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DESIGN STUDIES
HIGH SPEED TEST EMBANKMENT
ATKMAN-CHELSEA, KANSAS

INTRODUCTION

Background

The United States Department of Transportation (DOT)
and The Atchison, Topeka and Santa Fe Railway Company (ATSF)
are jointly sponsoring an investigation into methods of |
providing more stable railroad track structures for present
and future operating conditions with high speed trains and
heavily loaded cars. ATSF will provide support services
for the investigation and will establish a test embank-
ment on a main line of its systemo Earlier studies had
located the test. embankment between Aikman and Chelsea, Kansas,
on the ATSF main line. The site selection was influenced by
the presence of abundant rail traffic, a long straight tangent
secfion, uniform and relatively flat grades, a good per-
formance record under main line traffic conditions and other

factors. The test segment was considered to be reésonably

- typical of much of the country's railways, and the uniform

soil conditions and gentle terrain were suitable for con-
struction of a uniform test embankment at reasonable cost.
The project consists of an embankment and track ’
structures constructed adjacent to and offset 30 feet from
the existing ATSF main line. The test embankment will be
nearly two miles long on a slight grade, and transition
sections at each end will divert main line traffic onto it
and ‘then back to the main line. The embankment is to have
nine test sections and each section will have a unique track
support system. The support systems include concrete ties
at four different spacings,'é concrete slab, a continuous
concrete beam, a precast beam, stabilized ballast, and a
control section typical of conventional ATSF construction.
Each test section will have identical embankment instru-
mentation. An access road adjacent to the test embankment



will provide easy access for periodically reading the instru-
mentation and observing the test track.
Scope

Shannon & Wilson, Inc. was engaged to design the em-
bankment for the test structures, observe construction,
and instrument the embankment to provide soils data for
evaluation of the various test track structures. Specifi-
cally the work includes 1) design of the. embankment; 2)
preparation of construction plans and specifications; 3)
observation of construction; and 4) design, fabrication
and/or procurement, calibration, and installation of em-
bankment instrumentation. Track support structures and read-
ing of the instrumentation are not within the scope of this
contract.

This report concerns only the embankment design portion
of the project. It contains the "pilot" geophysical measure-
ments, field investigations, laboratory test results, and
embankment and instrumentation design considerations that
led to the preparation of construction plans and specifi-
cations. The plans and special provisions of the specifi-
cations are included as Appendix F.

Authorization

Shannon & Wilson, Inc. was selected by DOT and ATSF

through acceptance of its technical proposal, and contractual
arrangements were made by ATSF. Shannon & Wilson, Inc. was
authorized to begin work on July 24, 1970, upon approval of
Contract No. 34753 with ATSF.

SITE DESCRIPTION

Location and Topography

The test track is located between railroad mile posts
161 and 163 approximately 11.3 miles northeast of El1 Dorado,
Kansas on State Route 177 or 7.2 miles southwest of Cassoday,
Kansas. The railway-designated locations of Aikman and Chelsea
are to the southwest and northeast, respectively of the site.
The existing ATSF track lies parallel to State Route 177 and



offset 134 feet south in the vicinity of the test section. The
test track will lie between the highway and existing track at

a constant distance of 30 feet from the track. A vicinity map
is included as Fig. 1 and a plan and profile of the test embank-
ment are included as Fig. 2.

The terrain of the site area is gently rolling with drainage
to the south. The existing track grade drops about 35 feet along
the section from northeast to southwest. The average site eleva-
tion is about 1,400 feet MSL. The track passes throuch minor
cut and fill zones, and spoil piles are adjacent to the track in
cut sections. The surrounding terrain is cultivated or in
pasture and the site is covered with a dense growth of prairie
grass.

Geology

Bedrock at the site is close to the surface and consists
of the Fort Riley limestone formation of Permian Age. This
limestone is of medium hardness although it is interbedded with
thin clay-shale to shale layers. In some instances the shale
occurs as laminae. The limestone is buff to gray in color.
Fractures and jointing are quite common in this formation ac-
cording to the Kansas State Geological Survey. The limestone
is somewhat eroded on its upper surface and vuggy openings due
to solution are common. The limestone bedding dips somewhat to

the southwest, but less than one degree.

FIELD INVESTIGATIONS

General

During the site selection stage of the project before
Shannon & Wilson, Inc. became involved, preliminary field
investigations were performed by the Hemphill Corporation,
Tulsa, Oklahoma, in April 1969. Results of the 16 borings
by Hemphill were utilized in establishing and interpreting
follow-on soil investigations. Under the present contract,
field investigations to supplement the Hemphill investigation

consisted of test pits and test borings along the proposed



embankment centerline and in potential borrow areas. In
addition, vibration measurements were made on the existing
embankment.

Vibration Measurements

Vibration measurements were made simultaneously at each
of four points at six selected locations on the existing
embankment. The purpose of the measurements was to determine
the general embankment response characteristics to rail load-
ing to assist in establishing the required minimum thickness
of the embankment and to determine the range of dynamic re-
sponse for design of project instrumentation. The measurements
were also to determine if varying embankment thicknesses re-
sponded differently and if any particular embankment thickness
presented response problems.

The vibration measurements were made between July 7 and 10,
1970, using four triaxial transducers buried at 1) the centerline
of the tracks at the base of the ballast; 2) the edge of the
ballast; 3) midway down the embankment slope; and 4) at the toe
of the embankment slope. The work was performed by Geo-Recon,
Inc. under the direction of Shannon & Wilson, Inc. Measurements
were made at cut sections and at fill sections of differing fill
and overburden thicknesses. The transducers sensed particle
velocities of the embankment vibrations induced by passing
trains and the results were recorded on a light beam oscillo-
graph chart recorder. Typical results are presented in Fig. 3
on sections through the test locations. Displacements com-
puted from the measured frequencies and velocities are plotted
in the figure. The complete report on the vibration measure-
ments is included as Appendix A.

Field Explorations

Borings. Eleven borings (B-21 through B-30) were advanced
at the site to depths ranging between 2.5 and 34.5 feet below
existing ground surface at the locations shown on Fig. 2.
Overburden materials were drilled and sampled to refusal on
rock. No borings extended into rock. Detailed logs of the
borings are presented in Fig. Bl of Appendix B. Boring B-22



encountered a boulder at a depth of 6.1 feet; consequently
the hole was abandoned and Boring B-22a was drilled five
feet north of Boring B-22. |

Drilling was started on July 13, 1970, and completed on
July 17, 1970. The drilling was accomplished under sub-
contract to the Wichita Testing Laboratories of Wichita,
Kansas. Holes were advanced with a truck-mounted B-40 Mobil
auger using a four-inch diameter flight auger. All drilling
and sampling was performed under the direction of a geologist
from Shannon & Wilson, Inc.

Relatively undisturbed three-inch thin-wall tubé samples
of overburden soils were generally taken continuously in the
borings. The sampling tubes were pushed into the soil with
the hydraulic ram of the drill rig. The ends of each tube
were classified in the field, sealed with wax, and the tubes
were delivered to our laboratory for extrusion and testing.

Several samples were obtained by driving a, two-inch 0.D.
split-spoon sampler into undisturbed material with a 140-1b.
hammer falling freely a distance of 30-inches. The blows
per foot (Standard Penetration Resistance) were recorded
and are noted on the boring logs. Samples were classified
in the field, placed in air-tight jars, and shipped to our
laboratory.

Test Pits

Twenty-seven test pits were excavated in potential borrow
areas and beneath the proposed embankment to depths ranging
between two and 11 feet below the existing ground surface.
Twenty-four pits were dug on July 14 and 15, 1970, at the
locations shown on Fig. 2. Detailed logs of the test:pits
are shown on Fig. B2 through B4. Three additional test pits
were dug near the spoil piles in the vicinity of mile post
161 on September 9, 1970. Logs of these pits are shown in
Fig. B5s

Digging of the test pits was accomplished by a sub-
contractor provided by Lewis & West, Inc., El Dorado, Kansas.
The test pits were dug with a Davis D130 backhoe mounted on

a Massey-Ferguson 2200 tractor. A 24-inch bucket was used.



The work was directed and the test pits were logged by an
engineer and geologist from Shannon & Wilson, Inc.
Representative soil samples were taken from the test
pits. Samples were classified in the field, placed in air-
tight plastic bags, and shipped to our laboratory for further
classification and testing. In addition a hand-operated
torsional vane shear device was used to evaluate the shear
strength along the sides of the test pits. Shear strengths

determined in this manner are plotted on the test pit logs.

LABORATORY INVESTIGATION

General

Laboratory tests were performed to establish the engineer-
ing properties of in-situ and compacted soils in sufficient
detail to support embankment design studies. The scope of the
testing was not adequate to establish the full range of static
and dynamic soil properties that may be required in the future
analysis of track structure and embankment performance. It
is anticipated that further laboratory testing may be required
in the future, depending upon the requirements for dynamic
response studies. '

Scope of Testing

All samples received in the laboratory were visually
classified and index property tests were performed on repre-
sentative materials. Strength tests were performed on
selected undisturbed samples. Suitable embankment materials
from potential borrow areas were subjected to compaction tests,
and strength, swelling, and shrinkage tests were performed on
the compacted specimens. These tests on compacted samples pro-
vided basic design data for the embankment materials. A
series of tests was also performed to determine respbnse of
the natural and compacted soils to static and dynamic loading.
Standard laboratory consolidation tests, vibration tests,
and pulsating load tests disclosed the response of the materials
to various rates and levels of loading. This information will

be of use primarily for interpretation of embankment response.



Finally, basic chemical and mineralogical tests Were performed
to determine if embankment materials would provide a favorable
environment to instrumentation.

Descriptions of laboratory test procedures and test re-
sults are contained in Appendix C. Sample descriptions, test
assignments, and test results are tabulated in Table 1.

Tests on Compacted Samples

Engineering properties of compacted specimens from one
medium and two highly plastic clay samples were evaluated. Modi-
fied AASHO compaction tests were performed on the three samples,
and selected compaction test specimens were tested in unconfined
compression, swell, and shrinkage. The purpose of the tests
was to determine how these parameters for potential embankment
materials varied with moisture content and density. The test
results are plotted in Fig. 4 versus moisture content relative
to optimum moisture content for each sample.

The shrinkage test was performed by permitting a cylindri-
cal specimen to air dry and measuring the volume change. Swell
test specimens were placed in consolidometer rings, given a small
surcharge of 0.063 Kg/cmz, submerged in water, and allowed to
swell until volume change was essentially complete. Percentage
swell at 3,000 minutes test duration are plotted in Fig. 4.
Strength and swelling increase and shrinkage decreases as
moisture contents decrease. At optimum moisture content,
strengths averaged 11 Kg/cm2 and percent volume change due
to swelling at 3,000 minutes averaged +15 percent. Based on
very limited data, percent volume change due to shrinkage at
optimum moisture content is expected to be about -15 percent.

Initial tangent moduli were determined for the unconfined
compressive tests summarized in Fig. 4. The moduli were also
plotted against difference in sample and optimum moisture
contents and the results are contained in Fig. 5. The moduli
for the three series of tests on compacted specimen fall in
a band having decreasing moduli with increasing moisture content.
At optimum moisture content, the band of initial tangent moduli
from the unconfined compressive test specimens ranged from
240 to 880 Kg/cm>.



Additional descriptions of the test procedures and test
results are contained in Appendix C.

Chemical and Mineralogical Analyses

Sample 4 from Test Pit 1, a typical reddish brown highly
plastic clay, was subjected to chemical and mineralogical
analyses to see if there were any unusual characteristics of
the material. Mr. James K. Mitchell, Consulting Geotechnical
Engineer, supervised the teéting. His report is contained
as Appendix D. He determined that the sample contains 40 to
50 percent clay minerals of which montmorillonite is pre-
dominant followed by hydrous mica, and then kaolinité. The
sample contained no carbonate so it is suspected that the
soil was formed by weathering of a shale deposit rather than
limestone. Mr. Mitchell concluded that there was nothing
unusual about this highly plastic clay and that it appeared
to contain no chemicals deleterious to the instrumentation

that would be placed in the embankment composed of such clays.

SUBSURFACE CONDITIONS

General

The soil conditions along the test track alignment
consist of a shallow relatively uniform soil stratum overlying
rock. The inplace overburden generally varies in thickness
from two to six feet and consists predominantly of clay of
high plasticity. The surface of the overburden generally is
of medium plasticity to a depth of one or two feet and the
material immediately overlying rock is generally clayey silt.

The natural conditions along the alignment have been
altered in certain areas by excavation to provide fill for
the existing embankment and by spoil piles of excess ex-

cavation from shallow cuts for the existing grade.
Based upon the results of borings by Hemphill Corp. and

borings and.test pits by Shannon & Wilson, Inc., the soil con-
ditions shown in the soil profile on Fig. 2 have been identified.
Interpretation of the laboratory tests for the materials in-
volved are discussed below. The soil properties are summarized

in Table 2; soil test results are contained in Appendix C.



Medium Plastic Clay (CL)

Generally the upper one to two feet of soil at the site
consists of stiff gray to brown silty clay (CL). As shown
in Fig. Cl, the liquid limits of this material range from 30
to 50. This material was formed by weathering from the under-
lying highly plastic clay, and its color has been altered by
oxidation and by organic materials from the vegetation it supports.
‘The lower plasticities of this material were probably caused by
leaching of clay minerals by percolating groundwater. Previous
construction for the railroad and highway have caused this layer
to be covered or removed over portions of the site. Water con-
tents varied from about 15 percent to 28 percent. The water
contents were generally the lowest at the ground surface, be-
cause of the dry season (July 1970), and increased with depth.
The average water content of the samples was 23.3 percent. The
shear strength of this material was directly influenced by
its water content; stiffer soils had lower water contents.
The one compaction test performed developed a maximum density
of 111.5 pcf at an optimum water content of 15.6 percent.
Highly Plastic Clay (CH)

The predominant material at the site is a very stiff
reddish brown clay (CH) of high plasticity which overlies rock
and is capped by the medium plastic clay. This material has
liquid limits between 50 and 90 and the Atterberg limits plot
above the A-line in the plasticity chart, Fig. Cl. As de-
termined by minerology analysis, the predominant clay mineral
in this material is montmorillonite which accounts for its
high plasticity. Water contents of the material in-situ range
from 17.3 to 32.2 and average 24.5 percent. Other measured
properties of the material are summarized in Table 2. This
stratum varies from being absent in some areas to 34.5 feet
thick at Boring B-25. Four compaction tests had maximum dry
densities ranging from 97.0 to 107.3 pcf and averaging
103.4 pcf. Optimum water contents ranged from 19.3 to 24.3

percent and averaged 21.0 percent.



As this material occurs naturally at an average water con-
tent of 24.5 percent and its optimum water content is 21.0,
some drying of the material will probably be required for its
satisfactory placement as embankment.
Tan Clayey Silt (ML-CL)

A one to four-foot layer of tan clayey silt (ML-CL) lies

between the reddish brown clay and bedrock. This material was
probably developed by weathering of a siltstone. In some
locations the material has softened due to the presence of
perched water. In other locations the material is very hard
and friable. The average in-situ water content is 28.0 percent
although the range is 13.7 to 46.6 percent.

Limestone Bedrock

During its investigations, Hemphill Corporation obtained
several cores of the limestone. They reported the limestone
was dense, buff to gray, and of medium hardness. It is often
interbedded with thin clay shale to shale layers. Vuggy
openings due to solution activity were observed in the upper
rock portions of Borings 3, 7, 12, and 16. Vertical fractures
were found in the cores from Borings 2, 13, and 14. The rock
is generally weathered in the upper 6 to 12 inches and becomes
corable just below the weathered zone.

The limestone bedrock is essentially flat laying with a
southwest dip of 0.3 degree. It occasionally outcrops. A
discontinuity is suspected near Station 8566 since rock (bedrock)
not confirmed) was encountered in Boring B-25 at a depth of 34.5
feet. Based on nearby Borings B-9 and B-19, one would anti-
pate rock to be eight feet deep at Boring B-25.

Groundwater

No definite groundwater table was discovered in the in-
vestigations. There were instances where depressions in the
bedrock surface trapped percolated surface water and caused
a softening of the tan clayey silt. Hemphill interviewed a
water well drilling firm active in the area which reported

the water table at a depth of approximately 180 feet.
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Spoil Piles
Construction of the existing mainline track resulted in

shallow cuts in the vicinity of Stations 8525 and 8585. The
excavated material was piled on both sides of the track as

it was excavated. Consequently, clay forms the base of the
piles, tan silt follows and limestone fragments are generally
found at the tops of the piles. The limestone and silt on
top of the piles may also result from cleaning of drainage
ditches along the track bed. The clay in these piles is
generally a mixture of the gray to brown silty clay (CL)

and reddish brown clay (CH). Properties of the component

materials are summarized in Table 2.

EMBANKMENT DESIGN

General

The principal design objective was to produce uniform
support of good quality for the test track structures. It
was required that this objective be reasonably attainable
using present construction methods, equipment, and locally
available materials. It was also considered important to
reduce to the absolute minimum the number of variables which
might complicate the interpretation of track structure data.
These requirements are necessary in order to facilitate a
comparative analysis between the different test track
structures and to make the findings relevant for application
to existing road beds or to road beds that may be constructed
in the foreseeable future.

The standard ATSF embankment section was selected for the
test track. This section has proven to be satisfactory based
on extensive experience, and the relative advantages of slight
modifications in embankment geometery are not readily dis-
cernable. The use of the standard section also affords the
opportunity to compare the test section with the long-term
performance of existing road beds.

The principal design decision concerning embankment geo-
metry was to establish a minimum thickness of embankment within

reasonable cost which would provide essentially uniform support



and dynamic response to the track loading. This was required
regardless whether the embankment was founded on rock or
overburden. A profile of the test track embankment is shown
in Fig. 6 with alternate embankment thicknesses of four, six,
and eight feet indicated. A

The studies leading to the embankment design included
"pilot" vibration measurements on the existing main line, theore-
tical analysis of static stresses, stability analyses and earth-
work quantity studies for different depths of embankment.

Embankment Vibration Measurements

Typical results of the "pilot" vibration measurements are
noted on the appropriate cross section in Fig. 3. The measured
displacement at the track centerline is plotted versus em-
bankment thickness in Fig. 7. The vertical displacements ap-
pear to peak at an embankment thickness of three feet and then
decrease to a negligible amount at a thickness of eight feet.
However, the horizontal motions tend to increase with increasing
thickness of embankment. The maximum absolute horizontal dis-
placement for an eight-foot embankment is still quite small
compared to maximum vertical motions. Also plotted in Fig. 7
for general information is the relative amplitude versus em-
bankment thickness at a 1l6-foot distance from the centerline.
Relative amplitude is defined as the amplitude at any position
o» the embankment compared to the amplitude at the track center-
“ine.

At a thickness of three feet the displacements are at a
maximum. Although the full significance of this observation
is not immediately discernible due to the limited data avail-
able, it appears desirable to avoid this condition and select
an embankment thickness well over three feet to minimize the
vertical response of the subgrade. Embankment thicknesses less
than four feet were generally not considered due to the wide

variation in thickness of fill and natural overburden that
would result over the test track using this thickness (see

Fig. 6), and the greater possibility of undesirable reflections

12



or concentrations of stress due to the relatively shallow
rigid rock boundary. The use of an embankment four feet in
thickness or less would also place severe restraints on the
amount and type of instrumentation that could be provided
within the embankment.

An embankment thickness of five or six feet would appear
to give a reasonable range of vertical centerline deformations
and an acceptable range of horizontal motion 16 feet from the
track centerline. It should be noted that combined thicknesses
of embankment plus natural overburden will exceed six feet in
some areas of low bedrock, and this is unavoidable unless the
entire embankment is extended uniformly to rock.

Embankment Stress

Theoretical embankment stresses corresponding to static
conditions have been calculated using several elastic stress
solutions. In Fig. 8a vertical stresses beneath the center
of the track are plotted versus depth below the tie and in
Fig. 8b the vertical stresses beneath the rail are plotted.
Several approximations were used to represent train loads
exerted on different track structure configurations in order
to bracket the intensity of stress. The ties were alternately
considered to be line and strip loads and the wheels were also
considered to be point loads. Stresses were calculated by
Boussinesqg, Westergaard, and Burmister techniques for a
locomotive, passenger car, and an empty hopper. Burmister's
techniques were chosen to simulate the effect of a rigid base
at a depth of five and seven feet below the tie. The stresses
are significantly increased by the rigid base with the effect
being only slightly more pronounced for the shallow embankment.
The Boussinesqg procedure is for a homogeneous isotropic linearly
elastic material. The Westergaard solution is similar except
it is assumed that the horizontal strains are equal to zero.

The maximum calculated stress at the top of the embankment
occurs beneath the rail for locomotive loading, and it is nine
tons per square foot. The stresses dissipate rapidly so that
at three feet below the tie (two feet below top of subgrade)

13



the maximum stress is about one ton per square foot. The
stresses due to a moving train are expected to be less than.
the corresponding static stresses.. .

Farthwork Quantity Studies

The earthwork guantities for four and six?ﬁbot minimum’
thickness embankments were computed in order to. study the
relation between embankment thickness and construction cost.
The gquantity studies were based on soil and rotk data from ~
the test pits and borings shown earlier in this: report. Forty-
four cross sections at spacings varying from 65 feet to a maxi-
mum of 500 feet were used in computing the quantities by the
prismoid fermula which is as follows:

V= L/3 (B + VA K, + A,)

where 'V = Volume of material between sﬁéﬁions 1 and 2
L = Distance between stations 1 and 2
A; = Area of cross section at station 1
A2 = Area of cross section at station 2

A computer program was written for this formula. Sur-

veyed coordinates of breaks in the terrain were .used as input
and the program calculated end areas and volume:..

The computed quantities were divided into the categories
defined below:

Common excavation is the total of reusable’ soil, stripping,

and spoil which must be removed for the.test embankment,
transition sections, and borrow areas.

Rock excavation is the total rock excavation for the test

embankment and transition sections.

Embankment f£ill is the total volume.of embankment to be

placed.

It was assumed that six inches of top soil. would be stripped
from the surface of all clay excavation to bé réHSed‘as fill. It
was. also assumed that the tan silt layer which exissted immediate-
ly above the limestone bedrock would not be éuitable for use as
fill and woqld be wasted. No surface stripping was assumed

in areas where the unusable silt appeared at th&:ground surface.

