 933 119.9 443
Well 2 2-0" 2.63 9.0
- 40" 2.68 221
9'-6" 24.6 2.68 0.647 101.7 126.7 28.7
911" 212 2.68 0.559 107.4 130.2 28.7
128" 2.61 336

Pz 4 7-0" 7-6" 22.7 2.60 0.592 102.0 1252
110" 12'-6" 224 2.66 0.595 104.0 127.2 20.2
i4'-6" 208 2N 0.562 108.0 130.5 270
17-67 22.7 2.73 0.619 105.3 129.2 36.8
210" 220" 2438 2.64 0.655 99.6 1242 3438
Pz 5 40" 4'-6" 244 2.65 0.646 100.5 124.9 335
8-6" 22.1 2.65 0.585 1043 1274 335
90" 10°-6" 26.1 2.65 0.691 97.8 1233 335
Pz 7 35" 40" 235 2.65 0.621 101.9 125.8 335
g-2" §'-8" 472 2.65 1.249 73.5 108.1 62.6
90" 96" 319 2.,6] 0.332 88.9 1173 324
9-6" 1o-o" 296 2.64 0.782 92.4 119.8 521
Pz 8 o9 2.65 275
B1 3.7 21.0 2.68 0.563 107.0 129.5 370
86" 24.0
117" 25.0 2.68 0.670 100.0 125.¢ 42.0
18'-8" 20.1 2.68 0.539 109.0 1305 29.0
|B2 2.8 260
Q" 32.0
13'-6" 31.0
18'-9" 46.0
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Fig. 2.3 Piezometer Installed in The Borehole
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4]

Seil Backfill

Bentonite Seal

Sand Filter

WO ALATNHT B S RRRENRI B A AL I L A S A

QU

5=

Cross section for well 3

Edge of the embankment

o O
Well 2 well 3

Fig. 2.5 Location and Profile for Well 3



42

1]
L

TIP RESISTANCE (Ton/f2'2) 400

oa ¢ 1 iR
DATE 1 12/32/99 05,37
LOCATION « CPT-P3
FILE + FILESL

DIFF ® P RATID ,

e — 1

2

PONE PRESSURE
-80 (P51 180 -4 (PERCENT
___.5.1@_‘_ ERCEN

|

%;

}PZSA

MAVAYYV AN

r g>
- - ; ?
Pz3B
. 1
=]
N L ]

=~ Pz3C

/ll-

ALY,

Note: Piezometers Pz3 A, Pz3, and Pz3C have been superposed for reference

Fig 2.6a

Piezo Cone Plots for Pz3



p— — —

—-—— @ THas Iew .

43

JE# ¢ WNR
DATE ¢ 12722/93 122852
LOCATION « CPT-P4
FILE 1 FILES2
PORE PREBSURE DIFF_P P RATID
o TiE RESISTANCE Ton/fe=2)_ 40 -BD CPST GAUGD 180 -4 _ (PERCEND 12
. | -
- ! '
L‘_ i ‘ ﬁPzM | gl
g o
—
—] IPzac
=r | 3
—_— ]
=
o g }pzzm j
DEPTH]. f
{m)»
+ |
i
f
Fig 2.6b Piezo Cone Plots for Pz4



Joo # + LN.R.
BATE r 12722783 1434
LOCATION ¢ CPT-PS

FILE s FILES3
PORE_PRESSURE OIFF_P P RATIO
o__TIP RESISTANCE Ton/fr 408 -n0 (PSI GAUCEY 180 -4 PERCENTS 12
SFe.
Pz5A
]
Pz5B
>
L J
Pz5C
prm———
]

Fig 2.6¢ Piezo Cone Plots for Pz5



45

J08 4 e WNLR -

§ DATE v 12/722/08 (T dd
LOCATION « CPT-FB
FILE + FILED4

P RESISTANCE (Ton/fe 2 400 -80 O°P91 GAUCE) 18D -4

DIFF P ¢ RATIO
PERCENTY 12

26

AN AN,
g O\

AV Y

Fig 2.6d Piezo Cone Plots for Pz6



46

O IO Sa) LV B

WD AWIN

LT XY

WL STV WO ITHAINIY GWONTLY

WILEAS WOILYM 13370 310 43041

L _._
] K mm .
£ < i _ . m : .
;b gl S AT T R
i j g g c i : A
S e m m... w J Y
g i mm g um | m w.. 8 T S
o | P L S O - 3
s E % : w 2 & = g £
LR A
: {3 ° e g . < 3
1 s Eop o m_m.m w8 F i mnm T L
@ o . ¢ ‘ PR g x . - 1t
ni gL AT O O TR B T I 11
”_ —ﬂ,_ o had bt ht x - - » a o
IR 3 o
g S H Bk A ETE E I ERE
& 2 = 2 b Ll td 3 I3
' &
o
k4
(b
hi
ot - P il Sakinll R [ - v
el B I Kbt ST . o
Nk v W e drnim | wn o | wos | jwewunie 2] = ”u _ = *
T Ay ety o e Ty [— e ATy - . m
s " n ot = = Al L - - [l n - ET T _J- —
T s = e et Gl ] ] - i
oy g T - L L L I | Py = pug— T ¥ P - - ——
% v (@ wnrseo] eqarn ] wren { et |’ >
4 W 1ure WO Ve U g vy g [T FTT]
[

NDOT B1

Fig. 2.7a



47

L]

o 4500
i -
o
Clez
| cAus SusFact 15 CTVLAED WITE QRASS, 1 FT.
4430
I . OAME CRAV-QADuS SILTY JAM0 15Mi. wiln gmcan|CH
ST, WD, D
FIuCS @61 AT ¢
W ILTY LA (3. LOEE.SAMATCD.
IS =3xS ! 4480
FINES = 383 AT 13
FIMT = 452 AT 8
l AATES (4 WATER GRSCAVED AT TWIS CEPTX ppe.
STamd Bl POns walDN LEVIL 4.1° AROVE
TR U A
s ERLTY ORaviy WITH EAMD (Gai, WD,
ULy TATMEATID. T8
iy Ty bl wCaviLY ORIGIIED [N IS ZOMC.
L7y 7 AR CRILL B P 30,37 .
I 4460
p| AOmM TILTY Samb rdab. DOOL
. FIMES = 3OL W = WL
Ee -
J
,= g !n.n'mlz SAME ISN-F1. with LITILE GhawD, (1182, 4450
b FimgS & 175 AT a1 -
]ulu blog M
1
b
) -
[} Mire []
LTCHT GMChin #INE SMIDY SELT k1. GENSE.
wITN SLIGAT MLagTITitT. A440
FINE = 825 i€ = 32T 4T 93"
3L ] FIMLS = 315 M = 78 4T 44
I ) Le .3
- CRAT SILTY SMMD Sais. wENT DENSE.
b FLgS = 143 4430
SILTY SN0, (SWi.ONN. MACE OF SRAVELS
BaJielpled 1] Jn s
P
b
I nite [
bl
pio FINES & ML WE = 13,31 of &7 4420
3 ielpiol W Fiutz = tex 4T 7
2
I 2-8-92 WEVADA DRPARTLENT OF TRANSFORTATLON
L T¥ R T _Fi T 1§
hhld ZOLEZZ1 LANE STRUCTURE
'
I 538 556 LOG OF TEST BORINGS
1 o 1-1951 | = Ti86s 0
- AR e il Y AR Y

Fig. 2.7b NDOT B2



P - s - e

48

-
=
[ T T B R T | o
L R T T R R S S
[ T T T R L T
[ R TR (R N T SR SR
S O S DU H T TR S S N
[ R R R R R S R
I S T T T T T
f 1 .mir_ 1 r H ..._ .._Ii.
[ S Bt I et e S Sl
L T T R T T S
it Bl Bl SR R S IR B S
R VL DU S E N S
[ S R A M S et S
R A B e e e R Rt i
B I T TfPuy My Ty AU S P S
[ R I T £ T R TR
B T i et aiatt It R By e
T T T 1 T T T T T B .
| T T N 4 T Y S SR o
[ T T T T
o [ T T T
L T [ T T T
Lo d [ R R NN T
[ | T T
- [ S T T
R R R A T Loobood o 0o
) [ T T S T
R ot _a_
R I R Sy T Tt
R R T S T R N T
I
B A e e [ I By e i il
o R Rl A A S TR Rt Rl
[ i Sl B R i
T T TR TT TN o o
[ N T R s R A S -
1 ] 1 1 1 ) 1 1 '
[ T T R T S T
[ S T T T R S
[ S T T R S S A
R B e R e S L B
| N T R T A |
L N T N T T
R R B By I SIS SR (PSR POy A
LI T N S R T T
U T A Y T T
L e T T T T T T
A~|+\¢=1||T|=}+-¢|i|=71
S Y Y T TN T S SR
R
ITIIIOIINITIIIAIOIIN
R T R D R T IO R B
b —p——— 2
oouom =2 =]

Buissed 9,

Particle Diameter (mm)

=14

Curve For well 1 (D=5 ft), D5;=0.10 mm, C,

Grain Size

Fig 2.8a

|
1
1

AN I R i By H S S I [

I ] 1 L] 1 ]
Rl e R R R e Rl SN T
T s N T T

| T R e T S
R R B I e ey ) B S
SRR TN S [ Y I Y T
R T NN R R W . R
“k -t =t A A= === - - -

T T T T T T T

[ ] 1 ] 1 1 1

1 i I I [} ] 1

1 1 ] ] 1 1 1

| I [
N N N . | DR S

| I o

3 1 i 1 1 1
“L_41i.1 [ I DU (DN P

1 1 L] 1 1 1

R o
[N T R i R [ I
s [ R P, | I I T

t 1 ] ]
TTTATITAT AT T [
-r il Bl Bl Rl el
-r (el R R
A e i [ ol

i
F

0
P e — g m— -

20 o

80 |
70 |
60

50 .

Buissed 9,

0.01

Particle Diameter (mm)

=10

Size Curve For Pz3 (D=10 ft), D5,=0.19 mm, C,

111

Gra

Fig 2.8b



49

-
= (=]
o .
[ 1 1 ' 1 [} [ [ 1 0. H 1 i t | ! t 1 1 1 o
[ N B | I T I T M [ [ | [
[ I | T T T = | I [ | | I
[ T R o r I T [ | [
| 1 t | ! 1 1 t 1 C [UR R [ [y U PRV E [ P A
LI e By R Il Il SR i Lyl 1 1 1 1 t 1 t | |
[ T S [ N N | m [ T [ i [
' L [ N | [ N DS T U R IO DR
L S Hn Bt Sl il il ol i m [ S T I T j 1T
| T | | I T T T [ | N | 1o
L e B R R T < B e B Tt el R (s e e
! ' 1 t 1 ' 1 1 ' 2 N N R DU T F R DL
S S S Main Tl Sl el At Sl S [ S T L T T R T
L T I IR PRty Sy TR R % I e Ml Bl el il Bl Bty Rl Bl
L Ui ) Y TR T T [ i T R e e Y LY gy g
RN T RN R [ I S U R e BRI I EE UVIE S IR (S
:-r:pu;\;ul_nxr\nrnhr = m D 4|+x....;_||_::r<+|._||_:\_f:r -
+ + + + + + + + » T T T T T .
1 ] 1 ] 1 0 )’ 1 ] L] 1 0
[ [ m ﬁ 1 [ '
[ | — = 1 t ]
[ | 1 1 f
1_1 oL _L._1._ L) v PV S T A -
[T C [o}] il ! |
[ " el m ! |
S R R AR B I Lo b D T U SR N T 7 B T b -
too4 1 |
I Lot € = R T B 4 S B T "
1 i
RS T T T m o L PR DU
R w t '
it i i r.r-y-y = = F"i 7Ty - Pl
il el bl Ll o e e i Bt Sl
L L —— o i el
...... ._.:“.|H| - [T =3 TWIRTRIAT I
L] ] 1 ] i 1 1
[T .n g I T T T T
| T W | N 1 [
| B 1] = [ B ) [
| I [ | [
S I R S S e [+ O T S S S R S
[ T roos 1 [
[ L [ 1 [
[ [ [y | T .m el R e B e R
[ N roor | [N
[ S U | IR TR T R e N Y JO DU
o = [ T R
A= e — b — - 4 - 1 L i
. R D TR U T m S IS A [ I
L T UL I v S I G R SR L U DR
R e A N Al iy St Sl LI Ty S U N
S T T N i Bl [ WO R [ R
1 "IN 1 ! ! ! L1 [~ ] i 1 ) 1 1 o
1 T 1 T ¥ ] T ) ] L od T ¥ T t 1 T L o
Q9 OO o000 (=3~ 3~ B -]
mgawlsmwn.oZAI me..oz‘l

Buissed 9%, Buissed 9,

Fig 2.8¢

Particle Diameter (mm)

=3

Grain Size Curve For Well2 (D=2 ft), Dg;=0.43 mm, C,

Fig 2.8d




49b

1 ] 1
[ 1
[ 1
1 i 1
o 1
ST T (A il
| T T B [
[ T T B [
STTATYT T T ST T e T T
[ T T B [
P i S S S I Ry
| T T T R T R
A St Bl Tl inihall Sl el M) Rellid i
. i B B
JE Y T T N TR WP [N S
[ U [N Y TR OV T ¥ [ SR
T S N DU ' A [ DU [
— \ ——
1 ' (I T T
1 ) [ T T
[ 1 N N T
' ' | T
1 . R [ PR
1 1 1
' 1 '
1 1 !

Pl e

e Rl e i

1
|
I
1
]
I
¥
i il el e i Eediiad Ealiiad
I I i R N I A
d ¥ i [ 1 ] ¥ ¥ i i
[ | [ ' 1 | | [ 1
1 1 ] ! 1 i 1 [ 1
i 1 ] 1 ] 1 i t 1
' | ' | 1 1 1 1 )
IR S BT N et ol e Bl it Bl
[ 1 | | i | ! 1 1
! | | | 1 1 | 1 1
I N T e e
| | ' 1 1 | 1 | [
JRRPSE TR R Y VUV (R P B S RO
1 ] L] ] 1 ] 1 ] 1
L N T
JEE I SN D AUV T N U N
| 1 | ) Lo ' 1 '
T B Dt Sl N s R Do
JRUR R, RN R A N AR U DO
L 1 ] 1 [l Fl i 1 I
¥ 1 1 1 T L} L] L} T
Q0 Q0 0 0 <
o Moo M~ 0 m m ) m m <
-

Buissed 2,

0.01

10

Particle Diameter (mm)

11

Curve For Well2 (D=12.75 fi), D5,=0.16 mm, C;

Grain Size

Fig 2._8_e

[ 1 1 [ [ ' [ [
I 1 1 1 1 ] 1 ] L]
[ I T [ T N |
t [} 1 1 1 1 1 ! L]
1 1 [ | T B B |
ST TATY T Ty T T T cs
[ [ | [ T N |
[ [ [ Y N T |
bl Al Wl Sl Hliet Tl Il R S
] 1 ] 1 i 1 1 1 1
e O e It R Al EEl SR B U
1 ' 1 [} i 1 1 1 1
i Sl i il Tt Rl A N S B
T It EA) B SUN PR
[ TR U R NN TR T IR U E
D VR YU IO RN Ty} S I SV R
SR TR TRV IR IOV [ Ry B I A
e ——— T e
[ [ S B
[ [ T B |
[ 1 [ | )
[ 1 [ I B
IR IR S I o N P v _L_-J)
F [ T T
o A 1 [ |
[N PR N 0 [ R [ T T A
[T A [T 1
1 [ vt 1
T L R Y R [
Y 5 U T N T R E
[ S T | I T |
S8 ¥ it Uiy M Rt i Il i S M
- “t=-4-AA~-=1" - " - - %=
i A s Rl Kt Catl SRl SR i S
it i e B il Sulionl il ot A |
T i [ [T T [ [
[ I T [ T I T
I R [ I T
[ I B [ T T S
[ I B [ S | 1
[ A S My S Al e A R S
[ T B | S | 1
[ I B [N | |
R T I B B LT
¢ [} L) L) t t ] L t
[ TR TRV S (N DU MR (Y T T
[ I [ N T
b A L Ll ST ST S S
| IR N VO VR U NS R N B
R TR
AR Y IO Rt SN I SR NS
R L O U MU
1 1 1 ] 1 1 ] i Kl
1 1 T T T T ¥ 1 T
Q0 Q
288RkR8BI[/ALE"
-

Buissed 9%

0.01

0.1

Particle Diameter (mm)

Grain Size Curve For Pz4 (D=17.5 ft), D;=0.11 mm, C,=6

Fig 2.8f



50

[] 1 ! 1 [] t 1 I 1
L T N T S R T
! t t 1 ) t ] ' ]
t 1 1 ] 1 ] t I 1
[ T T T T
I?I*IJII-E\_II_II—I.L#I\—T
[ N R T S T T
| N N T T T T
, Rl B B T Y SN SISy S
[ T T R
IO R R U T S T Y
L T B
L B e e Rl el SR SR B
[ S R (U DO T T SR SO
1 I T 1
1 1 r 1
1 JL_107
t
1
1
1
1
1
[
r
|
1
!
1~
i
'
1-
4 -
4 -
3=
F
1
1
1
1
AR VO R B
1 L
T T
Qo
gee

Buissed o,

0.01

0.1

Particle Diameter (mm)

11

12 ft), Dg,=0.28 mm, C,

Grain Size Curve For Pz4 (D

Fig 2.8g

[ L B B T |
I T T T N R S
| T T T N T
| T e
T T L T T T T
e e e e S A
| T T
| T N R T
L e B e I I I e
I T I e T T
e T T T T
' ] i ] ] 1 ] 1 1
- Fr-r-~r-r-r | 4 T -
Lo L_L.bL_0_1_1_1._
R R N
S S N T 2T
- - L | S
e g
' ] i 1
1 1 i I
1 I
' [
N T R R P < R R R
1 1 1 1
' [
by [
I I 7 A S S Nl Tl SR Bt
1 [
- TroT-CT
O PR N A R R R N R B
I [ [
rorer Lt S
- [ Lol N
~ b [ Sy S T
-r f-r-r [ I I
A S A e e et
[ N T
[ S I R T
| T T T
LI T N N
L R L T e
[ T R N T
[ T ]
T T
t 1 t ] 1 1 [ 1
1. oLk L1 L
L T T
Bl e B N T S | |
B R A N R Y S B
| T T T T T
R e T i B U
CLICTICUITIITICTICIC
L 1 L| 1 ] L L 1 1
T T L] T T T T T 1)
[=] [=] [~ =] [~ -] [

m:_mwwn_ %

0.01

0.1

10

le Diameter (mm)

IC

Part

=10

5 ft), D5,=0.13 mm, C,

Grain Size Curve For Pz4 (D=21

Fig 2.8h




1 1 I ] [} I i i 1

L] 1 1 1 t L} ] 3 ]

1 ] I [} 1 1 1 1 i

' 1 I I 1 1 I t ]

1 ! t i 1 1 1 1 1

I D i R By Sl 2Nl e e B

1 ] ' [} 1 I ' ! L]

! [} i t ! ' [} ] 1
Iq.ilqll—ll_\l_llq..tqqlﬂlx_t

] i | ] ] L I 1 |
l—.l...ll.ll_!f_ll-nlfl*.i!_\

) ' 1 ! 1 1 1 ] r
J—-I‘_fi_ll_i\_ilallﬂl._'ll_i
- - e I R Lo E TG N S
E N e [P D [ S SR T R
[ S R
S ST R [ D T T [ N S
—_r—

b t

1 |

] i

1 1

RN R

] ]

) I
R T SR ¥ 4 R R N R R

] I

[} }

|||||||||| Foq-
............ L_J_

1 t

I R Tl r-r-r -

B e S T S S
e e N I e T
L S i s Tl

[) [ [

| T t [

L T [

i [} ] 1 I 1 ] I

| t 1 I ' ! I t

R e B Bl Bl R SR A s B

i t I 1 t ' I 1 t

1 [} ] 1 [} 1 [} t ]

..‘J._Il_\l_ll_\l.ll_w\vILI

I i L} ] 1 1 1 ' 1

L L L S R A

1 [ T [ 1

b SR H S S S
.\_.l.._\Jﬂll_r\_l.._z}_.|hr\_a.

....m -F_ —P H _f— t 1
S N B T It Al N s Sl

1 A n 1_ 1 1 B 1 i
; IR T it I W iy Rl

T T T T T T 1
E88R889882°

Buisseq 9,

0.01

0.1

Particle Diameter (mm)

Grain Size Curve For Pz4 (D=14.5 ft), D;y=0.20 mm, C.=10

Fig 2.8i

0.01

Particle Diameter (mm)

Grain Size Curve For Pz3 (D=8.5 ft), D5=0.26 mm, C,=7

Fig 2.8j



52

e e
T [~ R A :
" " __ " “ __ “ " __ i | [ T T T SR T T e (o}
[ T O S T TR S R | __u ! “ ! " " " _, “ " .q
L e e | ! !
1 1 t L N L I R T B =2
([__:‘_.r\“\\“\““‘.._.|+|ﬂ||_|. pw, \.7__\“\__“““||"|"| C
SR ] g
S it e el ol s S S e T S — I S [ el el Tl BT R Cy Ea I
TR B g
SF-r-f~r-t-T-T-t-- e Rl e e e e e e
IS TR AU S R A S B Y a I S L o 4
[ S T B T S . [ el et Sl Tl il St i | o
R S e e e Il = e e i I 0.
L T e U R T R =o r|"r|“|nnnnulnusrux\"\\_\\HJ‘ :
S T R AU R Y -4 £ SO T R PO SUR o o S —
|Tt........1...;+:+N|..| - i D 1_.|_||_||_||_|:_..E_LN\\.\ - 7
T T 1 T T T T T T o. m - i“. + “ _. .0. m D
| R T T [ Py -
J t ' 1 ] 1 ! l Nasd ' ' 1 —
I S T T b ...m\ St | Vo m e
[ T B T [ I [
| ™ 4 1 ] | = 5
| S T R RS 1.4 | 5 U URNUR SRS WU R NN ¥ . TR DU S
[ Y T T [ [1}] [ [1}] .
T 1o ht m b ] ﬂ,
L_oL_L.L 1_ [+ }] P |||_|..“| m m\
R Vo 1
| |
Lo 1 A L m = e e e =
= - S e et 1 a8 &
[ T A
1 [] - il Dl Sl S Bl R M
“. h. ¥ - .“. 1 Q | I EE EE T R R ) | o
rer T 4 — = i i e EE T -— =
- T i it By I B E
". “. “ ﬂ i .._ - .w w T T T T - -w Fn.-.v.
1 ) [ R T B B
' “ " " ) " .n W [ T R R B | .n w
[ ot ) a = [ (1] =
1 [ t [ T T R S|
pTITreiera “ o o ©
[ [ 1
o Vo ' L [ T S T L
F-tF -1 - -+ -+ - - 4 - -m ~ e l= =] 1= —F— et o - ou
[ I | T 1/ 2] LI I T I T | W
O e L I | T R T TR DN B N
ror o [ T | [ R T T =
-y L]
L R N et T S S I - |n||"!|_.rw“a..“..-._||_| a
R L I A AR T TR TN S (U TR B LI
- e o1 & lllll T R A n-m
I e S A W A L S
TR N R Y I [ WOt O St i D B
ettt 2@ ——tt——+— 2
00 00O (= L= 2K ~] [ =] [~ =~ -]

Buissed v, Buissed ¥,

Fig 2.8k
Fig 2.81



53

0.01

100
80 |
€0
40
20 4

0

Buissed o,

Particle Diameter (mm)

=8

Grain Size Curve For Pz7 (D=9.75 ft), D5,=0.18 mm, C,

Fig 2.8m

i || ] 1 1 ] ] ]
' 1 ] 1 ] 1 1 1 1
1 i ] 1 t L] 1 [} ]
1 r i 1 [} 1 t ] 1
N SV I A I T R | Lot
] ] 1 1 1 ] ] ] r
] I [} 1 I 1 [} 1 1
Y R JN PO N ER T T A
i ] i ] 1 1 t [} ]
¥ I [} | 1 | 1 1 1
TrererTrTEeECTroeor g
Y TR TS N EV N R R
] t L} I 1 1 1 1 1
|_.Lw..._||_.|7i_..:_.r~v\.||
e e R ST A D S S
-k =k -F -k - F - -k -k - F -
“F~F - F - =-p b =% -k - p -
T T T T T T T T =
3 ] [} 1 1 1 1 ]
1 1 ] I ] ] 1 ]
[} [} 1 ] t ] I
i 1 ] 1 1 I 1
~k -k -k S N R
1 i [} i ) ]
' 1 ] ] ] 1
. - L oL L
1 ) ] 1 )
NI SN T T T [ N N T
I i [} [} ]
- L PO SR R S
1 1 [} 1 I
7 B e il al (N R M e
- r-r=r-r-
- " Tr-rCr-r*F -
lﬁl_sx_il...l_lr._an.ll_!»ﬂl
[ T T
1 1 1 1 1 ] 1 [} L]
i ' ] 1 [} } 1 t 1
] 1 1 1 3 i t 1 [}
) ] i t 1 1 t ] t
IT\TITITET:_I_:_‘.‘_.l
I 1 1 ] [} I | ] t
1 t [} 1 1 1 | 1 [}
i e e e kS SR S
i ] 1 ) ] ] t ] 1
l_ll_n\-.l—.lri—l_ll_l!_r
b ] ] ] 1 1 ] i i ]
.lTlTrTlTlTrTl..IT:T1
[ N I I T T
i ] ] I t 1 ] 1 1
[ H T N R U S A R
S VU T DR T U A T I
] L 1 L L l i i 1
T 1 T L 1 T T T L]
= -] o - N-]
m.% © 7.%.5 M Mo N 2e

Buissed o,

0.01

0.1

10

Particle Diameter (mm)

=8.5 ft), D50=0-12 mm, Cu=6

Curve For Pz2

in Size

Gra

Fig 2.8n



54

(=]
S
1 1 ] ' t =
t ' 1 1 1 kel
1 1 1 t '
| 1 ' 1 )
1 I t ' I
1 1 1 1 ]
1 ' ] 1 t
1 ) 1 1 1
t ' t ] '
1 1 1 ] 1
1 ! ! 1 ! [—4
..... .||a..\.||..|L|||!¢_||u: W
™
1
'
'
'
1
i — QL
' [--1 W
! =
I
! M M C
1 1 -
_ _ 8
I ! - m
' t
] 1 G
! ' e
1 ) &
i t s
1 ) ..M
1 1
) 1 "w
B LT S P B Io_ L. ___ ] &=
1 ' l ) ) - m
I 1 ] 1 1
) ' 1 [ ) e
' 1 I ! t O
1 ) 1 1
1 t 1 ] __ m
1 1 1 1 1
1 1 ' 1 1 M
" " , | ) 8
' 1 1 1 t .m
£, i | At 1l 3 L s 3y 3 303 il g -y S
> un L— w <> n &
§ 5 8 & 2 § =
2 9 v 9 {8 g g
] [—] [} 2 [—] =] [—

(3) oney spiop

Fig 2.9



55

Chapter 3
Laboratory Triaxial Hydraulic Conductivity Tests

3.1. Hydraulic Conductivity

Hydraulic conductivity is defined as the coefficient of proportionality
relating the rate at which water can move through a permeable medium. This
property depends on the grain size, density, and the kinematic viscosity of the
water, Also, particle and void orientation and soil stratification (structure) have a
significant influence on the ratio between the horizontal and the wvertical
permeability. Different test procedures were used to determine the permeability of
the soils in both directions. Laboratory tests were performed on undisturbed
Shelby samples obtained during the installation of the piezometers. The proposed
testing program was to use the CKC Soil Equipment triaxial system (stress path

computer controlled system) along with the GDS system volume controllers in

order to be able to assess the permeability under different stress conditions.

