
NOTICE TO CONSULTANT ENGINEERS 
REGARDING A REQUEST FOR LETTERS OF INTEREST 

 
April 1, 2018 

 
The City of Knoxville, an Equal Opportunity/Affirmative Action Employer, seeks to retain 
the services of a professional engineering consulting firm or team of firms with 
extensive experience in roadway design, structural design, and railroad coordination to 
provide professional design services to prepare bid specifications, contract documents, 
and construction plans for the Amherst Road Slope Stabilization Project.  
 
The City of Knoxville intends to stabilize the south side of Amherst Road between 1950 
Amherst Road and 2004 Amherst Road. The project will re-establish the roadway 
shoulder including the installation of guardrail and retaining wall within CSX railroad 
right-of-way. Results of previous subsurface exploration in this section of roadway 
shoulder and slope leading down to the railroad tracks are included with this solicitation 
on the Purchasing Division’s website as background information. The scope of service 
for this project will include survey, design, and preparation of bid specifications, 
contract documents, and construction drawings.  
 
The City of Knoxville will require interested firms have successfully completed roadway 
and structural design projects in the last five (5) years and provide information about 
these projects in their proposal. This project is funded locally by the City of Knoxville 
and not with Federal of State funds. As such, firms are not required to be Pre-Qualified 
by TDOT. However, in the interest of uniformity of submissions and simplicity in 
comparison/evaluation of the submissions, the City does require that submitters provide 
their statements of qualifications in the TDOT format. With this in mind, the City will 
require six (6) copies of TDOT prequalification forms DT0330, Parts I & II be completed 
and submitted with the letter of interest. The TDOT Form DT-0330 Parts I & II may be 
found on the Internet at: https://www.tn.gov/content/tn/tdot/business-
redirect/consultantinfo/consultantinfo-forms.html .   
 

Firms may request consideration by submitting a letter of interest and 
completed TDOT Form DT0330, Part I & II to: 

 
City of Knoxville 

Office of the Purchasing Agent 
City County Building, Suite 667-674 

400 Main Street 
Knoxville, TN 37902 

 
 
 

Letters of interest shall indicate the anticipated scope of services to be completed by 
subcontractors. All letters of interest must be received on or before 11:00 AM 
(Eastern Time) Friday, April 27, 2018.  Late submissions will not be considered.  
 

https://www.tn.gov/content/tn/tdot/business-redirect/consultantinfo/consultantinfo-forms.html
https://www.tn.gov/content/tn/tdot/business-redirect/consultantinfo/consultantinfo-forms.html


For additional details regarding this project, please visit the Purchasing Division's 
website at www.knoxvilletn.gov/purchasing under "Sealed Submissions." 
All questions must be submitted in writing by end of business day April 20, 2018 to Mr. 
Boyce Evans, Purchasing Agent by letter, e-mail at bhevans@knoxvilletn.gov , or fax 
(865) 215-2277. 
 
The factors that will be considered in evaluation of submissions are: 
 

a. Qualifications, relevant experience, past experience with the City of Knoxville, 
TDOT and other clients, especially as it relates to roadway design, structural 
design, and railroad coordination. (25%) 

b. Availability of staff to be assigned to work on this project. (25%) 
c. Demonstrated ability to meet schedules and perform work efficiently without 

compromising sound engineering practice. (25%) 
d. Evaluations on prior projects. (20%) 
e. Amount of work currently under contract with the City of Knoxville. (5%) 

 
 
Evaluation proceedings will be conducted within the established guidelines regarding 
equal employment opportunity and nondiscriminatory action based upon the grounds of 
race, color, religion, national origin, sex, creed, age, and disability. Interested certified 
Disadvantaged Business Enterprise (DBE) firms as well as other minority and/or 
women-owned firms are encouraged to respond to all advertisements by the City.  
 