[
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The quantities and corresponding estimated earthwork
construction costs are summarized on Fig. 9 for the embankment
thicknesses sho&n in profile on Fig. 6. The quantities for
four and six-foot embankments were computed and the quantities
for an eight-foot embankment were approximated by rough
calculation and extrapolation. The total earthwork cost is
roughly proportional to the thickness of embankment.
Embankment Stability

The maximum loading at the top of the embankment will
fall between the theoretical embankment stresses beneath a
rail for a 206-ton locomotive on six axles as shown in Fig. 8.
The range o: stresses for line and point loading assumptions
are 2.4 to 9.0 tsf, respectively, but a value of 4.0 tsf
(or Kg/cmz) appears reasonable as a maximum design stress.
Assuming a safety factor of 2.5 against a bearing capacity
failure, an unconfined compressive strength of 3.9 Kg/cmz,
(say 4 Kg/cmzf, is required in the embankment material. This
minimum strength requirement has been plotted in Fig. 4 on the
correlation plot of strength versus different material and
optimum water contents. It is apparent from the tests on
modified AASHO compaction specimens that the moisture content
must be less than about four percentage points above optimum
moisture content to insure adequate strength. However, the
test fill placed in Fall 1970 revealed that field compaction
produced densities slightly less, for a given water content,
than modified AASHO compaction. Laboratory tests on samples
from the test fill and an additional laboratory study con-
ducted to determine strengths under simulated field com-
paction energy are summarized in the field curve of Fig. 4.
The curve shows that to develop the minimum required strength
in the field the soil must be compacted at a water content
less than optimum plus 2.0 percent. A relative compaction
greater than 92 percent is also a minimum criterion resulting
from these studies. This expected strength versus moisture
content relationship for the field will be verified by testing
during placement of the embankment. Since the embankment
should be as uniform as possible, the requirements also apply

for the complete embankment.
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The existing foundation soils and rock are adequate to
support the embankment without significant long-term settle-
ments or lateral deformation.

Final Embankment Design

Thickness. A six-foot minimum embankment thickness was
adopted. This decision was reached primarily on the basis of
the "pilot" vibration measurements which suggested a need
for an embankment well in excess of three feet to minimize
vertical embankment response and on the basis of engineering
judgement. The judgement factor considers the results of the
static stress calculations which indicated an appreciable
increase in embankment stress due to a shallow rock boundary
and suggested that the embankment should be as deep and as
uniform in thickness as possible. The limiting constraint
on thickness of embankment was cost. By inspection of Fig. 6
it can be seen that a four-foot minimum thickness would result
in considerable variation in thickness over the test track
segment. A six-foot minimum thickness provides a reasonably
aniform test section and very little additional benefit in
uniformity is achieved by increasing the depth to eight feet.
The additional cost ($100,000) of an eight-foot thickness
compared to a six-foot thickness does not appear warranted.

Materials. Suitable embankment materials include the

gray to brown silty clay (CL) and the reddish brown clay (CH).
The tan clayey silt (ML-CL) is available in relatively small
guantities and is so different in properties from the clays

that it should not be used. However, small quantities mixed
with the clays by normal construction operations will be accept-
able.

Placement water content should be on the wet side of
optimum to facilitate placement and control of uniformity, kut
the strength requirements limit the placement to about twc per-
centage points above optimum. The material occurs naturally
wet of optimum, so it would be desirable to minimize drying
to facilitate production. Assuming that the eight compaction
tests performed are representative of the site soils, the

average optimum water content is 19.7 percent and the average



in-situ moisture content is 25.8 percent, for a difference
of 6.1 percent. Therefore, this material will have to be
dried about four percent before it can be suitably placed.
However, the natural water content may increase slightly by
heavy rains, and additional drying could be required.

A test fill was placed at the start of construction to
determine the most suitable field procedure for achieving
a uniform, competent embankment under the existing climatic
conditions. Laboratory testing and field operations in the
fall of 1970, have established a minimum requirement of 92
percent relative compaction (modified AASHO) at a moisture
content not exceeding two percent above the optimum water
content. At this placement water content, the material will
approach saturation at 92 percent relative compaction,
and further compactive effort beyond this point in the field
will produce little increase in dry density unless the com-
paction operations produce drying of the soil and/or the
weight of the roller is increased. When construction is re-
sumed in Sprinc 1971, we will review the compaction criteria
taking climatic conditions into consideration. Six-inch
rmaximum comracted lift thicknesses will be used.

Broken limestone is present on top of the existing spoil
piles and it is not acceptable for use in the test embankment.
Placement of instrumentation during and after embankment
construction would be hindered by the presence of gravel-
sized particles or larger. Performance of the instrumentation
could also be adversely influenced by the presence of large
granular particles. A limited amount of granular material
is permissible in the transition sections at each end of the
test track because these sections contain no instrumentation.
Medium to high plasticity clays without gravels are de-
signated Material A for use in the test sections of the
embankment. These highly plastic clays with scattered cobbles
to four inches in diameter and/or with quantities of tan clayey
silt are acceptable for use in the transition zones and shall
be designated Material B. Acceptance of Material B will reduce

required borrow quantities and reduce waste quantities.
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Field Observations

Close construction control and extensive testing will be
provided during construction to assist in achieving a uniform,
competent embankment. For planning purposes the following

table lists the type and anticipated frequency of embankment

testing:

Test Frequency of Testing(l), cy Total Tests
Moisture content 100 620
In-situ field density 200 . 310
Laboratory compaction
test 1,000 62
Field plate load test 600 100

Typical excavation and embankment sections with a six-
foot embankment are shown in Fig. 10. The road was included
to provide access for service vehicles and for reading em-
»onkment and track structure instrumentation. The access road
will be founded on the existing bedrock surface in cut areas
to reduce the required rock excavation. The cross section
dimensions are from ATSF Standard Specifications for Earthwork
and Structures. A set of Special Provisions to the Standard
Specifiéations for the project are included as Appendix F
along with a complete set of plans.

Anticipated Embankment Properties and Performance

Properties. The embankment properties have been predicted

based on laboratory testing and the proposed placement criteria.
At 92 percent relative compaction and at two percent above
optimum moisture content, the properties tabulated in Table 4
are anticipated. Properties of the existing overburden, which
will be present beneath the embankment in fill areas, are
summarized in Table 2. Comparative values of elastic moduli
from studies on undisturbed overburden materials and a compacted

specimen are summarized in Table 1C. These studies include

(1) Frequency of testing is indicated as one test performed for
the indicated number of cubic yards of embankment placed.
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vibration tests and pulsating load tests for determining dynamic
moduli and unconfined compressive tests for static moduli.

Performance. The test embankment is expected to per-

form favorably with no more maintenance required than is

normal for this section of track. The embankment material

is potentially highly expansive, but standard drainage has

been provided to preclude ponding of water on and against the
embankment. Swelling is expected to'be minimal and non-damaging.
If the embankment were to remain exposed over the winter of
1970-71, it would have been over-built by 0.2 foot of elevation
to reduce the possibility of softening the designed top of sub-
grade. The excess material would have been removed prior to
installation of vertical instrumentation.

Shrinkage of the embankment is also a potential problem.
However, based on the test pits dug in the summer of 1970 after
an extended dry priod, drying of the soil is not significant
below a depth of about six inches. Likewise, no major adverse
effects due to shrinkage are expected.

Spreacding of the embankment due to static and dynamic loads
is also considered unlikely.b At the top of the embankment there
will be a safety factor of about 2.5 against a bearing capacity
failure for the maximum train loads based on the anticipated
strength of the embankment. Below a depth of 1.0 foot in the
embankment, the dynamic stress level will be less than 2.0 tsf.
The maximum static stress due to the weight of the embankment
will not exceed 0.5 tsf. Compared to the anticipated average
unconfined strength of 4.0 tsf (or Kg/cmz), the embankment
stresses will be quite low. The significant stress for analysis
of horizontal spreading is the static stress of the embankment.
It is so low compared to the embankment strength, that spreading

will be nominal and is not a design consideration.

INSTRUMENTATION

General
The response and performance of the track structures will

be influenced by subgrade performance. Therefore, it is
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necessary to observe the embankment behavior in order to evalu-
ate track structure performance. A system of embankment in-
strumentation has been developed for this purpose.

Embankment stress and strain under dynamic loading are of
primary interest. However, it is very difficult to obtain re-
liable stress measurements so emphasis is placed on obtaining
reliable measurements of embankment strain. Long-term de-
formations and volume changes of the embankment are also of
interest in this highly plastic clay embankment.

The required operational life of the instrumentation has
not been definitely established. However, designs are based
on an effective life of at least five years under the site
climatic conditions. Where physically possible, the instruments
are designed to permit maintenance or component replacement.

Nine individual test sections will be provided in
the test track. Each test section will have one principal
instrument array. The main arrays will be supplemented by

itional instruments spaced throughout the test section to

PN

[ON
o

verify that the performance of the embankment at the main

0]

array is typical of that particular test section.

The main array has been positioned near the west (downgrade)
end of each test section on the premise that measurements will
be made principally under west-bound rail traffic. This pro-
vides additional length of track for damping of non-uniform
response which may develop between different test track struct-
ures before the main array is reached by west-bound traffic.

The embankment main array instrumentation includes vertical
extensometers, portable horizontal extensometers which will
be inserted in horizontal tubing embedded in the embankment,
pressure cells,and moisture-temperature cells. With the ex-
ception of the moisture-temperature cells, the instrumentation
has been designed specifically for this project. Wherever pos-
sible existing equipment has been adapted or stock components
utilized. The instruments are currently in various stages of
testing and calibration,and it is possible that details may

change before delivery. No change in concepts are anticipated.
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The instrumentation is illustrated in Fig. 10 and summarized
in Table 5.

Measurement of Embankment Strains

General. The determination of embankment performance
requires a knowledge of both permanent and transient deforma-
tions including the time-history of these motions. 1In the
case of permanent deformations the deformation must be
measured directly. In the case of transient motions it is
vossible to measure acceleration, particle velocity or de-
formation as a function of time to establish embankment re-
svonse. The use of accelerometers or velocity meters was
considered, but this type of instrumentation did not appear
attractive because of the high capital cost of recording
equipment. Very sophisticated recording equipment is required
in order to provide the fidelity necessary to compute embank-
ment deformations. This type of instrumentation would appear
to be feasible only if the recording equipment were available
from other sources at a reduced cost, or if the recording
equipment were being utilized for the track structure in-
strumentation. Since it was not possible to determine the
availability of this equipment, it was decided to adopt a
strain measuring system utilizing LVDT transducers for
sensing permanent and transient deformations. This equipment
will measure displacements directly and recording equipment
may consist of digital readout or pen or‘oscillograph type
chart recorders. This equipment is available at a comparative-
ly low cost. If desired a more sophisicated recording system
may also be utilized with the LVDT sensors.

Vertical extensometers. Vertical embankment strains

relative to the surface of the subgrade will be measured with
vertical extensometers anchored in rock and at intermediate
points within the embankment. All permanent strains will be
referenced to the extensometers anchored in rock. Vertical
holes will be drilled through the embankment and into rock
following embankment construction. Anchors will be inserted

into the hole and fixed at three or four levels by either
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grouting in rock or hydraulically expanding prong anchors
into the soil. An LVDT transducer will be positioned im-
mediately above the anchor point and a steel rod riser
will extend to a fixed-point in a terminal box near the surface
of the subgrade. Three anchors will be placed within the em-
bankment as shown in Fig. 10 and, if the rock is present within
12 inches of the embankment base, the lowest embankment anchor
shall be eliminated.

The pilot vibration measurements suggested that the
maximum amplitudes at the surface of the subgrade may be on
the order of 0.030 inch at a frequency of three cycles per
second (cps). Measured frequencies ranged from three to 100 cps.
Tt appears that motions of interest will range from 0.0008 to
0.04 inch amplitude and zero to 100 cps. The sensitivity and
frequency of the measurements will be controlled by the record-
ing equipment. For pen-type recorders the sensitivity will be
in the order of 0.0003 inch at a frequency of zero to 100 cps.
For frequencies above 100 cps an oscillograph recorder would
probably be required.

A more complete summary of vertical extensometer design
and performance criteria is presented in Appendix E.

Three multi-position extensometers will be placed in
each main instrument array. One will underlie the center of
track, the second will underlie a rail, and a third will be
placed at the side of the embankment, four feet from the rail.
These extensometers will be placed in the same cross-section
of the embankment. In addition four single-position exten-
someters will be installed in each test section, all beneath
the track centerline. Three will be spaced at 100-foot intervals
uptrack (east) of the main array and one will be 100 feet down-
track (west) of the main array. Stationing of the instruments
within the test section was determined by placing the furthest
west vertical extensometer in each section a distance of 84
feet from the section end. Thiscriterion was established by
DOT so that if a different track response developed beyond
the end of the test section, the longest rail car, 84 feet,
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would not transmit vibrations back through the car to the
extensometer.

Horizontal extensometers. At each main instrument array,

horizontal 4-inch diameter corrugated polyethelene tubing will
be placed in the embankment at four levels during construction
as shown in Fig. 10. The tubing will have PVC couplings at
2.5 and 5-foot spacings which are anchored in the embankment
as also shown in Fig. 10. Strain rods with a hooking device
to engage the anchored couplings will be used to measure the
static horizontal deformation of the embankment. One set of
strain rods will be used for measurement of all tubihgs. No
absolute reference is provided, and all measurements will be
razlative to the end of the tubing.

Dynamic horizontal deformations in the tubings will be
measured with portable extensometers with gage lengths of 2.5,
=.0. and 10 feet. Expandable anchor shoes at the ends of the
extensometers will extend and lock into the tubing couplings.

An LVDT at one end of the extensometer will record dynamic de-
formations caused by passing rail traffic.

T“he discussion of sensitivity of the LVDT transducers for
vertical extensometers also applies to horizontal extensometers.
A summary of design and performance criteria is presented in
Appendix E.

The horizontal tubing also provides openings in the em-
bankment which would be available for insertion of other types
of instrumentation if desired at some future date. For instance,
it may be advantageous to insert portable accelerometers or other
types of transducers to obtain data for direct correlation with
the track structure instruments.

Pressure Cells

Three pressure cells will be placed in the upper portions
of the embankment in each main array to measure stresses. The
cells will be placed as shown in Fig. 10 during embankment con-
struction. The range of expected stresses are shown in Fig. 8.
The cells will be fluid-filled stainless-steel, flat cells

approximately six inches in diameter and 0.5 inch thick."
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Both upper and lower surfaces of the cells will be relatively
flexible. An LVDT pressure transducer will be attached near
to the cell and electrical leads will extend to an external
terminal box for readout purposes.

The sensitivity and range of the pressure cells will be
controlled by the LVDT pressure transducers and recording
system. Pressure transducers of zero to 25, 50, and 100 psi
have been provided depending on the position of the cell
with respect to the rail and depth below subgrade. A sensi-
tivity of about 0.1 psi will be available, and for a-pen type
recorder the frequency response will be zero to approximately
100 cps.

Moisture-Temperature Sensors

Thirteen moisture-temperature sensors will be placed in
each main array at the locations shown in Fig. 10. The cells
will provide qualitative and possibly quantitative informa-
tion on the variation of water content and temperature in the
embankment with time. This information will be used to corre-
late with measured strains in the embankment and other as-
spects of embankment and track structure performance. A
SoilTest MC-300A moisture meter will be used with SoilTest
MC-310 moisture-temperature cells. A laboratory study is

being conducted on this equipment to determine its range and

sensitivity.
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Note:

TABLE 1

SUMMARY OF TEST DATA

Soil classification symbols for the Unified
Soil Classification System.

Specific gravity.
Shrinkage limit, peréent.
Modified AASHO compaction test, pcf.

Compaction test plus swelling, shrinkage and
Qu tests on selected compaction samples.

Chemical and mineralogical analyses.
Consolidation test.

Grain size tests performed with a hydrometer.
Vibratory triaxial tests.

Pulsating triaxial tests.

Uncongined compressive st;ength tests,

Kg/cm“ (roughly equals twice the shear

strength of saturated clays).

Undrained triaxial compressive strength test,
Kg/cm2,

Q tes% with pore pressure measurements,
Kg/cm“.

Consolidated, undrained triaxial compressive
strength test with pore pressure measure-
ments.

Shear strength as determined by a small
hand-operated Torsion shear device, tsf.

Pocket penetrometer results, approximately
equals Qu’ tsf.

Kg/cm2 are considered equivalent to tons/footz (tsf) .



SUMMARY OF TEST

TABLE 1

1

DATA
1 - g S ‘Water |Atterberg. Insitu|
{Boring| .Station . 1sample| Depth |Content| . Limits o v..Dry}l Other -
INo. (ML Offset)’| Elev. | TNo. Feet % LL {PL |RI PCF | = Test Classification
qTpPL 8585+00 | 1406.3{ 1° ;Seé Test 29.8 27021 & |.Med. tan silty- CLAY-
: {61'W) - IPit Logs 26.2 ‘ i sm ls. fgmts. (CL-ML)
2 24,9 {69 |18 |51 |sp.Gr=2.65 | Vy. stiff red-brn CIAY
23.0° " : Grain. Size tr. org. clay (CH)
: . Compact |
3 29.3 (33 |18 |15 [ptudies Med. blk-brn Silty
28.0 : CIAY (CL) 5
4 27.2 72 | 16 | 56 lcompaction | Med. red-brn CLAY sm.
- 26.1 : 106.7@19.6% | blk. org. clay, tr.
IChem+Min.. roots (CH)
5 19.8 |62 |19 | 43 brn. CIAY tr.Ls. fgmts.
18.0 & roots (CH)
& 25.5 red¥brn, CLAY sm. tan |
26,4 silt, tr.wthrd Ls
fgmts. {CH)
TP2 | $582+00 | 1404.7 il - l 23.3 T4 | 1wt | S8 ?pompact Vy.stiff red-brn CLPV;<
(4€6'W) 24.5 {Studies Ctr. blk.org.clay (ciz) |
2 27.9 |48 |16 32 |Compaction | Med.hik-brn. silty CLAY
27.1 111.5@15.6% tr. org. mtl. (CL CH)
Compact Studies
3 23.2 ) (Vlbr Stiff reTAHrn CLAY
24,1 Compacted (Puls. tr. roots, org. clay
1%-4 Specimens(Qu=5~4 & limestone fgmts. (CH)
(lQu=4.2 ond
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- %
.TABLE 1 ‘
SUMMARY. OF TEST.DATA
) - Water |Atterberg. Insitu
|Boring | Station Sample| Depth | Content| Limits. v Dry| Other
| No. (ML: Offset)| Elev. No., Feet C% LL |PL | PI PCF Test Classification
fTP2. 18582+00 1404.7 _ 4 See Teét _Hard dense gry. to
: Coojae'w) | Pit Logs buff, slightly wthrd.
E " S . SILICIFIED LIMESTONE
§ TP3T5_18582+00 ) 1%01 8| 1 30.9 Med.tan & gry.clayey
i (87.'W),. S 40.1 - | silt & silty CLAY
” o o (CL—MH)

. B e yu:; 2. 26.0 |78 16 | 62 Compaction Vy.stlffAred—brn CIAY

T P e 26.8 |- ‘ 107.3819.3%| tr.roots & blk.org.
k ‘ : clay (CH)
e . " |gs72400 . ' | 1398.0| 1. 15.1 brn. CLAY tr.roots (CH
' Jowy” L 15.2 : | ‘
: ’ 2. 24.5 Stiff red-brn. CIAY;
; . - 25.2 tr. roots & blk.org.
g - [ 58 iy B N . < :clay (CH) ar A Thas - .t E
; R o . 3 33.4 Vy. stiff ‘tan & brn.
é I} 0 e & A 30.3 LCIayey Sllt & Sllty .
: ' Co : CLAY sm. wthrd Ls. tr. i
: ) roots & £-m sand ;
| (CH to ML) 1
st : ) :
i AT -
i| TP5 8566+00 1 1399.5 1 30.0 | stiff brn & blk CLAY
q o 25.6 ~ (CH)

2 20.7 |50 |18 | 32 Vy. stiff red-brn.
21.1 | ' CIAY, tr. Ls. fgmts,
' (CH)
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TABLE 1
SUMMARY OF TEST DATA

Water Atterberg Insitu
Boring Station Sample Depth | Content Limits v Dry Other
No. (ML Offset)| Elev. No. Feet % LL | PL |PI PCF Test Classification
TP6 8555+00 1398.9 1 Sge Test 22.8 Stiff brn. CEAY tr.
(30'wW) Pit Logs | 26.9 org.mtl.,Ls fgmts. &
roots
TP7 8538+00 1412.4 i Y S Vy.stiff brn. CLAY
(78'W) tr. roots (CH)
2 14.2 Vy.: stiff gry—-brn.
CLAY slight tr. f sandH
(chH)
3 21.0 Vy.stiff gry-brn CLAY
21.9 tr. roots (CH) '
TP8 8518+00 1417.0 ! 5 23.1 86 25 61 Compaction Stiff gry-brn.: CIAY
(72'w) 22.8 97.0@24,.3% tr. roots
|
I ;
TP9 8520+00 1419.7 1 24.9 84 21 63 Grain size Vy. stiff gry-brn.
(75'W) 23.2 Sp.gr=2.54 | CLAY tr. roots (CH)
TP*10 [8535+00 1412.6 I 30.4 Stiff brn. CLAY (CH)
(50'wW) 32.6
2 X343 gry-tan SILTSTONE sm.
15.5 clayey silt (GM)
8 29.0 Stiff gry-brn. CLAY (CH,
i
G
TP 11 [8530+00 1416.8 1} 3242 82 27 61 Compact Stiff red-brn CLAY (CH)
Studies
2 2140 Stiff blk=brn CTAY
J tr. roots: (CH)
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TABLE

o

L

SUMMARY OF TEST DATA
Water |Atterberg Insitu
Boring| Station Sample Depth Content Limits v Dry Other
No. (ML, Offset) | Elev. No. Feet % LL | PL. |PI PCF Test Classification
TP 12 |8525+00 1418.4 1 See Test 27.1 80 18 62 Compaction Vy. stiff brn. CLAY
(84'W) Pit Logs 25.5 102.8@21.0% | tr. roots & m sand
(cH)
TR 13| 8525+00 "1420.8 1 23.3 Stiff gry-brn CLAY,
(62'W) 24.0 tr. Ls. fgmts & roots
(cH)
2 26.7 82 19| 63 Compact Vy. stiff brn CLAY (CH)
6.3 studies
TP 14 |8525+00 1417.3 1 24.2 Stiff tan clayey SILT
(30'w) 28.6 & silty CLAY tr-sm Ls
fgmts, tr.brn clay &
roots (CL-ML)
TP 15 |83520+00 1417.6 1 23,9 74 | 20 54 brn CLAY tr. roots (CH)
{20'wW) 23.4
TP 16 |8517+00 1416.8 1 14.8 Hard tan SILT sm.
(30'W) 13.7 siltstone fgmts. (ML)
TP 17 |8572+00 1395.6 1 22,2 red-brn.CLAY .tr org.
(30'wW) 22.6 clay, Ls fgmts & roots
(cH)
2 Hard dense gray to buff,
slightly weathered
SILICIFIED LIMESTONE
GooLo 1 86544+50 1406.1 1 Hard dense gray to buff
(30'wW) slightly weathered
. S L. SILICIFIED LIMESTONE