3.2. Sample Preparation

Samples for vertical hydraulic conductivity testing were prepared in a

flexible wall permeameter so that the corresponding stress state could be
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controlled. A triaxial chamber was used for this purpose. Fig. 3.1 shows a sketch

of the chamber and specimen for vertical versus horizontal permeability

assessment. The diameter of the samples used was approximately 2.8 inches

which is the diameter of the extruded Shelby tube samples. The trimmed height of

the samples was approximately 6.5 inches (from 2 to 2.5 times the sample

diameter) in order to minimize the end friction effect from the sample cap and base

as the result of an applied deviator stress. The preparation of the samples

consisted of the following steps:

1.

2.

Boiling the porous stones in water for about 15 minutes;

Cutting a length of Shelby tube (with sample) of approximately 7 inches

using an electrical saw;

Removing the burr, resulting from the saw cut, using a grinder;

Stretching a latex membrane taught against the sides of a combination
membrane and O-ring stretcher by means of a vacuum;

Extruding the sample horizontally with a lab extruder into the membrane in

the membrane/O-ring stretcher;
Trimming the ends of the sample;
Measuring the height and the diameter of the sample to 0.001 inch using a pi

tape and calipers, and calculating the volume of the sampie knowing the

micrometered double thickness of the membrane;
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8.  Putting two wetted filter papers, one on the top and the ot_her on the bottom
of the sample, between the cap/base and the sample in order to prevent
clogging of the porous stones;

9. Carefully placing the sample in the chamber between the cap and base and
affixing the membrane to the cap and base with O-rings;

10. Filling the chamber with water until above the sample; affixing the piston
and tightening the piston screw to hold the sample;

11.  Placing in the triaxial chamber under the load head and putting the sample

_ under pressure for consolidation.
In addition to the stratified undisturbed Shelby tube specimens,
reconstituted samples of two fines content and density state combinations- (20 and

35% fines both at e = 0.60 and yq = 103.4 Ib/ft3) were also tested.

3.3. Saturation

Undisturbed soil samples of sufficient fines content that are obtained from
below the groundwater table will develop capillary tension that hold them together
but may, upon release of confining pressure, release gases that were in solution in
the pore fluid of the soil specimen. These soils wil require re-saturation prior to
testing since soil hydraulic conductivity decreases with a decrease in the degree of

saturation. Other reasons to saturate a test specimen are to simulate the static
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water pressure applied previously to the sample in the field, to obtain accurate
volume change measurements of the test specimen (volume change is b#sed on
water flowing into or out of the test specimen), and to perform K, consolidation
with the CKC triaxial system.

A “Back Pressure Saturation” procedure has been developed over the years
to saturate specimens prior to testing. This involves increasing the sample
porewater pressure (back pressure) and the cell pressure simultaneously in
increments. The soil specimen should undergo no volume change during the back
pressure saturation process other than that caused by the small effective st;ésses
imposed upon the sample during saturation. The effective stress is the difference
between the back and the cell pressures employed and should be sufficiently lower
than the effective consolidation stress that is to be applied to the specimen éﬁer
saturation so as to have no effect upon the test.

The method used to check the degree of saturation of a specimen involves
increasing the cell pressure by a small arﬁount under undrained conditions and
observing the increase in porewater pressure. A parameter known as the B-value
is calculated which is the ratio of porewater pressure increase to the cell pressure
increment applied. The theory behind the B-value and the derivation of its

equation is given in Skempton (1954), i.e.
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Au, 1
B= =
Ao'3 an
1+
C

= the increase in pore fluid pressure (air and water) due to
the increase in cell pressure

= the increase in cell pressure

= the initial prosity of test specimen

= the compressibility of the fluid (water with dissolved air)
in the voids

= the compressibility of the soil skeleton structure

A typical B-value indicating 100% saturation will be 1.0. (However, for

conditions not typical of the Zolezzi lane site involving stiff, overconsolidated, or

cemented soils, and dense sand at a high confining pressure the compressibility of

the soil skeleton can approach 10-2 kPa resulting in 2 low B-value at 100%

saturation.) For this research program, the back and cell pressures were raised

together by 30 kPa increments (keeping the effective stress at 30 kPa) over a

period of three to five days until the B-value approached a value of one.
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3.4. Stress Application

Two different drained finite element model stress paths were duplicated in
the lab in order to try to capture the likely change in the hydraulic conductivity of
the near surface soil between the fill and the artesian layer. One of the stress paths
reflects the change in stress of an element beneath the centerline of the
embankment, while the other corresponds to that of an element beneath the edge
(toe) of the fill. Each of these two elements experience different stress changes.
The first experiences an increase in the vertical stress under presumed conditions
of no-lateral strain (a K, consolidation stress change), while the other experiences
a presumed increase in the vertical stress without an increase in the horizontal
stresses. The first element was modeled in the lab in the CKC computer controlied
system using the drained K consolidation routine over the stress range indic;ated
from the FEDAM finitc element model. The second element was modeled by
increasing the deviatoric stress with time (under drained conditions) while keeping
thé confining pressure constant. This second stress path if carried to failure, is the
same as that of the standard drained triaxial test.

According to the proposed coupled laboratory testing and numerical
analysis program, modeling of the second element (i.e. the standard drained
triaxial) was to be performed first. Such data would then be used as input in the

FEDAM program to assess stress state changes and strains occurring in the first
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element (to confirm that K conditions result). Based on the coefficient of
consolidation, Cy, obtained from the standard consolidatior.l teét and the
corresponding backcalculated value of permeability of the soil, the rate of loading
used to yield drained conditions during deviatoric stress application was chosen to
be 1 kPa/min. Trial samples were used to ensure that the soil did not develop an
excess porewater pressure for this chosen rate of loading.

Samples for the second element were to be isotropically consolidated to
different confining pressures (depending on the depth at which the samples were
taken) as in standard triaxial test. A permeability test was then performed before
the start of shear loading. Thereafter, each specimen was to be loaded in
increments of 20 kPa deviator stress over 20 minutes; and this value of pressure
held constant for an hour, during which time a permeability test would then be
performed at each stage of deviatoric stress increase. Permeability testing would
then be halted when the deviatoric pressure reached 120 (or 140) kPa, after which,
the test specimen would then be sﬁbjected to a strain controlled shear test to
evaluate its drained strength. The intent was to assess changes in permeability
during shear loading, of an approximately modified standard drained test, thus
yielding a variation in permeability over this assumed stress path (for element 2
below the edge of the fill) while yielding the drained strength for use in the

FEADAM analysis.
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3.5. Equipment

3.5.1. Stress Path

A computer controlled CKC stress path system (Li et al, 1988) was used to
apply the stresses to the test specimen. For this automated triaxial testing system,
nine chan;1els are employed: five channels are used to monitor the output signais
from the five sensors with which the system is equipped. One channel monitors
the drainage condition, two are used to monitor electro pneumatic (e/p) valve drive
signals, and the other one is used for a zero reference to minimize the zero shift of
the grounded system. The five converters are configured to high resolution
controllers to control the axial load and the lateral pressure, respectively. The
signal conditioner accommodates the five sensors.

The microcomputer with disk drives and high resolution graphics serves as
the “brain” of the whole system. It receives and stores the real time data in its
memory and issues control signals to regulate the testing process accordingly.
Since the system is capable of performing different types of loading, a predefined

stress path is introduced to the microcomputer, and thus applied to the sample.
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3.5.2. Hydraulic Conductivity

To serve the purpose of measuring the hydraulic conductivity of a saturated
sample under back pressure, a closed loop system capable of accurately measuring
the volume of water moving into or out of the sampie should be used. Two

separate systems were used for this purpose, the GDS system volume controllers

and a permeability board.

3.5.2.1. GDS

The GDS system (Bishop and Wesley, 1975) volume controllers employ the
“flow pump” method of permeability testing which basically entails apPlying a
specified flow rate, either into or out of the base of the test specimen while a
constant back pressure is maintained at the top of the test specimen. The resulting
hydraulic gradient imposed upon the test specimen is calculated to achieve the
target flow rate. The advantages of using the flow pump method of permeability
testing are these:
e The reliance on measuring the flow rate into and out of the sample is avoided.
e Permeability results can be obtained much more rapidly and at much smaller

gradients than in conventional test procedures.
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e The head difference acfoss a test specimen can be measured for the zero flow
condition and used as a reference for measuring head differences induced upon
the test specimen by externally applied flow rates.
e The head difference caused by the externally imposed flow rate can be
recorded with time.
e The transient response of the system that precedes the development of a steady

state condition can be used to evaluate permeability; such is not the case with

constant head and falling head test methods.

3.5.2.2. Permeability Board

The permeability board supplied by AMI consists of three regulat(;rs,.rwo
reservoirs, and four clear tubes. Fig. 3.2 shows a sketch of the permeability board
used in performing the hydraulic conductivity tests. The three regulators are fo
regulate the cell pressure, the headwater pressure, and the tailwater pressure. Each
of the two reservoirs and two out of the four tubes are connected to the headwater
regulator, while the others are connected to the tatiwater regulator. During the
process of measuring the hydraulic conductivity, the water path from the triaxial
cell drainage lines was switched from the CKC system to the permeability board.
A gradient was applied to the sample by introducing a difference in pressures

between the head and the tail of the specimen. The concept used is that of falling
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headwater - rising tailwater which makes the gradient change with time. The

volume of water going into and out of the test specimen is calculated from

readings taken from the clear tubes.

3.6. Horizontal Hydraulic Conductivity

Given that natural samples may be layered or, in the case of the present
samples, are likely to vary in fines content in relatively indistinguishable units
vertically, differences in horizontal and vertical permeability are to be expected. If
one has a composite system of horizontal units of varying permeability as

indicated in Fig. 3.3, then the vertical flow rate through a soil column (or triaxial

specimen) will be

In this equation, Hy, Hy, ...HN and kj, kp, ...kn are the heights and
permeabilities, respectively, of the various units, A is the cross sectional area of
the column (or triaxial test specimen) and Ah is the water level or head difference
across the sample (top versus bottom). However, if

q = kid

where i, the hydraulic gradient, is i = % (and L = £Hj) and we assess kay as




66

; = 2
k=L _ 4 /1224
T4 H, H, Hy L
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In this instance, kyy is dramatically affected by the presence of any unit
(say j) of very low permeability (kj). For instance, if kj = 10-6 cm/sec and all

other units are 104 cm/sec and all thicknesses are the same (Hj = L/N) then

N
gy = 1 1 1 1
— b
kl 2 g N
Let’s say N =11, then
11 11 11 cm y
TR

By contrast, if flow is horizontal through a rectangular column of width B
g=(kH +k,H, +---+ky)iB where 4 = BL

and if kay 1s assessed as
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_ 2 kHiB
"~ iBL

k=

ar

& |

L kH _ D kH,

L YA,

then for the same example (all Hj are L/N, N =11, kj = 10-6 cm/sec and all other

units are 10-4 cmy/sec)

107 +10(10™)
ey = 11

=091x 107 = 107" cmfsec

Therefore, the assessed permeability (kay) is 10 times less in the vertical (for flow
in series through the various umits) than in the horizontal direction (for flow in
parallel through the various units) due to the presence of 2 unit of one hundred fold
less permeability of less than 1/10 the height. Note that the horizontal
permeability is basically that of the more permeable material.

For the above reason, it was felt that the horizontal (as well as the vgrtical)
penneabiliﬁes should be determined in the lab, since it would be the change in
‘horizontal flow that is of greatest concern relative to the field problem, i.e. the

effect of fill construction on (essentially horizontal) groundwater flow conditions.

3.7. Horizontal Hydraulic Conductivity Tests

Lab tests were conducted on undisturbed samples to assess the hydraulic

conductivity in the horizontal direction (i.e. in the direction. of the stratified
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lenses). The idea was to let water flow from the center of the specimen to its outer

radius where it could be collected and measured. A special cap and base were

designed for this purpose, and the samples were tested in the triaxial chamber.

There was a porous stone of 0.5 in. diameter in the middle of the cap and the base

had an outer channel for collecting the water see Fig 3.1b. Special steps involved

in preparing samples for horizontal permeability testing were as follows:

1.

2.

Samples were trimmed to the required length (about 6 in.).

A hole of 0.5 in. in diameter was drilled in the middle of the specimen along its

length.

. This hole was then filled with coarse sand.

. A filter paper was wrapped around the sample. Note that this filter paper was

slit in order not to provide any restraint during stress path testing.

. A layer of coarse sand was placed between the filter paper and the membrane

for the purpose of collecting water and delivering it to the outer channel of the

base.

. A thin layer of Navajo Red Wheel clay was used as a sealer at the ends of the

specimen between the sample cap and the base.

These samples were placed under backpressure for 4 to 5 days prior to

testing to ensure their saturation. Despite of the fact that the B-value check is not

completely valid (due to the presence of the sand column), a routine check was
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made prior to testing. During the hydraulic conductivity testing, a small hydraulic
gradient was applied from the center (sand column) so that water §v0u1d flow
outward across the sample (i.e. radial flow). Readings for the volume of water
going into and coming out of the specimen were taken with time, from which the

hydraulic conductivity in the horizontal direction was calculated. The equation

used for this calculation was:

where
ajn is a calibration factor for water going into the sample (cc/cm)
agut is a calibration factor for water coming out of the sample (cc/pm)
L is the height of the sample (cm)
t is the time (sec)
hy is the head applied in the center of the specimen (cm)
h> is the head applied at the edge of the specimen (cm)
R is the outer radius of the specimen (cm)
To is the radius of the hole (cm)

A mathematical proof of the above equation, as well as a sample of the

readings and the calculations, is provided in Appendix 5.
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3.8. Summary

Results of laboratory horizontal and vertical permeability tests for isotropic

stresses and element 1 and 2 stress paths are presented and discussed later.
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Chapter 4
Field Hydraulic Conductivity Tests

4.1. Field Tests

Given the previously mentioned slug tests performed in wells 1-3 at Pz3
(see Chapter 2) and the resulting several orders of magnitude difference in
permeabilities from lab (and field CPT) versus slug test results, the desire to obtain
additional field test (i.e. a bailing test) and lab test (i.e. reconstituted instead of just
undisturbed sample) permeabilities grew. This chapter is devoted to a discussion
of the field tests: the CPT dissipations, the slug test and, separately, the bailing test
which was added to the program and was undertaken east of the a]réady

constructed highway fill at Pz2 location.

4.2. CPT Dissipations

In conjunction with the CPT logs obtained 12/22/93, dissipations of the
negative porewater pressures included during advancement of the cone were
obtained at 3.9, 6.6, 9, 11.5, and 16.6 ft. depths at Pz3 location. Fig 4.1 shows the
recorded dissipation (negative porewater pressure versus time) at the 11.5 ft. depth.

A value t5(¢ of 310 seconds or 5.2 minutes yields a permeability (k) of 4x10-7
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cm/sec average (or 3.3x10-8 to 2x10-6 cmy/sec range) from Fig‘4.'2 for this one
dissipation. Similar evaluations were made for the four other dissipations. Table

4.1 and Fig 4.3 show the results of these evaluations.

4.3. Shug Test

The slug test is a falling head test performed in the field to determine the
largely horizontal hydraulic conductivity of the soil region in which the screen of
the well is embedded. This test is performed by applying a hydraulic head (above
the s;a‘tic water table) in the well and, then, monitoring the decrease in head with
time. Wells | and 2 were used for this purpose. As it was described earlier
(Chapter 2), Well 1 had a screen length of 4 f. and an effective depth of 10 ft.,
while Well 2 had a screen length of 2 ft. with the same effective depth (10 ft.) as
Well 1. Note that the screen length is the height of the permeable sand aroﬁnd the
slotted portion of the PVC tube and not the height of the slotted portion cf the
PVC. Wells 1 and 2 are located near Pz3 and 7 ft. apart from each other (see Fig
2.4). They both have the same inner and outer diameters. The difference in the
screen lengths for the two wells was employed in order to try and separate the
horizontal and the vertical hydraulic conductivity. Well 3 was added (see Fig 2.5)

when it was thought that the proximity of Well 2 had an effect on Well 1’s
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response, and vice versa. Unfortunately, Well 3 was covered by & construction
road soon after its installation and, therefore, did not provide any data. |

Different methods were adopted to assess the field permeability from the
recorded slug test data. Equations from p 7.1-104 of DM-7 (1986) which is
reproduced as Fig 4.4 were used in these assessments. The well is best
characterized by the figure entitled “piezometer” for which both the middle
(isotropic) and right hand (anisotropic) panel equations at the bottom of the page
apply. Appendix 6 provides an example of the use of Well 1 and 2 data to separate
the horizontal and the vertical permeabilities. Please note, however, that values of
“m” in such calculations varied from one day’s readings to the next (and at times,
were negative) so that attempts to separate field horizontal and vertical
permeabilities were abandoned. Therefore, the isotropic permeability Was
adopted.

An additional atternpt using lab determined horizontal and vertical
permeabilities that differed as a functioﬁ of the percent fines, in conjunction with
the change in the soil (as characterized by the CPT logs) over the 2 versus the 4 ft.
screen lengths of the two wells, and layered permeability equations (see Chapter 3)
to establish the equivalent field determined isotropic permeability likewise proved

fruitless.
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4.4. Bailing Test

A shallow well (Well 4) was installed above the artesian layer near Pz2 as
shown in Fig 4.5. The well was constructed Feb. 1995 using the NDOT drill rig,
boring to the desired depth with an 8-inch hollow stem auger (that yielded a 9
inch hole), placing 5 inch diameter slotted PVC pipe into the hole, on top of a 2 ft.
length of hole plug at the bottom, and placing a sand pack in the annular space
between the casing and the boring to the ground surface. The length of the sand
pack and pipe was 10 ft.. The original intent was to use the well to perform a
pumping test to evaluate the gross lateral hydraulic conductivity of the soiis
overlying the artesian layer. A pump test planning program and design
(Walton,1987) were performed to estimate the response of the aquifer to the pump
test. The results of the planning and design program indicated that even with \.rery
low pumping rattes,1-gallon per minute, the well would be essentially pumped dry
bgfore there would be enough of a response in the planned observation weils t;)
provide any reasonable data. Therefore, it was decided to change from a pumping
to a recovery (bailing) test for the purpose of evaluating the overall lateral
hydraulic conductivity of the near surface soils.

Prior to performing the recovery test, the well was developed and then
allowed to equilibrate. Developing the well consisted of manually swabbing and

bailing the well numerous times until no further decrease in water turbidity was
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noted. The recovery test was performed by bailing all of the water out of the well
casing and timing the rise of water inside the casing as water ﬂo-wed out of the
soils and back into the well. The lateral hydraulic conductivity was calculated
utilizing a method which is detailed in Boast and Kirkham (1971). In general, this
method is a solution to the Laplace equation with boundary conditions defined for
radial flow of water into an auger hole from an unconfined aquifer taking into
consideration the geometry of the well and aquifer. Ewvaluation of the hydraulic
conductivity utilizing this method involves calculating the rate of rise of water in
the well casing from the start of the test to Y4 full and selecting the appropriate

shape factor out of a table provided in the reference.

4.5. Summary

In addition to the slug test and CPT dissipations, a bailing test was added to
the tests performed in situ. The results of these and the lab test permeabilities are

presented in Chapter 8.
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Chapter 5

Analytical Modeling

5.1. Stress Modeling

FEADAMS4 is a readily available incremental finite element program for
two dimensional, plane strain analysis of earth and rockfill dams and
embankments. It calculates the stresses, strains, and displacements due to
incremental embankment construction and/or load application. The nonlinear and
stress path dependent stress-strain and volumetric model was developed by
Duncan, Byrne, Wong and Mabry (1980), but modified by Seed and Duncan
(1984).

A successive-increment procedure is used for approximating nonlinear
stress and stress path dependent behavior of soil, in which progressive
(construction) loading is divided into a number of small increments, and the soil
behavior is assumed to be linear within each increment. The modulus values used
to model each soil element are re-evaluated each increment in accordance with a)
the stress in the element, and b) the previous stress history of the element.

The nonlinear, stress-level and stress-path-dependent soil behavior

characterization used in FEADAMS4 is a modified version of the hyperbolic
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stress-strain, strength, and volumetric strain model proposed by Duncan et al.
(1980) used in the earlier program FEADAM. The original 1980 model assumes
that stress-strain curves for soils at a different confining stress (& 3) can be

approximated as hyperbolas. The hyperbola can be represented by an equation of

the form,
£
(o-l - 0-3) = l £
—+
E, (01=03)u
where, .
€ = axial strain
(c1-03) = deviatoric stress
E;j = the initial tangent modulus

(o1-03)uit = the asymptotic value of the deviatoric stress

The 1980 model suffers from two serious problems concemning unloading-
reloading which, coupled with the fact that modeling unloading-reloading behavior
is not absolutely vital in many finite element geotechnical applications resulted in
deletion of the unioading-reloading modulus from the program FEADAM in 1982.

Instead, primary loading moduli were used for all elements regardless of stress




fevel. FEADAMS4 incorporates an improved model for unloading-reloading
moduli in order to overcome the earlier problems. |

For each load increment, FEADAMS84 will provide the following:

1. Nodal point forces
2. Incremental and total nodal displacements
3. The modulus values used in the computation, and
4. The stresses, strains, and stress levels of each element.