City of Knoxville, Tennessee 
 
_________________________   ____________________________ 
Date       Purchasing Agent 

http://www.knoxvilletn.gov/purchasing
mailto:bhevans@knoxvilletn.gov
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Mr. Shawn E. Fitzpatrick, P.E. 
City of Knoxville 
Department of Engineering – Civil Division 
1400 Loraine Street 
Knoxville, Tennessee 37921 
 
RE:  Subsurface Exploration 

Amherst Road 
Slope Stability Investigation 

  Knoxville, Tennessee 
  FSE Project No. 315152  
 
Dear Mr. Fitzpatrick: 
 
As authorized by your acceptance of our proposal dated May 20, 2015, we have completed a 
subsurface exploration of the slope on the south side of Amherst Road, located approximately 
between 1950 and 2004 Amherst Road. The section of slope that was investigated is approximately 
540 feet in length. The purpose of the exploration was to provide engineering recommendations for 
stabilization/repair of the south side of the road (shoulder) and slope leading down to the CSX rail 
line. The firms of Foundation Systems Engineering, P.C. and Construction Materials Laboratory 
completed this work. 
 
Please give us a call if you have any questions concerning the data obtained or our 
recommendations. It has been a pleasure to be of service on this project. 
 
Sincerely, 
Foundation Systems Engineering, P.C. 
 
 
 

           05/10/2016 

Eric M. Peterson, P.E.      Jack F. Llewellyn, Jr., P.E. 
Geotechnical Engineer      Principal-In-Charge 
Tennessee No. 109536     Tennessee No. 19187 
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1.0 EXECUTIVE SUMMARY 
 

The focus of this subsurface exploration is the section of roadway shoulder and slope 
leading down to an existing CSX railroad track, located on the south side of Amherst 
Road. The section of roadway that was explored was between the addresses of 1950 
Amherst Road and 2004 Amherst Road. Within this area, several slope face failures have 
occurred resulting in the loss of the roadway shoulder, including a loss of a portion of the 
roadway pavement at locations.  
 
In order to investigate the stability of the slope, seven soil borings (A-1 through A-7) with 
Dynamic Cone Penetrometer testing and undisturbed Shelby tube sampling, were placed 
at the site. The borings were drilled to depths of 25 to 30 feet below existing grade or 
auger refusal. Laboratory plasticity, natural moisture content, and triaxial shear testing 
was performed on selected samples within the laboratory to determine soil plasticity and 
strength characteristics. 
 
In general, the borings encountered approximately 4 to 4.5 inches of asphalt pavement 
at existing grade. The pavement was typically underlain by a combination of limestone 
aggregate base, limestone gravel, and/or additional layers of pavement. The limestone 
gravel was typically mixed with soil. Fill soils were encountered beneath the pavement 
and base at three of the boring locations (A-3, A-4, and A-6), ranging in depth from 
approximately 9 feet to approximately 22 feet below existing grade. The consistency of 
the fill at borings A-3 and A-4 was firm to stiff, whereas A-6 was soft to firm. Residual soils 
were encountered beneath the base and/or fill at each of the boring location. The 
consistency of the residual soil was typically stiff to hard. Borings A-1 and A-3 refused at 
depths of 7.5 feet and 13 feet below existing grade, respectively. All remaining borings 
were terminated at their predetermined drill depth of 25 or 30 feet. 
 
The soil samples selected for testing are classified under the Unified Soil Classification 
System (USCS) as inorganic clays of low to medium plasticity (CL), high plasticity clays 
(CH) and inorganic silts (ML). The result of the Atterberg limits testing indicates that the 
soil liquid limit values for the samples selected for testing varied from approximately 22 
percent to approximately 56 percent, with an average of approximately 39 percent. Soil 
plastic limit values varied from approximately 12 percent to approximately 30 percent, 
with an average soil plastic limit value of was approximately 22 percent. Soil natural 
moisture content values varied from approximately 11.4% to approximately 34.8%.  
 
Five of the soil samples obtained from the Shelby tube sampling were selected for 
consolidated, undrained, effective stress triaxial shear testing. The triaxial shear testing 
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was performed to determine the strength parameter of the soil, including soil unit weight, 
friction angle, and cohesion. The results of the triaxial shear testing were used for slope 
stability analysis for the slope located on the south side of Amherst Road, between the 
road and CSX rail line. 
 