Yage 4 Af O
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SUMMARY CF THEST DATA
Water |Atterberg Insitu
-|Boring Station Sample Depth Content Limits ,  Dry Other
No. (ML Offset)| Elev. No. Feet % LL |PL |PI PCF Test Classification
TP 19 |8538+00 1415.4 i See Test 24.0 gry=brn: CHAY, . tri
(30'W) Pit Logs 26.9 roots (CH)
TP 20 :[8530+00 1430.1 1 brn CLAY tr.wthrd Ls
(57 1E) (CH)
TR 21 . 18535%00 1423.3 1 25.0 Vyv. stiff red-brn
(56'E) 25.1 cLaY (CH)
TP 22 |8582+00 1402.1 1 22 .4 Stiff gry-brn silty
(50'E) 17.9 CLAY (CL) ot
2 24.7 Vy..stiff red-bzn
22 .7 CLAY (CH)
TP 23 |8585+00 1401.3 i 19.7 72 18 54 Compaction | Vy stiff brn CLAY (CH)
(50'E) 107.6@19.5%
-E% 24 |8585+00 1399.2 3 25.4 Vy stiff red-brn CLAY
t133'E) 24.9 tr blk f. sand (CH)

Page 5 of 9




TABLE 1

{ SUMMARY OF TEST DATA
Water stterberg Insitu
Boring Station Sample Depth Content Limits Y Dry Other
No. (ML Offset)| Elev. No.. Feet % LL | PL PI PCF Test Classification
\
B21 8995+02.5 [1384.4 1 05-2.0 28.0 Med. brn. CLAY, trace
(35'W) ls. fgmts. & organic
| material (CH)
B22 8579+00 1398.3 1 08-2.3 18.2 Stiff brown CLAY trace
(37'W) roots (CH)
{ 2 3.0-4.5| 17.4 Stiff mottled brown
i tan and black CLAY
| (CH)
/ 3 5.5-6.1 36.3 Top: Stiff mottled
! brown tan and black
! CLAY (CH)
) 46.6 Bot: Stiff tan & ‘lighg
t grey silty CLAY & CLAY
} tr. gravel
' (Weath. 1s) (CL-CH)
B22a 3578+95 13983 1 0.5-2.3 L7 .3 100 Qu=6.7 Hard brown CLAY, trace
(37'W) 19.2 ' roots (CH)
\ 2 2.3-4.5 18.2 |67 | 15 52 Sp.Gr=2.56 Stiff red-brown CLAY
i 19.2 Consol. (CH)
3 3 4.5-6.0 22.2 101 9. =1.5 Stiff mottled grey tan
) brown & black silty
% ’ CLAY (CL)
{ 4 6.0-7.0 24.5 98 Qu=l’0 Stiff tan-brown clayey
§ 25.4 SL=12.1 SILT, trace organic
; | o (MH-CL)
{ 5 8.0-8.7 45 .2 86 Q =0.6 Med. mottled grey tan
! brown & black silty
! CLAY trace-sm silt
L pockets (CL)

e e
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TABLE

SUMMARY OF

N
i

TEST DATA

Water Atterburg Insitu
Boring Station Sample| Depth [Content Limits Yy Dry| Other
No. (ML Offset)| Elev. No. Feet % LL | PL | PI DCF Test Classification
B23 8584+94 1399.0 1 0.5-2.5 22.4 96 Qu=l.3 Stiff red-brown CLAY
(32.5'W) 25.2, trace roots (CH)
2 2.8-4.5 24543 74 | 17 | 57 92 Qu=l.4 Stiff red-brown CLAY
25..9 . (CH)
25.1 97 e}
3 4.5-6.5 31,3 SL=26.8 Tan clayey SILT some
14 .4 siltstone (MH)
4 7o Q=7 ,:2 25..0 Tan SILT some red-
brown clay & gravel
(rock fragments) (ML-GM)
B24 8575+42.5 1398.0 1 045235 20-: 5 101 0 =4.0 Hard red-brown to
(27'wW) 2L.7 gry-brown CLAY, trace
18,2 gravel & roots (CH)
2 2.5-4.5 24.9 92 Qu=l.2 Stiff gry-brown silty
2522 CLAY¥ (CL-CH)
3 4.5+6 .0 29:.6 92 Qu=l.8 Stiff dark red-brown
29.6 93 0 =l.4 CLAY (CH)
28.6 b :
4 6.0-7.5 30.7 Top: Brn CLAY(CH)
k3 Bott: Tan clayey SILT,
trace to some gravel
(MH) (weathered lime-
stone)
B25 8566+00 1399.4 1 0.5-2.7 20.6 54 121 | 33 101 Vib. Hard red-brown CLAY (CH
(52.5 "W} Puls.
2 2,7-4.6 21.6 SL=11.4 Stiff brown CLAY
20.9 Qu=lv0 trace roots (CH)
3 4.6-6.8 21 .5 34 | 16 | 18 104 Qu=2'6 Very stiff brown silty
2270 Q2.3 | FWAY {CR
29 5 Sp.Gr.=2.63
e - R conscl. |

rage 7 of O
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TABLE 1

SUMMARY OF TEST DATA
Water Atterburg Insitu
Boring Station Sample| Depth -Content Limits Y Dry Other
No. (ML Offset)| Elev. No Feet 2 LL | PL |PI PCF Test Classification
B25 8566+00 1399.4 4 6.8-8.6 20.6 40 | 15 |25 Stiff red-brown silty
(52.5'W) 21.0 CLAY (CL)
5. 8.6=10,5 ' 21,7 102 Qu=2‘5 Very stiff red-brown
21 .8 CLAY (CH)
22,51
6 10.5-12.,3 23.4 102 Qu=2.3 Very stiff red-brown
21..5 mottled with tan
silty CLAY (CL)
26 8523+00 1423.8 1 1.0=3.7 22.7 87 Qu=l.35 Topi-  StiEf brown
185'W) 24.8 silty CLAY, trace roots
28.5 Bott: Tan clayey SILT
trace organic (MH)
B27 8525400 1424.0 I 0.5-2.8 25 .1 Stiff brown CLAY,
(94'wW) gg.z PP=3.7 trace gravel & roots
2 2.8-3.8 No recovery
3 6 32.2 Tan silty CLAY, trace
to some c-f sand (CL)
(Sample consists of
cuttings)
B28 8533+50 1417.5 1 0.5~3.0 23.8 91 Qu=l.4 Stiff dark brown to
(95'W) 26.1 red-brown CLAY, trace
28.9 roots & gravel (CH)
29.9
B29 8530=00 1429.2 I 5 13.0 Tan silty f-c sand,
(51'w) some gravel (SM-ML)
2 6.0-9.5 |No recovery (Sample consisted
of cuttings)
3 9.5-11.5 29.3Top 89| 27 |62 88 Q =1.0 Top: Brown silty
26 .2 Bot. vib. CLAY, trace organic
Puls. (CH)
SL=10.5 Bott: Tan clayey
SILT w/pkts brown
silty CLAY (MH-CL)

Pade ;o Ol 3




TABLE

SUMMARY OF TEST DATA
Water Atterburg Insitu
Boring Station Sample| Depth |Content Limits Y Dry Other
No. (ML Offset)| Elev. No. Feet % LL | PL [ PI PCF Test Classification
B30 8582+50 1401.8 1 0.5-2.8 21,3 TV=0.71 |Stiff brown to red-
(87'W) 27.9 TV=0.77 |brown CLAY (CH)
Remolded
=0.68
PP=1.3
to 1.8
2 3.0-5.0 26.6 62 |17 |45 95 0 =1.,1 Stiff red-brown CLAY
28.4 R (CH)
27.5 95 R
3 7 23.4 Tan silty CLAY and
c-f sand (CL) (lime-
stone fragments)

Page 9 of 9




TABLE 2

SUMMARY OF SOIL PROPERTIES

No. of
Material Soil Property Tests Range Average
Gray to brown, silty Water content, % 29 15.1 to 29.4 23.3
CLAY (CL) Liquid limit 4 33 to 48 39
Plastic limit 4 15 to 18 16
Plasticity index 4 15 to 32 - 23
Shrinkage limit 1 12.1 12.1
Specific gravity 1 2,63 2.63
In-situ dry density, pcf 3 86 to 104 95
Unconfined strength, Kg/cm 4 0.6 to 2.6 1.7
Modified AASHO compaction
Max. dry density, pcf 1 111.5 111.5
Optimum water content, % 1 15.6 15.6
Reddish brown to Water content, % 69 17.3 to 32.2 - 24.5
| brown CLAY (CH) Liguid limit 17 50 to 89 74
Plastic limit i 17 15 to 25 19
Plasticity index 17 32 to 63 55
Shrinkage limit 2 10.5 to 11.4 11.0
In-situ dry density, Pcf 1le 88 to 102 96
Unconfined strength, Kg/cm? 14 1.0 to 6.7 2.0
Effective stress angle of 1 "~ 19 : 19
internal friction, degrees
Specific gravity 3 2.54 to 2.65 2.58
Modified AASHO compaction
Max. dry density, pcf 4 97 to 107.3 103.4
Optimum water content, % 4 19.3 to 24.3 21
Tan, clayey SILT Water content, % 12 13.7 to 46 .6 28.0
(ML-CL) Liquid limit 1 27 27
Plastic limit 1 21 21
Plasticity index 1 6 6
Shrinkage limit 1 26.8 26.8




TABLE 3

EARTHWORK QUANTITY SUMMARY

Quantities, yd3

| Four Foot Six Foot

Item Embankment Embankment
Rock excavation 26,350 36,400
Embankment £ill 46,200 61,600
Common excavation 78,500 113,000
Reuseable soil for embankment 46,000 52,000

Required borrow

(Incl. 6% shrinkage) 3,100 13,500

Borrow
Borrow
Borrow
Borrow
Borrow
Borrow

Area
Area
Area
Area
Area
Area

HEHOOQo»

AVAILABLE BORROW

Total Available Borrow

Note:

1. See Fig.

1,750 yd
380
270

1,880
8,600
1,950

14,830 yd

3

3

2 for location of borrow areas.

2. Additional suitable borrow is available from the
ATSF right-of-way east of the test embankment site.




TABLE 4

ANTICIPATED EMBANKMENT PROPERTIES
[At 92% Relative Compaction Modified AASHO and w=Optimum +2]

Soil Property Range Average
Dry density, pcf 92 to 106 100
Water content, % 18 to 24 22
Liquid limit 33 to 89 67
Plastic limit 15 to 25 18
Plasticity index 15 to 63 49
Shrinkage limit 10.5 to 12.1 11.4
Specific gravity 2.54 to 2.65 2.59
Unconfined compressive

strength, Kg/cm 3.5 =~ 5.0 4.0
Initial tangent modulus

from Enconfined tests,

Kg/cm 120 to 400 250
Maximum potential volume

changes, %

Shrinkage 10 to - 17 13

Swelling* 5 to 15 a5

*Taken from laboratory specimen swell @ 3,000 min.




TABLE. 5

SUMMARY OF INSTRUMENTATION

Instruments per Test Section Number of Total Number
Type Number Test Sections | of Instruments
Main Array:
Horizontal instrument 4 9 36
tubing
Pressure cells 3 9 27
Moisture temperature 13 9 Y17
cells
f
‘ Multi-position vertical 3 9 27
extensometers
'Single Position Vertical 4 9 36
Extensometers ?
_
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feet

Elev

Elev, feet

Elev, feet

Elev, feet

1425

1420

14i5

1415
1410

1405

1410

N
Q
3]

1400

5
3

1395%

Sta. 8523+00

e

[}

50Hz

Sta. 8542+00

222

/— ;

(s01z)
67Hz 546 (620) 355(52) |64/24)

Rock Cut
¢ Main line
B/R el. 1419.44

]

160 153 140  Displacement { micro-inches )

¢ ¢ Test track
T'I;/ '
| -

VAN Rock

L

72 69 .63 Relative amplitude

Shallow Rock, Embankment

on Overburden

B/R el 1411.72

!

() 6504¢) 30(33)

Second set of readings
at this station

Sta. 8549+23

26Hz Resonance

¥

| S—

B/R el. 1408.93

Sta. 8560+00

S50 Hz

' B/R el. 1404.78

. 286

c/‘

i

277
o7

g87)Displacement (micro-inches)
.16(z)Relative amplitude

Fill

Section

Fill

\?Rvock

Section

3| Displacement (micro-inches)
.l Relative amplitude




Shallow Rock,; Embankment

Sto. 8575+38;5

on Overburden

1
'

¢
T
! e/ el. 1398.84 |
i 1400
_ %
7] :
Displacement (micro-inches) 103 91 60 1395 2
Relative omplitude 1 -89 58 w
(- 1390
!
o ¢
Sta. 8585+00 Rock Cut TIT *
g
| 1400
o
2
1395 .
>
- ®
. , .
Displacement (micro-inches) 115(%)  102(24)70(%) 170:8) 38 Hz (52#5) : 1390
- Relative amplitude | () 89¢8) 61(2) 15(%)" .

Distance between top of
Station Subgrade & Rock, feet
8585+00 | (o]
8560+00 55
8549423 8.6
8542+00 3.0
8575+385 | 68
8523+00 0.7

Scale: 1"=10

Notes:

l. Top of rock elevation scaled from profile along
test trock, Fig. 2.

Cross-sections were furnished by AT & SF.
-
Micro-inches = 10 inches.
= Cycles per second,

(S I T

Vibration measurements were taken from Geo-Recaon
Inc. report, Aug. i, 1970, contained in Appendix A.

-THE ATCHISON, TOPEKA AND SANTA FE RAILWAY CO.
EASTERN LINES, TOPEKA KANSAS

EMBANKMENT-VIBRATION MEASURMENTS

C-263 FEB, 1971

SHANNON & WILSON
SOIL. MECHANICS & FOUNDATION ENGINEERS

FIG.. 3




SWELL & SHRINKAGE - | UNCONFINED COMPRESSION

25~ 15
—_—A - ' 95
. # -H 102
106 3
Shrinkage { air-dry) /Z/ +\
. ' Series
/( ' -
20 s < \ #2
+
106 &
~ S
' /U P 53 -+ 104 1<—Dry density, pcf
+ . .
- : by ]
£
> 15 3 10
2 ! \ - . §:
o Series A/ » ‘
o | Tw, 4 ° o : :
g . 5 Strength under modified AASHO
§ 0 4 compqction’
E Ad12=—Dry density, pcf ‘§
g ' w | Expected strength
o e under field
Ho - = compaction
5 | ' , : N S 5 N
Swell @ 3,000 minutes : 5
under 0.063 K # surcharge); A 40§ — - —
Specimens submerged in woter] ' Z
. ' : ' _ . o Minimum_ strength
e a4 sy Optimum 72 — 26 T8 for embankment stabitity
Dry side ' w/c : o . Wet side ,
Percent Water Content’ ' " o s . R 96
o} ~ l . , - .
-2 Optimum +2 Co 44 +6 +8 T
Notes: Dry side w/c. ‘ ‘ L Wet side

Percent -Water Content -

. Optimum moisture contents (Modified AASHO) were determined on

the material for each series. TH& ATCHISON TOPEKA AND SANTA FE RAILWAY CO.

2. See Figs C7, C8,and C9 for compaction curves and other test data. ’ EASTERN L!NES ToPEKA KAN:AS
3. All test specimens were carved from Maodified AASHO compaciion.
test specimens, thus the test data are functions of density and ] STRENGTH bWELL & SHRHNKAGE
moisture content . .
4. Shrinkage conditions were air-drying until there was no further volume OF COMPACTED SO LD
change . .
C-268 N . FEB, I9T¢

SHANNON & WILSON
SOIL. MECHANICS & FOUNDATION ENGINEERS

FIG. 4
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Distonce Between Top of Subgrade and Rock, feet
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7" —- f . . - : Original ground, rock or i il riginal ground, rock or addjtiona,
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¢ Ties. projected onfo ; ya Electrical -/eads
¢ plan ( typicol) / / : [ ’
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APPENDIX A

VIBRATION MEASUREMENTS



ECON INC. G=0450~00

|
/ /// }/405 “Olﬁl 38th STREET « SEATTLE, WASHINGTON 98103 « MElrose 2-8022
/ b/ /

N/
August 11, 1970

GEOPHYSICAL EXPLORATIONS

SHANNON & WILSON, INC.
1550 Rollins Road
Suite F
Burlingame, California 94010
Re: Proposed Experimental
High Speed Test Track
Cassoday, Kansas
Gentlemen:

This letter presents the results of the vibration measure-
ments of the existing embankment along the proposed Atchison,
Topeka and Santa Fe Railway Co. high speed test track near
Cassoday, Kansas (MP 161 to MP 162.8). The purpose of obtaining
this information is to assist in establishing the required mini-

mum thickness of the embankment and the range of dynamic response

to be measured with project instrumentation.

The vibration measurements were made between July 7 and 10,
1970 under the direction of Mr. Rudy J. Dietrich; Shannon and
Wilson, Inc. Six locations along the track section were picked
to represent the various cut and fill sections for the proposed
embankment. Stations 8560 and 8549+23 represent maximum embank-
ment thickness; 8542 and 8575+38.5 represent shallow rock with
the embankment on overburden; 8523Arepresents a rock-cut section;
and 8585 represents a cut with the subgrade and ditch very close

to roek.

BRANCH OFFICE: 6059 WOOD HAVEN AVENUE « CARMICHAEL, CALIFORNIA 95608 « (916) 967-2359
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At each location, four points were simultaneously measured
at: (1) the centerline of the tracks on the top of ‘the existing
embankment, at the base of the ballast; (2) the top edge of the
embankment and the base of the ballast; (3) a point midway between
the top edge of the embankment and the toe of the slope; and (4)
at the toe of the slope of the embankment. A triaxial transducer
was buried at each of these points and the particie velocities
of the vibrations induced by the passing trains were recorded on
a light-beam oscillograph. This data was then either integrated

or compared to obtain actual particle displacements in inches.

Typical results of the various sections selected for measure-
ment are tabulated below. In the analysis, the point measured on
centerline between the tracks has been taken as unity. The measure-
ments from the other points were then compared to the unity
measurements in order to arrive at a wave attenuation rate from
this centerline point. The distances given are horizontal distances

from centerline.

MEASURED
DISPLACEMENT
MICRO-INCHES RELATIVE AMPLITUDE HORIZONTAL DISTANCE FREQUENCY
Station 8585 (Shallow overburden and rock section.)
3k 1 0 52 HZ
24.6 » 0.795 5155
(2 N 0.294 10.4
1.8 0.0%59 150
115 1 o 38 Hz
102 0.89 545
70 061 10.4

) 0. 15 1540



August 11, 1970

Station 8549+23

(Fill section.)

G-0450~-00
Page 3
MEASURED
DISPLACEMENT .
‘MICRO-INCHES RELATIVE AMPLITUDE HORIZONTAL DISTANCE FREQUENCY
Station 8560 (Maximum fill section.)
286 1 0 50 Hz
277 0.97 5.5
154 0.54 13.5
31 0.11 29.5

Fill section, at this point, resonated

at 26 Hz.
computed.

No attenuation measurements
See explanation following.

Station 8542 (Shallow rock w/embankment on overburdén.)

546
355
164

87

800
512
264

184

Station 8575+38.5
1103
91
60
37

1

0.65 .

0.30

0.16

0

11.5

17.3

11.5

17.3

67 Hz-

50 Hz

(Shallow rock w/embankment on overburden.)

0

5.0

10.0

15.0

50 Hz
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MEASURED
'DISPLACEMENT
MICRO-INCHES RELATIVE AMPLITUDE HORIZONTAL DISTANCE FREQUENCY

Station 8523 (Rock-cut section.)

222 1 0 50 Hz
160 0.72 Bel
‘153 0.69 8.0
140 0.63 11.6

In general, the random and transient motions recorded on the
top of the embankment attenuated rapidly with distance, giving.
rise to periodic motions within the embankment. The predominant
frequencies measured in the embankment were 26, 50 and 100 Hz.

A low frequency motion of 3 to 6 Hz attenuated rapidly and, in

most cases, was only recorded on the top of the embankment.

At Station 8549+23, the frequency recorded within the embank-
ment was 26 Hz. The motion recorded here was typical for an
underdamped vibrating system vibrating in one of its resonant
modes. The vertical motion within the embankment at this station
was negligible; most of the motioﬂ was in a horizontal plane.

The transient and random motion produced at the centerline set
the embankment into a periodic motion, which was reinforced by
refractions and reflections from the underlying materials. For
this reason, periodic motion induced at the top of the embank-

ment could not be followed down the embankment.
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The range of recorded motions at each of the six locations

is listed below. These values represent the maximum particle

displacements measured.

STATION FREQUENCY IN HERTZ

PARTICLE

AMPLITUDE IN INCHES

8585 4
6
50

100

8575+38.5 4

16.