It is important to mention that FEADAMS4 is mainly used for stress
computation in the elements during construction phases. If the stress level for a
certain element is 1.0, that means that this element has reached failure. If we have
a continuos set of elements that are failing in a given construction phase, then a

failure surface is being generated and a failure mechanism is indicated.

5.1.1. The Model

The scope in the use of this model was to calculate the stress change in the
elements beneath the fill embankment, both under centerline and beneath the edge,
due to fill loading. Time dependent consolidation of the soil above the artesian
layer in response to these undrained stress changes would in turn cause a change in

the soil’s permeability and this would, in tumn affect the groundwater flow regime.
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To undertake the embankment loading assessment, it was first necessary to
evaluate the original stresses in the elements before the start of fill constrﬁction.

The soil profile employed for the site is shown in Fig. 5.1. Note that the
upper soil (soil 1) is the silty sand (SM) layer of greatest concern. It sits atop the
artesian layer (soil 2). Initial vertical effective stresses were calculated by
spreadsheet based on assumed level ground conditions for two separate cases of
groundwater flow pore pressures. In one instance, static water conditions with the
groundwater table at 4 ft. depth was assumed as shown in Fig 5.2. (Note the 4 ft.
water_level jump at the artesian interface) In another, steady-state upward flow
was assumed with the piezometric water level one foot below ground surface and 4
fi. higher than this in the artesian layer. A saturated unit weight of 125 Ib/ft3 was
used. Horizontal effective stresses were evaluated as K, times the vertical. After
an initial comparison for K, values of 0.3, 0.4 and 0.5, the value of 0.5 for an
OCR=2 was used thereafter.

The typical cross section of the fill embankment was obtained from the
engineering plans provided by NDOT (sheets No. 7, 28, and 31). The cross
section under study is located at station 557+00. The embankment cross section is
trapezoidal: 32 ft. average height, 148 f. wide at the top, and 279 ft. wide at the

bottom with 2:1 side slope. See Fig. 5.3a.

P Y T T
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A preliminary study was undertaken to ascertain any limitations associated
with the proposed finite element mesh. One limitation of the program ig the
maximum number of nodes (550) that can be used in any FEADAMS4 model.
Accordingly, the mesh is restricted by the number of elements that can be
employed. Accordingly, a cross section area 290 ft. east by 292 ft. west (from the
edges of the fill) with an average depth of 75 ft. was employed.

Data provided by the CPT logs shows a vertical and lateral variation in the
soil above the artesian layer. It is the change in the permeability of the soil over
this depth that is of fundamental concern in the present research. Accordingly, a
large number of eléments was used to accurately model the conditions in this soil.
Since our model is limited by the total number of nodes used, large elements were
employed below the gravel artesian layer, while fairly small elements were used in

modeling the soiis above it

5.1.2. Initial Stresses

For the initial stress analysis, an average soil classification for all the soil
above the artesian layer was employed. The soils below the artesian layer were
classified based on information from the two boring logs (Bland B2) provided by
NDOT (Figs. 2.7a and 2.7b). Soils in the entire subsurface model are one of four

types (see Fig 5.2):
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1. Dark gray brown medium dense silty sand (SM)

2. Brown medium dense silty gravel with sand, the artesian layer -(GM)

3. Brown dense silty sand (SM)

4. Light brown dense fine sandy siit (ML)

The input values for different parameters required by the FEADAMS84 were
chosen based on values recommended by Duncan et al (1984) and separately
Byme et al, 1987) for these four different soil types. Table 5.1 provides the
required parameters and the recommended values that were adopted.

_Based on the results obtained from the consolidation test, the
overconsolidation ratio for the soils above the artesian layer was taken to be 2.
Therefore, the drained bulk modulus number (K},) was increased by a factor of
three (Duncan) over the values given for normally consolidated soil.

The finite element mesh of Fig 5.3b was constructed for the specified area
of interest. The mesh contains 324 elements and 385 nodes. Nodes at the bottom
were given a fixed-fixed boundary condition in both directions (i.e. there is minor
influence of the fill loading on the soils beneath them). Nodes along the vertical
edges were given fixed boundary conditions in the horizontal direction. The first
lift is the bottom soil (dense SM) and is modeled by elements [ to 54. The second
lift represents a second soil type (dense ML) and is modeled by elements from 35

to 108. The third is taken to be the same soil as lift one (dense SM) and is
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modeled by elements 109 to 162. The fourth lift represents the artesian layer
(medium dense GM) and is modeled by elements 162 to 216. The fifth and the
sixth lifts represent the soil above the artesian layer (medium dense SM) and are
modeled by elements 216 to 324.

The initial stress conditions for the various elements for the two different

groundwater conditions and K4=0.5 are given as Appendix No. 7.

5.1.3. Embankment Loading Model

{.The embankment material is an altered igneous rockfill imported from an
aggregate pit on the eastern side of the valley. Samples obtained during
construction were taken to be analyzed. However, due to the large sizes 6f rock
employed, no specific laboratory tests were performed. Duncan provides the
anticipated range of values for the hyperbolic finite element parameters for
different types of soils. Since the rockfill can be characterized visually as a GW
soil, Duncan’s recommended values for this soil type were employed for the
rockfill in the model. A sensitivity study was undertaken to artesian changes due
to the assigned values of the required parameters for the FEADAMS84 mode! to
identify the more influential parameters affecting stresses in the elements of
greatest interest. Elements of special interest are elements 290 and 307, which are

at the edge of the fill, and elements 298 and 299, which are beneath the center of
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the fill. Table 5.2 shows the results of this study.

Based on the sensitivity study, it was concluded that the only ‘inﬂuential
rockfill parameter is its unit weight (y). The value used for this parameter was
chosen based on engineering judgment associated with typical values reported for
rockfill unit weight. Average values after Duncan were assigned to the rest of the
parameters. Table 5.1 shows the rockfill parameters used in the embankment
model.

A finite element mesh of 60 elements and 56 nodes (see Fig 5.3) was used
to model the embankment. All nodes along the outer surface were given free
boundary conditions. Our interest was primarily in the stresses after the
completion of the fill. The fill embankment was assumed to be constructed in four

lifts each of an average height of 8.0 fi.

5.1.4. Results

The results pertaining to the elements of greater interest indicated there was
an increase in the horizontal and the vertical stresses in the centerline elements,
while there was an increase in the vertical stress without any significant change in
the horizontal stress in the edge elements. Lab test samples were stress path

consolidated to general stress states indicated from finite element results (i.e. the
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initial state and then to the final state) prior to the assessment of hydraulic

conductivity.

5.2. Seepage Modeling

SEEP (V2.84, Wong 1983) is a readily available finite element computer
program that can be used to solve a two-dimensional or axisymmetric steady state
confined or unconfined groundwater flow problem. SEEP was used to model the
flow conditions in the field. Input data required by SEEP consists of three main
s .

1. The finite element mesh

2. The hydraulic conductivities in two directions, and the angle between

them

3. The boundary conditions.
Output data provided by SEEP are the

1. Nodal point hydraulic heads

2. Nodal flow rates

3. Quantity of seepage flowing into and out of the model.

The boundary conditions used for the model were the hydraulic heads
obtained from piezometer readings. While such readings fluctuated over the year,

a set of readings taken within an hour of elapsed time on a given day were used to
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represent a single steady state condition.. Therefore, we were able to use SEEP for

flow modeling of this nature.

5.2.1. The Model

The‘ purpose in using this model was to predict the change in flow
conditions prior to and aﬁer fill construction. Boundary conditions and layering
were assessed from the soil borings and the CPT-logs. The input that were
obtained from laboratory and field testing were the hydraulic conductivities in two
perpen‘.d-icular directions. Initial values had to be employed in order to perform the
modeling. A value for the horizontal hydraulic conductivity was obtained from the
bailing test described in Chapter 4. This value represents an average over tl;e total
depth of the well (10 ft.). This value was used in the model as an initial vaiue for
the horizontal hydraulic conductiﬁw. A ratio between the horizontal aﬁd the
vertical hydraulic conductivity was assumed. The intent was to then calibrate the
model in order to be able to predict correctly. Calibration of the model wouid be
performed by comparing the output hydraulic heads for the internal nodes versus
the observed hydraulic heads at the same points. Most of the nodes used in the
finite element mesh, particularly the outer nodes, were points where the

piezometers are located. The hydraulic head is known at these points. By means
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of comparing the hydraulic heads, we should be able to adjust the ratio between

the horizontal and the vertical hydraulic conductivity.

5.2.2. Summary

Results of the finite element and seepage modeling are discussed in a later

chapter.
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Chapter 6

Piezometric Readings and their Implications

6.1. Preview

This Chapter contains discussion relative to the piezometric readings and
immediate conclusions drawn from studying them. Following that there is
consideration in Chapter 7 of field CPT/SPT evaluation of in situ properties versus
standard lab test results. A discussion of the evaluation of permeability, both field
and lab, then ensues in Chapter8. Comments relative to the use of the SEEP mode!
are given followed by a discussion of the predicted stress-state, deformation and
porewater pressure generation (and dissipation) response as assessed using finite
element analysis (FEADAM) and stress-path triaxial tests in Chapter 9. Overall

conclusions and recommendations are then presented in Chapter 10.

6.2. Piezometric Readings and their Implication

As shown in Fig 2.3, the piezometer layout was intended to reflect changes
that would occur beneath and downstream of the highway fill constructed in a
north-south direction. Piezometer locations Pzl and Pz2 are located to the east of

the fill, while Pzs 3,4,5 and 6 ended up beneath the constructed fill. Piezometers

P—
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Pz 7 and 8 are upstream of the fill and unless a back-up of the subsurface water
(largely snow melt) flowing from the Carson range via the arte;ian layer -(at a
depth of 21 ft. depth) were to occur, they were meant to reflect unchanged
upstream conditions. It was anticipated that this alluvial deposit would experience
consolidation due to the imposed fill load and that flow in the subsurface soil
immediately beneath the fill (0 to 21 ft.) would be restricted or altered thus leading
to a change in piezometer readings both beneath the fill and on the downstream
side (the east side of the fill). It was expected that a coupled field-lab-analytical
mode] test program would be necessary to evaluate and predict such changes. This
feeling was enhanced or promoted by study of the soil/geologic descriptions and
characterizations (see Chapter 1) and the CPT logs that indicated the presence of
cohesi‘;. material (material characterized with undrained strength rather than a
friction angle and relative density).

Figures 6.1 through 6.15 show the individual records of piezometeric water
levels (level of water in the piezometer relative to ground surface) over the time
span between 10/2/93 and 8/25/95. The reader will note there is a gap from
February to April of 1995 when the pneumatic readout box was sent to the Slope
Indicator Co. for repair and recalibration. These readings span a period seven
months prior to, to one year beyond construction of the fill. Such readings were

meant to provide a baseline (i.e. Pz4D in the artesian layer and Pz7 and Pz8
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upstream) with which to compare fill induced changes in o-thér piezometers (all
other piezometers). However, if one compares Pz1 (one of the piezometers where
a change was expected) with Pz4D (the control piezometer in the artesian layer),
the reader will notice that they parailel each other almost identically. Since Pzl
represents the lowest water level of all those at the site and Pz4D the highest, and
Pz] has not changed with respect to the control (Pz4D), the effect of fill
construction on all other piezometers can, therefore, be made by considering the
shift of the piezometer’s readings within the band established by Pz1 and Pz4D.

There is a consistent difference of approximately 6 ft between Pzl and
Pz4D readings. Note that readings were stopped (one month prematurely) of two
complete cycles of seasonal groundwater table fluctuations. It was felt that all
needed information had been obtained by them. Over that time period, tﬁe water
level in Pz1 and Pz4D fluctuated 6 to 7 ft. due to seasonal effects.

If the reader compares the readings of Pz7 and Pz8 (west or upstream of the
fill) and Pz2 (all at 8 to 10 ft depth) in Fig 6.16, Pz3A and Pz4A (both at
approximately 7 ft depth beneath the fill) in Fig 6.17, Pz3A, Pz3B and Pz3C (at
different depths near the toe of the fill) in Fig 6.18, Pz4A, Pz4B and Pz4C (at
different depths under the west shoulder of the fill) in Fig 6.19, Pz5A, Pz5B and
Pz5C (at different depths under the east shoulder of the fill) in F ig 6.20, and Pz3C,

Pz4C, Pz5C and Pz6 (all at approximately 17 ft depth from toe to toe of the fill) in

) .
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Fig 6.21, all with the heavier or highlighted Pz1 and Pz4D span or.baseline values,
you will notice that there was very little deviation from the Pz1/Pz4D péttern.
Individual piezometer recordings that start off near the bottom of this span,
remained there while those in the middle or near the top, remained there.
Therefore, with the exception of very minor deviations as will be noted
subsequently, nothing happened outside the normal seasonal fluctuation as
characterized by Pz4D in the artesian layer.

Therefore, there was no effect, ( except for these minor deviations that the

authors will highlight subsequently) that fill construction had on the records.

There were no changes brought about by the fill construction and ail previous and
subsequent discussion of a coupled field-lab-analytical analysis program to show
the authors’ capability to predict changes are of lesser significance by compariéon.
Therefore, if the reader is content to know that at a medium dense cohesionless site
(silty-sandy, there was no clay) with a shallow controlling artesian layer (at
approximately 20 ft.) similar response should be expected, the reader should go to
Chapter 10 to review the report’s conclusions. If some conclusions regarding
additional work presented in this chapter warrant interest, the reader can retum to
that part of the present chapter.

The basic conclusion noted above was conveyed to NDOT personnel

verbally midyear 1996. However, the authors’ desire to discover something
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beyond this, and the difficuities that ensued (particularly in getting a better handle
on the evaluation of permeability) has delayed submission of the cuﬁent report
until now (5/1/97). In the ensuing chapters, the authors intend to discuss
discrepancies between CPT/SPT and lab evaluation of soil properties, the wide
range in assessed permeabilities, difficulties with finite element modeling and
triaxial test capabilities and limitations. The lessons learned should explain or
permit other investigators to avoid similar difficulties if the need arises to
undertake a similar effort relative to a cohesive site.

It should be pointed out that while piezometer readings are typically meant
to portray consolidation or stability response of a soft clay deposit, similar
instrumentation may be warranted at another cohesionless site if evidence is
needed to portray that nothing happened so that lawsuits from landowners

claiming something has gone awry are not faisely awarded.

6.3. Small Changes

To a lesser scale, there is evidence in the piezbmeter readings that
something (in fact the opposite of what was expected) happened. Pz3A (Fig 6.17,
6.18), Pz4A (Fig 6.17, 6.19), Pz4B (Fig 6.19), Pz4C (Fig 6.19, 6.21), Pz5A and
Pz5B (Fig 6.20) all show a small negative porewater pressure and piezometer
water level change over the first half of the construction period. (Note that the
coarse sand packing around Pz5A actually desaturated as indicated by the

horizontal line that develops.) If the reader consults Fig 6.22 showing the layout
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of the piezometers, note that the affected piezometers reflect an area under the fill
where the material tried to dilate. The short period over which this change
persisted reflects an undrained or partially drained pore pressure build-up,
followed by quick dissipation. Normally, piezometer readings in clay show an
undrained rise or jump (Ahp)as large as the fill surcharge (yfijj Hg)p) divided by
the_unit weight of water (i.e. Aby = y(1IHfYw)- See, for instance, the records of
Fig 6.23 corresponding to a the lateral and vertical positive pore pressure variation
relative to a smaller 21 fi. high fill. The approximate 2 fi. or 6 kPa negative
porewater pressure change at the Zollezi lane site reflects an undrained dilative
tendency attributable to cohesionless material. Most of the following discussion
on ﬁnite element model (FEADAM) results and stress-path triaxial test results are
focused on the authors’ ability to generate or model such behavior. The negative
pore pressure change reflects a temporary restraint of dilative volume change
followed by the volume increase as the negative pore pressure dissipates.
Therefore, contrary to the expected rise in pore pressure and, with its dissipation, é
volume decrease with time, the encountered pore pressure decrease signals a
subsequent volume increase. Such volume increase, if anything, would yield a
slight increase in permeability (rather- than its decrease with consolidation that was
expected).

As discussed in the next chapter, one might weil have anticipated such
negative porewater pressures due to fill construction (in areas where high shear

stresses develop) from the negative piezo cone record that was generated.
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Before leaving the piezometer readings, note in Fig 6.16 the water level

difference, Ah, at any given time from Pz8 to Pz7 to P22 to Pzl that indicates the

overall hydraulic gradient i (i= i‘Lﬁ , L is the horizontal distance between

piezometers) reflecting west to east flow in this siity sand layer. All of the
piezometers mentioned are at about 8 to 10 ft. depth. The same holds true from
Pz4A to 3A (both at about 7.5 fi. depth) and Pz6 to Pz5C to Pz4C to Pz3C (all
between 10 and 13 ft.) in Fig 6.21. By contrast, there is very little water level
difference and hydraulic gradient vertically from Pz3C to Pz3B to Pz3A in Fig

6.18 or from Pz4C to Pz4B to Pz4A in Fig 6.19.

6.4. Summary

Based on the study of the observed piezometer readings, there was no
change in the ground water flow conditions during or after fill construction at the
Zolezzi site. If anything there was a small pore pressure drop indicating a dilative

response and a possible increase in permeability in the silty-sand layer sandwiched

between the fill and artesian layer. This is contrary to the anticipated consolidation
and decrease in permeability of a more cohesive fine grained soil that was
expected. Succeeding chapters (7 - 9) deal with the attempts to explain / predict

the observed phenomenon.
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Chapter 7

Comparison of Lab and Field Evaluation of In Situ
Strength and Densi

7.1. Overview

Part of the present study was devoted to a comparison of laboratory triaxial
and fiela SPT/CPT strength evaluations. Such comparison is important in tenﬁs of
developing faith in strength and perhaps stress-strain parameters evaluated from
field or lab and used as input for analytical models. Iflittle faith is generated, then
such parameters need to be established from personal or reported experience from
field cases where model parameters have been back calculated (i.e. ca.[il;Jrated).
Note that recommended FEADAM parameter values were employed in the initial
finite element analysis used to plan the stress path triaxial testing program. Based
on the discussion that follows, no overriding justification was found for using
strength obtained from field data or stress-strain parameters obtained in the lab to
repeat or iterate on the FEADAM results. (In the end, the strength the obtained
from standard triaxial tests on undisturbed and reconstituted samples and

recommended stress-strain parameters were employed exclusively.)
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7.2. Comparison for Samples 1-4

Consider first a comparison of field SPT/CPT interpretations specific to the
location and lab results associated with triaxial test samples 1- 4. This initial
comparison should highlight differences that can then be expanded upon before a
more general evaluation is made. Samples 1 and 2 are Shelby tube samples taken
during augering to install Pz3. They are from 6 and 8 fi. depths respectively, and
represent samples of silty sand of approximately 20 to 30% fines (see the soil logs
of Appendices A and B, and Tables 2.2, 2.3 and 2.5). Samples 3 and 4 are
undisturbed Shelby tube samples of material with 30 to 40% fines at Pz3 and Pz5
locations, both obtained 3 ft. below the ground surface.

Table 7.1 represents a sample by sample comparison of CPT/SPT
interpretations and lab test results. Evaluation of relative density (Dy) and ﬁ-ic.tion
angle (¢) from SPT blow counts (N) and evaluation of the equivalent N from the
CPT tip resistance (Q¢) will be discussed subsequently. For the present, note that
tﬁs is considerable disagreement as to soil type (CPT versus SPT/ lab) and D; and
¢ values (lab>CPT>SPT). Realize of course that SPT split spoon and Shelby tube
samples can’t be obtained in the same hole at the same depth. Likewise the CPT
test was undertaken in its own hole no more than 5 fi. away. Therefore, values
from SPT and CPT tests closest to or encompansing the Shelby tube lab sample

depth are used.
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7.3. CPT

Note that different from the SPT and lab test procedures, w—here a sample is
available for inspection, the CPT test relies solely upon readings —from the tip and
sleeve sensors to classify the soil. Such blind dependence resultec in the dilemma
that the CPT treated all or some part of the depth in the immediate vicinity of each
sample as fine grained silt-clay soil. For such material, the Roberston and
Campenella (1983) program provides an interpretation of the material’s undrained
streﬁgth, Sy, rather than an interpretation of the material’s draine d friction angle,
¢, andits relative density, Dy. However, all this indicates that it tre=ats the material
as cohesive (i.e. plastic) rather than nonplastic (or cohesionless)m. However, all
samples are cohesionless materials even though samples 3 and 4 ¢ ontain fines that
approach or in thin partings/seams exceed 35% fines. Certainly— the piezon"leter
readings (Chapter 6) which showed no porewater pressure increase= as the result of
construction (or a short lived decrease due to the dilatant response  of cohesionless
material) and the negative (i.e. dilatant) porewater pressure responmse of the CPT"s
own piezo tip record (Fig 2.6) are indicative of the cohesionless toehavior of such
material. This is confirmed, of course, by the sieve and Atterberg= limits analysis

performed on the samples. As noted in Chapter 2, a particularly “clayey” part of

one sample yield a plasticity index (PI) of only 6. Therefore, whilme the CPT gives
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a continuous averaged record that “appears” to be very accurate, it was fooled at
this site into providiﬁg misleading data.

Alternatively, one might argue that according to the AASHTOQ soil
classification system, at 35% fines we have silt-clay soils and certainly different
partings/seams of this material are present at the site and this is what is reflected in
the output. But this begs the question as how we should characterize the material
as a whole for analytical purposes. Certainly we would not model the whole soil
on the basis of these thin partings/seams as cohesive (i.e. plastic) for stability and
settlement analysis. In that sense the SPT (N) or the lab test sample response
represents an average of the overall or larger scale material that would be
preferred for stability and settlement analysis. On the other hand, the CPT’s
continuous jump from cohesionless to cohesive material values as output (see logs
in Appendix 2) is indicative of the variable nature of the material. This has
implications relative to permeability testing and the effect of such impervious
partings/seams on the lab assessed vertical permeability.

Note that the negative (i.c. the dilatant) piezo cone pore pressure readings
should be used to warn the CPT interpretation program that the material is
cohesionless (i.e. sufficiently pervious to allow enough water movement to yield
this negative porewater pressure record) so the program classifies the soil and

evaluates the data accordingly. This would be a decided improvement in the CPT
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test data interpretation. Of course, most cones in use are not piezo cones and,
therefore, they would not benefit from such programming distinction.

The fact that there are undrained negative pore pressures during cone
advancement (see Fig 2.6) would indicate that ¢ values calculated based on tip
resistance assuming drained conditions are in error. In the absence of such
generated negative pore pressure, tip resistance would be less, and so would ¢. Of
course, such negative pore pressures should likewise be present in the SPT blow
count response of the sand. While one might apply the Peck, Hanson and
Thornburn (1974) correction for negative pore pressures, such correction is only
applied to N values in excess of 15, not the lower values found here. As indicated
by the piezo tip results, negative values occur even for recorded (or CPT
equivalent) N values less than 15.

Note also that the conversion of the cone’s tip resistance to a blow count N
relies on the soil’s D5( as shown by the Roberston and Campenella curve of Fig
7.1. Tip resistance in tsf is divided by a value varying from 4 for sand to silty
sand, to 3 for silty sand to sandy silt, to 2.5 for sandy silt to clayey silt, to 1 for
clay, to give equivalent blow counts. Therefore, if the soil’s characterization as
assessed from tip resis_tance and friction ratio is in error, so is the inferred Djsq
value and this conversion number. One should note that for “clay”, the cone

program yields an undrained strength (c or Sy,) that is less than the tip resistance
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divided by 9 (based on cone or pile tip capacity (Qc) equal to 9¢ or 9Sy). The S,
obtained from the cone program is the equivalent blow count divided by 15 (for Su
in tsf) which is the commonly cited Terzaghi and Peck relationship between S,
and N. (Therefore Sy = N/15 = (Q¢/1)/15 not Q¢/9). For other cohesive material,
i.c. silty clay to clay, clayey silt to silty clay and sandy silt to clayey silt, a value of

one is also used to establish S;; from the Qc.

7.4. SPT

“"I'he SPT values at the site suffer from the fact that water levels in the auger
were not equalized with those outside the hole. On the other hand, there was
partial compensation offered by the negative pore pressure (as indicated-by_ the
CPT piezo tip log) that likely developed during driving the split spoon sampler
even in this lower blow count material. Evaluation of ¢ and D; based on blov?

count, N, will be discussed later.