Slope stability analysis was completed using Slide (version 5.044) 2D Limit Equilibrium 
Slope Stability Analysis Software by Rocscience, Inc. Three typical cross sections of the 
existing site was adapted from topographic data collected at the site by our firm. The 
existing slope geometry at each of the three cross sections along with estimated traffic 
loading was used in our analysis. Subsurface data utilized in our analysis is based on 
data obtained from site reconnaissance, soil auger borings, laboratory plasticity testing, 
and triaxial shear testing. 
 
The stability of slopes is discussed in terms of factor of safety values. Factor of safety 
values are the ratio of the soil driving force to the soil resisting force. We recommend that 
a Factor of Safety of >1.5 be utilized for minimum allowable slope stability. This 
recommendation considers that the slope provides support to a roadway, and slope 
failure could encroach onto CSX rail lines. 
 
The results of our stability analysis indicated factor of safety values with respect to global 
slope stability ranging from 1.883 to 5.186. In our professional opinion the results of the 
testing performed indicate that the slope is stable with respect to mass instability. A global 
slope failure is not predicted to occur. However, we did observe raveling and sluffing of 
the slope surface (slope face failures). There are sections where the shoulder and edge 
of the paved portion of the road have been lost. As such, while the slope is stable with 
regard to mass movement, loss of the roadway due to erosion and sluffing of the exposed 
outer surface material is occurring. 
 
We recommend the use of Gabion baskets to re-establish the roadway shoulder and 
protect the roadway from additional shoulder failures. In general, we recommend the 
following procedures be performed: 

 We recommend that the southernmost (eastbound) traffic lane and proposed 
shoulder area be undercut down to firm, stable soil. We estimate undercut depths 
ranging from approximately 3 feet to approximately 6 feet below finished subgrade 
elevation in order achieve a suitable bearing surface area for the Gabion baskets. 

 The temporary construction excavation behind the wall should be sloped no 
steeper than 0.5H to 1V, or otherwise braced. 

 Once the required undercut has been performed, the upper 6 inches of the in-place 
soil at the undercut level should be reworked and recompacted. Fine grading 
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should be performed as necessary to ensure that the area has been adjusted to 
the proper elevation.  

 The bottom and sides of the excavation should be lined with a minimum 8-ounce 
per square yard weight non-woven geotextile.  

 The Gabion baskets should be constructed, filled, and set into place as per the 
Gabion basket manufacturer’s specifications, and City of Knoxville technical 
specifications.  

 A drain, consisting of a perforated pipe, surrounded by No. 57 sized stone, with 
stone and pipe encased in a non-woven drainage geotextile, should be placed 
behind the baskets to ensure no ponding of water occurs.  

 Once the Gabion baskets have been constructed up to finished subgrade elevation 
as outlined above, the roadway undercut/backfilled area should be covered with a 
high modulus geotextile. The geotextile should be covered with 4 inches of No. 57 
stone, compacted to 95%. 

 The roadway should be repaved utilizing 8” thickness of TDOT 303D aggregate 
base, 3” thickness of TDOT 307BM Asphalt Base Course, and 1.5” thickness of 
TDOT 411D Asphalt Surface Course. 

 The guardrail may be reinstalled and anchored into the Gabion shoulder utilizing 
a formed (sono-tube) concrete base. 

 The remaining slope located south (down gradient) of the Gabion baskets and 
roadway should be protected from erosion utilizing a turf reinforcement mat, such 
as Propex TRM 1060. 

 The attached sketch graphically depicts the above outlined recommendations.  
 
Based on the results of the subsurface exploration, preliminary design work, and similar 
past projects, we estimate the cost for construction, construction administration, and 
quality control services for the above outlined recommendations to be approximately 
$357,500.00. This estimate does not include the costs of permits, flagmen, insurance, 
etc. that will be required by the CSX railway. 
 
Based on our familiarity with the site and the geotechnical considerations present, we 
believe that we are uniquely qualified to provide construction observation services during 
site grading and future building construction. We recommend that our firm be retained to 
provide quality control testing and observation services during construction. 
 