45

8560 < ¥

45
100

8549+23 ' 3

100

8542 -

100

8323 4

100

Hz
Hz
Hz

Hz

Hz
Hz
Hz

Hz

Hz
Hz
Hz

Hz

Hz
Hz
Hz

Hz

Hz

Hz

Kz

Hz

.032
.0033
.0023

.00085

.0086
. 0039
.0019

.0029

.016
.0055
D015
+10 2

+ 05

.0055
.0059
.0024

.007

.002

Pt 3

.007
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A wide range of frequencies is generated by the passing
trains. The frequency range measured by the transducers ranged
from 3 to 100 Hz. Maximum particle displacements occur at the
lower frequencies, although most of the motion is above 25 Hz.
The lower frequency motion, 3 to 6 Hz, is generated by the motion
of the wheels passing over the detector point. The particle dis-
placements at these frequencies were dependent on the loading
weight of the cars. Excitation of the embankment is due to the
frequencies in the range of 16 to 70 Hz. The motion from 70 to

100 Hz dissipates rapidly.

Please advise us if you have any questions regarding this

report or if we may be of further assistance.

Very truly vyours,

GEO-RECON, INC.

By Qo\».\ AN Mm-b\

Jphn M. Musser

G DL

Boyd 0. Bush

JMM/BOB:cgg



APPENDIX B

BORING AND TEST PIT LOGS



BORING
Bl

Depth Sta. 8595+022
feet ' W, of i)
& 425 Mo El 13842
Medium, brown CLAY
with trace limestone frog. i N=6
8 organic material Ww=28
(CH)
25 T MesTONE
BORING
L Sta. 8566+00
e (525 W. of ¢ M.L) g1 13094
(o]
Hard to very stiff, 'W
red - brown CLAY &
silty CLAY (CH) 1| w=2I
( Slightly friable and
slickensided ) 1T
W=22
2
6.0 w=2|
Very stiff, red-brown w=22
CLAY N 2
& silty CLAY 2 :_::
(CH-CL) i
w=21
4
120 w=2l
w=22
)
w=22
Stiff, It. red - brown, 4
silty CLAY W=23
& cloyey SILT 6|l w=22
(CL - MH) i
240 |-
26.0 K Boulder
Stiff, I*. red-brown,
ciayey SILT, troce
large rock
frogments
(CL-MH)
345

ROCK

Depth
feet

BORING
Re22

Sta. 8579+00
(37" W. of ¢ ML)

EL 13982

Stiff, brown CLAY,
trace roots
(CH)

ji

4.2

Stiff, brown mottled with
CLAY

N=14
2:[W=l7

5.0 |-ton & black (CH)
| Stiff, tan & It. gray, si. CLAY, N= I6/_’..
% trace limestone frogment (CL.) 3I W= 36,47
BOULDER
BORING
WA B-26
bk’ Sta. 8523+00
(85 W.of ¢ M.L.) El 14238
Stiff, gray-brown,
CLAY, trace roots w=23
(CH)
1] w=25
3.0 w=29
Stiff, tan SILT
(ML)
2 4
e LIMESTONE
BORING
AR
feat ta. +
B (87' W.of ¢ ML) EL 14012
Stiff, gray-brown CLAY, r
(CH)
15 y it
w=28
Stiff, red-brown CLAY, =
trace roots I
{ frigble ) 2 xz;
(CH) w=28
6.5

Stiff, ton, silty CLAY
and some limestone
fragments
(CL - SW)

Cuttings, W=23

5
Weath. LIMESTONE




BORING BORING
B-22a B-23
Depth Sta. 8579+00 Depth Sta. 8584 +94 Depth
feet ''N. DY feet y feet
(5 of B ) €1, 13082 (325’ W. of ¢ ML.) £l 13992
o 0
o
: w=17 Stiff, gray-brown CLAY, W=22
W=19 trace roots I
(CH) Baco
AT 24 1L
w=18 Tl
Stiff, 2 Stiff, red-brown CLAY (CH) | 5 || W=24
, ¢ § w=26
red - brown CLAY ( Slightly fricble ond
(CH) H slickensided ) H-
3| w=22 3 || w=3
i w=14
4|[ W25 ol o
| W=25 Stiff, tan SILT (ML) -
18 70
Refusal 4I[ w=25
8.5 [//Stiff, tan SILT (ML) | s]Iw-ss
8.7 Refusal
BORING BORING
iy Sta. 8525+00 Panth Sta. 8533+50 g
eo (94'W.of ¢ M.L.)  EL 14242 L (95 W. of ¢ ML.) EL 14172 £ e
Stiff, aroy- brown CLAY, troce Stiff, gray-brown CLAY,
0.8 [Jimestone frag. 8 roots (CH) fioce reots. (CHY Nt o4
Stiff, groy-brown CLAY Ww=25 1.3 =
°'°’( R 1 || w=29 Stiff, red-brown CLAY, | ! w :g X
i W=29 trace gravel (CH) W= 30 y
Stiff, red-brown GL AY 2l 4 30— 27 +
(
40 et
Stiff, tan, silty CLAY, Cuttings, W=32 Stiff, ton SILT
troce limesione (ML)
fragments
(cL)
LIMESTONE 75
LIMESTONE
LEGEND: 1.5
1.6

Note :

2" 0.D. split spoon sample

3"0.D. shelby somple

Number of blows with 140 Ib. hammer folling
30" to drive a 2"0.D. split spoon sompler | foot.

Woter content, %

No recovery

Boring locatiaons were interpoloted from AT & SF
cross - sections.
See Table | for sample dsia.

BORING
B8-24

Sta. 8575 +422

(27" W.of & ML.) £l 13982
Stiff, -gray-brown, CLAY, 5
trace limestone frogments T et
& roots (CH) i
| W=22
W= 18
Stiff to very stiff, i
red-brown CLAY (CH)
R 3 w=25
( Slightly friable ond 2 W= 25
slickensided below 5')
W=30
31 w=29
H
w=3l1
o =21
Stiff, ton SILT (ML) 18
Refusal
BORING
Sta. 8530+00 2
(57'W.of ¢ML.)  EL 1429=

Weothered LIMESTONE

Ton, fine - coarse, sandy
SILT,
some gravel & bouiders

(ML - SM)

Cuttings, W= 13

Stiff, gray - brown
to red-brown CLAY
CH)

( Slightly friable and
slickensided )

Stiff, ton SILT (ML)

2 +

w=29
31| w=26
adt 4

Weath. LIMESTONE

THE ATCHISON, TOPEKA AND SANTA FE RAILWAY COMPANY
EASTERN LINES, TOPEKA, KANSAS

BORING LOGS

" gt

C-268

| thru B-30

FEB, 1971

SHANNON & WILSON
SOIL MECHANICS & FOUNDATION ENGINEERS

FIG. B1




Lt. gray tored COBBLES 8 GRAVEL w/ clayey

Sta. 8582+00
T P - 2 Q, trace roots { GM-GC ) { limestone fragments, dry)

(46'W. of ¢ ML.)
El. 1404 %
Stitf, red-brown, CLAY some tan silt, trace gravel S~ \ Sample 4
( limestone fragments) ~

& roots {CH-CL)

Sto. 8585+00
(61" W. of & ML)

TP—1 El. 1406.3

Stitf, red-brown CLAY, troce organic
cloy & roots  (CH} (moist)

AL Sompie 3

Lt gray limestone, GRAVEL & o
CCBBLES, some tan — Wt Y
silt (dry) - =T 8 S\\J‘, e C-
(6M) == qned “‘Q(bgdded —
— gty vel WML —
went Fe aovigy b
Sample 6 yimesto® Lo -
g A —
—
- — Stiff, mottled black 8 red-brown, CLAY
trace roots (.CH)
T Te o 1=0.93 \ fon o brown, Sample 5
Sample 4 - siltty CLAY trace roots
\Y 083 ~Udry) (CH) friable, hard — e ——— e — — —
T granules, Very stiff, red~brown, CLAY mottled w/ black
—_—— e T T T e T e T organic clay (CH) (mcist }
Medium, black CLAY trace roots (CL) ( slightly moist)
Sample 3-\‘ =05 7209
A e
) ‘[Sompla ]
Very stiff, red-brown CLAY (CH) To e
Sample 2\52\ s
omple | Bof ¢ n
. ° . oft, tan SILT to clayey SILT (CL-ML)
T=>L0 T=0.25 A o (fricble, weath, limestone w/rock structura)
: TP-5 Sto., 8566+00 Sta. 8518+ 00 S'o..8520+00
- (73 W. of ¢ ML) - TP_8 (72 W.of ¢ ML) TP-9 (75 W. of ¢ M.L.)
El. 13992 EL 14172 . El 14191
Sample | —
Gray- brown, silty CLAY, trace roots (GCL) ( friable, dr V. stift, gray-brn v stity, gry-ben, Very diiff, gray-brdwn, CLAY, tr. gravel
Y o y roots to Y2 die.) e CLAY trace roots I,;..;'C(Z{,'sm cobbleh & roots (CH) (dry, friable)
—_— e — e — CH}{ damp) A [orovei & cobble: —_—
Teo10T ) race rocts 1f, gray-Jbrn, CLAY, tv. rocts Lot 1
— — {Evidencs df ( dry, frigble) omple
'T:""r'o'\?gl_su_lm“'_' , T=>10 Very stiff, ton
Weathered "~ .7, Very stiff, gry-bra, SILT, troce gravel -
Limestone silty CLAY w/ grovel & ) -
cobblos Limestone
( Od culvert 7)

Sta. 8582+00
(87'W.of ¢ M.L..)

TP-3 El. 14018

(CH)

Very stiff, red - brown CLAY
{ moist)

Sample 2*“

Red-brown, silty CLAY trace roots (CL)

(cL)
Test pit locations were interpoloted from

Gradational
NOTE |
AT & SF cross- sections
See Table ! for sample data.

Very stiff to hard, gray- browa, silty CLAY

As—Sample 2

SS S SSESE

Stiff, brown (grading downward) to-
gray-yellow CLAY {CH)

{ friable, slickensided )

{CH)

Very stiff to stiff, red - brown CLAY
T=>1.0

Evidence of rock

Sample ¢

Stiff, tan, clayey SILT (CL - MH)
{ moist, frioble, soft upon remolding )
T=0.27

Sta. 8538+00
(78' W. of ¢ M.L.)

TP-7 EL 14122

Sample | —»,

T=3L0—" | imestone
A COBBLE

Sample l/ BL

V. stiff, tan SILT

Limestone ( Very weath. )
Sta. 8572400
TP-4 (70w of¢mL) Ste. 8555+00
ElL 13982 TP-6 (30'wof¢mL)
€N 13982
Somple I\ rSompla 2
N - T <A
Stiff, brown CLAY, trace gravel, organic 3
matl. & roots ( damp, gravel is Very stiff, b.fo"‘% LAY trace
limestone ) roots, grading downward to
gray-brown, CLAY slight trace
fine sond (CH)) ( fricble,
dry
7=>|.0A<\-§°gp‘°
THE ATCHISON, TOPéKA AND SANTA FE RAILWAY COMPANY

{CH} (ftrioble)

Groy- brown CLAY, trace roots
EASTERN LINES, TOPEKA, KANSAS

Limestone

Stiff to very stiff, red- brown CLAY trace
gravel

TP-1  thru TP-9

Sample™ 2
\A
—
Sample 3\M Very stiff, tan & brown, clayey
SILT 8 silty CLAY trace gravel,
! fine-medium sond & roots ( limestone
/ trogments) (CL-ML.
Very stiff, silty GRAVEL & COBBLES (GM)
weath, limestone )
. LEGEND:
T=20.27 indicates shear s'reﬁg!h of soil (o] I 2 3 4 5
Scole —feet
Cc-268 FEB, 1971
SHANNON & WILSON
SOIL. MECHANICS & FOUNDATION ENGINEERS

in tons per square foot as delern_:ined by
" Torvane™ vone shedr device.

hond held




Sto. 8535+00
(50" W. of ¢ M.L.)
EL

TP-10

1412 &

Tan 8 gray-brown, GRAVEL & BOULDERS .
some silt (GM) {trace roots in upper 6%)
( Spoil )

T=0.5%
AA"SGH’IPIQ 2

Somple 3
T=0.55

——— —

Stitt, black, silty CLAY grading downward to red -brown CLAY
{CH

T=0.8,
Sample I—“
Stiff, tan SILT; troce gravet ( limestune)
(ML)  (dry, fricble)

Sto. 8525 +00
(62" W. of ¢ M.L.)
El. 14202

TP-13

Ton, silty GRAVEL and BOULDERS
some red-brn, silty cloy (GM)

( Spail)

PP :
/’«"““0“‘&“ T~
eithela \d\‘ .
Didal

Stift, gray & red-hrown CLAY
trace gravel (CH)

< abt -
.‘:‘l‘%\g—;\‘
Qf

e

\~

T=075%
A«-Sample 1

\ Very stiff, gray, grading
downward to red- brn.

\ = CLAY (CH}

T=>1.0

]

Origino! groun
surface ~

LEGEND:

TP-1I

19168

Ton GRAVEL, COBBLES ond
BOULDERS some silt, trace roots
(6M) ( Spoit)

Sample 2

—_—

4

Original ground ;
surface ~—

Very stitf, gray -brn, grading
downward to stiff red-bm.
CLAY trace roots
{CH) T=0.63
{ woter content increases

with depth ),
T

ample §

Sto, 8525+00
(30'W. of & M.L.)
El 14I7T 2

TP-14.

Stiff, gray-brown CLAY, some gravel,
trace~roots (CH)
{dry, frioble)

Very stiff, red-brn, CLAY .
trace roots (CH)} (moist)
T=>.0

Huvd_,?:; _LT, soft

Sample ! .\ upon re! ing ;
fe staining

=07, 0.8
throughout *

Limestons

Sta. 8572 +00
(30" W. of & ML)
EL (3958

TP-17

Stiff, red-brn. CLAY (dry)

Stiff, red-brn, CLAY trace

organic clay, gravel &
_roots (CH)

Sample |—A

Rock (covered w/ 2" to

3"ot soft, ton SILT

Soft fo stiff,
SILT soma grave!
& cobbl

Ste. 8530+00
(89" W. of
EL

¢ ML)

tan

TP-15

Sta. 8525+00
(84" W. of ¢ ML.)
14184

. TP-12

EL

Ton GRAVEL and COBBLES some silt,
trace red-bvn.. silty clay

Very stiff, red- brown, N
CLAY, trace gravel

{CH)
( limestone gravel )}

Originol ground j
surface

Mord, ton, SILT, tr.
grovel { silt is hard

Somple 1

P11 J0n ST

Hard, tan SILT ‘\ \
te stained

Stiff, gray-brn, siiry CLAY, trace roots

‘Sta. 8520400 . Sta. 8518400
(30'W. of ¢ ML) TP-16 (30" w. oflc M.L.)
-EL 14178 El. 1416
Stiff, groy-brn, sitty CLAY froo
grovel B roots  {CL)

T N
\

N

Limestone

Sta. 8544450

TP-18

ST, red-bra, CLAY fr.
roots {CH)

———
Limestone, tr. rocts J

T =0.27 indicates shear strength of soil
in tons per square foot o3 datermined by
hand held " Torvane” vane shear davice.

(30'W. of & M.L.)
El 1306L

2 3

Scale - feet

(CL) (dry, friable, moist, roots in
top 127)

Stiff, red - brown to.brown CLAY
trace roots {moist)
——

4

5

SHiff, red-ben, CLAY fracefl
rots (CH}  friable }

Soft to mad, tan SILT

_ (frioble, soft when remolded )
Hord, ton SILT

trace grovel (ML) S Sample |
Limastone.
" Sto, 8538400
. (30'W of ¢ M.L.)
TP-19 €. 1415%
Stiff, ton to
brn, silty CLAY small fr.
gravel 8 cobbles, trace roots(CL-
GC) _( Spolt)  _(dny) _
5ﬁff, gray-brown, grading
downward %o red- brown
CLAY, troce roots
£- Sample |
AN

Note: Test pit locations were interpolated

from AT & SF sections.
See Toble | for somple data.

THE ATCHISON, TOPEKA AND SANTA 'FE RAILWAY COMPANY
EASTERN LINES, TOPEKA, KANSAS

TP-10

C-268

TP-19

FEB,
SHANNON & WILSON

S0IL MECHANICS & FOUNDATION ENGINEERS

thru
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Sta. 8530+00

T P- 20 (57" E. of ¢ ML.)

El. 14301

Tan to It. gray
GRAVEL and
BOULDERS some
silt trace groy cloy
(6M)

- { Spoil )

3 it Brown, silty CLAY (CL)
Original ground\‘) - T T
surface Stiff, brown CLAY
(CH)

Saomple | V

Stitf, ton SILT 4
Sz

(Stu. 8585+ 00
- 50' E. of ¢ ML.).
TP-23 EL 14013

Very stif.f, gray & red- brown,
silty CLAY { CL to CH)

A
Sample |

Very stiff, groy-brn, silty CLAY {CL)

Very stiff, red-brown CLAY
(CH)

Z Original ground

surface

Sta. 8535+00

- (56" E. of ¢ M.L.)
TP-2I EL 14233

Tan to light gray SILT,
GRAVEL and BOULDERS

( Spoil )

e :
—_ e — e —
. iginat
Very stift, black, grading (1/'0"95'3:',03::’"""
downward to red- brown -
\ —_— CLAY (CH)
Sample |ﬂA
—tan SILT
T
Sta. 8585+00
TP-24 U33Eoo ¢ML)
El 13992
Very stiff, gray & red-brn,
silty CLAY some gravel (CL}
{gravel is limestone )}
Very stiff, red - brown
CLAY ( slickensided, slightly
friable )
[Somple i
LEGEND:

T =0.27 indicates shear strength of soil
in tons per squaore foot as determined by
hand held "Torvane " vane shear device. o]

Sta. 8582 +00

TP-22 (50" E.of ¢ ML)

£l 14021

Very stitf, red- brown & gray, silty
CLAY, trace tan silt {CL)

-
£~ Original ground

=0.65
=2 Very stiff, gray-brown, silty CLAY surface

grading dowoward to red-brn.
Saomple 1 CLAY

{ stire, ton suT
Y

A

Note: Test pit locations were interpolated
trorn AT & SF sections.

See Toble | for sample data .

THE ATCHISON, TOPEKA AND SANTA FE RAILWAY COMPANY
EASTERN LINES, TOPEKA, KANSAS

TP-20 thru TP-24

c-268 FEB, 1971
SHANNON & WILSON

SOIL MECHANICS & FOUNDATION ENGINEERS

FIG. B4




_TP-25
Sta. 8505+ 00
. Approx. Elev. 1439’

—~ Ground surface:

Original ground T .
surfoce T e e ,L__

Very stiff to hord,
brown CLAY

. Elev. 1444' - ) )
Approx. Elev. 144 TP_27

Sto. 8497 + 80
L_\B_rown -stiff CLAY
FILL ‘j

Tan SI LT\

—

/

Ground surfoce

Original ground
surface

Very stiftf to hord,
brown CLAY




TP-26

Approx. Elev. 1440' Sta. 8502+42

Ton SILT

Ground surface
Brown stiff CLAY ’

FILL ’ '
v r—f——-zs'

Originol ground

surface
_____________________ /
Very stiff to hord,.
brown CLAY
Very
. stiff |
to hord |-
brown
. CLAY 9
Note: ‘ Distances determined by pacing
and visual estimate.

Veryv

stiff to

hard ;

brown

CLAY o't

THE ATCHISON, TOPEKA AND SANTA FE RAILWAY COMPANY
) EASTERN LINES, TOPEKA, KANSAS

TP-25 thru TP-27

0O 1 2 3 4 5 : .
i e ] ) c-268 FEB, 1971
Scole - feet v SHANNON & WILSON

SOIL. MECHANICS & FOUNDATION ENGINEERS

FIG. B-5
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APPENDIX C

LABORATORY INVESTIGATIONS

Classification Tests

Visual classification. The following number and type of

samples were received at our laboratory:

Type Sample No.
3" 0.D. Shelby Tube (Relatively 25
undisturbed)
Jars (disturbed) 11
Bag (disturbed) 41

All samples were visually classified and assigned a Unified
Classification Group Index. This information plus test as-
signments and results are summarized in Table 1.

Water contents and Atterberg limits. Water contents of

nearly all samples are included in Table 1. Atterberg limits
(ASTM Methods D-423 and D-424) were determined on 23 samples.
Results of these tests are presented in Fig. Cl, Plasticity
Chart, as well as in Table 1. The soils fall into three dis-
tinct groups on the Plasticity Chart. The red-brown clay, the
predominant material on-site, generally has Atterberg limits
plotting above the A-line with liquid limits exceeding 50;
this material is a highly plastic clay. Gray-brown silty clay,
comprising approximately the upper one foot of undisturbed soil,
has Atterberg limits also falling above the A-line with liquid
limits between 30 and 40; this is a medium plasticity clay.
Tan clayey silt; which lies immediately above bedrock, has
limits plotting near the A-line with liquid limits less than
30; this material is a slightly clayey silt of low plasticity.
Shrinkage limits. Four shrinkage limit tests (ASTM D427)

were performed and the results are tabulated in Table 1. The
shrinkage limit is the water content below which further re-
duction of the water content by drying is not accompanied by a
decrease in volume. By comparing in-situ water content to
shrinkage limit, one gets an indication of the material shrink-

age potential. Shrinkage limits from three tests on red-brown

€l
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friction (¢') for the highly plastic clay. The specimens
were 1.4 inches in diameter, 3.5 inches long, and were tested
under effective cell pressures, after deducting the back pres-
sure;. . of 1.09, 2:81, and 4.25 Kg/cmz. The test produced a
(') of 19°. This value is not as conclusive as desired be-
cause of difficulties in completely saturating these highly
plastic clay specimens prior to shearing them. The test
results are shown on Fig. C5.
Tests on Compacted Samples

Modified AASHO compaction tests. Eight modified AASHO

compaction tests (ASTM D1557-58T) were conducted on materials

from potential borrow areas. Seven materials were highly
plastic clays and one material was of medium plasticity. Re-
sults from five compaction tests are shown in Fig. C6 along
with the Atterberg limits for the samples. The remaining three
compaction tests are shown in Fig. C7 through C9. The ranges
and averages are tabulated below for maximum dry density,
optimum moisture content, in-situ moisture content, and dif-

ference between in-situ and optimum moisture contents.