7.5. Lab Triaxial Test Strength

By contrast, the lab test strengths (¢) are potentially higher or lower than
true field values due to any densification of loose samples or loosening of dense

samples that occurs to the samples during Shelby tube insertion and subsequent
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transfer of the sample from cut sections of the tube to the triaxial cell. While the
capillary tension in such finer grained cohesionless material is suﬁiciént to keep
the samples from falling apart®, the fact that such materials are more permeable
than clay make such samples susceptible to densification or loosening during
undisturbed sampling and handling. Consider the painstaking evaluation of void
ratio changes and their affect on the undrained residual strength of samples from
the Van Norman Dam (Castro et al, 1992). Realize that the void ratio (e} and dry
unit weight (Yd) values given in Table 2.5 were calculated (e = WGg; yq =
Gsyw/(1+¢)) based on the assumption that with application of the forming pressure
in the triaxial test, saturated conditions are virtually reestablished and the table
values are applicable at that time,

During Shelby tube insertion, the sample will densify (or dilate) when
sheared or subject to a stress state greater than can be supported by a confining
pressure that is the negative of the maximum saturated capillary tension that can
develop in this material, i.e.

4T, 47, 20T,

Pt 0. T =0.075 g/cm (surface tension)
dq %Dm D,

]

u, =

For the typical Dyq value of 0.03 mm(0.003 cm) for this silty sand, ug, equals -50

kPa. Alternatively, Seed and Lee (1967) consider that sand desaturates because

*For example, recall the stability of the 120 fi. vertical face of the Helm’s pit in similar alluvial material adjacent
to.J-80 immediately after the January fiood of 1997. Such temporary stability was due to capillary tension.
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water cavitates i sand at -100 kPa. As an attempt to get around this, one may
resort to using reconstituted samples prepared to the desired density. | Such
samples lose structure or reinforcement afforded by any bedded nature of the in
situ material. Strangely enough, reconstituted samples with the absence of such
strength enhancing structure, yielded a drained frictional angle (¢) basically the
same as the ¢ values from the undisturbed samples. Hence, loosening (due to
dilatant behavior during sampling) of the undisturbed samples may have
compensated for the added strength of such material associated with structure.

- -Figure 7.2 provides the correlation between the drained or effective stress
friction angle, ¢, and void ratio, e, for all lab tests carried to failure. The curve of
Fig 7.2 is superimposed in Fig 7.3 on curves reported in Lambe and Whitman
(1969) for general comparison with other cohesionless materials. (This alluvial
material fits the trend of other fluvial, i.e. river deposits.) Figure 7.2 includes data
from tests on samples 2-4 mentioned previously (sample 1 was not failed), as well
as samples 5 and 6 from Pz2 at 10.5 ft. depth, sample 12 from Pz2 at 10 ft. depth
and reconstituted samples 7 and 8. Table 7.2 contains data regarding sample
location, void ratio (¢), percent fines (upper half, lower half of sampie and average
in select cases), consolidation pressure employed and comments on details of the
test. For instance, samples 3 and 8 were tested undrained and the pore pressure

recorded was used to establish the effective stress at failure and the effective stress
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friction angle. Fig 7.4 shows the pore pressure curves for these tests. Note that

even for an € = 0.746 sample 3 exhibited a negative pore pressure recovery near l

the end of the test. Sample 8, by comparison yielded a very large negative

porewater pressure (150 kPa) such that the effective confining pressure at peak

deviator stress, 64, was &3 = 30-(-150) = 180 kPa.

Samples 2 and 4 were subject to staged deviatoric stress increases (to 140
kPa for sample 2 and to 120 kPa for sample 4) with permeability measured after
each 20 kPa deviatoric stress increment before being sheared to failure. Samples 5
and 9 were K, consolidated, then sample 5 was sheared to failure, (Sample 9, like
10, was a horizontal permeability test sample with a central coarse sand core as
shown in Fig 3.1b and therefore was, purposely, not failed.) Samples 7 and 8 were
the reconstituted samples (e = 0.560) meant to reflect an estimated average .void
ratio at Pz3A at a depth of 7.8 fi. (between € = 0.637 at 7 ft. corresponding to the
standard consolidation test sample and e = 0.496 of sample 2 at 8 fi. depth). Due
to operator error, sample 1 was not failed, while sample 11°s failure was not
recorded via the computer. Sample 12 is that one used for the stress path test to be
described in Chapter 9.
Figure 7.5 is a plot of all the failed drained test stress-strain curves. The

vertical axis represents stress level, SL, i.e. the deviator stress divided by the peak

or failing value. Figure 7.6 presents the associated volume change curves for all
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isotropically consolidated drained tests, including that for sampie 1- which was not
failed. Note that all such drained volume change curves, with the exceptién of
sample 2, exhibit a dilatant tendency. Sample 2 was loaded to a deviatoric stress
of o4 = 140 kPa and, different than other such stage loaded samples, was unioaded
before being reloaded all the way to failure. Therefore, its volume change curve is
not representative (i.e. the unloading affected the subsequent reload volume
change response). Note that the greater dilatancy associated with the position (and
upward slope) of the volume change curves corresponds to the greater recorded ¢
(sample 6 with ¢ = 40.5°, sample 4 with ¢ = 42.5° and sample 7 with ¢ = 43.6°).
Note sample 1, though not brought to failure, would have been expected to yield a
lower ¢ because of its more compressive (less dilatant) volume change curve. At
the time the sample 1 test was stopped for permeability determination it had a
mobilized friction of ¢y =31.8°.

Note the range in drained strain € at 50 percent stress level (SL = O.Sj,
51(50),ﬁom the curves of Fig 7.5 is nicely predicted by the accompanying Fig 7.7
given that Cu = 10 and € = 0.50 to 0.65 in the associated tests. Fig 7.7 was derived
from data by Norris (1977) on isotropically consolidated tests on reconstituted
samples of 18 different natural sands.

An interesting and important finding from the drained tests is the responses

of samples 5 and 6 which were taken from the same Shelby tube with a common
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trimmed end at 10.5 ft. depth (Pz2). Sample 5 was K, cons_olidated so its
consolidation response along with that of sample 9 (from Pz2 at 9.5 ft.) could be
compared with that of a traditional consolidation test (from Pz3 at 7 ft., directly
between samples 1 and 2). As shown in Fig 7.8, the volume change curve during
subsequent shear of the K consolidated sampie 5 overlies that of the standard test
as described below. In fact, if one can run the standard test, i.e. isotropically
consolidate the sample from a forming pressure (in this case 30 kPa) to the
required constant confining pressure (here 80 kPa) of the standard test and then
shear from zero deviatoric stress (o), the test will pass through or satisfy a K,
condition at a certain g (120 kPa in this case) where the volume change during
isotropic consolidation added to the volume change during shear become equal to
the sum of the axial strain during isotropic consolidation and shear (i.c. Svtot;al =
€]total Such that €3¢gta] = 0). Note that in the test on sampie 6, &y = 0.6%, £] =
0.3% was recorded in isotropic consolidation and during drained shear, &y, = 0.3%
and €] = 0.3% occurred up 10 a value of 64 = 120 kPa at which point eytota] =
0.6% + 0.3% = 0.9% matched £]pta] = 0.3% + 0.6% and the K, condition was
- achieved (ey = €] = 0.9%, €3 = 0). This agrees with the &y = 0.9%, £} = 0.9% in
K, consolidation (g3 = 0) of sample 5 from the all around forming pressure of 30
kPa to a pressure of &3 = 77 (approximately 80 kPa) at which point 64, = 120

kPaor 61 =77+ 120= 197 kPa (Ko = 63/5 1 = 77/197 = 0.39). Superposing
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the subsequent volume change curve obtained in drained shear of test 5 on that
from sample 6 (the isotropically consolidated sample) at & = 0.9%-0.6% = 0-.3% ,
g] = 0.9%-0.3% = 0.6% and o4 = 120 kPa at &1 = 0.6%, basically the same
volume change response results. Both tests yielded virtually the same ¢ of 40.6°
+0.1° as indicated in Table 7.2.

While Fig 7.4 presents the porewater pressure curves of undrained tests on
samples 3 (undisturbed) and 8 (reconstituted), the corresponding stress level (i.e.
normalized deviator stress, 64/c4f) versus axial strain curves are shown in Fig 7.9.
Note that the considerable difference of the two curves. (Sample &’s slow gain in
resistance for SL > 0.1 is due the slow increase in negative porewater pressures as
indicated in Fig 7.4.) What is interesting is that both tests were sheared undrained
after isotropically consolidating the samples. Sample 3 was isotropiéally
consolidated from 30 kPa to a test pressure of 60 kPa representing the mean
effective stress of a sample at a preconsolidation pressure (P’p) of 100 kPa (i.e. 1/3
(142K )100 kPa, K, = 0.4) corresponding to an overconsolidation ratioc OCR = 2
(le. P'p= OCR & yo = 2(50) = 100 kPa) of a sample at 10 ft. depth. At the same
time, 60 kPa is more than 1.5 times the P’p of the sample from its location (Pz3 at
3 ft.) thus satisfying SHANSEP conditions (Ladd and Foote, 1974) in an attempt to
overcome sample disturbance. The 60 kPa also approaches the minor principle

effective stress of a sample at 10 fi. depth under centerline of the fill. By contrast,
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the reconstituted sample 8 was isotropically consolidated from its tjorming pressure
of 30 kPa to 65 kPa and then rebounded to 30 kPa. The rebounded consolidation
pressure of 30 kPa represents the mean effective stress of a sample at 10 ft. depth
at an OCR of 2 (i.e. 1/3(1+2K)50, Ko = 0.4 for OCR = 2).
While sample 8 was tested undrained after consolidation to the pressure of
30 kPa and sample 3 to a pressure of 60 kPa the undrained strength (Sy = %2 ogf)
of sample 8 was 260 kPa and that of sample 3 was only 55 kPa. Such difference is
due to the high void ratio (e = 0.746), low drained ¢ (= 33.4°) and more
compressive volume change tendency of sample 3 than 8 (e =0.560, ¢ = 39.6°, and
large negative porewater pressure at failure). Nevertheless these undrained
strengths were used as an estimate for later undrained FEADAM stress anaiysis.
These undrained strength values (55 to 260 kPa) nicely bracket the great
majority of undrained strengths reported by the CPT where it interpreted a good
part of the profile as “cohesive” material. Therefore, while the CPT misinterpreted
the material it gives undrained strength values that may be realistic (even though
for a cohesionless material).
In fact, if one compares the drained and undrained effective stress paths of
the reconstituted samples 7 and 8 (both of the same void ratio, e = 0.560), see Fig
7.10, one will notice the much greater undrained strength that results because of

the large negative porewater pressure at failure in the undrained test. The deviator
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stress at failure in the undrained test is five times that in the drained test, even
though the drained test ¢ was larger (¢ = 43.6° versus 39.6°). Note, howevef, that
most of sample §’s resistance derives from movement along the failure envelope
(i.e. the ESP at a slightly decreasing ¢ above and to the right of the top of sample
7’s ESP).

The undrained effective stress path (ESP) for sample 3 is superposed in Fig
7.10 for reference. Note that more important than the friction angle ¢ (33.4° for
sample 3 versus 39.6° to 43.6° for samples 7 and 8) is the volume change tendency
during shear (compressive and dilative) and the resultant undrained porewater
pressure change (positive as in sample 3 or negative as in 8 of Fig 7.4) on the
consequent undrained ESP (e.g. sample 3 versus sample 8), the effective confining
pressure at failure (& 3f = 45 kPa in sample 3 versus 180 in sample 8),‘ the
undrained strength (Sy = 1 ksf in sample 3 versus 5 ksf in sample 8) and the
resulting strains / displacements at mobilized stress levels. With dissipation of the
undrained porewater pressure and the switch to drained (i.e. fully consolidated)
conditions {e.g. sample 7’s ESP), additional strains / displacements may be large
(going, for the most part, horizontally from a point along sample 8’s ESP to one on
sample 7°s ESP) or small (going from the ESP of sample 3 to that of 7, since most
of the strain has already occurred along the ESP of sampie 3). More on this in

Chapter 9.
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7.6. Broader Comparison

While Table 7.1 reflects a comparison of SPT, CPT and lab strengths at 4
specific sample locations, the authors thought to make a broader comparison.
Table 7.3 provides an evaluation of relative density (D) and the friction angle (¢)
of the silty sand (SM) material at Pz3, Pz4 and Pz5 stations as established from
two SPT blow count correlations: Peck, Hanson and Thorburn (1974) and DM-7
(1982). The DM-7 charts employed are reproduced as Figs 7.11 and 7.12 while
the Ph&T charts appear as Fig 7.13. Both correlations depend upon the effective
overburden pressure (& ) at the depth the blow count (N) is obtained. This was
calculated assuming a total unit weight (y) of 120 Ibs/ft3 for the material and using
the piczometer readings taken the day following the SPT sampling. Note that the
Peck, Hanson and Thornburn procedure yields a correction factor (Cpy) that Qhen
multipiied by N yields a corrected blow count (N1) corresponding to an effective
overburden pressure of 1 tsf. This N value can also used to assess liquefaction
potential.

From such evaluation the deposit would appear to be loose over its upper
portion (to, say, 8 fi. depth), and medium dense from that level to the artesian layer
at 21 fi. depth. However, this is based upon blow counts obtained where water
level inside the hollow stem auger was not maintained level with the external

water level. Water level differences of 1 to 5 ft. at shallow depth, 5 to 10 fi. at
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middle depth, and 12 to 17 fi. at the greater depth that likely oeccurred would have
resulted in upward flow at the bottom of the hole and, there=fore, loosenéd the
material during the blow count determination. Therefore, thexe is the likelihood
that the values of blow count and, thus, the relative density am d the friction angle
should be higher than those indicated in Table 7.2. By <contrast the DM-7
evaluation requires that the uncorrected biow count is used —with knowledge of
overburden pressure to get relative demsity (Fig 7.11) and with D, and soil
classification to get ¢ (Fig 7.12). For the current work, a Tange in ¢ for the
established Dy over the zone distinguished as SM is establisheed. One should note
that the SPT values used in Table 7.1 are part of the present Tat>le (7.3).

One will note the CPT logs (see Appendix 2) indicamte the presence of
considerabie amounts of clay, silty clay and clayey silt as opposs ed to just silty sand
as per visual inspection of the split spoon samples from SPT testing at these Pz3,
Pz4 and Pz5 locations. Table 7.4 compares N, Dy and ¢ valuess derived from SPT
blow counts and CPT correlations over depths where the CP T log indicates the
presence of sand, silty sand or sandy silt. While the middle an « lower depth blow
counts and relative densities are somewhat similar, the CPT ¢ orrelations indicate
considerably higher values at the shallow depth. At all depthss the friction angles
from CPT correlations are much higher than those from SPT blow count

correlations.
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One drawback of the CPT test is its inability to ascertain the presence of
gravel or pebbles as noted in the logs for SPT and Shelby tube samples ﬁt Pzl, Pz2
and Pz5 locations (see Appendix 1). Secondly, one needs to assume the depth to
groundwater. However, as judged from separate runs of the data for 0 and 10 fi.
water depths, this doesn’t have a significant effect on the CPT correlation results.

Lastly, given that void ratios were assessed very simply (see Table 2.5)

3

wG
5 but S =1 at the time of sampling for

from lab determined water contents (e =

all samples taken below the water table), it was decided to establish maximum and
minimum void ratios and compute relative densities, and to see the associated

effect on ¢ values assessed using DM-7 Fig 7.12. Given the range in Vi Yay >

€

max

and e, reported in Table 2.6 for 23 and 38% fines, average values of Crm =
1.16 and e,;, =0.328 for Dy = 0% and Dy = 100% are shown as end points for the
superposed line representing the silty sand (SM) of the upper layer. M6te that
these correspond to slightly adjusted values of y,  and 4, for the chart’s
assumed value of Gg = 2.68.) The associated superposed material line falls out of
range (below the ML line at Dy = 0% and above the SW line at D, = 100%) for the
zone applicable to an SM soil. Given this line, a range in Dy and ¢ as assessed for

the comparable range in ¢ (see Table 2.5) at Pz3, Pz4 and Pz5 locations are as

indicated below.
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Pz3 Pz4 Pz5
e=0.49100.42 e =0.65t0 0.59 e =0.691t00.59
Dy =801t089 % D; =61 t0 69 % Dy =56 to 69%

¢ =37°1t039° ¢ =33.5°to 34.5° ¢ =32.5°to0 34.5°

These values can be compared with those in Table 7.3. As can be seen the ¢ and
Dy as assessed from actuai lab assessed e and Dy values are higher for Pz3 and
within the range from blow counts at Pz4 and Pz5 locations.

Of course the above takes ¢ for the given lab e and Dy values based on the
assumption that strength ¢ varies as indicated in Fig 7.12. By contrast the § versus
e relationship of Fig 7.2 (and in Fig 7.3) as established from tests on actual
samples is shown superposed on Fig 7.12. Note the much higher strength values
from actual lab testing.

In the same regard, Table 7.5 compares relative densities from CPT, SPT
correlations with values based on lab assessed e’s at these same Pz locations. As
cah be judged, SPT values are more conservative. (CPT values, as indicated at Pz4
location, are not always conservative). Therefore, using the same strength
correlation (Fig 7.12) ¢’s based on lab assessed €’s will be higher. Furthermore,
this strength relationship is in turn conservative as compared to actual lab assessed

$’s (see the superposed ¢ versus ¢ line) in the case of this deposit.
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Normally, sand strength is obtained by correlation from soupd._ings (CPT) or
penetrations (SPT). Alternatively, if it is tested in the lab it is commmon to run a
drained triaxial test on a reconstituted sample isotropically consolielated under a
confining pressure of say 100 kPa (1 tsf) and to take the secant dr—ained friction
angle so obtained to apply at all low to moderate values of overbur—den pressure.
Seldom is the method of sample preparation (hence, sample fabric-), anisotropic
consolidation or curvature of the Mohr-Coulomb envelope consider—ed in routine
work. At most, the variation in the friction angle with void ratio, e, or relative
density, Dy, is investigated (Fig 7.2). Certainly, a DOT materials’ lab is not likely
to undertake static undrained tests with the intent of assessing the resimidual strength
in the event of liquefaction or undertake cyclic triaxial tests. UsuaBly the length
(mileage) of a project and the need to quickly assess average or conservative
strengths of different soil units over varying subsurface conclitions . takes
precedence over sophistication.

The task here, however, was to consider what tests might be necessary as
part of an uncoupled or coupled field-lab-analytical assessment of potential
changes in groundwater flow conditions resulting from embankment =construction.
Accordingly, since the undisturbed Shelby tube soil samples contain_ed sufficient
fines for capillary tension to keep them intact, it was possible to run_ tests on the

extruded samples. Such tests on undisturbed samples taken to a pressere in excess
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of field values (SHANSEP approach) yielded values consi.stent with the
reconstituted test results. |

‘While the lab triaxial tests described have only been discussed relative to
strengths they have provided, further discussion of their use relative to field stress-
strain-strength-pore pressure generation will be highlighted when we discuss their

use in conjunction with finite element analysis.

7.7. Other Lab Data

-- Note that the two undisturbed K, consolidated triaxial tests (samples 5 and
9) yielded consolidation curves similar to that obtained in the conventional
consolidation test (Fig 2.9). Fig 7.14 superposes the convential test curve \-Jvith its
vertical axis converted to volumetric strain, ontop of the K, consolidated triaxial
curves. Of course, the triaxial test curves start at a zero strain at the all-arouﬁd
forming pressure of 30 kPa. Nevertheless, when Casagrande’s technique is
applied to each curve to establish the respective preconsolidation pressure, values
of 102 kPa (sample 5) and 92 kPa (sample 9) are obtained. In conjunction with
their in situ vertical stresses of 40.5 and 45.3 kPa, respectively, this gives
overconsolidation ratios of 2.1 and 2, respectively. By contrast, the much stiffer
standard test consolidation curve also yields a preconsolidation pressure of 60 to

65 kPa and a similar OCR = 63/31.3 = 2. Samples 5 and 9 are from 10.5 and 9.5
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fi. depths from Pz2 station, while sample 10 is from 7 ft. depth at Pz3 location
(between samples 1 and 2). |

Note that the straight line C. slopes of these lab curves at the higher
pressure range are 0.0404 (sample 5), 0.0575 (sample 9) and 0.00631 (1-D) while
their initial void ratios are 0.661, 0.577and 0.637, respectively. Therefore, the
much stiffer standard test curve response is due to conditions other than its void
ratio. As we will see later, this sample gives a back calculated permeability that is
the lowest of any obtained primarily because of this stiffness.

- For comparison, the isotropic consolidation response of samples 6, 7 and 8
are shown in Fig 7.15 Samples 7 and 8 are the two reconstituted samples having
initial void ratio§ of 0.560, while sample 6 (like 5) is from Pz2 at 10.5 ft. depth and
a void ratio of 0.585. The response of samples 7 and 8 reflects normal
consolidation behavior for consolidation to 65 kPa pressure before subsequent
rebound to 30 kPa (followed by shear loading to failure).

One last item is the attempted correlation of water content of samples
obtained below water level and, therefore, void ratio with the percent fines. Fig
7.16 shows the data from Table 2.5 for samples where both water content and
percent fines were established Note that there is a trend. Therefore, one should
expect a relationship between (saturated) water content or void ratio and percent

fines present. This is indicative of the effect that changes in the material have
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upon the density achieved as the result of alluvial deposition. Superposed on this

plot are the maximum and minimum void ratios and a liquid limit value.

7.8. Summary

CP;[ and SPT correlations yielded strengths that were less than lab
determined values on undisturbed and reconstituted samples (Fig 7.2). The lab
determined values are deemed to be the more appropriate in light of the agreement
between the drained and undrained ¢ values, and the negative porewater pressures
in the undrained tests and the associated negative pore pressures recorded in the
field (i.e. the CPT piezo cone records and select Pz readings during fill
construction). Certainly the soil above the artesian layer is cohesionless (.SM) in
character and behavior. The fact that the CPT interpolations indicated plastic or
cohesive fine-grained material strongly suggests that CPT work must be confirmed
against SPT or other field work where samples canbe obtained. Note that some of
the most useful data collected was that from water content samples taken from
split spoon samples from below the water table. In conjunction with lab

determined e,,, (7, ) and e, (y,_ ) values, they provide a much greater

confidence as to the likely field density state (D) and the explanation of observed
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behavior (i.e. the generation of negative pore pressures due to the undrained shear

of dilatant medium to dense sands during fill loading).
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Fig. 7.12 Correlations of Strength Characteristics for Granular Soils

(DM-7).
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Chapter 8
Lab and Field Permeability Test Results

8.1. Overview

As discussed in Chapters 2 and 3, iab triaxial permeability tests (using GDS
controllers across a specimen maintained at a particular stress state), CPT cone
dissipaﬁons, and slug and bailing field tests were all performed in order to assess
hydraulic conductivities. In addition, permeability was backcalculated from the

standard consolidation test.

8.2. Lab Tests

In total, eight vertical triaxial and two horizontal triaxial test perrneaBilities
were assessed. The vertical triaxial permeabilities were obtained under isotropic
stresses, under different levels of deviatoric stress (staged o4 loading), and for a
condition of K consolidation. However, after learning that there were differences
in orders of magnitude in permeability from one sample to the next due to
variability in the material, and only variation within a single order of magnitude as
a function of stress state (isotropic consolidation, X, consolidation, staged o4

loading), stress state dependency became a minor issue.
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While the authors tried to account for material variability through
consideration of differences in void ratio, fines content and uniformity coefficient,
such attempts didn’t provide any logical relationship. Table 8.1 provides a
summary of order of magnitude permeabilities by sample, sample location and
sample properties (e, fines and Cy) for triaxial tést samples 1 - 11. Note that no
permeability was assessed for sample 3 (an undrained test) or sample 12 (the siress
path test). Samples 7, 8 (both at 20 % fines) and 11 (at 38 % fines) are the
reconstituted samples whose permeability will be discussed in a separate section.
Samples 9 and 10 are the undisturbed samples tested under horizontal flow
conditions (Fig 3.1b). sample 12 is the stress path test sample whose permeability
was not assessed. Also included is the standard consolidation test sample where
permeability was back calculated from time rate of consolidation (Cy) readingi

Permeabilities are separated as vertical and horizontal. Field test resuits are
aiso listed in Table 8.1 for the sake of comparison. Note that field bailing and slug
teéts are listed as providing horizontal permeability and the CPT dissipations as
mixed. The field values reflect different effective lengths (2 and 4 fi. for the wells
used in the slug tests and 10 fi. for the bailing test). Discussion of the field tests
follows ini the next section.