The above summary provides an overview only and should not be used as a separate 
document or in place of reading the entire report including the appendices. The summary 
is not a substitute for the following detailed sections of this report. A complete discussion 
of finding and recommendations are included in the following sections of this report. 
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2.0 OBJECTIVE OF SUBSURFACE EXPLORATION 
 

The purpose of our exploration was to gather subsurface data to allow geotechnical 
engineering recommendations for repair of the Amherst Road south roadway shoulder 
and stabilization of the roadway slope leading down to a CSX railroad line. The section 
of roadway that was explored was between the addresses of 1950 Amherst Road and 
2004 Amherst Road. To meet the objectives of the subsurface exploration, seven soil 
borings with Dynamic Cone Penetrometer testing and undisturbed Shelby tube sampling, 
were placed along the subject section of the roadway. The boring locations were 
identified/located in the field by our personnel. The borings were drilled to depths of 25 to 
30 feet below existing grade or auger refusal. Laboratory plasticity, natural moisture 
content, and triaxial shear testing was performed to determine soil plasticity and strength 
characteristics. 
 
 

3.0 SCOPE OF SERVICES 
 

Seven (7) soil auger borings with Dynamic Cone Penetrometer (DCP) testing were used 
to investigate the section of Amherst Road where the south roadway shoulder and slope 
leading down to the CSX rail line have experienced surface failure and sluffing. The 
borings were placed at locations as selected by our personnel. The borings were drilled 
to depths of 25 to 30 feet below existing grade, or auger refusal. The approximate 
locations of the borings may be seen on the attached Boring Location Plan. Upon 
completion, the borings were backfilled with concrete.  
 
Dynamic Cone Penetrometer (DCP) testing, ASTM STP 399, was performed at 2.5 foot 
intervals to a depth of 10 feet below existing grade. Below a depth of 10 feet the 
penetrometer testing was performed at 5 foot intervals to auger refusal or proposed boring 
termination depth. 
 
Twenty-three (23), 2-inch diameter, undisturbed, Shelby tube samples of the in-place 
soils were collected from the site as the borings were advanced. The Shelby tubes were 
sealed in the field and transported to the laboratory, at which location the soil was 
extruded from the tubes. The undisturbed samples were visually classified by an 
engineer. The locations and depths at which the undisturbed samples were taken may be 
seen in Table II of this report. 
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A drilling log was prepared by a geotechnical engineer for the borings. The logs include 
the results of the DCP testing, Shelby tube sampling intervals, groundwater levels, and 
soil stratification with description. 
 
Five (5) Atterberg limits and seventeen (17) natural moisture content determination tests 
were performed on selected samples of soil encountered at the boring locations. The 
Atterberg limits and moisture testing was performed to determine soil plasticity 
characteristics. The results of the Atterberg Limits test may be seen in Table III of this 
report, and the results of the natural moisture content testing may be seen in Table IV of 
this report. Laboratory Atterberg limits and natural moisture content data sheets may be 
found in the report appendix. 
 
Five (5) consolidated, drained, effective stress, triaxial shear tests were performed on 
undisturbed samples of soil encountered as the borings were advanced. The triaxial shear 
test samples were selected from samples collected during undisturbed Shelby tube 
sampling. The results of the triaxial shear testing may be seen in Table V of this report. 
Laboratory triaxial shear test data sheets may be found in the report appendix. 
 
A brief summary of the test procedures utilized on this project are located in the Appendix 
of this report. 
 
 

4.0 SITE LOCATION AND CONDITIONS 
 

Amherst Road parallels the CSX Railway for approximately 600 feet between the 
addresses of 1950 Amherst Road and 2004 Amherst Road. This section of the roadway 
is located on the Railroad right-of-way. 
 
Topographically, the roadway is situated at the crest of a steep slope, at an elevation of 
approximately 15 to 20 feet above the railroad. The slope was measured to be sloped at 
an angle ranging from approximately 1.4H:1V to approximately 0.75H:1V. Steeper or 
gentler grades may be located between the measurement locations. 
 
Slope surface failures along the southern edge of the roadway have left little to no 
shoulder. In some areas, the failures have extended into the roadway, undermining and 
failing the pavement. Some temporary measures have been taken to stabilize the 
shoulder in these areas, including the use of guardrail posts (as piling), guardrails (as 
lagging), and sacks of concrete mix. 
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5.0 SUBSURFACE STRATIFICATION 
 
5.1 Drilling And Sampling Procedures 
 
Seven soil auger borings (A-1 through A-7) were used to investigate the subject section 
of Amherst Road. The borings were placed using a Bobcat T 200 skid steer with auger 
head attachment. Dynamic Cone Penetrometer (DCP) testing, ASTM STP 399, was 
performed through nominal 8-inch diameter Hollow-stem augers as the borings were 
advanced. A brief summary of the soils encountered at the boring locations follows. 
Additional subsurface details may be seen on the attached Auger Boring Records. 
  