Compaction Test Results (8 tests)

Range Average

Maximum dry density, pcf 97.0 to 111.5 106.1

Optimum moisture content, % 15.6 to 24.3 19.7

In-situ moisture content, % 22.1 to 28.9 25.8
In-situ minus optimum

moisture content, % 13.1 to - 1.4 6.1

Strength, swell, and shrinkage tests. Unconfined com-

pressive strengths, swell tests, and shrinkage tests were
performed on several compaction test specimens in the three
compaction tests shown in Fig. C7, C8, and C9. The purpose
of these tests was to determine the variation of strength,
modulus, swell, and shrinkage with moisture content for
materials to be used in embankment construction. The uncon-

fined strength tests were performed on l.4-inch diameter

8



sample. Shrinkage test specimens were carved to;l 4 inch dla—
meter and 2.0 inches in length. They were allowed to air dry
din the laboratory until .no further weight decrease occurred .
The drying perlod was from five to eight days... The percentage
reduction in volume is noted adjacent to the compactlon p01nts
in Fig. C7 and C9. The swell specimens were also carved- from
‘the compactlon sample.into consolidometer rlngs 2 50 'inches” 1n
‘diameter . and 0.5 inches in height. The spe01men ‘was trlmmed
,to a thickness of 0.3 to 0.4 inches to allow room for swell 1n
,the ‘ring. The rlng and.sample were placed in a consolldometer
xw1th a 0.063 Kg/cm -surcharge, submerged in water, and allowed
‘to .swell untll volume change was essentially. complete. -Maximum
‘percentages of swell, shrinkage and unconfined;compressive
;strength.rn:Kg/cmz are -shown in Fig. C7, C8, aﬁdfc9 for the
;compaction,test specimens. The swell, shrinkaée, and strength
itest resultsuare plotted versus difference.in,water content
§between the~compactionuspecimenaand optimum,mog%ture content

;in Fig. 4. ‘ ;q
. - L' L

jMateriaereSponse Studies

a b
N

AConsolidation test. Consolidation tests Were conducted

QN medlum and highly plastlc clay samples. “Botn -samples

were: trlmmed inte 2.5 inch diameter- consolldometer rings

10,744 1nches in height. The samples were loaded to 32 tsfiwith
igne rebound to about 0.1 tsf occurring midway . 1n ~the loadlng
rprogram. The tests were performed to determlne‘compress1b111ty
.of the natural soils. which will underlle the embankment Test

yresults are shown in Fig. C10. “

vv’L !

fPulsating,load test 'Pulsating load tests, were performed

con three samples to determine their elastic.modu}i under re-
ypeated loadeaat several stress levels. Materiéls tested in-

, cluded undisturbed Samples 2 and 3, respectively, from Borings
1 B=25 .and B- =29 plus a compacted specimen from Sample 3 of

' Test Pit 2. :All three materials were highly plastlc clays.
Sufficient compactlon energy. was given Sample 3 ‘from Test

Pit 2 to achieve a specimen at the. approx1mate optlmum

i

‘moisture content and maximum dry density - (Modl‘led AASHO). .




Samples two inches in diameter and five inches in length were
placed in a triaxial cell and consolidated under a cell pressure
of 44 psi with a back pressure of 30 psi. Thus, the effective
confining pressure was one ton per square foot. After con-
solidation the sample was tested without drainage by applying
about 20 cycles of loading in successive stress levels of 0.5,
1.0, and 2.0 tsf. The loading rate was one cycle per second
with each loading pulse lasting 0.4 second. The load was
measured by a load cell fixed to the top of the loading piston.
The load was applied by means of compressed air with a double-
acting bellofram air cylinder through a Modernair single
solenoid valve. .Strain was measured with a linear variable
differential transformer (LVDT). The load cell, LVDT, and
pore water and cell pressure transducers were connected to
Sanborn 321 dual channel carrier amplifier recorders. Stress
versus strain for generally cycles 1, 10, and 20 were taken
from the data records and plotted in Fig. Cl1, C1l2, and Cl3

for each of the three samples. Cell and pore pressure are not
plotted since there was no change through the testing program,
except for erratic pore pressure readings when two samples
failed. The deflection transducer was reset to zero after the
loading at each intensity. Specimens from Samples 2 and 3 of
Borings B-25 and B-29, respectively, both failed at the first
cycle of 2.0 tsf loading and results could not be plotted.

Vibration tests. Specimens from the same samples as the

pulsating load tests were also subjected to vibration tests.
Samples were also two inches in diameter and five inches long.
The sampies were confined in a triaxial cell under successive
pressures of 10, 20, 50, and 100 psi and the natural vibration
frequencies (resonance) in the longitudinal and torsional mocdes
were determined. From the longitudinal and torsional natural
frequencies it is possible to calculate the modulus of elasti-
city in compression, E, and the modulus of elasticity in shear,
G, for each confining pressure. The test results are plotted
in Fig. Cl4, C15, and Cl6 and include plots of torsional and

longitudinal natural frequencies as well as E and G versus

@5



confining pressure. The samples were failed in unconfined
compression following the vibration tests, and the results are
noted in Fig. Cl4 and Cl6. Moduli resulting from the vibration
tests, pulsating load tests, and unconfined compressive tests
on the vibration test specimens are summarized in Table Cl.

The initial tangent modulus is listed for the unconfined
compressive test. For the pulsating load test, the modulus

was determined on the 20th loading cycle of 1.0 Kg/cm2 for
both the vibration and pulsating load tests.

Cé



TABLE Cl - SUMMARY COF STATIC AND DYMNZMIC MODULUS STUDIES

Vibration Test

Pulsating Load Test
03=1.0 Kg/cm2

Unconfined Comp. Test

Material S gr 0= . 9 Kg/cm 0, =0=1.0 Kg/cm2 itnitial Tangent Modulus
pcf w,% G, Kg/cm? E, Kg/cm?|E, Kg/cm2 @ 20th Cycle E, Kg/cm2
B25,S2 (Undisturbed)100.6 22.2 503 842 97
95.7 26.5 127
B29,S3 (Undisturbed) 88.1 32.4 417 877 3
82.2 35.:1 124
TP2,S3 (Compacted) 106.1 19.6 453 763 286
106.0 2.2 498
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SIEVE ANALYSIS

HYDROMETER ANALYSIS

] _NUMBER OF MESH PER INCH, U.S. STANDARD

GRAIN SIZE IN MM

SIZE OF OPENING IN INCHES
—N -

o © e n W -
o e em - 338§ o g ¢ 8 §8 338 38888 8 8
”i;.;
? -
o
5 g
- -,oé - »
= &
> :
B .
o i o
z . <
e 50} 8
- P -
& N
(v o é
=
o . &
m ”( - .- . ‘
0 s Ol 45 S :
R s T T et o S R R ) T :
, iR 888 ' GRAIN SIZE IN MILLIMETERs + &+ % © “88 88 8 8
I COBBLES JL COARSEGRAVI - FINE fcoarse ] "!Dlu;ANDJ FINE J] FINES : ]
| ot | °ERIr u.s.C. CLASSIFICATION AN ‘ :
Y CH | Very stiff, red-brown CLAY , 233 169 | 18 | 5i GRAIN SIZE CLASHIFICATION
Specific gravity 2.65 : TEST PIT 1, SAMPLE 2
TP-9, cH o 24.9 : TEST PIT 9, SAMPLE |
s-1 Very stiff, gray-brown CLAY . 23.2 [ 842! |63| c-268 DEC, 1970
Specific gravity 2.54 ) SHANNON & WILSON
BOIL MECHANICS & FOUNDATION INGINEERS




sTRESS th kdzgm?2
15

P 05 1.0 2.0 2.5 30
.\N
67 3
s . [
z :
s - -
3 .
5
=
E.
1] - Dee
-4
L}
20
91-9% x TOTAL DEVIATOR STRESS || .
28 M = PORE PRESSURE

TYPE OF TEST
By R (S OPRESATURATED [OBACKPRESSURE .__pai

REMARKS: L_Sli ided 2, ——
3. Slickensided

o3 = CHAMBER PRESSURE = __© tons/sq. M,

SPECIMEN .

CLASSIFICATION _IL Brown CLAY {CH) 2. Nottied groy-brown, tan

8 black, silty CLAY (CL) 3. Mottied groy, brn, ton 8 blk., silty CLAY {CL)
0

DCOMPACTED BUNDISTURBED

COMPACTIVE EFFORT:

UNCONFINED COMPRESSION TEST
STRESS vs STRAIN
Test No. ! 2 3

4
SompteMo. I 3 5 4 BORING B-22a
Height {in) 3.5 6.0 60 45 SAMPLES 1.3, 4, & 5
Diom.{in) L4 2.85 2.83 2.05 1Ty T
Unit Wi, {pcf) 996 1008 860 982
Water Content  19.2 222 352 260 c-268 FEB, 1971t

STRESS IN K9/cm?2
L5 20 25 . 30

z
<0
E
o
-
g
¥ 3 - " Note: Test 5 {B-25,5-3) wos olso
a vibration test specimen.
20 R P
91-¢3 « TOTAL DEVIATOR STRESS
B = PORE PRESSURE
25
TYPE OF TEST
MO, R [8 (OPRESATURATED [BACKPRESSURE .__ps!

REMARXS:

93 = CHAMBER PRESSURE = __© tons/sq. 1.

SPECIMEN

CLASSIFICATION L Brn_ siity QLAY (CL) 2. Brn. silty CLAY (CL)
3. Red-brown CLAY (CH) 4. Red-brn, CLAY (CH)

OCOMPACTED @INDISTURSBED
COMPACTIVE EFFORT:

UNCONFINED COMPRESSION TEST
STRESS vs STRAIN
Somsohe, up Tmn 5 6 2 BORING B8-25,
Height (in) 60 60 60 60 488 SAMPLES 2,3,5,8 6
Diom. (in.) 2.87 2.6 266 2.86 2.05
Unit Wt. (pcf) 1040 1O7.9 021 102.1 1006

Woter Content 215 222 2.8 234 222
c-268 : FEB, 1971

STRESS IN Kgrom2
L5

0.5 20 2.5

PERCENT STRAIN

(=93 = TOTAL DEVIATOR STRESS|. .. ...
# = PORE PRESSURE . .

28

TYPE OF TEST'
Bu DR O3 OPRESATURATED ([(BACKPRESSURE ___ps!

REMARKS:

3 » CHAMBER PRESSURE & b tons/sq. t.

SPECIMEN

CLASSIFICATION _I. Red-brown CLAY (CH)
2. Red-brown CLAY {CH)

OCOMPACTEO  WUNDISTURBED
COMPACTIVE EFFORT:

UNCONFINED COMPRESSION TEST
STRESS vs STRAIN

ot 12 BORING B-23
Height (in.)  6.00 3.I5 SAMPLES | and 2
Diom. {in} 2.86 1.46

Unit wt. (pcf)  95.5 9L7

-268
Water Content _ 25.2 _ 25.3 ¢ FEB, 197§

aTRess IN X9/cm?2
20

z
z'0 - -
x
3
[
E :
13 - -
¥ L
Note: B8-29,5-3 was also o
e e vibrotion test specimen,
91-73 = TOTAL DEVIATOR STRESS T
28 # o PORE PRESSURE

TYPE OF TEST
WMy DS OPRESATURATED [JRACKPRESSURE ____psl

REMARKS!

T3 s CHAMBFR PRESSURE = __ € __ tona/ag. K.

SPECIMEN

CLASSIFICATION __L Brown CLAY {CH); 2 Dork red-brown CLAY {CH)
3. Brown CLAY (Cn); 4, Red:beown CLAY (CH)
[COMPACTED  BUINDISTURBED

COMPACTIVE EFFORT:

Test No. "2 3 a UNCONFINED COMPRESSION TEST
Height(in) 6.0 60 496 60 STRESS vs. STRAIN
Diom.{in) 286 288 205 285

' . B-26, S-1; B-28, S-1;
Unit Wh.(pcf) 868 905 881 95 B-29, S-3: B-30, S-2

Water Content 285 289 324 266
c-268 FEB, 1971

PERCENT BTRAIN

sTresg IN kg 2
AL

o0 05 10 2.5 30
P
—_—
40 —»d
5 .—_—'—/
Tag) 4 was 0 Q trioxicl )
test with (3= 0.703 K¥gm2 2
10
I R S R
20}- - R
9| -0% « TOTAL DEVIATOR STRESS| .~ -...°..°. . ° 170100
# a PORE PRESSURE
25
TYPE OF TEST
BOuOR [O5 OPRESATURATED  [IBACKPRESSURE .—psl
REMARKS:

8 = CHAMBER PRESSURE = __© tons/ag. ft

SPECIMEN

CLASSIFICATION . Red-brn. to gray-trn. CLAY (CH) 2, Groy-brn.
CLAY (CH) 3. DK _red-brn. CLAY {CH)

[COMPACTED  MUNDISTURBED
COMPACTIVE EFFORT:

UNCONFINED COMPRESSION TEST |
Test No. Lz s a STRESS vs STRAIN

Somple No. | 3top 3pot. 2 BORING B-24
Height (in.} 2.8 60 6.0 60 SAMPL ES l' 2' Clnd 3

Diom, {in.) 1.4 2.83 282 285
Unit Wi, (pcf) 100.5 9.6 92,6 920
Waoter Content 18.2 296 296 252 c-268 F€B, 1971

THE ATCHISON, TOPEKA AND SANTA FE RAILWAY COMPANY

EASTERN LINES, TOPEKA, KANSAS

COMPRESSION TESTS

ON UNDISTURBED SAMPLES

Cc-268 FEB, 1971
SHANNON & WILSON

SOQIL MECHANICS & FOUNDATION ENGINEERS

£1G.
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PERCENT STRAIN ~ -

20t

 SHEAR STRESS IN k¢/em?2 -

| stREssIN k9/gm2 |

20 25 . 30

-~ TYPE OF TEST -

Mo Or [Os

[0 PRESATURATED

§ UNDISTURBED

D comm:rso ', :

0 BACK PRESSURE

.; P g Bl e L
oo IO T - -
B, + + ; TEST NO. . e 2
NS LT |soriNG NO. 23 23
. ( N ' L SAMPLE_NO. 2 2
*n i A e CHAMBER PRESSURE %«| 1.05 3.16
% ‘ 23,‘ aw H HEIGHT, inches. 1| 60~ | 6.0
e L 3 | iy SEEE EENEES DIAMETER, inches 2.854 | 2.856
. . s - '—,79 /6 UNIT WT, pef. Wet - | 121.9 | 121.8
H A i B 1 T .
anBli RAt : 8 A W.C. %, BEFORE TEST | 25.1 | 25.1
1 # .. Aﬁ W.C.%, AFTER TEST |
gi - anabnal |
STHESS vs STRAIN f e
0 - O3 = [TOTAL DEVIATOR STRESS 8 L= IR
" [ =|PORE PRESSURE o + L COMPACTIVE EFFORT
" - Lol
lb. hammer . inch-drop
. . —layers ' Mom/myejé
MOHR STRENGTH ENVELOPE | |1 i o i _ % compaction @-
_ TOTAL STRESSES . . 1 . o
——— EFFECT'VEUSTRESSES REMARKS: Sample ‘description: .Stiff, red-brown -
{ max. — N g g
FAlLURECRlTERIA_;__S CLAY (oM
-[ i ' 1 __,__l,_ i i ! I } - - 1 |
s i : Hl T H 5 :
: eI 1 i r : —
! TR ! i ;
S | —~ :
N 5 THT i
H 1 {
1 a3
; 1
: I
4 . . .
; s TRIAXIAL COMPRESSION TEST
; T . . . o
o |
1 Py IR
[N 1 H
FRAR 1 ] i i : ] . . .
- A R , ' '
I Wil A .
- 8 Wil BORING B-23, SAMPLE 2
NESEERRY SNN . ’ o
i i ; ttr—fi"—‘ :

. _ 3.0
PRINCIPAL STRESS IN kg/cm 2

- c-268

FEB, 197I

SHANNON & WILSON
SOIL KECHAMICS & FOUNDATION ENGINEZRS

FIG. C4




TYPE OF TEST

- . . . .
' STRESSIN Y/em? ' Oe RR Os UNDISTURBED  [J COMPACTED

[J PRESATURATED BACK PRESSURE

TEST NO. I 2 3

BORING NO. 30 30 30

SAMPLE NO. 2 2 2

CHAMBER PRESSURE,%=*{ 3.87 | 5.62 | 6.68

HEIGHT, inches 3.49 | 3.50 | 3.50

DIAMETER, inches .38 1.40 1.40

UNIT WT, pcf. Wet | 1211 9.8 | 122.0

PERCENT STRAIN |
3

1-] W.C. %, BEFORE TEST |27.56 % |27.5% (2751
T i |W.C.%, AFTER TEST | 27.0 | 285 | 26.6
' IR T : H Back pressure Ks/em: | 2,78 2.61 2.43
® BNENERANS NRENNE PR Effective 03 %9m2 | 1.09 | 28I 4.25
, smess vs STRAIN B - : ' -
0, - O3 = TOTAL DEVIATOR sirne s |IZ , ‘ i
' : . commcnve EFFORT

M~ =-PORE PRESSURE

.n“n"ﬂili‘l'

- 20 : : L
- 2 Ib. hammer T eom—pm—— i_nch drep
. ' ______Iayers , ‘blows/layer
P Ll IS NS BT T e o B .
MOHR STRENGTH ENVELOPE' A KR A <———% compaction @_,

. TOTAL STRESSES . = M- : e _ | R T INE
~—wew— EFFECTIVE STRESSES {i71iTi SENE ] REMARKS: - Spemmens were ‘not ‘completely
FAILURE cmremA_ﬁ'.u.&;__f_nﬂp |PEmAau T " sturated_before testing. .

1T RNENN e - ' - Sample description:  Stiff, red-brown CLAY (CH)
B
T
N i Wy . O ¢ »
nrenonay TRIAXIAL COMPRESSION TEST
s 4
BORHNG B 30 SAMPLE 2

',Fsa as‘n

G- asa S
SHANNON 6) wieson | . o
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145 , COMPACTION TEST STAEIS IN Kcm?
ERIES I STUDIES : 2 o
... SRON A Wi ) L] -] (] 2
. ! ") STANDARD AASHO {AASHO T 99- 87, AYIM D639-59T" N
140 .-‘..?.';_; B WOMIFIED AASHO |AASHO TB8Q-87, ASTM DIS37-88T) :
! D OOTMER L it e e e
. | Combined sumples
t prosecT___Tost Embonkmont . 5 . .
Iy 8 o, .., G=26 L
138 =y SampLe o TP-L, YN . a.s . B
; DEPTM . _ it \ . e [ £ A pet &
) | ; WAL Oy DEnsTY n.e =z -9, 8%
130 frmmso st e oPTmMuM W% . . 1807 ) : 0 L
NATURAL WC. % . .. .. 24, 1S 102.7pct @
= - 237%
W 5 NAMMER WT, L85 10 z
s MUY S DROR'N . _. . 18 §
o 128 i NO LAYERS . !lﬂ
o NO BLOWS/LAYEN . ‘25. . :
- CiA. MOLD, N L L A . i , . . i
&l NEIGHT MOLD ,IN 4.6%
Q20 VOo MLLD, Cu FT 0.0324t
COMPATTIVE . :
@ EFFCAT-FTILbu curt 33,280 o]l - - p .
@® SawPLE CiASSSICATION . o .
o1 ) Red- brown (CN) .
 us ”"’““’“u_"“-‘"f TN\ o Amebeoliphe o - 0| -y « TOTAL DEVIATOR STRESS
- . ' 3 LL 742 688 2 » s POHE PRESSURE
T a6 PL 165  18.0 !
3 PI 8727 508 TYPE OF TEST '
o MO b ¢ Legend: MOuDR O [CPRESATURATED [DBACKPRESSURE ol
. . )
z TN“S 28 rwg.s 1 i }au in Mem2 REMARKS!
x . V] —— Sl n % . -
O o8 | e { )} Shrinkagein % . 3 ¢« CHAMBER PRESSURE = 9 tons/sq. 10,
Specimen : . .
E duiqno'.ivn T i ):;“;2 »S-1 s«poum SPECIMEN
2 ! . : ; 3 o " | cLassiFcaTion Red-brown, CLAY (CH)
100 |-oeee- e e s —
' N MCOMPACTED DUNDISTURBED
: . COMPACTIVE EFFORT!
S SO U — Mod AASHO .
9? : UNCONFINED COMPRESSION TEST
: STRESS 'ys STRAIN
REIGHT 3.5 _ . inches
i . CIAMETER o weres TEST PIT 2, SAMPLE |
90 | -or eeeies e e eem e e . A e -
; o : . : ONIT WERGHT . pet TEST PIT |, SAMPLE 2
: . 1 C WATER CONTENT! . COMPACTED SERIES
| : : . \ BEFORE TEST % c-268 FEB, 197!
. . M »
85 ; . " = 75 3 o . AFTER TEST ——% o i Y Sott e anamaens
WATER CONTENT — PERCENT ’ R ’ ki
w.C. w, C.
TEST PIT  SAMPLE SPECIMEN  BEFORE AFTER HEIGHT  DIAMETER © CLASSIFICATION
2 1 £ 240 275 | 0492 2.50  AwWet sude 10,9 ® 24.4 Qu:2.6"%pt
281 . LY 1728 286 0524  2.50 QOphmum _ (1.4 ®180 __ .
2a1 182 a "wr 25.4 0.511 2.50  QDOry side 106.0 &@ 1.6 , - -
Time, minutes .
I min, KO min. 1000 min. 10,00Umn
E » - - a DS . - . Ne e - .o
o : !
2t .2 -
LU w2 7 6d6 . B T :
il : ]
Pl ? 4Tt
K i ! i
L~ | i ! ]
E2, ; 1T Nte T Sorppies e - |
: : P woter dna argees o saphunsed :
BT et mrcnorge ] Lh
[0} T -
: | 5
— I '}/,' .. . Lot of 1o H
b L sweLL  TEST
i —
: TEST PIT 281 ,
- SAMPLES 1 & 2
c-268 FEB, 1971
N Shannon & Wihon
N Soil mechanics & foundation engineen
- 1 Seattle