Most discouraging were the resuits from triaxial test samples 5, 6, 9, and 10

which were from 9.5 ft. and 10.5 ft. depth at Pz2 location, i.e. two with a common
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trimmed end at 9.5 ft. (one above, one below 9.5 fi.) and the other two with a
common end at 10.5 ft. They show some variation in void ratio and fines content
(even percent fines in the upper versus the lower half of the same sample) but there
are two orders of magnitude difference in permeability. What is worse, one might
even expect such difference by direction due to layering (horizontal greater than
vertical), but not that difference in the same direction (105 versus 10-7 cm/sec
horizontally) and certainly not with the sample with the lower percent fines
(though it does have a lower void ratio) yielding the lower permeability (by two
orders of magnitude).

There is no clear pattern to the undisturbed lab test sample values. To add
further insult, the one standard consolidation test (sample 1-D) yielded the lowest
permeability (10-%  cmisec). Given the dependency of permeaBility

a

(k=C, 1+”e 7..) upon the coefficient of consolidation (Cy) and the compressibility

a

(a,= 25‘5_ ), the low value of k obtained was most affected by C.. But the one

order of magnitude difference in C, of the consolidation curves of samples 5 and 6
versus sample 1-D (the standard consolidation test) would not account for the three
to four orders of magnitude difference in vertical permeability between 5 and 6
versus 1-D. Therefore a second standard consolidation test on an undisturbed

sample from a 9.5 fi. depth at Pz2 was undertaken. This sample was obtained from
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a separate NDOT sampling operation on 9/11/96, one year after the completion of
piezometer readings. It has been held for just such an emergency. See Appendix
10 for the boring log. Note that SPT blow counts were obtained (with equalized
water levels) immediately above and below the Shelby tube sample. Such N
values agree very well with N values at Pz3 location {unequal water levels) prior to

construction of the fill.

8.3. Field Tests

The difficulty in assessing a meaningful in situ permeability at the Zolezzi
Lane site relates to the level of facies changes that occur laterally and the
structuring that occurs vertically in this alluvial deposit. Cone penc::tra.tion
dissipations reflect in situ permeability as assessed very locally around the
piezocone tip and using the Roberston ahd Campenella (1984) correlations yieldcd
a lower estimate of permeability (10-7 cm/sec). Part of this phenomena is likely
the distortion and smearing of the very thin horizontal seams/partings due to cone
insertion and the consequent restriction in flow this might have caused.

Most faith should be placed in the bailing and slug tests because they reflect
the response of a larger volume of material. Even so, there is variability over the
larger volume as shown for instance in Fig 8.1 which is an attempt to delineate

differences based on the CPT logs which used sensor readings to reflect switches
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from cohesionless to “silt-clay” soils. While such soil classiﬁc_at_ions were not
born out in the lab, they still reflect a variation of the (same) materi=al that may be
worth characterizing. As shown, the two and the four foot effective lengths of the
slug test wells have a center (10 fi. depth) in the same material tout the longer
effective length has ends in the more permeable material (cohesionl_ess versus the
shaded finer grained soil according to the CPT logs). Even so, the p ermeability of
the shorter length section in supposedly finer .grained material was gr—eater, not less
than that of the other.

- The authors fully recognized that bedding can play a signiificant role in
permeability results. Usually horizontal permeability is much less a_ffected by the
presence of relatively thin impervious partings than vertical pe=rmeability as
discussed in Chapter 3. Some attempt was made to account for thiss by assessing
differences in percent fines of the upper and lower halves of thes triaxial test
specimens. However, what the authors did not expect was the presence and
random orientation of root holes or micropores in samples at 10 fi. depth. Such
open root holes/micropores were only noticed upon oven or air dryingss the failed or
discarded lab test samples. While the soil survey indicated the pressence of such
micropores, the authors had assumed that they would be restricted to the upper
organic mat, or at most to the 5 ft. depth of the soil survey report, bu—t not to 10 ft.

and possibly greater depth.
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Fig. 7.12 Correlations of Strength Characteristics for Granular Soils

(DM-7).
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Chapter 8
Lab and Field Permeability Test Results

8.1. Overview

As discussed in Chapters 2 and 3, iab triaxial permeability tests (using GDS
controllers across a specimen maintained at a particular stress state), CPT cone
dissipaﬁons, and slug and bailing field tests were all performed in order to assess
hydraulic conductivities. In addition, permeability was backcalculated from the

standard consolidation test.

8.2. Lab Tests

In total, eight vertical triaxial and two horizontal triaxial test perrneaBilities
were assessed. The vertical triaxial permeabilities were obtained under isotropic
stresses, under different levels of deviatoric stress (staged o4 loading), and for a
condition of K consolidation. However, after learning that there were differences
in orders of magnitude in permeability from one sample to the next due to
variability in the material, and only variation within a single order of magnitude as
a function of stress state (isotropic consolidation, X, consolidation, staged o4

loading), stress state dependency became a minor issue.
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While the authors tried to account for material variability through
consideration of differences in void ratio, fines content and uniformity coefficient,
such attempts didn’t provide any logical relationship. Table 8.1 provides a
summary of order of magnitude permeabilities by sample, sample location and
sample properties (e, fines and Cy) for triaxial tést samples 1 - 11. Note that no
permeability was assessed for sample 3 (an undrained test) or sample 12 (the siress
path test). Samples 7, 8 (both at 20 % fines) and 11 (at 38 % fines) are the
reconstituted samples whose permeability will be discussed in a separate section.
Samples 9 and 10 are the undisturbed samples tested under horizontal flow
conditions (Fig 3.1b). sample 12 is the stress path test sample whose permeability
was not assessed. Also included is the standard consolidation test sample where
permeability was back calculated from time rate of consolidation (Cy) readingi

Permeabilities are separated as vertical and horizontal. Field test resuits are
aiso listed in Table 8.1 for the sake of comparison. Note that field bailing and slug
teéts are listed as providing horizontal permeability and the CPT dissipations as
mixed. The field values reflect different effective lengths (2 and 4 fi. for the wells
used in the slug tests and 10 fi. for the bailing test). Discussion of the field tests
follows ini the next section.

Most discouraging were the resuits from triaxial test samples 5, 6, 9, and 10

which were from 9.5 ft. and 10.5 ft. depth at Pz2 location, i.e. two with a common
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trimmed end at 9.5 ft. (one above, one below 9.5 fi.) and the other two with a
common end at 10.5 ft. They show some variation in void ratio and fines content
(even percent fines in the upper versus the lower half of the same sample) but there
are two orders of magnitude difference in permeability. What is worse, one might
even expect such difference by direction due to layering (horizontal greater than
vertical), but not that difference in the same direction (105 versus 10-7 cm/sec
horizontally) and certainly not with the sample with the lower percent fines
(though it does have a lower void ratio) yielding the lower permeability (by two
orders of magnitude).

There is no clear pattern to the undisturbed lab test sample values. To add
further insult, the one standard consolidation test (sample 1-D) yielded the lowest
permeability (10-%  cmisec). Given the dependency of permeaBility

a

(k=C, 1+”e 7..) upon the coefficient of consolidation (Cy) and the compressibility

a

(a,= 25‘5_ ), the low value of k obtained was most affected by C.. But the one

order of magnitude difference in C, of the consolidation curves of samples 5 and 6
versus sample 1-D (the standard consolidation test) would not account for the three
to four orders of magnitude difference in vertical permeability between 5 and 6
versus 1-D. Therefore a second standard consolidation test on an undisturbed

sample from a 9.5 fi. depth at Pz2 was undertaken. This sample was obtained from
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a separate NDOT sampling operation on 9/11/96, one year after the completion of
piezometer readings. It has been held for just such an emergency. See Appendix
10 for the boring log. Note that SPT blow counts were obtained (with equalized
water levels) immediately above and below the Shelby tube sample. Such N
values agree very well with N values at Pz3 location {unequal water levels) prior to

construction of the fill.

8.3. Field Tests

The difficulty in assessing a meaningful in situ permeability at the Zolezzi
Lane site relates to the level of facies changes that occur laterally and the
structuring that occurs vertically in this alluvial deposit. Cone penc::tra.tion
dissipations reflect in situ permeability as assessed very locally around the
piezocone tip and using the Roberston ahd Campenella (1984) correlations yieldcd
a lower estimate of permeability (10-7 cm/sec). Part of this phenomena is likely
the distortion and smearing of the very thin horizontal seams/partings due to cone
insertion and the consequent restriction in flow this might have caused.

Most faith should be placed in the bailing and slug tests because they reflect
the response of a larger volume of material. Even so, there is variability over the
larger volume as shown for instance in Fig 8.1 which is an attempt to delineate

differences based on the CPT logs which used sensor readings to reflect switches
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from cohesionless to “silt-clay” soils. While such soil classiﬁc_at_ions were not
born out in the lab, they still reflect a variation of the (same) materi=al that may be
worth characterizing. As shown, the two and the four foot effective lengths of the
slug test wells have a center (10 fi. depth) in the same material tout the longer
effective length has ends in the more permeable material (cohesionl_ess versus the
shaded finer grained soil according to the CPT logs). Even so, the p ermeability of
the shorter length section in supposedly finer .grained material was gr—eater, not less
than that of the other.

- The authors fully recognized that bedding can play a signiificant role in
permeability results. Usually horizontal permeability is much less a_ffected by the
presence of relatively thin impervious partings than vertical pe=rmeability as
discussed in Chapter 3. Some attempt was made to account for thiss by assessing
differences in percent fines of the upper and lower halves of thes triaxial test
specimens. However, what the authors did not expect was the presence and
random orientation of root holes or micropores in samples at 10 fi. depth. Such
open root holes/micropores were only noticed upon oven or air dryingss the failed or
discarded lab test samples. While the soil survey indicated the pressence of such
micropores, the authors had assumed that they would be restricted to the upper
organic mat, or at most to the 5 ft. depth of the soil survey report, bu—t not to 10 ft.

and possibly greater depth.



176 .

It is interesting to read from Terzaghi, Peck and Mesri (1996) these words

of wisdom regarding field and lab permeability:

The accurate determination of the permeability of soil
strata of any kind on the basis of the results of soil tests is
impracticable, because the permeability depends on

structural details of the strata that cannot be detected by

any method of soil exploration. However, if the method
for investigating the permeability is selected judiciously
and used intelligently, fairly reliable limiting values can be
obtained under almost any circumstances. The difference
between the limiting values and the real average value
cannot be determined, but for many practical purposes
only a knowledge of the limiting values is needed.

Natural deposits are never homogeneous. The
water percolates through them along more or less tortuous
lines following lenses and layers composed of the coarsest
constituents, and their permeability in a vertical direction
is usually much smaller than that in a horizontal one.
Therefore, laboratory investigations of any kind cannot be
expected to disclose more than the order of magnitude of
the permeability of the deposit even if the tests are
performed by causing the water to flow through
undisturbed samples separately in horizontal and vertical
directions. Furthermore, the cores are never continuous.
A single seam of siit located between two adjoining
samples of sand may have a radical influence on the ratio
of horizontal to vertical permeability. The occurrence of
such seams is not uncommon.

For these reasons the use of undisturbed samples
for permeability tests is hardy justified. Results no less
reliable can be obtained by testing reconstituted samples.
The estimates and test results on reconstituted samples can
be adjusted to take into account the difference between the
relative density of the remolded and the in-place material.

Elaborate investigations of this nature are rarely
justified economically. The determination of the
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permeability of natural deposits below the water table by
in situ permeability tests is always more reliable than that
by laboratory tests. In a falling-head test in a drill hole it
is likely that fines suspended in the water may form a filter
skin over the walls and bottom of the hole in the previous
material; consequently, the observed permeability may be
too small. The error may be avoided by bailing the water
from the casing until the water level is below that of the

_pervious stratum and by measuring the elevation of the
water level various times as it rises toward its equilibrium
position. The results of such tests are little more than an
indication of the order of magnitude of the coefficient of
permeability. More reliable information is obtained from
pumping tests on test wells.

8.4. Lab Tests on Reconstituted Samples and General Conclusions

Based on the comments above, three sets of permeabilities were assessed on
reconstituted samples at e = (0.560 (samples 7 ad 8) and e = 0.605 (sam;;le 11).
Such samples, while tested vertically are expected to reflect an isotropic value of
permeability. Samples 7 and 8 contained 20% fines while sample 11 contained
38% fines. Such lab tests at the lower fines content (samples 7 and 8) gave values
that reflected the bailing test permeability corresponding to an e = 0.559 to 0.874
over a 10 fi. depth at Pz2, i.e. 10-4 cm/sec. This is one order of magnitude higher
than that obtained on sample 11 at the higher fines content (but higher void ratio)
that reflected the field value from the slug test results (10~ cm/sec corresponding

toe=0.435100.647 at 10+ 1 or 2 fi. at Pz3).
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Given this agreement in range (excluding CPT dissipations)_of- permeability
(10-4 to 10-> cm/sec) between field and reconstituted lab test results, the aﬁthors
feels that this is the most representative of the site as a whole. Standard or
sophisticated lab tests on undisturbed samples involving primarily vertical
permeability are not worth the effort and are potentially misleading. However,
some consolation can be had if one cons.iders the range in permeability as seen in
Fig 8.2 from Lambe and Whitman (1969) for the silty sand (soil 3) line at the
lower end of the void range (e) for the Zolezzi lane silty sand, up to that of the
natural silt (soil 21) which traverses the higher void ratio range encountered at
Zolezzi. (Realize that this natural silt, soil 21, is likely to have root holes.) These
two materials that reflect the silty sand at the site (the material) and its structure
(root holes) span the same 104 to 10-8 cmy/sec permeability range we encountered

in Table 8.1.

8.5. Discussion

For the successful evaluation of groundwater flow conditions, one must
establish the horizontal, and to a lesser degree, the vertical permeabilities of
various units comprising the flow regime. In the current project it was envisioned
that permeabilities would change due to fill construction and the consequent

differential compression of void space of the various units beneath and to the side
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of the fill. The greater amount of consoiidation at shallow dep_ths- in the upper
portion of the soil profile would therefore require initial assessment of
permeability via corrected field and lab tests followed by additional permeability
tests on K, or stress path consolidated lab samples to reflect changes that would
occur subsequent to fill construction.

The unexpected finding in the current project was that seasonally adjusted
flow conditions would not change because there would be no particular
compression of this medium dense to dense silty sand material. In fact, the only
discemible change was the short lived drop in certain piezometers during
construction due to the suppressed dilatant expansion of the material resulting
from shear loading with the increase in fill height. This negative excess porewater
pressure dissipated quickly (5 weeks) within the time of construction.

Another unexpected development was the inability of the authors to more
accurately establish in situ permeability given the constancy of the material (it did
not change due to fill construction) and the various means employed to assess
permeability: CPT dissipations, slug and bailing tests, laboratory assessed
horizontal and vertical permeability of Shelby tube samples and of reconstituted
samples of different percent fines, and back calculation from time rate readings
from the consolidation test.. The reader should take to heart the comments

provided by Terzaghi, Peck and Mesri (1996). In that regard, note that while field
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pumping tests are recommended, preliminary evaluation indicated they wouid not
be successful given the lower expected permeability (<10-4 cm/sec). The bailing
test was used instead.

It is the authors opinion that the effective permeability for basically
horizontal_ﬂow at Zolezzi (both before and after fill construction) is 10-4 to 10-5
cm/sec. This range derives from the bailing and slug tests and is supported by lab
tests on reconstituted samples. It is felt that the reconstituted samples reflect a
reasonable “average” homogenous condition while flow in the field occurs in

torturous paths (see Fig 8.1) through the more permeable material.
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Chapter 9

Finite Element and Stress Path Analysis

9.1. Overview

This chapter deals with the finite element analysis of the undrained and the
drained stress state induced by fill construction. It also discuss the stress path
triaxial test }oading used to simulate stress changes, so assessed, in order to
evaluate the induced porewater pressure and the undrained strains followed by the
drained strains as the excess porewater pressure is allowed to dissipate. Recall that
in the field a negative porewater pressure of approximately 6 kPa (or 2 ft. of water)
developed in certain piezometers (;ee Fig 6.22) corresponding to an (assumed)
undrained dilatant response. It is the purpose in this chapter to see if that might be
reasonably simulated via finite element modeling and triaxial test stress path

testing.

9.2, Finite Element

Chapter 5 dealt with the FEADAMS84 model used to characterize subsurface
and embankment layers. Basically, recommended values of input parameters from

Duncan et al (1984) were used for all but the two upper in situ layers. Choice of
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such parameter input required only general information regarding the soil units,
which was obtained from NDOT borings Bl and B2 (ste “Fig 2.7) and
classification of the highway embankment fill as GW soil OrigEnally the two
upper in situ layers, that are the flow region of concern, were char—acterized as a
medium dense silty sand (SM) with ¢ = 33° (and Ko = I-sin ¢) lar—gely based on
blow count interpretations at Pz3, Pz4 and Pz5 (see Table 7.3). (CPT data was
ignored given that the CPT mistakenly classified this soil as fine graained silt-clay
soil in large part. Using the initial stress conditions for the static watmer case (water
level at 4 fi. depth and assuming a y = 120 pef), the drained stre=ss state after
loading was assessed, but only for the purpose of picking confining —pressures and
Ko consolidation stress levels to be used in standard triaxial test strength
evaluations discussed in Chapter 7. (Permeability was also assessed in the course
of these tests.) Such was the basis for the choice of the range in isotropic
consolidation (& 3 = 45, 50, 60, 65, SQ kPa) and K consolidatien ( & 3 = 60 and
77 kPa) confining pressures used in the triaxial tests on undisturbed s=amples 1-6, 9
and 10. (Note that all such & 3 pressures exceeded the horizontal ef=fective stress
at the associated sample’s preconsolidation pressure and, therefoore, satisfied
SHANSERP testing conditions, once the applied 64 was increased to Sits Ko level)
The test on sample 3 was an undrained test while all other tests on the undisturbed

samples were drained. Two tests, one drained and one undrained,on reconstituted
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samples (7 and 8) were carried out at 53 = 30 kPa after first isotropically
consolidating them to 2 &3 = 65 kPa (and, therefore, an OCR = 2). (Due to
operator error, no data was obtained from undrained failure of a third reconstituted
sample, i.e. sample 11.)

Once the results of all these strength tests were used to establish Fig 7.2, it
was recognized that the ¢ of 33° for the upper silty sand region was too
conservative. Likewise, K tests of samples 5 and 9 confirmed the OCR = 2
obtained from the standard consolidation test (1-D) but yielded a K of 0.3 and 0.4
(for normally consolidated conditions at &3 = 60 and 77 kPa). For the average
void ratio of € = 0.605 from Pz2, Pz3, Pz4 and Pz5 sample data in Table 2.5,
values of ¢ = 41° (from Fig 7.2), K5 = 0.5 (for OCR = 2) and y = 125 pef were
taken as the adjusted values to use for the silty sand (SM) of the upper two in situ
finite element layers (the flow region of concern) above the artesian layer.

Sensitivity studies were also undertaken to ascertain the effect of using thé
initial stresses calculated based on static versus steady-state flow porewater
pressure conditions and the influence of a K, of 0.3, 0.4 or 0.5 for the silty sand.
Such influences had little effect on the calculated drained effective stress state after
fill construction. {However, they do have an effect on the initial stress state and,
therefore, for triaxial test purposes, how we should condition the sample prior to

loading to final stresses.)
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FEADAMS4 runs were also obtained for assumed in_itial undrained
conditions in the upper sand using separate S;; values of 1, 2 and 5 ksf (based on
results from tests on samples 3 and 8) and a bulk modulus as per Byme et al
(1987) suggestions. The results for the Sy, = 5 ksf are used here for discussion
purposes. It should be noted that the Sy = 1 ksf case yielded several elements at an
undrained stress level of one (failure).

As important as the choice of Sy, for the upper silty sand, so is the treatment
of in situ layers below the artesian layer (GM). In one instance, such layers were
treated -as drained using the input values previously discussed. In a second
instance, these lower layers were also treated as if they were undrained over the
time of fill construction. In that instance, they were given the same Sy and input
parameters as the upper silty sand. In all cases, the fil] (which is above
groundwater level) and the artesian layer were treated as drained.

Note that since initial effective stresses are used as input to FEADAMS4,
the computed stresses that result from undrained loading represent apparent
effective stresses (P), i.e. total stress (o) minus static or steady-state porewater
pressure (ug) which is also the effective stress (& ) plus any undrained excess
porewater pressure (An), i.e.

P=c-ug=& +Au
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This is what Lambe and Whitman (1969) call the (T-ug) stress statf:_ (i.e. total stress
minus static or steady-state porewater pressure). Along a stress patﬁ, the
horizontal difference between the P or (T-ug) stress path and the effective stress
path (ESP) is Au.

Appendices 8 and 9 contain a portion of the output of the stresses for these
two different undrained cases (i.e. undrained upper layers with undrained versus
drained layers beneath the artesian layer). Rather than study the difference in
response of all elements of the silty sand atop the artesian layer, we will focus on
conditions at a representative location. Further, we will conduct our stress path
triaxial test using stresses calculated at this location 1o assess undrained or excess
porewater pressure buildup due to shear, Aug (and, therefore, pore pressure
parameter 4 = Aug/ Ao - Ac3), undrained strains, and then drained strains, once
the excess porewater pressure is released and the applied stresses are adjusted to
reflect the drained upper layer FEADAM results.

If the stress path triaxial test yields the same undrained and then drained
strains for this location as predicted in the FEADAMS®4 undrained and drained
outputs, then the finite element modeling and stress path testing are simultaneously
successful at this early stage. However, if the strains are significantly different,
then the FEADAM input parameters for the silty sand would need to be changed to

reflect what was observed in the stress path test or the lab triaxial test stress-strain-
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pore pressure response further corrected for disturbance effects, or— a combination
of both employed. Ideally, differential settlement measureme—nts from field
instrumentation yielding vertical strains would provide a measure offf guidance as to
how to proceed. Of course, if the changed FEADAM input pzarameters yield
significantly different applied stresses for the undrained and drair—ed cases, then

there might be 2 need to repeat the triaxial stress path test and, hencee, cause further

iteration.

Please note that these first undrained and drained FEAD~AM runs were
made with just the Duncan and Byrne recommended input parame=ters for stress-
strain response using the lab assessed undrained Sy and drained ¢ values for the

silty sand. (No. attempt was made to use any specific triaxial te-st stress-strain

curve information from samples 1-10.)