Subsurface stratification indicated on the boring logs is approximate, and represents our 
interpretation of the soils encountered in the borings at the Shelby tube sampling intervals 
and on soil auger cuttings returned to the surface on the auger flights. 
 
DCP testing was typically performed at 2.5-foot intervals to a depth of 10 feet below 
existing grade. Thereafter DCP testing was performed at 5-foot intervals. Twenty-three, 
2-inch diameter, undisturbed, Shelby tube samples of the in-place soils were collected at 
the site as the borings were advanced. The locations and depths at which undisturbed 
Shelby tube sampling and DCP testing was performed may be seen on the attached 
Auger Boring Records.  
 
The boring depths and approximate ground surface elevation at each of the boring 
locations may be seen in the following table. 

 
Table I – Boring Data Summary 

 
Boring 
Number 

Surface 
Elevation 

Drill Depth, 
Ft. 

 Boring 
Number 

Surface 
Elevation 

Drill 
Depth, Ft. 

A-1 1100 7.5 R  A-5 1089 25 T 

A-2 1100 30 T  A-6 1090 25 T 

A-3 1095 13 R  A-7 1102 30 T 

A-4 1090 30 T     
Elevation interpolated from topographic map. T = Terminated. R = Refusal 

 
The locations and depths at which the Shelby Tube samples were taken may be seen in 
the following table. 
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Table II – Shelby Tube Sample Locations 
 

Boring Number Shelby Tube Depth, 
Ft. 

 Boring Number Shelby Tube 
Depth, Ft. 

A-1 4’ – 6’  A-5 4’ – 6’ 

A-2 1’ – 3’  A-5 10’ – 12’ 

A-2 8’ – 10’  A-5 18’ – 20’ 

A-2 16’ – 18’  A-6 2.5’ – 4.5 

A-2 22’ – 24’  A-6 6’ – 9’ 

A-3 2’ – 4’  A-6 14’ – 16’ 

A-3 6’ – 8’  A-6 22’ – 24’ 

A-3 11’ – 13’  A-7 8’ – 10’ 

A-4 2’ – 4’  A-7 13’ – 15’ 

A-4 9’ – 11’  A-7 25’ – 27’ 

A-4 15’ – 17’    

A-4 20’ - 22’    

A-4 26’ – 28’    

 
 
5.2 Soil Overburden 
 

The subsurface stratification indicated on boring logs is approximate, and was developed 
by a geotechnical engineer based on his interpretation of the driller’s field log, soil auger 
cuttings returned to the ground surface on auger flights, and on undisturbed Shelby tube 
sampling. 
 
The soil test borings were drilled vertically. The data indicated on the boring logs, and as 
summarized in the abbreviation below, indicates the findings at the boring locations only. 
The typical boring cross sections accompanying the boring logs is generalized, and briefly 
summarizes graphically the material encountered at the boring locations. The ground 
surface elevation indicated on boring logs is approximate. Following is a brief summary 
of the soils encountered at the boring locations. 
 
5.3 Soil Overburden 
 
Boring A-1 encountered approximately 4 inches of asphalt pavement at existing grade. 
The asphalt pavement is underlain by approximately 20 inches of alternating layers of 
aggregate base and asphalt pavement. Residual soil was encountered beneath the 
aggregate base/asphalt layers. The residual soils have been derived from the in-place 
weathering of the underlying bedrock unit. From a depth of approximately 2 feet (24 
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inches) to a depth of approximately 7.5 feet, stiff to very stiff, moist, tan, reddish tan and 
reddish brown, silty clay mixed with chert was encountered. The augers refused at a depth 
of 7.5 feet below existing grade. No groundwater was encountered at the time of drilling. 
 