. THE ATCHISON, TCPEKA AND SANTA FE RAILWAY COMPANY
Air-Dry Shrinkage Test Results EASTERN LINES, TOPEKA, KANSAS

Specimen K3 V.olume Change TESTS ON COMPACT FD SAMPLES
] 12.4 SERIES *
o 19.5 c-268 FEB, 1971
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a3 COMPACTION TEST 3TRENS 1N Ko
RIES 82 STUDIES o s ) © 2
SERES 2
[‘ . L) STANDARD AASHD (AASHO T 93-8% ASTM Dgoa-aar
140 |- -l B MO0E L ED AASHD (AASHO T18U 37, A5TM p1anr.apT)
' Qoveem . L L
|
' prostcr. . Test Embankment L]
. woe wo C-268  ,art Sept, 1970
133 : SAMPLE N -2, 82
. DEPTH . - - -
! z
i :‘;; M mwvv ms, 30 K
130 SRR IR osmmu PR 58 E
‘ NATURAL wC.% .. 207
. *
z
:: HAMMER WT, L0S 0 g > 103.3pct @
125 DROK IN _ 9 8 220 %
=] NO LAYERS ] 'y
o N0 BLOWS/LAYER 25
x A MOLD, N 4.4
w REIGHT MOLD, 1N 4.6%
a 20 vOu MCLD, Cur 1 0.03241 3
' COMPACTIVE 10 E
@ . 1 ESFORT-EL By Cir T 96,2380 96.0 pct @
@ 3 N ) SAMPLE CLASS (AT T 25.9% 92.) 9“ &
4 ' ¢ o .. . Brown  (CL) e P .- ¥ X 3 : )
1T SRR R TP SR Attorburg fimits: 1773 s TOTAL OEVIATOR STRESS ot
: : i L 4Te # s PORE PRESSURE
; ! . . 28
- i ; PL 16.0
g i PI 318 TYFE OF TEST
o Mo - - . Legend: WL OR O3 CPRESATURATED DBACKPRESSURE _——psl
z i . ¥ ouin veme REMARKS!
- ' . E —o - Swell in %
DOCIMOn ' .
S 108 . ﬂ.s.w’n\n,‘ [ €32 CHAMBER PHESSURE » _ @ _ tom/aq. M.
- i : ! ~SPECIMEN
§ : : : CLASSIFICATION _ Brown, silty CLAY (CL)
100 e el e )
: ! BCOMPACTED  DUNDISTURBED
: COMPACTIVE EFFORT!
: Mod._ AASHO : .
EL) . UNCONFINED COMPRESSION TEST
: STRESS vs STRAIN
; HEIGHT 3.5 _ ___lInches "
: OIAMETER__ 1.4 ___lnches TEST PIT 2, SAMPLE 2
o . UNIT WEIGHT _ pct COMPACTED SERIES
| WATER CONTENT) . .
: BEFORE TEST______ % c-268 FEB , 1971
P S : e e AFTER TEST _ . _ . % SO a8 & TainDAT i Sna.nrins
N - 10 15 20 NS At B g
WATER CONTENT — PERCENT
- w.C. w.C . :
TEST PIT  SAMAE SFECIMEN  BEFORE AFTER HEGHT  DIAMEIER , CLASSIFICATION
2 2 c 1.6 210 0.496 2.50  awet ude 0.3 @174 Qu:6.4 %2
2 2 g .. . 154 21.3 0.607 2.50 OOptmum LS @156 Qu= 1230t
2 2 a . n.e 19.2 0.438 2.50 ODry side 108.8 & 11.8 ° e - .
Time, minutes
100 min. 1000 min Q000 min
Sve. " e e s s e

SWELL

%o

15 -

E ‘Browin  {CL)
DU GC 225 %
S e il

.
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SWELL TEST

TEST PIT 2,
SAMPLE 2

FEB, 197}

Shannca & Wilson
Sal mechanics B foundation:engineers
Seattly

THE ATCHISON, TOPEKA AND SANTA FE RAILWAY COMPANY
EASTERN LINES, TOPEKA, KANSAS

TESTS ON COMPACTED SAMPLES
SERIES ¥* 2° i
C;268 FEB, 1971
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145 COMPACTION TEST
k
SERIES ®3 STUDIES SYRESS IN %9/cm?®
LITANNON A WILSON 6 8
] STANDARD AASHO (AASHO T 99-57, ASTM D698-38T)
140 MCDIFIED AASHO (AASHO TIB0-57,ASTM Di997-88T)
OTHER ___ SIS TS—— "
prOvECT_____Test Embankment !
48 No _ C-268___ pare _Sept, 1970 i
138 saweLE no TPILS-L., JP-3§-2 |
BEPYN e e g ot A
M A 7 z
. 130 OPTIMUM w.C % _ 208 <
NATURAL wC % __ 3.4 265 E
-1y " (13-2)
HAMMER WT, LBS __ ;
DRCP, IN N
128 NO LAYERS ___ __ e — ;
NO BLOWS/LAYER _ 28 ¥
CiA. MOLO,N. .44
HEIGHT MOLD, N __4.65 e
120 VCOL MOLC, CUFT 0.03241
g?:‘o:i‘vc-:;ﬁsmurv _56, 250
SAMPLE CLASS'FICAT ON _
< _...Red - brown _
1 e L -3 « TOTAL DEVIATOR STRESS
W o8Ls 82.0 25 M s PORE PRESSURE
P 209 19.2
1o e Pl 606  62.8 TYPE OF TEST
S I : ooty At KoZem2 B0, OR [ (OPRESATURATED [BACKPRESSURE 5l
|.. ! : P e Swel in % REMARKS:
1 ! ( ) Shrinkoge in %
05 [F-ssteeiisd Combined wnnm %
i TP-1t, 8-, & TP13, * 93 = CHAMBER PRESSURE = _ & tons/sq. ft.
1 : 247! SPECIMEN
: ) ‘ . CLASSIFICATION  Dork red-brown CLAY (CH)
1
oo : Specimen
: designation Separate WCOMPACTED  CMUNDISTURBED
e COMPACTIVE EFFORT:
95 - Mod. AASHO
UNCONFINED COMPRESSION TEST
R a5 STRESS vs STRAIN
¥ N HEL . 'nch
O MEMY 2l TEST PIT Il, SAMPLE |
90 > TEST PIT I3, SAMPLE 2
UNIT WEIGHT pet
; WATER CONTENT: COMPACTED SERIES
e ; ! BEFORE TEST % c-268 FEB, 1971
LU 5 10 s 20 25 30 B AFTER TEST % PP o ol o RO
WATER CONTENT — PERCENT
w.C. w.C.
TEST PIT  SAMPLE SFECIMEN  BEFORE AFTER HEIGHT  DIAMETER CLASSIFICATION
a3 a2 G _ _28.4 3.9 _0.369 2.50 AWet side 95.3 @ 28.3 Qu=2.3e%*
a3 _1a2 ¢ 213 325 0489 _ __2.50_  OOptimum_ 103.9 @ 2I.7 _ Qy :Il.00RK?
ne3 182 _ _ a g0 .39 0.461 _ 2.50  DODry side_ 102.2 @ 18.0 _ Qu =1387 kg2
Time, minutes
1 min. 100 min. 10,000 min.
B ~ . a v~eeo
E—— -+
ooy R {11
! )
+ 1
i | Net ‘ : —Q
] 1 B
I : Nate: ! wolt ed " / / | l
: lond ' alpwed Fo syelt’ usder :0.063 M/ I PAERE
| Y i
| /1 c / { :
| : ¥, T
) H A s

/l\.

L~ sw%

, TEST PITS 11 & 13

SAMPLES 1 &2

c-268 FEB, 1971

Shannon & Wilion
Soil mechanics & foundation engireers
Seattle

Air - Dry

Specimen

THE ATCHISON, TOPEKA AND SANTA FE RAILWAY COMPANY

Shrinkage Test Results
% Volume Change
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(CL)

(CH)

Very stiff, brown, silty CLAY

CLASSIFICATION

Stiff ., red-brown CLAY

2.5
2.5

S

inches
STRESS IN TONS/SQ. FT.

0.744
0.744

Before After
18.0

14.9

18.2
22.0

feot

3’8

DEPTH WATER CONTENT, % HEIGHT DIAMETER
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SHANNON & WILSON
SOIL MECHANICS & FOUNDATION ENGINEERS

B-22a, S-2
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. STRES3 IN TONS/SQ. FT.

1O - 1.5 20 2.5
o
RN ; RERERRE
- BRSNS
@ SN
a £ e BRES
£ R L
B n one e
] L. .y ofse
9 r 4 :
» 20 -
bt l
=~ 2N
O
3 b, Ngt - bJ M
w 30 P N by 1
w .
.n ‘\ N
AN e
. T
> 1
NN '.’\'i;“? RERERNe SN RARRNNS S SRS * :
r et - ] ’_+-. : ~ ! : ~
0} -3 = TOTAL DEVIATOR STRESS 1us
# = PORE PRESSURE T RACES
50 : 1 T
TYPE OF TEST ' '
O B O mesmuanzo WBACKPRESSURE _30_psi
REMARKS: Cel! pressure = 44 psi
- O3z _ 1.0 tons/sq.fi.
SPECIMEN ' _ '
CLASSIFICATION  Very stiff, brown CLAY (CH) ' »
) ’ FAILURE SKETCH

COCOMPACTED EUNDISTURBED
COMPACTIVE EFFORT:

' ' PULSATING LOAD TEST
HEIGHT - 2.08 inches

DIAMETER 4.88 inches
UNIT WEIGHT __95.7 _ pet
WATER CONTENT:

BEFORE TEST ' % C-268 DEC, 1970
AFTER TEST )2.5.5 % SMANNGCN & WILSON

00IL. MECHANICE & FOUNDATION ENOINRERS

B-25, S-2

FiG. Clil




x 103 in.

DEFLECTION,

. STRESS IN TONS/8Q. FT.

.5 )

20

n
O

Ol
Q

.......

Snmple li!alled Upbn ftir,st.i
rw*ao 15t tgod -

ey

B = PORE PRESSURE

©1-03 = TOTAL DEVIATOR STRESS |. .l iiiijtizii. =0~

.......

TYPE OF TEST ,
00 MR 0OS WPRESATURATED

REMARKS: Cell pressure

BBACKPRE SSURE .30 pali
= 44 psi '

Oy = 1.0

SPECIMEN
CLASSIFICATION

Stiff, brown CLAY

tons/sq. f1.

(CH).

FAILURE SKETCH

OCOMPACTED EUNDISTURBED
COMPACTIVE EFFORT:

HEIGHT 2.05 inches

DIAMETER___ 4.98 inches
UNIT WEIGHT __82.2 pct

WATER CONTENT:

BEFORE TEST %

AFTER TEST 35. | %

PULSATING LOAD TEST

C-268

B-29, S$-3

_ DEC, 1970

SHANNON & WILSON

80IL. MECHANICS & FOUNDATION ENGINEERS

FIG. CI2
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DEFLECTION, x 10-3 in,

STRESS IN TONS/S8Q. FT.
’ 2.0 2.5

essyerai g Habiit
io|- . dm il Ly
' SEAREEISY
20
30 LB S | N DR SIS S SO (N S O T R (N O . T - RS ST .
v-rr%éh" R i (0 O B
%’* b T v
o
40 Ii.:,;,lf.lil *‘T:‘ SR N e -
SR i .
i by 4o e g ee - i PR & e PETSFRE PUG NS SU B
+ ;_?At.f..1r.r;«.‘,,... 1 P ST S PR 2.
0|-03 = TOTAL DEVIATOR STRESS | ...~ ' 7|
# = PORE PRESSURE R
SIS
TYPE OF TEST 3
00 @R 0[S [PRESATURATED MBACKPRESSURE 30 psi
REMARKS: Cell pressure = 44 psi R
O3 = 1.0 tons/sq.ft.
SPECIMEN
CLASSIFICATION Stiff, red-brown CLAY (CH)
- FAILURE SKETCH
EBCOMPACTED CUNDISTURBED 5
COMPACTIVE EFFORT:
6,600 ft-Ib/ ¢4
=0 PULSATING LOAD TEST
HEIGHT 2.09 inches
4.83 inche
DIAMETER nches TP-Z, S-3
UNIT WEIGHT _106.0 _ pct
WATER CONTENT:
BEFORE TEST % Cc-268 DEC, 1970
AFTER TEST 2.2 .,' SOIL nlc::‘n::rgh:otuv::tfoz"momnn

o 3 s v ar—

"FIG. CI3
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100,000

10,000 Modulus, psi
Frequency, cps 1000

1000
100

892 -0

o.Lel ‘03ad

17480)
g2

2-S ‘Ge-9
1S31 NOILYHSIA

10 Confining Pressure, psi 100
Sample data:
Dia. 2.05 in.
Length 4.88in.
Yd 100.6 pcf
w 22.2%

Classification: Very stiff, brown CLAY (CH)

FL
)

LEGEND
Ft bt
E-=
G=
FL=
Qy test performed after vibration test. Ft=

Q= 0.97 ¥9/cm2

1000

Modulus of elasticity in
compression.

Modulus of elasticity in
shear.

Longitudinal resonant frequency.'

Torsional resonant frequency.



100,000

Modulus, psi

10,000
1000

Frequency, cps

1000
100

892-0

‘62-9
1S31 NOILVHEIA

0.l61 ‘034

G1o

€-S

"

Confining Pressure, psi " 100
Sample data:

Dia. 2.05 in.
Length 4.96 in.

Yd 88.1 pcf
w 32.4 %

=
O

Classification: Stiff, brown CLAY (CH)

See Fig. Cl4 for Legend.

Qu test performed after vibration test
Q=104 k9/em?2

71000



100,000

Modulus, psi

10,000
1000

cps
892-0

dl

Frequency,

1000
100
oLel 03a

910

-
1S3L NOILVHEIA

€-S

g1 E

10 Confining Pressure, psi 100

Sample data:

Dia. 2.07 in,

Length 4.84 in.

¥d 106.1 pcf

w- 19.6 %

Compaction effort 4,950 ﬂf; |3b

Classification: Stiff, red-brown CLAY (CH) ©

See Fig. Cl4 for Legend.

Qy test performed after vibration test

Qu= 5.38 kg/cm?2



APPENDIX D

CHEMICAL AND MINERALOGICAL ANALYSES



JAMES K. MITCHELL
CONSULTING GEOTECHNICAL ENGINEER

119 SELBORNE WAY
MORAGA, CALIFORNIA 945856

(415) 376-5618

October 2, 1970

Shannon & Wilson, Inc.

1550 Rollins Road

Suite "F"

Burlingame, California 94010

ATTIN: James R. Salley

As requested by your office chemical and mineralogical analyses
have been made of Sample 4 from Test Pit 1 from the D.O.T. Test Track,
Kansas. This material as received was reddish brown, remolded
plastic clay at a water content of 36.3%. Data furnished with the
sample indicated a natural water content of 27%, a liquid limit of
71.7%, and a plasticity index of 55.2%. Although grain size data
were not available for this sample, it was reported by your office
that Sample 2 from the same test pit, which was slightly less plastic
(LL = 68%, PI = 51%), contained 43% by weight finer than 2 microns.

The results of our analyses are presented below.

PH
The pH was determined using a mixture of 2 parts water to 1 part

soil and found to be 7.7; i.e., slightly basic.

Organic Matter

Small organic particles can be observed in the soil and a
positive reaction for organic matter was obtained using 15% hydrogen

peroxide solution.

Carbonates

No reaction was observed upon treatment with 1N hydrochloric
acid. This, as well as the absence of any X-ray reflections attribut-
‘able to crystalline carbonate minerals, indicates the virtual absence

of carbonates from this soil.



Shannon & Wilson, . .c. E ‘ : ER
October 2, 1970 ‘
Page 2

Pore Fluid Salt Content

The salt concentratlon in the pore water was determined as an
equivalent NaCl content using a conductivity bridge. A mixture of
4. parts distilled water to one part dry soil was used: %It was
found that the equivalent NaCl content was 1.71 gm/li%er (1710 ppm)
(0.0296 N) for the reported natural water content of ?7?. This
corresponds to 0.046 gm. salt per 100 gm. dry soil. ﬁozchloride was

detectable by silver nitrate titration.

Mineralogy.

A series of X-ray diffraction patterns were obtained for deter~ i
mination of the crystalline mineral constituents of this soil. The -
results are . presented in Table 1. '.

The only non—clay minerals present in this s01l in quantities
detectable by X—ray are quartz and feldspar. Quartz }Slthe only non-
clay mineral detectable in the clay—31ze (=21) fraction; The series
of diffraction patterns obtained for the fraction finer than. 2 microns
1nd1cates clearly the presence of montmorillonite, hydrous mica (i11lite),
and kaolinite. Montmorillonite is confirmed by the expanSion from
13.88 basal spac1ng to 17. 6A as a result of glycol treatment, followed
by collapse to 10A after heat treatment. - The presence of the 104
reflection in the glycolated sample is attributable to hydrous mica,
and the disappearance of the 7.2A reflection, after heating at 600°C
indicates the removal of kaolinite.

Based on the grain size data obtained for Sampleiﬁ'(43% finer than
21) it is estimated that Sample 4 contains about 4Q§to 50% clay mineral.
In this -fraction montmorillonite is most abundant, hydrous mica next,

4

and kaolinite least abundant.

Discussion

Nothing was -detected in. this sample to suggest that it will behave
in an unusual manner as compared with other highly plastic clays of
similatr classification characteristics. Neither the salt concentration
or pH are of a level to suggest particular dlfficulty in connection
with the deterioration of instrumentation; although.these,factors alone

cannot guarantee the absence of any effects.



TABLE 1

X-RAY DIFFRACTION DATA'
SAMPLE 4, TEST PIT 1, D.0.T. TEST TRACK, KANSAS

- <200 MESH <2u, ATR-DRIED <2}, GLYCOLATED <21, 500°C <24, 600°C ,
AIR-DRIED, POWDER ORIENTED" ORIENTED® HEAT TREATMENT®  HEAT TREATMENT® it i i ko
d(g)z 13 d(&) D(Z) I d(&) I d(&) I IBLE FOR REFLECTION
17.6 10.0 M
13.8  10.0 "
10.2 3.6 10.0  10.0 9.71  10.0 HM, M
7.14 1.9 7.19 1.4 7.20 0.7 K
4.98 1.0 5.0 0.9 5.01 1.8 4.93 2.7 HM, M
4.46 0.5
4.25 .3 Q
4.04 0.5 | F
3.56 1.8 3.57 1.7 3.58 K
3.35 10.0 3.33 3.3 3.3 4.0 3.3 5.3 3.30 8.0 Q, HM
3.24 0.5 ' ?
3.20 0.5 HM
2.46 1.0 Q
2.29 0.7 K
2.24 0.4 M, HM
2.13 0.7 Q, M
1.98 0.4 1.99 0.6 2.00 0.5 1.99 0.6 M, HM, K
1.82 1. ' Q
1.68 0. Q
1.54 1. Q

SEE NOTES, NEXT PACE



NOTES FOR TABLE 1

All diffraction patterns obtained using copper K, radiation.
40 kv
20 ma

Tube voltage

]

Tube current
Incident beam slit settings @ 1° beam, 4° scatter

Detecter slit setting @ 1°
d(K) = spacing of reflecting plane in Angstroms.

I = reflection intensity based on I = 10.0 for strongest line
in pattern.

Sample sedimented onto glass slide.
Sample equilibrated with ethylene glycol vapor @ 60°C.
Oriented samples heat treated for at least 4 hours.

Mineral abbreviations:

M = montmorillonite
HM = hydrous mica (illite)
K = kaolinite

Q = quartz

F

feldspar



Shannon & Wilson, ac.
October 2, 1970
Page 3

It was reported that the sample tested was from the B-horizon of
a profile ovgrlying a limestone. The complete absence of carbonate
as well as the significant content of both montmorillonite and
kaolinite do not favor the accumulation of this soil as a residue of
limestone weathering. It seems more likely that this soil originated
from a glacial till or.decomposition of a shale.

If there are any questions concerning these analyses or this
report, or if-I may be of further assistance on this project, please

feel free to contact me.

Sipcerely yours,

< Ly, 7‘—, ‘;’ ;:,/
/\" £, Vid /( . ;/"’V'v v C‘fVVL‘
' ( James K. Mitchell

JKM/nh
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APPENDIX E

INSTRUMENTATION - PERFORMANCE CRITERIA

VERTICAL EXTENSOMETERS

Vertical orientation.

To be installed: -in a vertical, drilled hole
(approximate diameter 5 inches).

Multi-position (one, three and four positions).
Expanding hydraulic prong anchors of the "Geonor"
type.

Bottom anchor to be grouted into rock.

Riser 0.25-inch stainless steel in 0.75-inch PVC
tubing.

Hole to be backfilled. Material not determined.
Possible material is poly-urethane plastic foam.

Transducer, LVDT mounted above the anchor, within the
subgrade.

Terminal box to be accessible for maintenance when
permitted by track structures.

Range (LVDT) %= 1.0 inch
Sensitivity: theoretically controlled by recorder.

Probébly in the order of 0.003 inch
for dynamic-using pen type recorder.
(Anticipated measurable range 0.04 inch -~
0.0008 inch).

Freguency: Dependent on recorder.

Pen type chart recorder
0 - 100 Hz and above.

For > 100 Hz an oscillograph
type recorder is required.

(Anticipated meas. range
3 Hz to 100 Hz).

LVDT to be resetable.

E1l



Terminal - As small as possible, Durable, Shock proof.
Accessible for maintenance when permitted
by track structures.

3

Water tight cover.

HORIZONTAL, PORTABLE EXTENSOMETERS

;_.

Horizontal orientation. To be inserted: 1nto horizontal
tublng emplaced in the embankment.

Gage length - 2.5, 5. or'lO feet.

Gagezlength to be adjustable to accommodhte permanent
movements of the couplings. .
Single-position.; | ‘ -

Ekpandable«anchor shoes that will engage and lock into
tubing couplings which are spaced at 2.5 and 5.0. feet
in the embankment. , .

. Transducer, LVDT
Range % 0.5 inch
Sen51t1v1ty - theéoretically controlled by recorder.