9.3. Stresses

The representative location chosen for consideration is at Pz=4 location at a
depth of 10 ft. Note that Pz4A, Pz4B and Pz4C all showed the pre=viously noted
negative porewater pressure change (see Fig 6.22) and Pz4A and Pi:4—B are at 7 and
12 ft. depths, respectively. As shown in Fig 9.1, averaging— the stresses
representing conditions at the center of elements 302 and 303 yields the stresses at

5.5 ft. depth directly above the point of interest, and averaging those= for elements
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248 and 249 vields the stresses at a depth of 16.75 directly below 1t The stresses
at Pz4 at 10 ft. depth can then be assessed from linear interpolation of the strésses
at 5.5 and 16.75 fi.
Values of stresses (and strains) at this location assessed from FEADAM for
the undrained loading case are
P) =01 -u5=4.50 ksf=225 kPa €1 = 0.078%
P3 =03 - ug= 1.30 ksf= 65 kPa £3=-0.074%
od =P} - P3 =3.20 ksf= 160 kPa
for static water conditions (water at 4 ft. depth), Sy, =5 tsf (=250 kPa) in the upper
silty sand, and assumed drained response of the layers beneath the artesian layer.
Alternatively, for similar undrained response of the layers below the artesian layer,
these same stresses (and strains) are
P1 =01 - ug=4.54 ksf=226 kPa €1 =0.051%
P3 =063 -ug=1.70 ksf =85 kPa g3 =-0.047%
od=P1 -P3=2.84 ksf= 140 kPa
Therefore, average values of
Py =225kPa
P3 =75kPa

o4 =150kPa
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were adopted for sn‘eés path triaxial testing. Likewise values at this location for
drained loading for an assumed ¢ = 41°, K, = 0.5 and static water conditions in the
upper silty sand are
c1=P1=01-ug=225kPa
63=P3=03-ug=70kPa
od = 155 kPa
Note that in the undrained case the FEADAM stresses represent
Pi=o1-us=61+Au
P3=0c3-ug=a3+Au
while for the drained case they are effective stresses, i.e.
Pi=o1-u3= &) ;Au=0
P3=03-ug=353 -Au=0

)

Figure 9.2 shows the initial stresses at this depth, i.e.
Plo=(01-us)o= 5 10=50KkPa
P30= 530=Kp510=25kPa
OGdo =25 kPa
Therefore, in going from these initial stresses to the undrained stresses for fill
loading, the undrained porewater pressure generated is (Skempton, 1954)
Au=B Ac3 + 4 (Ac] - Ac3)

which, in the present notation, is also
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Au= AP3 + 4 (64 - 04o) ; B=1
(Note that there has been no rotation in major and minor principal stress
directions.) Alternatively,

Au = Aug + Aug

where

Aup = Aoz = AP3 ; B=1
is due to the isotropic change in confining pressure, and

Sug = 4(cd - Gdo)
is due to the undrained change in the deviatoric stress.
For a cohesive soil that is normally consolidated or has a low OCR (e.g. 2),

Au is positive. In fact, for K loading (i.e. horizontal strain €, = £3 = 0, as in the

standard consolidation test) of any saturated soil (B = 1, v =14)

Ao, = Ag, s v=1%
whereby
Au=Ac3 + 4 (Acy - Ao3)

Au=Aup=Ac3 ; Aug= 4(Acy-Ac3)=0



193

Therefore, there must be some lateral distortion, e = €3 = 0 (and Ac3-< Aoy, fora
dilatant material (4 <0 ) to yield a Au less than Ac3. Fig 9.2 shows the possible
position of the effective stress circle for fill loading (where there is lateral strain
such that Ao3 < Aoj) in association with different possible values of Aug and,
hence, Au = Aup + Aug = Ac3 + Auy. Note. below the figure of the circles there
are line diagrams of Aug and Au values for cases A (Auq> 0, 4 > 0, Au between
Act and Ac3), B (Aug=0, 4 =0, Au=Ac3), C(Aug<0, 4 <0, Au< Aoz but
Au>0), D (Auq = Ac3, 4 =-1/( Ao/ Ac3 - 1), Au=0), and our assumed case £
(Aug'<-Ao3, 4 <-1/(Aci/o3 -1), Au<0).
For the representative location, AP3 = 75 - 25 = 50 kPa and (64-04o) =
(150 - 25) = 125 kPa. Therefore, while we expect
Au=-6 kPa
(for the approximate recorded 2 ft. drop in piezometer water levels in the dilatant
region shown in Fig 6.22) this is due to
Au = Aup, + Aug = AP3 + 4(oq - 640)
=50+ A(125)
For Au= -6 kPa,
Aug= A4(125)=-56

A=-56/125=-0.45
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Of course, the above assumes the 6 kPa drop is a fully undrained v_alue. In fact, it
may be a partially drained value, in which case Aug and 4 would be even greater
negative values.
Figure 9.3a shows the associated Mohr circles, while Fig 9.3b shows the
undrained components of the total volumetric strain, i.e.
&y = Eviso + Evshear =0
which must be zero for undrained conditions of this saturated soil. Consequently
Eyshear = - &viso
where gyjgo i the volumetric strain (compression) associated with the undrained
change in & 3 from 25 to 81 kPa and eyghegay is the equal and opposite (dilatant)
~component of volumetric stain due to the change in deviatoric stress from cgq =
25kPaat 39 =25kPatocg=150 kPaat & 3 = 81 kPa.
Note that in the above discussion,

or
o3=P3-Au= 534-Aug

=75 -(-6)=25-(-56)
= 81 kPa
and

or
01=P1-Au=¢c35-Auqd+aoy

=225 -(-6)=25-(-56) + 150
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=231 kPa

As indicated, Aug must be a large negative value (-56 kPa) to overcéme Aup, =
AP3 (= 50 kPa) to get a net value of Au = -6 kPa and the effective str—ess (ES) state
shown in Fig 9.3a.

While volumetric strain €y = 0 during undrained loading, theres is distortion.
For the plane strain conditions (g7 = 0) of FEADAM,

Ey=g] +ex+e3=0
€3 =-£]

Of course, the strain outputs do not exactly reflect this condition becamuse v can not
be taken equal to Y in the EEADAM analysis (i.e. computatiormal instability

results).

By contrast, the stress path test will reflect undrained triaxial compreséion

conditions, i.e. £ = £3 and, therefore, &y, = 0 requires

g3=-% &

In truth, the field problem is neither a plane strain problem, bmecause of the
cross section’s proximity to the abutment of the Zolezzi Lane overecrossing (see
Fig 2.1), nor triaxial, because of its plane strain confinement in the opposite
direction. Accordingly, a less sophisticated three-dimensional elastic =analysis such
as Newmark’s chart (see e.g. p 174 of DM-7.1, 1982) might have bee—n as accurate

as the finite element anatysis. On the other hand, neither this nor the finite element
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analysis have been modified to account for the surface grass acting as an

equivalent geotextile fabric to redistribute the load.

9.4. Settlement

If one were to integrate or sum the undrained vertical strains, £1, of the
FEADAM output over the depth of the deposit, the result would yield the

immediate settlement, pj, at ground surface, i.c.

N
pe [ dz= ¥ (enH )
i=1 i

where N is the number of in situ layers. By contrast, if one were to do the same
for the drained €] strains, the resulting total settlement p would be a combination
of immediate (pj) and consolidation {p) settlement, i.e.

P=Pi*Pc
and, therefore, the consolidation settlement would be

Pc=P-Pi
Such evaluation has been made (see Table 9.1) and p; and p values (in inches) for
the 75 ft. deep deposit characterized are

Element 299 Element 300

pj = 0.827, say 0.8 0.837, say 0.8
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pc=7.476 - 0.827 7.640 - 0.838
= 6.649, say 6.6 6.802, say 6.8
inches along two vertical lines (through the center of elements 299 and 300 of Fig

5.2b) on either side of centerline. If the layers beneath the artesian are treated as

drained during fill construction then

Element 299 Element 300

p; =6.435, say 6.4 6.491, say 6.5

pc=7.476 - 6.435 7.640 - 6.491
=1.04,say 1.0 1.149, say 1.1

inches. Of course the time span between p; and pg, i.e. the dissipation of Au,
occurs in a very short period (during construction) at Zolezzi. Hence, for design
purposes, we would normally assume or evaluate just the drained response of this
silty sand and call the resulting drained settlement the immediate settlement (i.e. it
occurs as fast as the construction rate of loading). However, for the present
purpose of predicting the observed negative pore pressure change, the above
distinction holds. Note that such values reflect plane strain conditions which are
not exactly what exist at the site.

Such evaluations should be checked against recorded field behavior but

since such settlement instrumentation was not provided, it should at least be
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compared with other methods to get a feel for its accuracy and, therefore, for
FEADAM’s capability to accurately simulate behavior.

Note that the undrained immediate settlement might also be calculated more

traditionally (p 23 of Duncan and Buchignani, 1987) as
B
pi =" (-vLL,

using v = %2 and an undrained Young’s modulus £ = Ky Sy with S;; from an
undrained triaxial test. Sample 8 (a reconstituted sample) was tested undrained
after first being consolidated to & 3 = 65 kPa, to simulate the mean effective stress
underA ﬁle preconsolidation pressure, and then rebounded to &3 = 30 kPa,
corresponding to the mean effective stress at an OCR = 2 of the average or
representative location. Using E = 1000 S (i.e. Ky = 1000 from p 26 of f)uncan
and Buchignani for PI < 30 and OCR = 2), then E = 1000 (260 kPa), q = ¥
(29+36.5) (130) = 4258 psf = 4.26 ksf = 213 kPa, (1-v2)I] = 0.1 for H/B -
75/(148+279)/2 = 0.35 and I = 1 (D = 0), the calculated p; is 0.21 inches. This
average value can be corrected to the center by multiplying by a factor (Table 7, p
25 of Duncan and Buchignani) of 1.3, i.e. 1.3 (0.21) = 0.27 inches. While 0.27 in.
is considerably less than the 0.83 in. from the FEADAM solution, most of the
FEADAM p; derives from drained deformation of the artesian layer. Therefore, if
we subtract this and proportion the difference ([0.827 - 0.662] x 75/(75 - 15) =

0.206) there is much better agreement between the values, i.e. 0.27 versus 0.21
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inches. Realize, of course, we would expect the 0.83 in. to develop, i.e. the
traditional calculation does not account for a good portion of the full value.
In the same vein, Schmertmann’s method for the (drained) settlement of

sand can be used to assess the total or finai settlement p as

p= C;Czqzjj;‘f
Note that xg, is the Young’s modulus E as assessed from CPT cone tip resistance,
g (or Qg in previous notation). Factor x = 2.5 or 3.5, depending on whether the
problem is axisymmetric (e.g. triaxial) or plane strain (e.g. FEADAM). In this

instance we can use an intermediate value to better reflect actual conditions (or use

3.5 to compare with the FEADAM drained solution). Note that p is really the

integration I g dz where

_AG A5 A5,
4=7g E E

or in triaxial conditions (where & 1= &3+ 041, 2= 63 +642)

v

1
& :E(AES +Acrd1)—1(AE3 +AU‘2)_E

For an axisymmetric axial compression case, og2 = 0, i.e. Ao = Acgy = 0, this

becomes

Ao, (1-2v)  _
h="p tT g Ao,
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In our drained case Acd] = Gg - 6do =155-25=130kPa, Ac3=70-25=45
kPa. If v, by shear dilatancy (not undrained behavior), were to reach a value of
0.5, then £] would equal

AO'dl AO’l ""A0-3
E = =
' E E

and be due entirely to shear loading (with no contribution from confining pressure
change, AG 3,i.e.(1-2Vv)Ag3=0).
In fact, Schmertmann’s equation is really a characterization of _[sl dz for a
condition of v = }%, as shown below:
o= Z &Az

(a0, - Ac)

Pftz E

I:
o= Z‘?EAZ where Ao, —Ac; =gl

p =92 %Az
Additional factors, Cj and Cp, are for embedment and creep effects which in our
case are equal to unity (C1 = Cp = 1). One will note, therefore, that
Schmertmann’s I, triangle (see p 51 of Schmertmann, 1977) muitiplied by q is the
Ac] - Aoy or Acq variation due to the imposed fill load. It reaches a peak of
approximately 0.6 q at a depth B/2 (and diminishes to zero at 2 B) for the

axisymmetric or triaxial case, or a depth B (and diminishes to zero at 4 B) for the
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plane strain case (L > 10 B). Looking at this (Ac} - Ac3) = q I, triangle in the
vicinity of the representative location, it suggests that at z = 10 ft. or /B = 10/214
=0.05, Ao] - Ac3 should be between 0.1 (axisymmetric) and 0.2 (plane strain) of
q (= 4.26 ksf) or 21 to 42 kPa (0.426 to 0.852 ksf), not the o4 - 64o ( = 155 - 25)
drained value of 130 kPa predicted by FEADAM. In fact, the vertical strain at this

representative location,

E T xq,

should be between

0213 10 0426 15f
25 10 35 (25 1sf)

= 00024 10 0.0068= 024 10 068 %

using an average qc at Pz3, Pz4, Pz5 and P26 (see Appendix 2) of say 25 tsf. The
drained FEADAM value 0f 0.41% (see Table 9.1 drained case €y vaiue) falls in the
middle of this range. Therefore, while the value of the drained strain frOIﬁ
FEADAM agrees , the Ac] - Ac3 or 04 - o due to the fill load does not.
Alternatively, the full settlement can be calculated by Hough’s method as
outlined in the Soils and Foundation Workshop Manual (1993) on pages 169-170.

This K or consolidometer type settlement is

L/ WY
H logE —C.H logE

o L] o

<

l+e

p:
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or in our case, where there is an OCR =2,

1 ] P o %
= T 10 — e -
P C. g - TC g P,

If vertical strain €] is again sought, then at the representative location,

AH 1 » o,
&="g -Coc.Hlog = +CHlogPp.

1
Using the average of ol Cgc of 0.0243 and 0.0365 or 0.0309 as obtained from

Ko consolidation tests on samples 5 and 9 (see Fig 7.13) and & | = 225 kPa from

i
FEADAM, & 10 = 50 kPa, P’ = 100 kPa, and Fofsay 0.2 ofEl,.—, then

oc

£1=0.0127=127%
Note that C* = 32 (= 1/0.0309) which agrees reasonably well with the value of 50
on p 170 of the Soils and Foundations Workshop Manual for well graded fine to
medium silty sand for an N{ = 16 (for N = 12 at Pz4 at 11-12.5 ft. from Table-‘?.é
and Cyy = 1.3 as assessed from p 169). By contrast, the standard consolidation test

C = CL of 260 would require an associated Nj in excess of 100 for this same

&

material. This indicates that the 1-D consolidation test response (and C¢) was too
stiff.
This value of €] is three times the drained value (0.41%) obtained by

FEADAM at this representative location. Note that we could have used a value of
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1= O 1o+ Acy where Aoy, is calculated from the elastic abu@ment. chart on p
165 of the Soils and Foundation Workshop Manual (i.e. b = 107 ft., h=32.75 f.,
distance from middle of the abutment slope = 140 f. as per Fig 2.2), but Aoy, at
Pz4 at 10 ft. could only be assessed to be between 0.5 and 1.0 times vh (= 4258
psf) or, say, 3000 psf = 150 kPa. Therefore, &1 would be 150+50 or 200 kPa.
Alternatively, Acy from the plane strain embankment chart on p 170 of DM-7.1
(see p 172 for an example of its use) yields a Aoy, of 0.95 vh or 4045 psf=202 kPa
and, therefore, a drained Py = & | = 252 kPa.
" Regardless of the variation in Ao} - Ac3 (130 kPa from FEADAM to 21 -
42 kPa from Schmertmann’s CPT analysis), Aoy (175 kPa from FEADAM to 150
- 200 kPa from elastic embankment charts) or & 1 (225 kPa from FEADAM to 200
- 252 kPa from embankment charts), p; (0.83 inches from FEADAM to 0.27
inches from undrained elastic settlement) or drained €] (0.41 % from FEADAM
versus 0.24 - 0.68 % from the CPT and Schmertmann versus 1.27 % from
consolidation type behavior), the resultant effect on volume change and, hence,
permeability of the soil will still be negligible. For instance, if we accept the
larger value of final or drained strain of 1.27 %, this Hough value is for Ko

conditions (&y = £], £3 = 0) and, therefore, this volumetric strain

Ae
=0.0127
l+e,

£ =

¥
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yields
Ae =00127(1+e,)

which equals 0.02 for e = 0.60. Therefore, an € of 0.60 might reduce to 0.58.
Furthermore, as shall be seen from the stress path triaxial test, the resuiting volume
change may be of the opposite sense (expansive) rather than the compressive value
indicated in all these prior calculations. In fact, we might conclude here, that if we
get a negative undrained pore pressure buildup, followed by a net expansive
volume change in the lab, that our finite element and elastic based computations of
volumetric strains are misleading. They predict, at best, zero volume change as v
approaches '%; and they blow up as v is taken equal to 'z or close to it ( > 0.49).
Recall that for the undrained FEADAM plane strain results, gy = 0 requires that £3
= - g1, but FEADAM gives values that only approximate this condition. |
Therefore, it may be that finite element or other analyses might only serve
to give approximate stresses (not truly correct if v is Iimited to }2), and that only
stress path tests will be capable of accounting for such dilatant volume change

(v>12).
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9.5. Stress Path Testing

Figure 9.4a shows the ES and P (i.e. TS-ug) Mohr circles for the original
level ground state, the presumed undrained fill loading state (using the negative
field porewater pressure). followed by the drained fill loading case. Fig 9.3
portrays the comesponding equal and opposite effective stress volumetric
responses (€viso = -Evshear) due t0 AF 3 (i.e. gyiso) and Ac] - Ac3 (i.e. Eyshear)
that occur during undrained loading (Norris et al, 1997). Note that considerable
undrained vertical strain (€] = €£}iso *+ E]shear: €liso = 1/3 &viso) and
displacement may occur even though total volumetric strain (gy = &yiso + &yshear)
is zero and volume is preserved. Accordingly, there will be lateral distortion (e3=
-€] in plane strain or €3 = -1/2 £] in triaxial or axisymmetric strain). Such- strains
will be followed by additional strains equivalent to the opening of the draiﬁage
valve in the stress path triaxial test and dissipation of the undrained porewater
pressure {Au) at pretty much the same applied stresses (i.e. P1 and P»). Based on
the characterization shown in Fig 9.3b, Fig 9.4b (with Fig 9.3b reproduced as
points x to y) shows the possible volumetric expansion that might result from such
drainage {going from point y to z). It is these responses that stress path testing is
intended to record.

However, before embarking on such stress path testing, the undisturbed

stress path test sample (sample 12 from P22 at 10 fi. depth, e = 0.654) must first be
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reloaded to its initial stress condition corresponding to the average element (OCR
= 2). While the end state is important, the changes to be recorded will probably be
more a function of how we condition the sample in getting it to the initial (level
ground) stress condition. Originally a reconstituted sample (at say, e = 0.60) was
to be employed in stress path testing, but it was felt that the bedded structure of the
natura] sample would dramatically affect the pore pressure and the resulting
undrained effective stress path. However, in lieu of testing an undisturbed sample
at higher pressures to overcome disturbance effects, the authors decided to reload
the specimen in a fashion similar to that envisioned for conditioning a
reconstituted sample.

Figure 9.5 shows the stress path loading used to get to the initial stress state.
First, the specimen is back pressure saturated at an effective confining pressure of
25 kPa.. The sample is then isotropically consolidated to 40 kPa and with P3 =
& 3 held at this value, the sample is sheared with 64 = 60 kPa yielding a P] = &
= 100 kPa, to simulate the preconsolidation pressure P’p of 100 kPa (OCR = 2) for
a Ko = 40/100 = 0.4 at 10 ft. depth. The sample is then unloaded in shear to zero,
yielding the isotropic pressure P3 = &3 = 40 kPa. Thereafter, the confining
pressure is reduced to P3 = & 3 = 25 kPa before being sheared (while holding & 3
=25kPa)toog=25kPaorP; = 5 1, =50 kPa.

Fig 9.6 shows the various responses
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ad- €]

€y - €1

Ey- T3

64d- &y
during drained conditioning of sample 12. In particular, note that a commuiative
volumetric strain of &y = 0.55 % results. (This causes a negligible change in e.)
Of a special interest is the volumetric strain that occurs in shear unloading (point 3
to point 4) in the &y, - €] plot.

- At this point the sample is ready for application of the undrained stress
changes due to fill loading followed by the drained changes as indicated in Fig 9.4.
Of course the undrained ES circle shown is for the presumed Au = -6 kPa as
obtained from piezometric readings, and the question here is whether or not stress
path testing will yield the same response.

Fig 9.7 shows the all important responses during undrained loading. Note
that this loading was carried out by first increasing P3 (25 to 75 kPa) while
maintaining o4 = 25 kPa (point 6 to 7) and then shearing from 64 = 25 to 150 kPa
at constant P3 (= 75 kPa). As can be seen, a considerable amount of axial (e1) and
lateral (€3) strain developed, much much more than the values predicted by

FEADAM (+0.078%, £0.051%). Of course, one needs to convert triaxial strains to
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equivalent plane strain values to compare with the plane strain FEADAM results

(g1 =-23, 82 =0%), i.e.

triaxial equivalent plane strain
o o, o, 171
5 =%=3_1% g =%— v—f=3.l—5(§3.lj =2.3%
&H =& 4 Oy, 0
e I T
& =-v B

%, 1 % G, 1 1f1
emovenisn (=) s vt a2 6D- 533
=-23%
£, = 0% (0.04 % recorded) £, =0%

While this large disagreement in values (] = 2.3% versus 0.078%) is partly the
disturbance effect on the stress path response of the undisturbed sample (even after
the conditioning phase), more of the disagreement is due to the difference in the
undrained strength of 5 ksf used for the FEADAM analysis and the estimated
value of 2 ksf from the projected undrained ESP from this phase of the triaxial test.
More on this in a moment.

Note that contrary to expectations, the porewater pressure that resulted is a

positive 35 kPa, not the -6 kPa the authors hoped would occur. As shown in Fig
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9.7, 4 is a dilatant -0.11 not the -0.45 expected. (By contrast, saniple 8 had an

Au,
O4

A= = - 0.3 but this was for a lower ¢ = 0.560 or Dy = 72 %.) =Consequently

the resulting ES circle is from 38 to 188 kPa and not the 81 to 225 kPa circle
shown in Figs 9.3 and 9.4, and the effective confining pressure is &3 =38 kPa not
81 kPa.

If one projects this undrained ES path to the effective stress fai_lure envelope
to establish the associated undrained strength (Sy), the resulting vahme is 92.5 kPa
or approximately 1 tsf'= 2 ksf as shown in Fig 9.8. (Note this projection is based
on the actual measured ¢ of 41.6° obtained at the conclusion of th_e drained fill
loading phase to be described later. More importantly, it assuzmmes that the
undrained resistance will not increase by ES path movement ugp the -failure
envelope.) This means that the undrained stress level (SL) of the r—epresentative
location is 81 %, not the low value of 75/260 or 29 % as implied in tlhe FEADAM
analysis.

If the results from the FEADAM analysis for the S;, =2 ksf umndrained case

are considered instead, the resulting representative location stresses ard strains are

P1 =224 kPa £1=010%
P3 =80 kPa £3 =-0.095%
o4 = 144 kPa
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at a stress level of (144/2)/100 or 72 %. If one considers the stress path test strains
obtained at this earlier or smaller undrained stress level (0.72 instead of 0.81), the
equivalent plane strain values of + 2.3 % will be considerably reduced, but not
down to the level of £ 0.1 % from FEADAM.

For further contrast, the corresponding values from the FEADAM

undrained Sy = 1 ksf computer run,

Py =223 kPa €1=09%
P3=112kPa £3 = -0.4 % (note)
og=112 kPa SL->1

yield strains that are be in reasonable agreement with the adjusted stress path
values, but it would seems that this is not a fair basis for comparison, i.e. Sy = 1
ksf instead of the stress path test projected S;; = 2 ksf. Note, however, from the ES
path for the undrained test on sample 8 in Fig 7.10, that undrained resistance of a
dense sand (e= 0.560) will increase via dilatant movement along the failure
envelope. (On the other hand, it will be limited for a loose sand, e = 0.746, as in
sample 3°s ES path.) But this increased undrained resistance requires considerable
additional strain (as shown in Fig 7.9) for the dilatant porewater pressure (see Fig

7.4) to develop, thereby, causing o3 and the effective stress resistance
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(o, =53|:tan2(45+%J —1}) to increase progressively. As seen-in Fig 7.9, the

stress - strain curve for such response (sample 8) is not the nice hyperbolic shape
corresponding to that of loose sand (sample 3) whose ES path basically terminates
once the ES failure line (see Fig 7.10) is ﬁrst reached. Since recommended
FEADAM imput parameters for undrained response are modeled after clay, and
clay’s stress - strain curve is characteristic of the shape of the loose sand (sample
3), not the strain hardening curve of dense / dilative sand (sample 8), it should be
expected that strains predicted by FEADAM will be very lowl. However, if we
assume a fictitiously lower undrained strength (i.e. Sy = 1 ksf) for such dilatant
material then we are, in effect, better modeling the steeper initial portion of the
material’s stress - strain curve (e.g. up to €1 = 2 % for sample 8°s curve in Fig 7.9)
in our FEADAM analysis2. If we don’t, the FEADAM strains will be very low as
compared to actual behavior. On the other hand, such FEADAM modeling will
not permit the dilatant.stain hardening that we see in sample 8 once stresses reach

this fictitious strength. Therefore, successful modeling of the undrained response

' Likewise, E= K S, in the undrained settlement (p,) calculation considered earlier will be way too stiff,
because K = 1000 Su corresponds to clay’s response.

? We might do the same for the immediate settlement calculation, i.e. keep E = 1000 S, but consider a
fictitiouns S, =1 ksf
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of a dilatant sand requires arbitrary adjustment of FEADAM strength v_alues.
Furthermore, we cannot automatically assume the stress path test stress - strain
response we observe in the lab is necessarily correct. In other words, the lab
recorded response exhibits, to some agree, the effects of sample disturbance, and
without differential settlement measurements in the upper portion of the deposit
we can not know the strains that actually developed during undrained fill loading,

Next Let us compare the stress path drained or end state response versus
that obtained from drained FEADAM analysis. Recognize that while the
undrained stress path response is needed to try to simulate the dilative porewater
pressure response recorded, such response is short lived and we traditionally . Just
consider loading of such soil as drained (relative to construction rates of loading).
Given that the sample survives the undrained stress path load state, the cumulative
undrained and drained strains from the triaxial test should be comparable to the
FEADAM solution for ¢ = 41° (Table 9.1).

To undertake such triaxial test loading, the back pressure from the CKC
volume change device must first be raised to match the internal sample porewater
pressure (i.e. with the Au = 35 kPa) before the drainage valve to the volume

change device is opened. Thereafter, the stresses applied to the sample, P and P3,
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and the effective stresses (53 = Py and 5 = P1) are adjusted to match the
drained FEADAM values. Since backpressure is maintained constant, a drained
response is obtained.

The effective stresses of & 3 =38, o1 = 188 kPa (6q = 150 kPa) in
undrained ioading are raised to those of the drained loading case (63=70and 7
= 225, od = 155 kPa) by first raising thé effective confining pressure (& 3) from
38 to 70 kPa at a constant 6g = 150 kPa as shown in Fig 9.9. For this change an
€liso = 0.03 % and gyisg = 0.08 % were recorded. The sample is then sheared at a
constant & 3 = 70 kPa as in a standard drained test. A point 10 corresponding to
the fill drained loading condition was achieved during the course of this reépo_nse.
Fig 9.10 shows the drained loading to failure (¢ = 41.6°). Note that the volume

change curve that resulted was very flat just like that of sample 2 (see Fig 7.6).

The corresponding strains (g1 and sy) from od = 150 to 155 kPa corresponding to

the mobilization of the drained loading condition (point 10) were negligible.

Collectively the cumulative strains from level ground to drained fill loading

from the stress path test were
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g1 =3.1 | ge3=-1.5 Undrained
=0.03 =1/2 (0.08-0.03) Drained & 3 change
=0 =0 Drained o4 change
3.1% -1.5% Total

most of vs}hich occurred during undrained loading. These correspond to plane
strain values of 2.3 and -2.3 % respectively. If we compare these latter values with
those from the drained FEADAM loading case (¢ = 41°) from Table 9.1 (ie. =
0.41 %), we see that there 1s considerable difference. Recall that the Schmertmann
method gave €1 = 0.24 to 0.68 % and the Hough method, €1 = 1.27 %, by
comparison.

If one considers, instead, stress path drained fill loading strains as evaluated
from purely drained triaxial test response, rather than the stress path und:ainéd
followed by the drained response, then different final strains may result. No
purely drained stress path test was undertaken, though drained tests on samples 5
and 6 can be used as good approximations. Sample 5 was the K, consolidated
sample (e = 0.661) that was then sheared to failure (¢ = 40.5°, &3 = 77 kPa),
while sample 6 (e = 0.585) was isotropically consolidated to 63; = 80 kPa and

then sheared to failure (¢ = 40.7°). Recall that both samples exhibited €] = &y =
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0.9% at a K condition (cg = 120 kPa) and yielded additional £} z?md gy strains as
o4 was raised at a constant &3, Given that the 30 kPa formirmg pressure for
samples 5 and 6 is approximately the mean pressure for the in sit-u level ground
condition of Fig 9.4, and we adjust the results to reflect the desimred drained fill
loading co-ndition of Fig 9.4 (&3 =70, 64 = 155 kPa), then an esti—mate of €1 and
gy for purely drained conditions can be obtained from these tests.  Note that the
desired stress ratio for fill loading is 225/70 = 3.21; therefore, for ®he same stress
ratio,-& | = 3.21 (77) = 247, 64 = 247 - 77 = 170 kPa for sample S mand & 1 = 3.21
(80) =257, o = 257 - 80 = 147 kPa for sample 6. In going frorn th=e K, condition
(cd = 120 kPa, €] = &y = 0.9%) in both these tests, to the respectiwwe adjué;ted od
values, one obtains an additional €1 of 0.4% in both tests, and an amdditional gy of
0.2% in sample 5 and 0.15% in sample 6. Accordingly, the total edrained ﬁrains
are €] = 1.3% (i.e. 0.9+ 0.4) and gy = 1.1% (i.e. 0.9 + 0.2 or 0.15) =and g3 =% (gy
- £1)=-0.1%. (A similar treatment of the sample 4 response (e = 0.6542, ¢ =42.5°,
03¢ = 65 kPa) yields a total drained €] = 1.3% but &y, = 1.5% and, therefore, €3 =
+0.1%.) The corresponding equivalent plane strain value is 1.0 %%.
It is anticipated that such strains would have been obt-ained on the

conditioned stress path test sample (e = 0.654) had it been subjecte=d to the same
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purely drained conditions. Therefore, a great deal of the stress path test sample’s
g1 strain of 3.1% arises from the much lower effective confining pressure (&3 =
38 kPa) and higher effective stress ratio (38+150/38 = 4.95, rather than 225/70 =
3.21) that results during undrained loading, prior to dissipation of the net positive
value of i)OI'E pressure (i.e. 50-13 = 37 kPa), and the establishment of final
effective stresses. In fact, if we consider the drained axial strain from the test on
the reconstituted sample 7 (6 3 = 30 kPa, e = 0.560, ¢ = 43.6°) at this stress ratio
(ie. &1 =4.95(30) = 148, o4 = 148-30 = 118 kPa), the axial strain (g1) is 3.0%,
very close to the 3.1% in undrained stress path response at & 3 = 38 kPa.

Therefore, it remains as an unresolved question as whether the undr'ain‘ed -
drained stress path test (2.3 %), the drained triaxial test (1 %) or the drained
FEADAM results (0.4 %) best predicts the drained strains that occurred in the ﬁeid
at the average element location after dissipation of any excess porewater pressure.
Note that the stress path test result is dominated by the undrained strain but for
sample 12’s void ratio of 0.654 only a small negative pore pressure developed (i.e.
A =-0.1). If we consider the undrained test on sample 8 (e = 0.560) instead, an €]
= 2 % develops at og = 150 kPa corresponding to a Aug=-15kPa (4 =-15/150=

-0.1; even though 4 later rises to -0.3). The equivalent plane strain €] is,
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therefore, 1.5 % which is lower than the 2.3 % from the stress path.test (e = 0.654).
A sample that would yield an 4 = -0.45 would, of course, experience an £ value
much close to the FEADAM drained response (since undrained & 3 would be
higher, 81 kPa, than for the drained state &3 =70 kPa). Given that sample
disturbanc;e probably affected the stress path test sample response, while the
absence of layering in the reconstituted sample 8 caused its similar smaller
negative pore pressure, a value of 4 = -0.45, in keeping with the recovered -6 kPa

(50-56 = -6 kPa) should have been expected of this material in situ.

9.6. Discussion

While stress path testing is usually employed on clays, the silty sand -of the

flow regime of interest had enough fines to hold the undisturbed samples and

layers together via capillary tensid;l. Con’sequenﬂy, stress path testing for the
Zolezzi lane soil was attempted. Unfortunately the conditioning cycle employed
was not sufficient to overcome the large amount of sample disturbance to such
soils. (Normally only reconstituted samples of sand are tested.) Therefore, the

strains obtained to simulate undrained and drained loading were very large as
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compared to the values predicted from the finite element analysis._ Of course, the
FEADAM results could not be calibrated against field strains since no settlement
measurements were taken. Therefore, such results had to be calibrated against
other values of predicted undrained and drained settlements.

It ié expected that the FEADAM undrained response is best characterized
based on an equivalent fictitious undrained strength (S,) of 1 ksf. Such a fictitious
strength value is required in order to better model the resulting stiffer portion of
the undrained stress - strain curve of such dilatant material.

Note that the only way to provide prediction that a dilative pore pressure
should be expected from such undrained fill loading was through the stress iaath or
the standard undrained triaxial tests. Certainly, there was negative pore pressure
(4 <0) generated during shear loading, i.e. 4 =-0.1 during the stress path test (;e
= 0.654) and -0.3 during the later stage of the standard undrained test on sample 8
{e = 0.560). However, a value of -0.45 would have been required to overcome the
positive porewater pressure increase due to Ac3 to yield a net negative value of 6
kPa corresponding to the 2 fi. drop indicated in the highlighted piezometers of Fig
6.22. While an 4 = -0.3 for e = 0.560 (D, = 70 %) might indicate that such a

value of -0.45 is possible (at higher Dy) in tests on undisturbed samples, the range
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in values of Dy as established from void ratios (i.e. water conten_ts)-of Table 7.5
indicate this might only occur (i.e. Dy > 70 %) at Pz3 location. However, sample
disturbance in the present tests most likely loosened the undisturbed sample and
caused it to lose dilatant behavior. Therefore we can argue that such response is
possible bﬁt not definitively proven. Freezing the soil in situ, before taking

undisturbed samples, would reduce disturbance, but such effort would be

prohibitively expensive.
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Chapter 10

Conclusions and Recommendations

10.1. Project Response at a Glance

 The good news relative to the question of possible changes in groundwater
flow conditions due to fill construction is that at an alluvial deposit such as the
Zolezzi Lane site, that despite lower blow counts of 6 to 12 in the upper 17 ft. (and
> 20 between 17 and 21 ft.), that the construction of a 30 fi. high fill caused no
volume change or change in permeability in this upper silty sand sitting on top of
the artesian layer (starting at 21 fi. depth). As shown by the piezometer readings,
there were no significant jumps from the seasonal variation in water flow over the
two years of readings. If anything, there was a small dilatant water level or
porewater pressure drop. Therefore, all the fears of a significant compression of
this material leading to a damming up of water and loss of downstream flow were
unfounded.
However, these conclusions are specific to the medium dense to dense silty
sand (SM) at Zolezzi that contained root holes to greater than 10 ft. depth.
Whether this would be true of a looser sand has not been answered. Certainly, had

this site been a clay site, this fear might have materialized.
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10.2. Lessons Learned

There were several lessons that the authors learned as a result of this
research project. First of all, do not believe all of what you read (geologic maps)
or receive (CPT interpretations). Contrary to what we thought going into the
project, the soil at this site was cohesionless (PI = 0 - 5). The fact that it had 35 %
or greater fines means that by the AASHTO soil classification system (not the
Unified) it might be classified as a silt-clay soil, but it was a silty sand of
negligible plasticity.

- If CPT results are obtained, they need to be checked against the actual soil
(grain size and Atterberg limits results). Certainly if a piezo cone is used, one
should pay particular attention to any dilative (negative) porewater pressure data,
both in terms of what material is present and what to expect in porewater pres.sure
changes (negative not positive) when it is loaded.

Certainly a very easy and very beneficial task that the NDOT field crew
should routinely undertake is to obtain numerous water content samples from the
split spoon sampler because they can be used to assess e ( = w Gg) for samples
from below the water table (S = 1). Likewise, emax (Ydmin) and emin (Ydmax)
values should be determined in the lab so that relative density can be established
directly to_ compare with interpreted values from blow counts. Where possible,

blow counts should be assessed after first equalizing the water in the hole with that
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outside it, then there will be no question of any loosening effect.

Note that undisturbed samples and reconstituted samples plotted along the
same strength relationship (¢ versus e, Fig 7.2). Therefore, for this young medium
to dense sand with this high percentage of fines, sample disturbance did not seem
to have a _signiﬁcant' effect of the drained friction angle. Further, such strength
results proved to be much less conservative than commonly used correlations (see
Fig 7.12) and yet fit nicely with other data (see Fig 7.3). It is the senior author’s
personal experience (Norris, 1977) that strength is much better correlated with e
than D;.

If standard drained strength tests are undertaken, the volume change curve
will be extremely helpful in ascertaining whether dilatant behavior is to be
expected in the field. Note, also, that we start at the K, condition in the fieid and,
therefore, near the bottom of the volume change curve (see Fig 7.8), such that any
shear above K conditions will likely generate dilatancy (provided the volume
change curve starts to ascend).

Definitely, one should undertake grain size analysis (i.e. get D5 and Cy) or
save labeled samples so that such information can be obtained at a later time if
needed.

Permeability determinations are a very humbling experience. Definitely the

comments of Terzaghi, Peck and Mesri (1996) should be taken to heart. It may be




234

that a study of the orientation and density of root holes might have helped explain
the large variation in permeability, but this is not assured. Certainly, the field
results (excluding CPT dissipations) are more likely the correct values for
interpretation of field behavior (i.e. flow on the large scale and predominantly in
the horizoptal direction). Absent of this, tests on reconstituted samples are in as
good or better agreement with field results as stress-path triaxial tests on
undisturbed samples.

Strains and settlements predicted on the basis of finite element analyses
should be calibrated against observed behavior where possible or against more
traditional empirical or semi-empirical calculations. Sample disturbance will
preclude the evaluation of FEADAM stress - strain parameters from stress path
tests on undisturbed samples. However, triaxial tests should be undertaken to
establish realistic rather than overly conservative strength (¢) values in cases
where that might lead to a more economical design. Specialized K, and stress
path tests don’t provide any information that can’t be ascertained from standard
(isotropically consolidated) drained and undrained tests. More specifically, one
needs such standard tests to reason away behavior (volume and porewater pressure
changes) observed in the more “sophisticated” tests. In fact, there exists a very
great need to better characterize the standard undrained test stress - strain response

of such dilatant sands as per Norris et al (1977) procedures based on drained tests
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with volume change measurements; because most of the und_rained strength
increase that occurs is due to the material’s dilatant ES path travel along the Mohr
- Coulomb failure envelope (see sample 8’s path in Fig 7.10) with consequent
large strains (see Fig 7.9). Currently employed / recommended hyperbolic finite
element stress - strain curve parameters for undrained response characterization are
based on tests on clay where such dilatant strain hardening is not present.
Therefore, FEADAM or other finite element evaluations of undrained strains and
deformations of dilatant sands will remain poor until such improvements are made.
- As far as analysis is concerned, no finite element or elastic solution that is
limited to v < '% is capable of accurately determining volume change behavior of a
dilatant material. Therefore, stress path tests, or better yet, reasoning in light of the
response from standard triaxial tests is required to forecast the unusual water level
drop in piezometers encountered at Zolezzi. Finite element analyses are only good
in assessing approximate stress chang;s for use in stress path testing. Realize that
some consideration should be taken of the membrane effect of the grass mat that
acts as equivalent geotextile fabric.
Recognize that stress path tests require appropriate conditioning of the
sample leading up to the initial stress state. Volumetric strains evaluated from
stress path or standard tests may be used to evaluate void ratio changes due to fill

loading. Some idea of the effect of such change on the material’s permeability can
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be obtained from standard permeability tests on reconstituted material where void

ratio is vaned.

10.3. Implementation at Future Sites

If future sites (e.g. through the Carson Valley) involve alluvial deposits of a
similar character (medium to dense silty sand), then it is likely that it too will be
dilative and there will be no net volumetric compression and therefore, no effect
on the groundwater flow condition through these near surface soils. Therefore, as
such sites are encountered, water contents and void ratios of samples from below
the water table should be assessed as well as blow counts. Strength tests on natural
samples and reconstituted samples correlated with void ratio should be und;arta.ken
to see if such dilatant behavior can be expected. The only analiytical analysis that
would be required be that needed to assess stress changes for planning iab tests. |

If sites involve loose sands or loose silty sands, then the work undertaken
by the authors for the Army Corps of Engineers should be consulted (Norris, et al,
1997). Work at sites involving cohesive soils that are compressive rather than
dilative will require an effort as originally planned for the Zolezzi Lane site.

Certainly, if there is a question as to the likelihood of any change in
groundwater flow conditions, it is recommended that piezometers be installed

(maybe only a few) and that seasonal readings be taken one year ahead to one year
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after construction. While this may involve a considerable numbe1: of man hours,
this cost should be weighed against simply having to pay off on a legal éeﬁlement
should such supporting evidence not to be taken or obtained. Likewise, it might be
advisable to install a single vertical line of settlement monitors through the depth
of the soil of concern. These “spiders™ are relatively simply to install and can be
easily read in the same visit that piezometers are read. However, large vertical
movements, in and of themselves, do not necessarily indicate compressive volume
change. A slope indicator at the toe of the embankment may also be needed to

establish lateral distortion so that volume change (net compressive or net dilative /

expansive) can be judged.
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Boring Logs for the Eight Holes Logged by

NDOT
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EXP EM 3BS5R 8113197
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crant oave: 10711783 EXPLORATION LOG eEr 1 0 1
END DATE: M@.a_ STATION "H"5E —7+00
JOB DESCRIFTION HIGHWAY 385 RESEARACH OFFSET 350" Rigght
Location RSB0 @ M.P. WA 17.27 ENGINEER
BSORING PZ-1 ECUIPMENT
EA F GROUNDWATER LEVEL OPERATOR
GROUND ELEV. 1T DATE | EPTH | ELEV. | DRILLING  Loucow sTem Aug
HAMMER DROP SY STEM BACKFALLED DATE
BEV. | DS o, m%m "Fecovesy | LAB TESTS yscsf MATERIAL DESCRIPTION REMARKS
- ' L SILLY EINE SAND brown
-1 550 psi down
s U B ¥ R
I AL CS iE SILTY CLAYEY SAND with GHAVEL v avil
|2 M te1”
B cs e 4 8d Y e m e e e e e emm—m—.— .
3 S SILTY SAND wet, gray brown 900 psi down;
- wet
L Piezo installed @
-3 3 9* wias0" of lead
L B.OH.
[
|
s
L6
L7
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EXPLORATION LOG
sTART pave: _10/11/93 SHEET 1 OF 1
ENDDATE:  _10/11/93 STATION "H"E5 7400
JOB DESCRIPTION HIGHWAY 395 RESEARCH OFFSET 250" Right
tocation IR 5BO @ M.P. WA 17.27 ENGINEER
BORING P2-2 EQUIPMENT
EA S GROUNDWATER LEVEL, | OPERATOR
GROUND ELEV. _M DATE | DEPTH | BLEV. | RN  LOLLOW STEM AUGER
HAMMER DHOP SYSTEM BACKFILLED DATE
ELEV. | DEPTH SRR yscs
tm | im) TYPE | oo | oarory| LAB TESTS MATERIAL DESCRIPTION REMARKS
L SM SILTY SAND brown
[ 600 psi - held for
L1 steady feed
I cs o 1148 somepravel | .
j M SANDY SILT brown, soma organic
L2
I wol wat
Fiezo installed @
L 8* wi250" lead
|3 299
= E.O.H.
|_4
[ 5
€
2
L
L8
L9
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EXFLORATION LOG

EXP EM J8BR 0/13/97

START pate: _10/13/93 $MEET 1 OF 1
ENDDaTE:  _10/13/93 stamion _"H"B57+00
JOB DESCRIFTION HIGHWAY 395 RESEARCH OFFSET 160" Right
tocation  _If 580 @ M.P. WA 17.27 ENGINEER
BORING PZ-3-18 EQUIPMENT
EA. # GROUNDWATER LEVEL | OPERATOR
GROUND ELEV, __M DATE | DEFTH | BLEV. | DRGLNC 1iOLLOW STEM AUGER
HAMMER DROP SYSTEM BACKFILLED DATE
SARRLE
REV. | DEPTH rﬁwsr |
2£v. | OEFT p— TRezva | LaB TesTS |WSCS MATERIAL DESCRIFTION REMARKS
ML SANDY SIIT brown
| 0.8
200-250 psi
i 1 SH down
-
122 [ 1 V. S 7 boe e
ML use,
] wr | 8 SANDY SILT Toase, brown
t 1868
22.01
I SH
252 R B X v
SM SLYY SAND medium dense, wet, brown 150-450 psi
[, ser | 12 down
[__Aa5a
- 150-350 psi
F SH down
L4
415
SPT | 11
4.60
s
L tsample seriled 6°
SH into aoil
I Pinzo instafled @
L 5E&7 567 17.4" in 2" sand,
[ B.Q.H. 3* pefiets, and
] ben/cem grout
[
e
L9
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TaRT DATE: _10/13/03 EXPLORATION LOG SHEET 1 OF 1
. 1
END DATE: 0/13/93 STATION *H"557 + 00
JOB DESCRIFTION HIGHWAY 395 RESEARCH OFFSET 150&'1!
Location RSB0 @ M.P. WA 17.27 ENGINEER
BORING PZ-3-13 EQLRPMENT
EA. # GROUNDWATER LEVEL | OPERATOR
GROUND ELEV, M DATE | DEFYH | ELEV. | DRSS  _HOLLOW STEM AUGER
HAMMER DROP SYSTEM BACKFILLED DATE
=T
E:fn" DZ:‘H e [B FE;E;Y— LAB TESTS [USCS MATERIAL DESCRIPTION REMARKS
o no infa
-1
|2
b
[ 3
i 3
-h-4 SON. Piezo :l;!;lled 2]
s
[s
7
1.8
-
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EXPLORATION LOG

EXPEM 32BN 9712107

START paTE: _10/19/83 SHEET 1 OF 1
) 10/18/
enopate: _10719/93 STATION
Jos oescretion _HIGHWAY 395 RESEARCH OFFSET
LOCATION IR 580 & M.P. WA 17.27 ENGINEER
BORING Fz-4 EQUSMENT
EA.# GROUNDWATER LEVEL OPERATOR
GROUND ELEV. __TH DATE | DEPTH | ELEV. | BRILLMG  uion1 ow STEM AUGER
HAMMER DROF SYSTEM BACKFILLED DATE
SAMPLE
BFv. | DEFTH -
i | Dl | NO. | TveE | SOWSTTREToAR) LAB TESTS wscs) MATERIAL DESCRIPTION REMARKS
L1
122
{ A | sH 25
1.83
-2 B | SPT 6 0-250 psi
I 2.29
2.7
-3 c | cs 100
L no tube
L 3.38 wicatcher
o | sPT | 12
3.81
|4
4,27
disturbed
¢ E| ¢cs 100
r E SPT 17 pebbles m SPT
[ .5.94
6,10 gravel
G| cs 100
iezo installed
671 £21 1% 2 sand, ée
" B.0.H. peders, 10" grout
L7
&
L
-9
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SrarrpaTe, _10/14/93 EXPLORATION LOG oo
ENDDATE: |, 10/18/83 STATION
Jos pescreTion _ HIGHWAY 385 RESEARCH OFFSET
LOCATION IR 680 @ M.P. WA 17.27 ENGINEER
BORING PZ-5-18 EQUIPMENT
EA. # GROUNDWATERLEVEL | OPERATOR
N
GROUND ELEV, T DATE | DEPIH | EEV. | DPHMGS  _HOLLOW STEM AUGER
HAMMER DROP SYSTEM BACKFILLED DATE
BEV DEPTH SAMPCE
m | em | NO.| Tvee [SLOWSTTTacovsry) LAB TESTS [HSCS MATERIAL DESCRIPTION REMARKS
I SM
081
BILTY SAND withi GRAVEL brown
L1 A SH
1.22
r B | SPT 6 250 psi
168
-2 2.13
F €| sH
[ 274
L3 p | ser 11 300 psi
3,20
L 3.66
i 0 psi (weight of
L4 E | sH heed)
L 497 ho return
L O psi first foat;
3 F SH 100 p:i second
(-8
%‘“ no retum
i G | SPT 18
$.33
I 549
[ ' B.O.H. Piezo instaisd @
L 18
e
.7
]
.9

EXP EM 30BR 8/12/87
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END DATE: 10/18/93

EXPLORATION LOG

SHEET ¥ OF 1

STATION
JoB pescretion _HIGHWAY 395 RESEARCH OFFSET
rocanion IR 580 @ M.P. WA 17.27 ENGINEER
BORING PZ-5-10 EQUIPMENT
EA # GROUNDWATER LEVEL | OPERATOR
GROUND ELEv. T DATE |DEPTH | ELev. | DALLNG  1iolL1 OW STEM AUGER
HAMMER DROP SYSTEM BACKFILLED DATE
EEV. | DEPTH ST IRecoviry | 55
i m TYPE i LAB TESTS &mp MATERIAL DESCRIPTION REMARKS
L na info
=1
| 2
3
L 3,19 Piezo i "
BON. e e
La
L5
e
L7
L8
L9




EXP EM I0ER SITART
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LOG
START paTE: _10/14/93 EXPLORATION SHEET 1 OF 1
ENDDaTE: | 10/14/93 STATION "H"557 +00
Joe pescrirrion _ HIGHWAY 386 RESEARCH OFFSET 130" Laft
LOCATION IR580 @ M.P. WA 17.27 ENGINEER
BORING PZ-6 EQUIPMENT
EA S GAQUNDWATER LEVEL OPERATOR
GROUND ELEV, . M DATE | DEFTH | ELEV. | OEHRD HOLLOW STEM AUGER
HAMMER DROP SYSTEM BACKFILLED DATE
MPLE
mev. | oemi o5 o] Las TesTs [iscs] MATERIAL DESCRIPTION REMARKS
T 1 - no info
L1
_,r‘.
X
| 2
3
[
s
L 548 Piezo i
r B.OH. 17.4°
&
K
8
L9




EXP EM 395R 8/12/97
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EXPLORATION LOG
START paTE: _10/13/93 SHEET 1 OF 1
. 10/13/93
eNDpATE: _10/13/83 STATION
o8 pescarion _ HIGHWAY 395 RESEARCH OFFSET
LOCATION 'R 580 @ M.P. WA 17.27 ENGINEER
BORING PZ-7 EQUIPMENT
EA # GROUNDWATES LEVEL | OPERATOR
GROUND £LEV. .M DATE |DEPTH | BLEV. | DRLLING i1 OW STEM AUGER
HAMMER DROP SYSTEM BACKFILLED DATE
asv. | oeem S S TOWETRecowary | LAB TESTS |2SCS) MATERIAL DESCRIPTION REMARKS
tm) imy_ § NO. | TVPE | aoomm| g% S
] no info
r
L
L A Cs .
1 800 psi
- wirestricted fead
Lz
I B cs
1.3 3
o Piezo instalisd e
4
I
&
R}
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EXPLORATION LOG
START DaTE: _10/13/83 SHEET 1 OF 1
. 1

END DATE: enasa STATION

JoB pescriprion  _HIGHWAY 395 RESEARCH OFESET

LOCATION IR 5B0 @ M.P. WA 17.27 ENGINEER

BORING PZE EQUIPMENT

EA. # ' GROUNDWATER LEVEL OPERATOR

GROUND ELEV. __IT DATE | OEPTH | ELEV. | DRLLING HOLLOW STEM AUGER

HAMMER DROP SYSTEM BACKFLLED DATE

SAMILE
" | D | Wo.] veE TReCsTery | Lab TeSTS MATERIAL DESCRIPTION REMARKS
L — Sm SILTY SAND brown
A
3 Al cs 500 on
- wirestricred feed
-
| 2
B | cs
wet
-2 <05 __ Piezo # led &
B.OH. e




252

Appendix 2

Interpreted Logs for the CPT Readings



’ TONTO ERVIRONMENTAL DRILLING

Enginéer U.N.R.
On Site Loc:CPT-P3
Job No. :U.N.R.