In. the order of 0.0002 inc¢h for dynamic
measurements, using a pen type. recorder:
FreduenCy: Dependent on recorder. :
: 0 - 100 Hz and above. ;
For > 100 Hz an oscillograph recorder
is required.

HORIZONTAL r"UBING

" g (ID) corrugated polyethelene tublng
3
Anchored couplings at 2.5 and 5.0 feet.:

Vandal-proof exterior cover.

HORIZONTAL' STATIC STRAIN DEVICE

Straih rods with hooking device to engage anchored
couplings- in the horizontal embankment tubing.

PreciSiOn 0.005 feet (0.06 inch).

E2.



STRESS CELLS

0il filled cell with LVDT pressure transducer.

Dimensions - approximately 6-inch diameter
approximately 0.5-inch thick

Pressure range - 0 - 25, 0 - 50, 0 - 100 psi
Sensitivity - 0.1 psi

Frequency et | B 51T

MOISTURE - TEMPERATURE SENSORS

SoilTest MC-300 A moisture meter
MC-310 moisture - temperature cell

Range and sensitivity to be determined in the laboratory.

E3
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SPECIAL PROVISIONS

The work embraced herein shall be performed in accordance
with ATSF Standard Specifications for Earthwork and Structures,
CES 50153-58. All Sections of the Specifications which are
cited herein are applicable except as they may be modified,
amended or added to by these Special Provisions. Unless other-

wise noted, references herein refer to the Standard Specifications.

SECTION SP-1 - GENERAL
Modifications, amplifications and additions to Section 1 -

General Provisions of the Standard Specifications.

SP-1.1 General. The provisions of Standard Specifications,

Section 1 shall apply except as modified and supplemented herein.

SP-1.2 Description of Entire Project. The proposed con-

struction under this contract, as generally described in the
Invitation for Bids, is a part of a proposed single line test
track to be constructed by the Company in cooperation with the
Office of High Speed Ground Transportation of the U. S. Department
of Transportation. The entire project further includes the place-
ment of embankment instrumentation, various test track structures
including ballast, ties, slabs, beams and rail and test track

structure instrumentation.

It is the purpose of this contract to provide a test embank-
ment with properties as uniform as practically possible using
standard construction practices and reasonable care upon which to
place the experimental test track structures (ballast, ties, rails,
etc.). The test embankment will be instrumented at designated
locations during construction and following completion of the

embankment. The test track structures will be instrumented.

The embankment and test track instrumentation will be monitored
over an extended period of several years under main line traffic
operations for the purpose of evaluating the performance of the
various test track structures. It is essential for the success

of the entire project to produce a test embankment of uniform



properties which corresponds to a typical railroad embankment
of high relatively high quality. Field observations and testing
will be accomplished by the Engineer to insure uniformity and

to document the in-place properties of the embankment.

SP-1.3 Time of Completion. The Contractor shall start

coﬁstruction within five (5) days of notice to proceed and complete
the work within fdrty (40) working days unless time for completion
is extended as provided elsewhere in the contract. It is expected
that two eight (8)-hour shifts will be requiredffor a portion of

the allowed time in order to complete the project on schedule.

SP-1.4 Determination of Working Days. The Engineer will

issue to the Contractor a Notice to Proceed staﬁing the date upon
which work ﬁay proceed. Five (5) calendar days[(including the
effectiﬁe date of the Notice to Proceed) shall be allowed the
Contractor in which to begin work before the Enéineer starts

counting working days.

Work, which will require inspection by thekEngineer, will
not be permitted on Sundays or legal holidays except that which
may be necessary to preserve and protect the Wofk. Legal holi-
days are defined as New Year's Day, Memorial Da&,.Independence
Day, Labor Day, Thanksgiving Day, and Christmas Day. If the
Company proclaims other days as holidays, work shall be at the
Contractor's option. On these proclaimed holidays, a working
day will be charged only if the Contractor elects to perform
major work. In the event one of the abbve holidays falls on a
Sunday, the following Monday shall be considered as a holiday.
The above‘provision'relative to Sunday and holiday work may be

wailved but bnly with the written approval of the Engineer.

The above provisions relative to Sunday, and Holiday work
do not preclude the repairing of equipment or the performing of

other minor work which requires no inspection by the Engineer.

Except as provided below, working days shall be determined
- only upon weather conditions or upon conditions on the project
caused By the weather. Days during which prosecution of the work

has been suspended, due to unsuitable weather conditions, storms,



floods or acts of Providence, shall not be counted as working
days. Days required after the event of unsuitable weather condi-
tions, storms, floods, or acts of Providence to attain the ap-
proximate condition of work before such event shall not be

counted as working days.

Days on which work is delayed or suspended, due to acts of
the Company or the Engineer, shall be counted as "Companies Delay"
and shall not be counted as working days. Saturdays shall be
counted as a working day. Sundays and holidays shall not be
counted as working days unless the Contractor is permitted to
perform major work, in which cases, Saturdays, Sundays and holi-

days will be charged as working days as hereinafter prescribed.

Additional working days may be granted for additional work
added to the Contract. Such additional working days shall be

computed with due regard to the nature of the additional work.

Additional working days may be granted to compensate for
working days lost due to causes entirely beyond the Contractor's
control or for partial Contract time lost due to causes that
hampered the normal prosecution of the work and that were entirely
beyond the Contractor's control, provided that the following

provisions are complied with:

The Contractor shall, as soon as practicable after such de-
lays as mentioned in the preceding paragraph occur, and prior to
the expiration of the Contract time period, make written request
to the Engineer for an extension in the number of working days,
stating the number of working days lost or the amount of partial
Contract tiﬁe lost due to causes beyond his control and submitting

sufficient proof to establish his claim.

Working days will be computed for the Contract as a whole
and not proportioned for separate divisions of the work. If
weather conditions are such that the Contractor cannot work more
than forty (40) percent of the normal working day, no time shall
be charged. If he can work more than forty (40) percent but less



than eighty (80) percent of the day, a half day shall be charged.
If he can work eighty (80) percent or more of the day, a full day
shall be charged. Working days shall not be computed in lesser

fractions than one-half days.

Miscellaneous work, that in itself does not gonstitute a major
item or accomplishment of the project, may be performed without
time being charged against the Contract on those days designated

as non-working days by the Engineer.

The Contractor or his authorized representative shall at
the end of each week be notified in writing by the Engineer as to
the number of working days charged in that week. Should the
‘Contractor disagree as to the number of working days charged in
that week, he or his authorized representative shall notify the
Engineér in writing within five (5) days of such notice and the

differences shall be settled at the earliest day-possible.

SP-1.5 Program of Construction. The Contractor shall submit

to the Engineer in writing, within five (5) days of Notice to
Proceed, his program of construction, which shall show the dates
at which the various operations and parts will be started and
completed, in sufficient detail to enable the Engineer to judge
the adequacy of such program. This program shall be modified from

time to time as may be necessary in order to secure such results.

The Contractor shall schedule his operations around the in-

stallation of instrumentation by the Engineer.

SP-1.6 Contractor's Methods. The Contractor's procedure

and methods of construction may be of his own selection except as
specified herein provided they will, in the judgment of the
Engineer, secure results which satisfy the requirements of the
Plans and Contract Documents. Permission by the Engineer to use
any particular device or method of construction shall not re-
lieve the Contractor from full responsibility for any failure
resulting therefrom. Approval of details of consfruction, or of
lists or bills of material, shall not relieve tﬁe Contractor

from full responsibility to secure results in conformity with the



Plans and Contract Documents. It 1s expressly understood that
the Contractor is in all respects an 1ndependent contractor for
thlS work notwithstanding under certain conditions he is bound to
follow the directicdns of the Engineer, and 1s in no respect an

agent, servant, or employee of the Company.

sp-1. 7 Cooperatlon of the Contractor. . Instrumentation wiil

be installed by the Englneer in the embankment as placement proceeds
and after placement of the embankment has been completed. At

times directed by the:Engineer the Contractor will be required

to stop construction of the embankment at_the location of the

main instrument arrays and to conduct operations elsewhere on the
project. Close cooperation of the Contractor with the Engineer

is required to schedule operations. ‘The' Contractor shall not
proceed with construction of the embankment at a main instrument
array until instruments have been installed, checked out and

approval given for the Contractor . to proceed.

SP-1.8 Damage to Instrumentation. Instrumentation damaged

or destroyed by the Contractor's operations shall be repaired or
replaced by the Contractor at no expense to the Company. The
Contractor shall take whatever precautions necessary-to protect
the instrumentation from damages due to construction operations.
If in the opinion of the Ehgineer;*protective measures are in-
adequate, the Engineer shall direct the Contractor to take -

appropriate protective measures.

SP-1.9 Inspection. The Enqineer will’proVide a full time’

staff to observe construction and to sample and test each lift
of the embankment materials in place and ‘in a field laboratory.
The embankment w1ll be’ tested for water content, unit welght,f
degree and unlformlty of compactlon,_plate bearing res1stance
and other propertles as necessary to thoroughly document the

embankment materlal.

SP-1.10 Information'to be Furnished by Contractor. Delete
e .
Section 1.6.4 of :the Standard Specifications. '

- The contractor shall furnish a program of construction within
five (5) days of ‘Notice to Proceed as provided elsewhere in these

Specral Prov151ons.

S
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The Contractor shall furnish with*h£s~prﬁposai a list of
% andehe_shall

equipment which he. expects to place on this prej
guote rental rates per hour on each unit ofﬂequiﬁmeht for 'use in

paying for Force Account Work. Such rental rates ¢hall be fully
operated rates and include machlne, operator, supplles, fuel,
repalrs, taxes, overhead, etc. Rental ‘will be pald only for itime
imachines are .engaged in doing Force Account Work.v The list of
eduipment shall be provided on the préscribed format 1ncluded

leth ‘the contract documents. _ ) - }&"

The Contractor shall promptly Purnish the%Engiheer‘When‘re-
‘quested, a force report- and rates ‘of pay. ‘ ?j:

€

The Contractor shall‘prepare"whateverfdetaf@édiworking draw-

1Rgs are necessary to enable him to construct al parts of the

wotk in - conform;ty w1th the plans .and speclflcat ons. For all

trate details

general 'conmstruction, workihg drawings shall il

and methods ‘of constructlon which are dieft to t_”“Contractor S
choice or whlch are not shown ‘on the plan draw1n‘s; ‘Working
:‘drawings shall show ‘the pnogect-name*andaiacaiﬂu fﬁhEvCQQthCtor'S
ahd ‘Company"s ‘names, ‘and the iocation”B?*the*pal s sof the work.
They shall be §igned or ihitialed to indicate t; y ‘have “been
chi&cked, and 'shall be submitted to the ‘Engineer | for review in
triplicate.  ‘One set will be returned ito theweont atior,approVed,
ot *showing changes or corrections reguired, and;; pdes ﬁn“mriplicate
shialll be resubmitted after correctlonluntri“they‘are approved If
'addltlonalqcoples 'have been: spec1f1edglnuthegQ ot Ah these

specificatidﬁsﬁtheyJshail%beﬁfurnishedh

The ‘Contractor shall?report~any5érrofs'féﬁﬂd in the<plans to

the Englneer, who ‘will- make or approve ‘the neces fhyacorrections.

‘The Company shall ‘not ‘be respon51ble“for ‘ehrt rs WtheiCbntractorﬁs

[

drawings, even though:approved, or Eor'minor epancies of ‘the

ipan drawings. ‘Payment for working ‘d¥awings;, dgeviisions thereof,

‘and for copies furnished ‘§hall ‘be ‘incltuded ifn #héiamotnts 'bid

sh ¥as .mahy sets
ged for the

?for'materials;or work. 'THe ‘Contractor shall i
‘of prlnts of worklng draw1ngs as the’ Company Ey.
work.



SP1.11 Office and Utilities. The Contractor shall maintain

an office, convenient to the work, where all communications from

the Engineer may be received and acknowledged by said Contractor

or his authorized agent. The office may be on Company property
subject to the site being approved by the Engineer. The Contractor
shall procure and maintain at his own expense all utilities required
for his operations such as water, electricity, telephone, etc.

The Contractor shall provide adequate facilities at the site and

public nuisance on Company property will not be permitted.

The Contractor shall provide a temporary building or trailer
containing 500 square feet suitable for office and storage for the
Engineer. The contractor shall provide a minimum of four desks or
equivalent and associated office furniture and procure and maintain
at his own expense all utilities such as water, 110v electricity,
telephone, heat, etc. The facility shall be subject to approval
by the Engineer and shall be operational within ten (10) days

of Notice to Proceed.

SP-1.12 Subsurface Conditions. The plans show a portion

of certain geologic information obtained from subsurface investiga-
tions in the vicinity of the project alignment and in possible
borrow areas. The complete logs of borings and test pits are not
included with these contract documents but are available for review
by prospective bidders, upon request, from Chief Engineer, Eastern
Lines, ATSF, Topeka, Xansas. Rock cores obtained from certain
borings are available .at the ATSF Depot, Cassoday, Kansas, for

inspection by prospective bidders upon appointment.

The information shown on the plans and on the logs of borings
and test pits are not warranted to show actual sub-surface condi-
tions. The Contractor agrees that he will make no claim against
the Company, if in carrying out construction he finds that actual
conditions do not conform with those indicated by said investi-

gations.
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» SP -1.13 Alteraticns of Plans or Change 1n Amounts of Work.

The Englneer shall have the rlght at any time durlng the progress
of - the work, to make such increases or decreases 1n ‘gquantities and
such alteratlons in the details: of ¢construction/ 1nclud1ng altera-
tlons in the grade or allgnment of the embankment or structure. or:
both, as mayrbe found necessary or desirable. Such 1ncreasesrorz
decreases and alterations shall not invalidate the'Contract nor - -
1mpa1r the bond or release the sureties thereof, and the Contractor
agrees to accept the work altered, the same - as 1f 1t had been a part

_of the: orlglnal work.

Unless increases and decreases in quantltles and alterations in
Plans materlally change the character of the work to be performed
or the cost thereof the altered work shall be performed .as a. part
of the Contract and will be pald for at the same. contract prices as
for other parts of the work. The term "materlally change" above,
for purposes of intent under the Contract shall be construed to apply

only_to the following 01rcumstances. )

(1) When the character of the work as altered differs in kind
or nature from that 1nvolved or encountered in the original pro-

posed constructlon i

S "’ <

. (2) When the total amount increase or decrease in quantities of

a major Contract bid item affected by- the work as altered varies
from those same. 1nd1v1dual items in the Proposal by more than

twenty (20) percent.

If the character of the work or the unit costs thereof are
"materlally.changed" as above’deflned, an allowance will be made on
such basis as may have been agreed to in advance of the performance
of the mork involved, or in case no suchfbasis‘has been previously
agreed upon, then'an eguitable adjustment in the contract'price

will be made. _ i

No claim shall be made by the Contractor forjany loss of
anticipated proflts because of any such alteratlon, or by reason
of any varlatlon between approx1mate quantities. and the guantities

of work as done. f



When the accepted quantities of work vary from the quantities
in the Proposal the Contractor shall accept as payment in full, so
far as Contract items are concerned, payment at the original
Contract unit prices for the accepted quantities of work done. If
the altered or added work is of sufficient magnitude as to require
additional time in which to complete the project, the Chief
Engineer may extend the time of completion by the amount of addi-

tional time which, in his judgment, is required.

SP-1.14 Cross Sections. Field cross sections have been taken

and plotted. Prints are available for Contractors use in bidding
and for construction purposes, upon request, from the Chief

Engineer, Eastern Lines, ATSF, Topeka, Kansas.

SP-1.15 Blasting. Heavy blasting will not be permitted.
Light charges shall be used and each shot shall be covered with

cable mats prior to detonation.

SP-1.16 Fair Employment Practice. The Contractor shall not

discriminate against any applicant for employment under this
Contract or against any employee performing work under this
Contract because of the race, color, religion, ancestry, or
national origin of such person. The Contractor shall notify all
labor unions which represent employees working under this Contract
of its policy of non-discrimination in employment and shall publi-
cize his policy of non-discrimination to all his supervisors,
foremen and employment agencies which refer appplicant for em-
ployment under this Contract to the Contractor. The Contractor
shall include the provisions of this Paragraph SP-1.16 with the
substitution of the word "Subcontractor" for the "Contractor"

in all his subcontracts hereunder.

The Contractor and Subcontractors shall execute the Fair
Employment Practices Certification included with the contract
documents and furnish any other evidence of compliance with the
Fair Employment Practices requirements as may be required by the

Engineer.

SP-1.17 Traffic Delays Certain operations by the Contractor

may be delayed by railroad traffic. The Contractor shall take




these delays into account in preparation of bid prices and shall
agree that he will make no claim for extra compensation due to

such delays.

SP-1.18 Clearing of Track. The Contractor shall provide

sufficient personnel and equipment to promptly clear the tracks
of debris from blasting, hauling across the tracks, or any other

cause, and shall keep the tracks clear.

SP-1.19 The contract prices shall include full compensation

for all costs incurred under this section.

10



SPECIAL PROVISIONS

SECTION SP~2 -~ EARTHWORK

Modifications, amplifications and additions to Section 2 -
Earthwork of the Standard Specifications.
SP-2.1  The provisions of the Standard Specifications’
Section 2 shall apply except as modified and supplemented herein.
SpP-2.2 General. Delete Article 2.1.1 of the Standard
Specifications. The work covered by these specifications shall
be as designated by the plans, special provisions and invitation
to bid, and shall consist generally of the necessary clearing
and grubbing; excavation; removal of existing culverts, placing
of embankment including backfill around existing bridges;
construction of surface ditches, channels, dikes, berms, signal
offsets, motor car set-offs, and grading road crossings including
approaches, etc., as may be designated by the Engineers.

Sp-2.3 Clearing and Grubbing.

SP-2.3.1 Disposal. Modify Article 2.2.4 of the Standard

Specifications. Stripping shall not be deposited in berms out-

side of fill slopes of the test embankment.
Sp-2.4 Grading.

SP-2.4.1 Definition. The term "Grading" in these specifi-

cations includes all excavations and embankments required for
the formation of the roadway, surface ditches, channel and road
changes, dikes, berms, signal offsets, road crossings and ap-
proaches including removal of existing culverts, backfilling
around existing bridges and all similar work pertaining to the
construction of the test embankment.

SP-2.4.2 Roadbed. Modify Article 2.3.2 of the Standard
Specifications. The "Roadbed or subgrade" shall be a plane
surface 10 feet wide.

SP-2.4.3 Roadway. Modify Article 2.3.5 of the Standard

Specifications. The "Roadway" dimensions shall be as shown on

the plans.
.SP-2.4.4 Slopes. Modify Article 2.3.7 of the Standard
Specifications. The side slopes of excavations into the existing

main line embankment shall be 1.5 to 1 and as shown on the plans.

1



SP-2.4.5 Standard Section. Delete Article 2.3.8 of the

Standard Specifications. The embankment, excavations and ditch

sections shall be as shown on the plans.

SP-2.4.6 Berms. Delete Article 2.3.10 of the Standard
Specifications.

SP-2.4.7 Disposal of Material. Delete Article 2.3.11 of

the Standard Specifications. It is the intent of these specifi-

cations that all suitable materials from roadway, cut ditch,
channel and other excavation be used so far as practicable in
forming embankments, dikes or similar facilities.

Excavation in excess of that needed to make the embankment
according to the plans and specifications or unsuitable material
shall be used to widen embankments outside the limits of the
test section, flatten slopes outside the limits of the test
section, or to be deposited in spoil areas, at locations and in
height and form designated by the Engineer. Payment for such
excess material placed outside of the limits of the staked em-
bankment section shall be in excavation only.

Spr-2.4.8 Borrow. Modify Article 2.3.12 of the Standard
Specifications. Borrowing beyond the limits of the designated
and staked excavation section and other borrow excavation shall
be measured as excavation of the proper classification.

SP-2¢4.9 Waste. Delete Article 2.3.13 of the Standard
Specifications. At the discretion of the Engineer and with his
written consent, the Contractor may waste unsuitable excavated
materials in a manner and location approved by the Engineer.
Unsuitable materials may be wasted east and west of the test
embankment adjacent to the main line embankment and on the
Railroad right-of-way between the track and Highway K-177.

Waste disposal areas adjacent to the existing embankment
shall be stripped of vegetation before material is placed.
Waste material shall be placed in 12 to 18-inch thick 1lifts
and compacted systemically by routing hauling equipment over
the embankment.

If the Contractor should desire to waste or borrow off the

right-of-way, he may do so only with the written approval of the



Engineer. Before entering on the ground, he must obtain easement
from the land owner and release from the tenant in form accept-
able to the Engineer. Such easement and release shall be at the
Contractor's expense. '

Waste material removed from approved areas will be measured
as excavation of the proper classification.

SP-2.4.10 Common Excavation. Add to Article 2.3.17 of the

Standard Specifications. Common excavation shall include both
required excavation and borrow.
SP-2.4.11 Excavation Below Subgrade. Delete Article 2.3.20

of the Standard Specifcations. Rock shall not be used for em-
bankment except as herein provided.

SP-2.4.12 Surface Ditches. When ordered by the Engineer,

surface ditches shall be made. The cross section and location
of such ditches shall be as directed and staked by the Engineer.
SP-2.4.13 Select Material. Delete Article 2.3.25 of the

Standard Specifications.
SP-2.4.13.1 Select Material A. Select Material A shall

consist of CLAY obtained from required excavations and authorized
borrow. Select Material A shall be free of organic material and
shall not contain over two (2) percent rock fragments by dry weight,
and shall not have rock fragments over two (2) inches in dimension.
Select Material A shall not include silts.

Whenever possible Select Material A shall be hauled directly
from excavation and placed in compacted embankment.

SP-2.4.13.2 Select Material B. Select Material B shall

consist of silt, clay or mixtures of silt, clay and rock fragments
obtained from required excavation or authorized borrow. Select
Material Bishall be free of organic material and shall not con-
tain more than forty (40) percent rock fragments by dry weight,
and shall not have rock fragments over four (4) inches in
dimension.

Whenever possible Select Material B shall be hauled directly
from excavation and placed in compacted embankment.

SP-2.4.14 Roadway Embankments. Delete Article 2.3.28 of

the Standard Specifications.