CPT Date
Cone Used
Water table (meters) : 3

253

112/22/93 09:57

1465

Tot. Unit Wt. (avg) : 115 pef
DEPRY ®ilawl Isiawg) K {avg) sigv SOIL BEHAVIOUR TYPE - Ml st S
(meters)  (feet) (tsf) itsf) () (st} (& deg. ¥ tsf
0.25 0.82 LT ] 0.85 1.8} 0.02  silty sand to sandy sitt 50 817 (HIEFOIDD
.50 1.64 10.14 0.4 400 0.07 ciay G wom 10 N3
0.75 2.46 1% 0.10 290 0.12 clay WOAT DR 3 W2
100 L L5 0,09 25 0.17 clay W W ) .2
L5 7410 22.08 ¢4 L9 &2l sandy silt to clayey silt GOAD QDR 8 1.4
150 482 048 1.0 .1 0.6  sandy silt to clayeysilt  hORD mERM 18 Ll
175 5.0 50.50 0.92 LB 0.3 silty sand to sandy silt 60-70 -4 16 DT
2.00 §.56 .00 0.64 143 0.3 siltysand to sandy silt 5060 44 W DD
25 1.8 35.88 0.2 0.60 0.40  silty sand to sandy silt 560 40-2 11 pDEDD
.50 2 14.90 0.0 L 045 sandy silt to clayey silt  UmAD  THOR 6 5]
.75 5.02 30.32 0.13 1.0¢ 0.5  siltysad o sandy silt 40-50 30 0 G0N
1.00 9.54 5.4 0.4 0.82 .M sitysand to sandy silt 5-60 -2 11 TErTE
3.25  10.66 2.9 0.38 L6 0.5 sadysilttoclapeysilt TORMD Gmm 9 L4
150 1L48 28.06 0.63 2.5 0.8  sandy silt to clayey silt mie W 1.8
15 1. %5m 0.3 LR 0.6 sandysilt toclayeysilt MR OB o L7
L0 1.1 56,02 0.37 0.66 0.64 sand to silty sand 560 402 1D DOEFTED
L5 13,9 14,06 .2 14 0.66  sandy silt to clayey silt DDRD  TamRD 5 .8
45 W% 1616 0.52 1.5 0.68 silty clay to clay WD DR 1.0
A% 1558 . L13 1.6 0.7 siltysand tosady sit 6010 4042 2 mmEDD
S5.00 l6.40 N1 1.15 1.07 0.73 sand to silty sand 0-80 124 % UDEDD
5.5 122 3.0 L1 L.27 0.7 sand to silty sand £6-70 40-2 1 OEDE
5.50 18.04 85.60 0.5 0.5 0.7 sand to silty sand 60-70 402 20 0PI
575 18.86 98.08 1.9 2.0 0.7%  silty sand to sandy silt 60-70 §0-42 b1}
6.00 19.68 13.64 1.00 L% 0.8 silty sand to sandy silt 610 402 N WED
£.25 2.5 AU 0.3 rat) 0.8 sandy silt to clayey silt R MR 03 32
6.5 A0 103.36 La 1.5 0.8 silty sand to sandy silt -0 42 B DoEIm
6.75 .15 2.8 0,56 245 0.8 clayey silt to silty clay ORC TR 1 1.4
00 um 3.0 L2z P2 x| 0.3  sandy silt to clayey siit WFED WOR 16 .7
.5 B . 1% 1LH 0.5:  silty sand to sandy silt 5060 B0 2 oDEED
.50 4.6 MLA 2.8 1.5 0.9 silty sand to sandy silt 7080 -4 & DOEFIFD
Dr - All sands {Jamiolkowski et al. 1965) M-  Robertson and Campanella 1983 Su B= 18

4t Yote: Por interpretation purposes memmmmwdmmdm&emmmm (v 1.04) 10t
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t441 Jote: For interpretation parposes the PLOTTED CPP PROFILE should be used with the TABULASED CITAY from CPTINTRI (v 3.04) #ae2
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b | .

Engineer U.N.R. CPT Date 112/22/93 12:32

On Site Loc:CPT-F4 Cone Used :465

Job No. tU.N.R. Water table (meters) : 3

Tot. Unit Wt. (avg) : 115 pcf

DEPTH c{aw) Fs(avg)  Bf {awg) SIGV SOTL. BEEAVIOUR TYPE lg~0r ®MI S ]
{nsters) (feet)  [tsf) {tsf) 1) {tsf) }) g B tst
0.5 0.82 2.8 0.35 1.57 0.2 sandy silt to clayey silt WORD  UNDFD 2 1.4
0.50 L& 18.02 410 0.58 0.07  sandy £ilt to clayey silt D DO 7 1.1
0.75 .46 10.02 .00 0.0 o1 sensitive fine grained MDFID  CRDFD 5 .6
L0 3B 1646 8.10 0.5 0.17  sandy silt to clayey silt BROMD OEPD ¢ 1.0
1.5 7L 30.22 L1 1.08 021 silty sand to sandy 5ilt 5060 44 10 DOTID
1.5 &9 70.06 L17 1.67 0.26  silty sand to sapdy silt WU M6 2 MDD
LE LN 4.9 0.27 1.07 &30 sandy silt to clayey silt UBAD  WORD 10 L&
a0 656 17.08 044 2.5 0.5 clayey silt to silty clay 1 R L1
L5 LW 1488 0.2 L% 040 clapysilttosiltycly OOOD G 7 .9
159 B 39.68 0.6 1.66 045  sanfysilt toclopeysilt (OMD GOM 15 2.6
- T N R X 0.74 0.4 0.50 sand to silty sand 080 44 2
0 LBE 5646 0.79 140 0.5 siltysadtosandy sit 640 402 14 UDEDR
3.8 10.66 65.54 0.53 0.80 0.58 sand to silty sand 60-70 -0 16 (HDEFIRED
350  1L.48 46.3 0.5 .13 0.60  sandysilt toclayeysilt OOMD GO 18 1.0
R T I 1.2 0.82 .84 0.62  sandy silt to clayey silt W wh LD 2.0
Lo B 2w 0.40 1.7 0.64  sandy silt to clayey silt- (RDAD MO 9 14
L5 D um 0.05 0.37 066 smiysilttoclayeysilt OEMD B 4
450 W7 1950 8.5 2.5 0.68 clayeysilttosiltyclsy mm mmp s 12
475 1588 n.12 0.69 .18 071 sindy silt to clayey silt @D Do 12 2.0
5.00 1640 .2 0.92 .68 0.73  saniy siit to clayey siit W mh » .2
5% 1Lu 92,52 L7 L3 0.7%  silty sand to sandy silt 60-70 42 30 (NDEFINED
5.50  18.04 8.9 2.08 245 0.7 sandy silt to clayey silt Gl R 33 5.5
5.75 1886 97.68 L16 118 0.7¢ sand to silty sand 60-70 4042 23 MDEFINED
§.00  19.69 6482 L3 20 0.81 siltysmdtosadysilt  Stes0 M~z 21 qoETERD
6.35 .51 1658 1.8 .02 0.8 sandy silt to clayey silt MORD OEFD 45 .6
f.50 .32 144,26 34 .2 0.8  silty sand to sandy silt 80-30 Lt 48 CHDEPINED
Dr - Al sands (Jamiolkowski et al. 15%5) PEl - hobertson and Campanella 1583 Su: &= 15
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Engineer U.N.R.
On Site Loc:CPT-PS

CPT Date
Cone Used

255

112/22/93 14:54

1465

Job No. :U.N.R. Water table (meters) : 2
Tot. Unit Wt. (avg) : 115 pef
DEPTY Q{aw] Fsiew) B {awm)  SIGV SOIL BEHAVIOOR TYPE lg-0r I st Su
(neters} (feet)  [tef) (tsf) i) {tsf) ) deg. ¥ tsf
6.5 682 .02 0.47 1.25 0.02  silty sand to sandy silt >80 43 12 NDEFINED
0.50 164 5.4 0.13 0.50 0.07  silty sand to sandy silt 6070 4b~48 8 DOEFND
0.5 246 1590 0.2 LB 002 sndysilt toclayeysilt ORAD WM § 14
e 3.1 15.12 0.2 1.82 017 clagey silt to silty clay BOAD O 7 9
1.5 440 3.3 0.5 .48 0.21  clayey silt to silty clay 1.0 I 1 15
15 482 1086 0.19 107 0.3 smiysilttoclayeysit MO DO 7 11
L% 5 B 0.20 0.80 0.3 smiysilttoclapeysilt GAMD OmmE o 15
.00 6.5 11.% 0.6 1.5 0.3 siltysand to sandy silt S0-60 40-2 13 TWDEFIEED
L3 13 1M 0.5¢ um 040 clayeysilttesiltycly (OPD DER 10 13
2.50 8.2 20.84 0.41 1.9 045  sandy silt to clayey silt UDND M ] 1.3
1 9.0 0 0.82 46 0.50  sapdy silt to clayey silt EDFED WO 1) Wl
NN TR N 1 0.7 2.3 0.8 smdysilttoclapeysit UMD wOR 33 21
3.25  10.66 66.32 0.5 0.7 0,59 sand to silty sand 50-70 42 1§ [HDEFIERD
L 1.4 36.92 1.0 r& 7] 0.60  sandy silt to clayey silt W mr ) .4
O U b h.70 .68 1.50 0.82  samdy silt to clayey silt WOAG Ol i 2.3
L0 B2 BE .n 1.99 0.64  sandy silt to clayey silt R W 1S 2.5
L5 19 n.8 o2 1.54 0.6  clapey silt to silty clay BOMD  TRFD 7 .
L5000 M A 6.72 2% 0.68 clapysilttosiltyelsy MR mam 1 1.5
47 15,58 3.4 0.5 .42 0.7 clapeysilt o silty clay Ry wm N 1.5
500 1640 nae Lu .57 0.7 clayey silt to silty clay G OEfD 18 24
5 1 Hm Lo 1,08 0.5  clayeysilt osiltyclay ORD WO is 2.2
5.50 18.04 70.06 1.2 LM 0.7 silty sand to samdy silt -1 -2 1 TEND
5.75 18.8% 66.98 L3 2.0 6.7  siltysand to sandy silt 50-60 40-42 2 DD
600 19.6% 53U 106 1.9 0.81  sandy silt to clayey silt e mn % 3.4
6,25 2.5 16276 1.8 110 0.84 sad to silty sand 890 -4 3 mEED
65 2.1 90.62 1 .39 0.8 siltysandto sandy siit §0-70 42 ¥ UREPDER
Br - Al sands (Jaaiolkowsti et al. 1985) PAL~  Robertson and Cawpanella 1923 Su: =15

msm:rorinhermtatiunpm'possmmmmwuwdtﬁmWMfmmtn.m*m
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Engineer U.N.R.
On Site Loc:CPT-P6

CPT Date
Cone Used

256

112/22/93 17:44

1465

Job No. tU.N.R. Water table (meters) : 3
Tot. Unit Wt. (avg) : 115 pef
i3] (avg) Psiawm) R fawg) StV 50TL EEHAVIOUR TYFE -l PHI S $a
{oeters) {feet) (tsf) {tst) i) {tsf) L] deg. R tsf
0.5 0.8 .00 0.52 13 0.02  clapeysiit tosiltyclay ©OPD WRRD 1 Id
0.5 1.4 28.42 0.2 1.6] 0.07  silty sand to sandy silt 66-70 4648 9  TDETND
60.15 2.4 .46 0.05 0.83 0.12 sensitive fine grained DOrEd  HDFD ] 4
L 3.2 6.72 0.01 0.07 0.17 sensitive fine grained 07D TNDFD 4 .5
LB 4.1 16.20 0.0 0.2 0.8 sandy silt to clayey siit MDD (RDFD 6 10
La w9 3538 100 Ln 0. mndysilttoclayeysilt (AP WOM W 2
L5 5 30,96 0.68 ¥ 031  sandy silt to clayey silt GDAD @M 12 0
L0 6% 2.8 0.55 2.6 0.3 smdysilttoclspeysit oUOMD WO 1w L7
L5 LB N4 0.5 1.89 040  sudy silt toclayey silt  DOAD G 12 20
.50 & 6.2 .77 2.93 0.45  clayey silt to silty clay BOFD  GEDFD 13 1.7
L1 %0 s 0.47 FAY 0.5 sadysilttoclapeysilt UOAD WO 9 14
L0 9.8 19.% .37 Ly 0.5 smiysilttoclapeysilt moFR mOM 3 1.2
1.5 10.66 4.3 0.15 0.33 0.58 sand to silty sand 50-60 -4 1 DBoFmem -
1% U4 @0 0.2 0.5¢ 0.66  silty sand to sandy silt b 338 9 BDEFED
L5 1L 18.4 0.9 LU 6.62  clayey silt to silty clay MOAD  ONDFD 5 1.1
L0 B2 Q.8 8.7 1.8 .64 silty sand to sandy silt S0 340 16 TDRPIND
TSN TR T 7! 0.70 158 0.66  silty sand to sandy silt M-S0 -0 14 BODEFINED
450 14,76 22.06 0.40 1.7 0.60  sandy silt to clayey silt uone [ 3 14
75 1550 19.64 t.47 .3 O clayey silt tosiltyclay mORD WP 9 1.2
500 1640 4.4 0.8 . 0.73  sandy silt to clayey silt  WROMD OB 1 2.1
L% 122 41.62 % | FN 0.75  sandy silt to clayey silt @OAD  ONDFD 18 3.1
5.5 1804 30.58 0.60 1.97 0.7  sandy 4iit to clayey silt R oM 12 1.9
575 185 208 t.8 3.0 0.7 clapey silt tosiltyclay (®OMD B | 1.8
600 19.69 (308 1.0 LM 0.8 clayeysilt tosiltyciay womD wp 2 27
625 20,51 .52 1.10 .16 0.8 clayey silt to silty clay RDFED  (#DFD b 2.2
650 2.2 82.62 .87 L 0.8 sandy silt to clayey siit mm S R 54
6.7 215 U8 .U 1.7% 0.8  silty sand to sandy siit 70-80 -4 3% UREFDED
L0 297 L% 0.7 % 0.5 sy silt toclayey silt wOPD GEMD 13 FX)
LA A1.m 0.4 0.7 48 0.2  sandy silt to clagey silt (OFED  ONDPD 12 1.3
.50 4.6 .18 . 2.8 B.94  sandy silt to clayey silt WD D 3% 6.1
Su: k=15

Ir- A sands (Jamiolkewski et al, 1885)  PHI -  Robertson and Caxpanclla 1983

43¢ Kote: Far iutupreﬂﬁmmstheﬂmmmshoﬂﬂheasedﬁiﬂ: the TABCLATED OUTFUT from CPTINTRI (v 3.04) #4
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Appendix 3

Sample Test Data of the In Place Hydraulic

Conductivity Tests



Well # 1

[Ef tengn | Ly | 48
II Inner Dia. 2r {in) 2
lDia. of Hole | 2R (n) | 9.25

Date 27-Jul-95 Permeability (K)

Water Level 71.5 cm/sec

Time (min) | Reading | Notes

. 0 0 ]
0.5 2 5.810E-05 |

'K 3.5 4.468E-05 |
1.5 5 4.568E-05
2 6.5 4.672E-05 "
3 9.8 5.334E-05 |
4 12.5 4.581E-05
6 18 5.006E-05 "
8 225 4.496E-05 |
10 26 3.793E-05
15 35 4.496E-05
20 41 3.668E-05

- Average 4.627E-05 |

258



Well #2
[CEfitengtn [ Cam [ 22
. Inner Dia. 2r (in) 2 I
IED_ig. of Hole | 2R (in) 9.25 ||
" Date | 17-Jun-94 Permeability (K) |
Water Level 110 cm/sec
| Time (min) Reading | Notes
’ l 0 0
2 5.75 3.869E-05
4 10.5 3.361E-05
|’7 6 14.5 2.957E-05
10 21.75 2.844E-05
]] 16 28 2.117E-05
II 25 38.25 1.922E-05
| 0 0
0 0
Average 2.845E-05 |
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Appendix 4

A Compiete Logging Description of the
Continuous Clear Tube Sample Obtained

from Pz4 Location at a Depth of 8 to 21 ft. -



261

Depth Description

From To

3.8 fi 9.9 ft |Clayey to SL clayey fine to medium sand, few
subangular coarse sand, trace of fine gravel.

I A pocket of clayey fine sand SC was found at

depth of 9.0 ft

99 ft 10.5 ft |Medium sand, trace of non plastic fines, brown.
A pocket of fine to medium silty sand was found
at a depth of 10.0 fi

10:5 ft 10.8 ft |Fine sand, few non plastic fines, light brown.

A pocket of clayey fine sand, medium plasticity
fines, red brown, moderately cemented was found.

147 f 16.0 ft [Fine to medium siity sand, brown. _

16.0 ft 16.4 ft [Silty fine sand, light brown, estimated fines 10 %.

164 ft 16.8 ft |Silty fine sand, fewer fines than the layer above.

16.8 ft 17.3 ft |Silty fine sand but have two colors, light and
dark brown.

19.7 ft 20.5ft |Gravely clayey sand, gravel is coarse to fine
subrounded, sand is fine, fines are low plasticity,
brown.

205 ft 21.0ft (Clayey fine sand to fine sandy clay, fines
are medium to high plasticity, red brown.

21.0ft 21.5 ft |Sandy clay, sand fine, medium plasticity, brown.
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Appendix 5

Mathematical Proof for the Equation Used in
Calculating the Horizontal Hydraulic

Conductivity
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Test with Falling Headwater and Rising Tailwater

For axial flow:

f=n % L dn
a,+a,, At h
where
ain is a calibration factor for water going into the sample (cc/cm)
agut is a calibration factor for water coming out of the sample (cc/cm)
L is the height of the sample (cm)
t is the time (sec)
h is the head applied to the specimen (cm)

Reference: Daniel, D. E. “A Note in Falling Headwater and Rising Tailwater

Permeability Tests,” Geotechnical Testing Journal, Vol. 12, No. 4,
Dec. 1989, pp. 308-310

Considering radial flow, where the area, 4, from which water flows is
A=2znr L

also, the hydraulic head, ;, radial across the sample is

Therefore

_a,*a,, dhdr 1
a,+a,, d h2zrl

e BN o5 B B =R AN .
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Integration yields

k__ ain*aaur l ‘.ﬂ["h—th](E)
a,+a,, 2r Lt \h r,

where
hy is the head applied in the center of the specimen (cm)
hy | is the head applied at the edge of the specimen (cm)
R is the outer radius of the specimen (cm)

Io is the radius of the hole (cm)
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Appendix 6

A Trial to Separate the Horizontal from the
Vertical Hydraulic Conductivity using the

Falling Head Test Data
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where

L= Length of the screen
r=  Radius of the tube
"R= Radius of the hole

Reference: U.S. Navy, NAVFAC DM 7.1 (1986), Design Manual: Soil
Mechanics, Department of Navy, Washington, D.C., pp. 104

Well #1 Well #2
L =48.0in. L =24.0in.
r=1.01in. r=1.0in.
R =4.625 in. R=4.625 in.
At H1 =63.75in. At Hy=60.75 in.
Hy =51.75in. Hp = 56.75 in.
T1 =0 min. T = 0 min.

To = 10 min. T2 = 10 min.
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k1 =0.000217 * (In m + 2.3397) k1 =0.000116 * (In m + 1.6466)
k] =k2=kmean
0.000217 * (Inm + 2.3397) = 0.000116 * (In m + 1.6466)
1.8707 *(In m + 2.3397) = (in m + 1.6466)
0.8707 * In m = -2.7303
m = 0.0435
Therefore,
Kpean = -1.728¢-4 in/min

of course, this negative number is not realistic
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Appendix 7

Initial Stress Conditions for various Elements
for The Two Different Groundwater

Conditions
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Appendix 8

Peortion of FEADAM Output of The stresses
for The Undrained Case (i.e. All Layers Are

Undrained Except for The Artesian)



Appendix 9

Portion of FEADAM Output of The stress<es
for The Undrained Case (i.e. Only The Layer

Above The Artesian Is Undrained)




Appendix 10

-~ Boring Log for The NDOT Sampling

Operation Done on 9/11/96



GEOTECHNICAL SECTION -
DATE __ 9/11/96 : BORING LOG SHEET._L_OF_1_
JOB DESCRipTI0N _Highway 395 research STATION__"H"S57+00 250’ Right
‘PROJECT NO. E.A. NO. ENGINEER .__Shetif Elfass
BORING NO._FZ2__ GROUND ELEVATION _____ w.T. DEPTH _6-6" __ DATE TAKEN_ 7/ _
perTH |*AUFLE(TooL ! B/FT. |LoG DESCRIPTION AND CLASSIFICATION REMARKS
"o Moist Clay - Brown, Plastic 100 psi —
| -
- Traces of Sand - Low Plasticity —
el
— Shelby tube - Started at 100 psi then went to 600 psi —
. 141 Stt for 5 min pushed for 24", lost last 10" _
Sample length 14" -
: 5 . [SPT1-1 SPT 5-8-5==> 11 _
— 6 Shelby tube - 100 psi —
— 0 % recovery : .
- Water Level @ 66" .
— 8 SPT 1-2 SPT2-3-5==>8 —
_ Hole with filled with water N
8
— 1.3 Shelby tube - 100 psi - 100% recovery —
— 10 . Sample length 24" l
14 —
— SPT 1-3 SPT 4-5-6 === 11 Last 6 was hardf—
12 Hole with filled with water first 6" was soft
— 13 : [
— —
__
TRE WWIED J0U. CLATTIICATION SYITER TTMMMARS FERETRATION CLAYOFICATION L
=T e TR — Y — ) Ses—
I it e I I o o T gl e e e T TR
, 135 e 3F T Dt WE AOWAAC CLAY DP LGN TO NEDRN
s 132 o u\rll\-'-u.-mu-u-ni A cL PLASTIETTY. SRAWELLY GLAY_ SAMDY CLAY, i- Lot 2-4 il
k2 ig = T S SR 35 HEr iy LT M0 AT B TTELAY " -2 [T [ [
M el e e B DN ALY L, il - Ay g et TV Son e c oL B-w il i hintd
;;i - ] v : ) ol eay, LAY OF e - { omam [romr— .3 vERY gTIY
i =] ™ £ CLAY OF MEDIE TO MMM
i = G o wpssermel ne ] -
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