SP-2.4.15 Compaction of Embankment. Delete Articles 2.3.29,
2.3.30 and 2.3.31 of the Standard Specifications. Embankments

shall be constructed in layers by spreading Select Material A
or Select Material B in uniform 1lifts, but in no case shall any
layer exceed six inches after compaction. Each layer shall be
moisture conditioned by adding water (sprinkling) or by aerating
to produce a water content between optimum and optimum plus
three (3) percent. Optimum water content shall be determined
by ASTM Designation D 1557 test procedures.

Sprinklers used for the application of water shall consist
of tank trucks, pressure-distributors, or other construction
equipment designed to apply water uniformly and in controlled
quantities to variable widths of surface. Tank trucks shall be
equipped with positive shutoff valves so that no leakage will
result from the nozzles when the construction equipment is not
operating. Leaks shall be repaired immediately and any material
rendered too wet as determined by the Engineer shall be removed
or reconditioned.

Each layer or 1lift shall be compacted in an orderly, system-
atic and continuous manner to achieve uniform density with eight
passes of a tamping roller. The use of the test embankment as
a haul road will be restricted to minimize over-compaction of
the embankment.

Tamping roller shall consist of a heavy duty double drum
unit with a drum diameter of not less than 60 inches and an individ-
ual drum length of not more than 72 inches. The drums shall be
water or sand and water ballasted. Each drum shall have staggered
feet uniformly spaced over the cylindrical surface such as to
provide approximately three tamping feet for each two square feet
of drum surface. The tamper feet shall be 7 to 10 inches in clear
projection from the cylindrical surface of the roller and shall
have a face area of not less than 5 nor more than 7 square inches.
The roller shall be equipped with cleaning fingers, so designed
and attached as to prevent the accumulation of the material between
the tamping feet, and these cleaning fingers shall be maintained
at their full length throughout the periods of use of the roller.
The weight of the roller shall not be less than 4,000 pounds per

linear foot of drum length weighted. The design and operation



of the tamping roller shall be subject to approval. The Engineer
shall have the right at any time during prosecution of the work

to direct such repairs to the tamping feet, minor alterations in
the roller, and variations in the weight as may be found necessary
to secure optimum compaction of the earthfill materials. The
roller shall be towed by a crawler-type tractor of sufficient
power to operate the roller at a speed of approximately 3-1/2-
miles per hour under all conditions.

The embankment shall be protected at all times against ex-
cessive accumulation of moisture due to precipitation. The
embankment surface shall be maintained in a relatively smooth,
level condition that will readily drain and a rubber tired roller
shall be provided for sealing the surface of the embankment to
promote efficient drainage.

The removal of excessively wet embankment material may be
restricted by the presence of buried instrumentation at the
main instrument arrays.

No frozen material shall be placed in embankments.

SP-2.4.16 Test Embankment. It is the intent of the specifi-

cations to achieve a uniform embankment with a dry unit weight of
approximately 95 percent compaction based on a maximum density
determined by ASTM 1557-66T test procedures. At the start of
construction the Contractor will be directed to place a section of
embankment approximately three feet in thickness and 200 feet long
within the project embankment to verify the adequacy of specified
compaction procedures. Based on these test results the Engineer
may direct that additional or fewer passes of the tamping roller
(adjusted rolling) be made or that the limits of moisture con-
ditioning be varied to more readily achieve a uniform and ade-
quately compacted embankment.

SP-2.4.17 Instrumentation. Certain instruments and material

will be placed in the embankment at the locations of the main
instrument arrays at various stages (levels) during construction
of the embankment. At the location of the main instrument arrays

the embankment will be over-built six inches and then fine graded



to the elevatlon at which the ifistruments will be placed as:
dlrected by the Engineer. Grading operations shall net be con-
dqcted in the vicinity of the main instrument array during
placement of instrumentation. .
It will be the responsibility of the Contractor to protect
the instriimentation against damage due to constrqctiOn operations.
SP-2.4.18 Compaction of Rock Fills. Delere‘Article 2.3.32

of the Standard Specifications. Rock ExCavatiOnrwill be wasted.

SP-2.4.19 Embankments on Swampy Ground. ﬁelete Article

2.3.33 of thHe Standard Specifications. Where the embankment
foundatlon is soft and incapable of supportlnq haullng and
compactlon equipment, the excavation shall be deepened to remove
uﬁstable naterials as directed by the Eﬁgineer.:

SP-2.4.20 Compacting ExXcavation Base. Md@ify Article 2.3.35

of the Standard Specifications. The Contractor shall 5carify
“And compact the full width of embankment.
SP-2.4.21 Soils Tests. The Engineer will take soils samples

and perform gradation and moisture content tests to ascertain that
the Contractor is performing the work in complianc¢e with these
specifications. The Engineer will in addition,.conduct plate
bearing tests, density and other tests on the fill and related
laboratory testing. Teésts will be made as freqpently as the
Englneer Wlll consider necessary. The Contractor shall remove
'surface material and render such assistance as necessary to enable
sampling analtesting. The Contractor shall take such precautions
as necessary to protect personnel from injury due to the
Contractor's operations while they are performihg testing operations
on the embankment.

The Engineer may direct that inspection trenches or test pits
be cut in the embankment to determine that the Contractor has com-
plied with these specifications. Such trenches or pits will be
of limited depth and size. Trenchés shall be Backfilled with the
material meeting the requirements o6f that size.f'Backfill shall be
compacted to a density at least equal to the'coﬁtiguous embankment .

SP-2.5 Measurement and Payment.

SP-2.5.1 Measurement of Excavation. DererevArticle 2.5.3

of the Standard Specifications. Excavation will be measured by



the cubic yard of proper classification within the designated and
staked excavation sections and within designated and approved
borrow areas. Materials excavated outside of designated sections
or approved borrow areas will not be measured. Excavations for
removal of culverts will not be measured.

SP=2.5,2 Measurement of Adjusted Rolling. Adjusted rolling

will be measured by the actual number of hours of additional roll-
ing. No deduction will be made for specified reduced rolling.
SPe2.5.d Payment for Adjusted Rolling. Adjusted rolling

shall be paid for at the contract unit price per hour. This
price shall be full compensation for furnishing all labor, materials,
tools, equipment, supplies, supervision and incidentals necessary

to perform adjusted rolling.



SPECIAL PROVISIONS

SECTION SP-3 - CORRUGATED METAL PIPES

sp-3.1 The provisions of the Standard Specifications Section
9, CORRUGATED STEEL AND STRUCTURAL PLATE PIPES shall apply except
as modified and supplemented herein.

Sp-3.2 Structural Plate Pipe. Delete Articles 9.3.4, 9.5
and 9.6 of the Standard Specifications.

SP=3.3 Measurement and Payment. Delete Article 9.7.

sP-3.3.1 Measurement. Corrugated Metal Pipes of the various

types and sizes will be measured, along the pipe centerline, by
the lineal foot in place.

SP-3.3.2 Payment. Corrugated Metal Pipes shall be paid for
at the contract unit price per lineal foot of the various types
and sizes in place. This price shall include full compensation
for excavation, furnishing, unloading, storing and transporting
the pipe; fine grading the foundation; placing the pipe; and
backfilling.



SPECIAL PROVISIONS
SECTION SP-4 - MISCELLANEOUS
SpP-4.1 Riprap.
SP=4 . 11 Extent. This work shall consist of selecting,

dumping and/or hand placing riprap at designated culvert en-

trances, channel and embankment locations.

SP-4.1.2 Hand Placed Riprap. Suitable limestone rock shall

be selected from required rock excavation, stockpiled if necessary,
and hand placed in horizontal layers around designated culvert en-
trances, channel and embankment locations. The rock shall be dur-
able and hard and shall have a 12-inch minimum dimension in the

horizontal plane.

SP-4.1.3 Dumped Riprap. Suitable limestone rock shall be

selected from required rock excavation, stockpiled if necessary,
and dumped and track rolled at designated channel and embankment

locations.

SP-4.1.4 Measurement. Measurement of hand placed and dumped

riprap shall be by the number of cubic yards of riprap placed

in accordance with the plans and as directed by the Engineer.

SP-4.1.5 Payment. Hand placed and dumped riprap shall be
paid at the contract unit price per cubic yard in place. This
price shall be full compensation for furnishing all labor,
material, tools, equipment, supplies, supervision and incidentals
necessary for selecting suitable rock from required excavation,
stockpiling. if necessary, excavating, placing rock, and back-
filling.

SP-4.2 Road Surfacing.

SP-4.2.1 Extent. This work shall consist of furnishing and
placing gravel surfacing on the access road, public roads, and

private roads at designated locations along the test embankment.



'SP-4.2.2  Subgrade. The soil subgrade-shall be compacied,.
in' accordance'with Articles 2.3.34 and 2.3.35. of»the ‘Standard h
Specifications. Rock subgrade shall be smoothed by ‘grading
and/or choklng irregularities with rock spalls and track rolling
‘with a dozer.' Subgrade preparation shall be accompllshed 1n—
cidental to requlred excavatlon and placement o% :embankment and

Y

‘no separate payment Wlll be made therefor.
. 5 1

SP-4.2.3 - Gravel. I
, srave-s o

SP-4.2.3.1 General. "Gravel shall be crushgdﬁlimestone Fock
of crushed gravel meeting the following requiremetits.
SP-4.2.3.2 Soundneéss. The loss ratio of-aggregate‘from each

iAdividual source for - surfac1ng or tesurfacing shall be ‘not less

‘than seventy hundredths‘( .70) .after 25<cycles.o’5the freezing

g
“ahd thawing test. !

. 6p 4”2'3‘3‘Wear The wear loss Of. aggregate :from each in-
‘leldual source 'shall not  exceed forty-five (45) percent when
‘tested bv the Los Angeles Abrasion Test Method. R

Sp-4. 2'3'4 Deieterious Substances.  The deiéterious-sub—

stances in -this aggregate 'shall hot exceéed the following .percent-

ages by welght _ : ' B

‘ Soft frlable materlal ' oo 'R5 00
«Material .passing No. 200 sieve  (wash) :  “*3.0
Sticks .(wet) S 2.0

‘Mud : balls«(Wet No. 4 sieve) P 2:0

*Note - When 'such materlal is avallable Wthh conforms . -to all
‘of ‘the - requlrements for "Road Surfaeing" except ‘those marked -*,
this material may be used with the<consent of.thewEnglneer.lf,the
~Contractor furnished one and one-half ( (1-1/2) nperCent'additional
“faterial for ‘each one (1) -pércent over the allowable amount of
‘soft friable materlal and ‘material. passing No. %00 ‘sieve specified,
but in no case shall the total amcurt. of softVfriable‘material and

"Material pa&sing No. 200 sieve be: greater than ten (10) -percent.

No one of- the percentages llsted above shall *be exceed:when
’taken"separately In addition any combination: of the: above

deleterlous substances shall not exceed seven- (7) percent.



SP-4.2.3.5 Size Requirements. Grading after removal of

deleterious substances shall conform to the following:

Size Percent Retained
1L aneh 0-45
38 " 45-100

#30 sieve 95-100

SP-4.2.4 Placement. Gravel shall be spread over designated
roadways to the specified thickness, watered and compacted.

SP-4.2.5 Measurement. Road surfacing (gravel) shall be

measured by the ton in the vehicle at the time and place of un-
loading or at other points of designation. Deductions will be
made for all moisture in the material. Moisture content will
be determined by a method approved by the Engineer.

SP-4.2.6 Payment. The amount of completed and accepted
work, measured as provided above, shall be paid for at the Contract
unit price bid per ton for "Road Surfacing" which price shall be
full compensation for furnishing all materials, for all labor,
equipment, tools, and incidentals necessary to complete the work.

SP-4.3 Guard Fence.

SP-4.3.1 Extent. This work shall consist of furnishing

materials and installing a guard fence at designated locations
along the project access road.

SP-4.3.2 Posts. Posts shall consist of ASA Schedule 40,
three (3) inch diameter galvanized steel pipe four and one-half feet
in length. The posts shall be capped and pipe shall be new or in
good used condition which is acceptable to the Engineer.

SP-4.3.3 Cable. Cable between posts shall be a continuous,
one-half inch diameter, three strand galvanized steel cable. The
cable shalllbe new or in good used condition which is acceptable
to the Engineer.

SP-4.3.4 Placement. Posts shall be set in two (2) foot deep
drilled holes and grouted into place with cement-sand grout. Posts
shall be set vertically at the required spacing, in a continuous
line. Tilted or offset posts shall be removed and replaced at
the Contractor's expense.

SP-4.3.5 Measurement. The guard fence shall be measured

by the number of lineal feet of fence installed.



SP-4.3.6 Payment. The amount of completed and accepted:...
work as measured above, shall be paid for at thefGQntract unif
price per lineal foot for "Guard Fence", which priice shall be
full compensation for furnishing all materials,“iabor, equipment,
tools and incidentals necessary to complete thq work,

Sp-4.4 Barricades.

Spr-4.4.1 Extent. This work shall consist.of furnishing
materials and installing barricades at designated locations on
the embankment and access road.

SP-4.4.2 Posts. Posts shall consist of ASA Schedule 40.

four (4) inch diameter galvanized pipes seven (7) feet in length.
The posts shall be capped and the pipe shall be new or in good

used condition which is acceptable to the Engideéru

¥

SP-4.4.3 Chain. Chain shall consist of heavy duty galvanized

‘steél chain. One end shall be permanently attached to one post

and other end shall be free. .

SP-4.4.4 EéE&- A suitable bracket shall bé provided on
one post to attach the free end of the chain along with a heavy
duty, combination padlock. The bracket shall provide weather
protectibn for the lock.

Sp-4.4.5 1Installation. Posts shall be installed in drilled

holes, three (3) feet deep and backfilled with cement-sand grout.

Posts shall be set vertical at designated locations.

SP-4.4.6 Measurement. Barricades shall be measured by

the installed unit which shall include two posts, chain, brackets
and lock. i

SP-4.4.7 Payment. The amount of completedqand accepted
work, measufed as provided above, shall be paid for at the Contract
unit price per barricade unit which price shall be full com-
pensation for furnishing all materials, for all labor, equipment,

- tools, and incidentals necessary to complete the work.

SP~4.5 Highway Easement Seeding. ‘

SP-4.5.1 Extent. This work shall include furnishing, drilling
seed, fertilizing and mulching in designated areas of Highway Right-
of-way where vegetation was removed or destroyed as a result of

authorized construction operations.



SP-4.5.2 Seed. Seed shall consist of certified native

grass as follows:

Alfalfa 6 pounds/acre
(to be drilled separately)
Bromegrass 12 pounds/acre
K-31 Fescue 10 pounds/acre
Italian Rye grass 10 pounds/acre
Mixed native grasses 15 pounds/acre

SP-4.5.3 Planting. Seed shall be drilled in with a commercial
drill, fertilized and mulched. Fertilizer shall be 12-24-12 at a
rate of 400 pounds per acre. Mulching shall be at a rate of two
tons per acre.

SP-4.5.4 Measurement. Highway Easement Seeding shall be

measured by the pound of the various kinds of seed furnished and
planted.

SP-4.5.5 Payment. The amount of seed furnished and planted
shall be paid for at the Contract unit price per pound for the
various kinds of seed, which price shall be full compensation for
preparation of the ground, for furnishing and planting all seeds
including fertilizing and mulching and for all labor, tools,

equipment and incidentals necessary to complete the work.
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AT STA.8585+00

Excavation

Usable borrow

le—1t'
1390 — _-]

Existing grade —

1380 — 15.1in soil, 1/4.1 in rock. _

Q Fock
1370 — Strip  existing grode and -
" build embankment on natural so/l
embankmeil:“ ' "
TRANSITION SECTION

STA. 8603+00

NOTE : See drawing

[:




_— Frovide rand placed rprap as directed by the Engneer
e o protect enbatkmend ond road,

' /
e Provide 30 foot ; Regrade road ond provide
" level rood surfoce 6" grovel surfacing

: mm backfir \—J\H i
N . —__'__‘____’——-——-\
1420 — ‘ _____________ - — _

‘ o /

__________ e 15/~>/ Ramp - -
Road embenkment — .
Z 35 below B/RQ%/ 4 N Select fill & ~ QI_TIIITIT Qe —V\pﬁ';’/g' o

\Se/ PN A—~ ~_ j YV yTTTTTTTRTTC

1410 — medgMZ: xaz ect 1 ™ i ‘k Provide 24"x 20" -
£ 9.5'below B/R CMP' beneath ramp .
Provide 24°x 72' .
"’00 CMP
/ - SECTION THROUGH PUBLIC CROSSING : -
AT STA.8527+74
| 10'Bench in ram!
Ramp for gcr:ess (———Pub//c /-?oad_r S-,:?arrw Jor actess rood 6./
277 “\\ J— T ] 6" grovel
/—~Se/e,cr fitt 8 Ditch level~, surfacing
T T faiegge= = T T T T e e e O e
{1ypical ) LONGITUDINAL SECTION 24°x20° cMP

THRCUGH ACCESS ROAD RAMPS 50,;‘/7;;’,5;’/’/{:;’/;‘;”1/7:;;’
AT STA.8527+74

Provide 22' wide roodbed with
6"gravel surfoce E'w/de,;

Provide stondard riprap
ad)

154 * 15 headwall
{ skew ) - Select fill 8 < 1% grode (skew) -~ Berm ond road level
Cutvert, 24 "CMPj Z Bottom of ditch
72—

CULVERT BENEATH PUBLIC ROAD
- AT STA.8527-+74

Grovel, level :
'/ w/ 1op a/ rail / Buse of roil

5.1
> — — Top of subgrade
| LBalfam of ditch
Culvert, 24"CMPJ between tracks

[ 42"

CULVERT BETWEEN TRACKS
AT STA. 8527+74
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Moain Line Test Trock
¢

¢ ﬁegmde road and provide
i Provide gravel [ . 6 gravel surfacing
H L Provide
| between frocks :‘_/evg yllogd 3.3,'%04',2_4 Origindl road surface
1400 — ; __y/ Lot | I _
. S W ) —
é__-ﬂ/ - —\: S “__ Rood embankment L/il/ - Ramp -
Provide 24°x 28’ Select fill A Select fill 8 P
1330 — oMP, & ™ T~ A== ~ —
3.5" below B/R 8;[(.0, 24" 80"
SECTION THROUGH PUBLIC CRQSSlN’G mwc;p' 525-
1360 — AT STA.8580+34 ' telow b7 -
Provide 22" wide roadbed
with 6 gravel surface, 18 wide )
1400 — 5 . d’ —
ide st oy
y”/ “_Select fill & ~ % readwont © ¥
1390 — = /—Eallom of ditch i
: | 24" cup S ‘
1380 — I - 8o’ - . —
CULVERT BENEATH PUBLIC ROAD
AT STA.8580+34
1900 — —
= N X 1
1390 — 24" CMP _
} <8’ i
CULVERT BETWEEN TRACKS -
AT STA.8580+34
Main Line " Test Track
¢ Provide 30 foot feve!
1400 — I Provide gravel length of road . —_
i ’ between tracks L . -
. Y - i ~FRegrode d o maoimum 6% grode ad
I =0 '{ v p%i/,'de Escfgrawl surfacing
1390 — - —— ST Original ground surface _—
‘ | Provite 24' 42 Xgetect Y= 57 m~s=m=L T —_—
CMP, £ 35 —_ 5
1580 — below B/R Road embankment Provide Grade fo highway —
: 24466 2, 24°x46" diteh
SECTION THROUGH PUBLIC CROSSING cMP crP
370 — AT STA.8597-+18 ' -
1390 — ) —
154 . Provide stondord riprop headwoll
Select il 8~ Bottom of ditch
1360 — —-—C —_
& 24" cup
1370 — ' 6e ; —
CULVERTS BENEATH PUBLIC ROAD
AT STA.85S7+I18
10




Main
Line

an'de gravel between fm':ls

Line Regrade rood and provide
| /6"gravel surfacing.
{

Original rood surface

3,24"X 40’cMP

1390 — —
P Hwy
1360 - k -
\ Section ot 8601 +8/

Section at 860/+50

1370— —
© 24°x30' cMP
1390 — -
15:/
3, 23" cMP
1380 — = np rap
1370~ t 40" . -

CULVERTS BENEATH PRIVATE ROAD CROSSING
AT STA.8601+66

<

\\\ /4 dirch

'I-?amp up 6./
2,24“x 45 cuP=] 57 Rood
riprap mlmnce/ s
AN
- — ; > =3 - —~—- —— Ditch
\ \ \ " Berm
24°X 66" CMP— Nroe embankment
riprap entrance R : )

(d _7'esf frack

10 20 30 40

PLAN AT ROAD CROSSING '
"AT STA.8597+I18
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3
ML T Arasr RIW, £

i

| Turnaround area i
1410 — 8/R=1404.20 Original ground surface ( Piacs 6" gravel surface

GIade difch 6./ fo on turnaround area.

=== = (" permit vebicle passage. |

1400 — ' \ z
T F 1 !
. 6°

1390 — | & 20

Access road

SECTION THROUGH TURNAROUND AREA
STA. 8561 +40

60.0-

/.5.'/—\ \415 °
x

_/{/ﬂ' L95'-—

k & Test track

EMBANKMENT FOR SIGNAL AND
MOTOR CAR FACILITIES

3"9As4 Sched%/e 40 steel pipe, gavonized

w/caps, 20’ 0.
/'min
i 3 strond, 172" § wire cable
— threaded thru post. .
o]
ok ||
25’
Access road—
1
vl
| . WNotes | Embedpipe poslsz into drilled holes
j /_‘ . in soil or rock. Backfill holes with
| i " cement-sand grout.
o k 2. Use guard Iem:e at designated /acallan
Drilled hole when 0 =3’
—r
\~-»—-mm

GUARD FENCE DETAIL




Notes: .

/ Ploce barricades at designaled
focotions on access roods and
emborkment roodway af junctlions

— g N with public ond private roads
L 4°% ASA schedule 40 steel, gahorized 2. Embed pipe posts 3' into Soil

/ pipe, with caps or rock. Bockfill with sand-cement grof.
H / 578" bolt with eye

=
{—1

combingtion “____ Heovy duly chain
podck )

- ecess rood o test |
embankmen! roodway—..._ i
. K

|
e Ai;';’z__j

\m'e:- /4’ far access rood
18" for embankment roadway

Scale: [y
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