Boring A-2 encountered approximately 4.5 inches of asphalt pavement at existing grade. 
The asphalt pavement is underlain by approximately 7.5 inches of limestone base mixed 
with moist, brown silty clay. Residual soil was encountered at a depth of approximately 
12 inches. The residual soil consists of very stiff to hard, moist, tan, reddish tan, and 
reddish brown, silty clays. The boring was terminated at a depth of 30 feet below existing 
grade. No groundwater was encountered at the time of drilling. 
 
Boring A-3 encountered approximately 4 inches of asphalt pavement underlain by 
approximately 14 inches of crushed limestone base mixed with broken asphalt and 
topsoil. Fill soils were encountered at a depth of approximately 18 inches below grade. 
The fill soils were encountered to a depth of approximately 9 feet below existing grade. 
The fill soils consist of firm to stiff, moist, tan and reddish brown, silty clay. Residual soil 
was encountered at a depth of approximately 9 feet. The residual soil consists of very 
stiff, moist, tan and reddish brown, silty clay. The augers refused at a depth of 13 feet. No 
groundwater was encountered at the time of drilling. 
 
Boring A-4 encountered approximately 4 inches of asphalt pavement underlain by 
approximately 5 inches of crushed limestone aggregate base. The aggregate base course 
was underlain by approximately 9 inches of limestone gravel mixed with gray and black, 
organic, silty clay. Soil fill was encountered beneath the soil/gravel mixture. The fill soils 
consist of stiff, very moist to moist, tan and reddish brown, silty clay mixed with chert. 
Residual soil was encountered at a depth of approximately 15 feet. The residual soil 
consists of stiff, moist, tannish gray, tan and reddish tan, silty clay mixed with chert. Boring 
A-4 was terminated in very stiff residual soil at a depth of 30 feet below existing grade. 
No groundwater was encountered at the time of drilling. 
 
Boring A-5 encountered approximately 4.5 inches of asphalt pavement at existing grade. 
The asphalt pavement was underlain by approximately 7.5 inches of crushed limestone 
aggregate base mixed with moist to very moist, gray and black, organic, silty clay. 
Residual soil was encountered at a depth of approximately 12 inches below existing 
grade. From a depth of approximately 12 inches to a depth of approximately 25 feet, stiff 
to very stiff, moist, tan, reddish tan and reddish brown, silty clay mixed with fine to coarse 
chert was encountered. Boring A-5 was terminated in very stiff residual soil at a depth of 
25 feet below existing grade. No groundwater was encountered at the time of drilling. 
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Boring A-6 encountered approximately 4 inches of asphalt at existing grade. Fill was 
encountered beneath the asphalt pavement. From a depth of approximately 4 inches to 
a depth of approximately 5 feet, very soft, very moist, dark gray and black, organic silty 
clay mixed with limestone gravel was encountered beneath the asphalt pavement. Firm, 
very moist, brown and gray, silty clay fill was encountered at a depth of approximately 5 
feet. This material extended to a depth of approximately 6 feet. From a depth of 
approximately 6 feet to a depth of approximately 14 feet the fill consists of firm, very moist, 
gray silty clay mixed with clayey silt. From a depth of approximately 14 feet to a depth of 
approximately 22 feet the fill consists of firm, very moist, gray silty clay mixed with fine to 
coarse chert. What we believe to be residual soil as encountered at a depth of 
approximately 22 feet below existing grade. The residual soil consists of stiff, very moist, 
tannish gray and light gray, sandy, clayey silt mixed with fine to coarse chert. Boring A-6 
was terminated at a depth of 25 feet below existing grade. No groundwater was 
encountered at the time of drilling. 
 
Boring A-7 encountered approximately 4 inches of asphalt pavement at existing grade. 
The asphalt pavement was underlain by approximately 14 inches of alternating layers of 
aggregate base and asphalt pavement. Residual soil was encountered at a depth of 
approximately 18 inches below existing grade. The residual soil consists of firm to very 
stiff, moist, tan, reddish tan and reddish brown, silty clay mixed with variable amounts of 
chert gravel. Boring A-7 was terminated in stiff residual soil at a depth of 30 feet below 
existing grade. No groundwater was encountered at the time of drilling. 
 
5.4 Ground Water 
 
By definition, ground water is the continuous body of subsurface water that fills the soil, 
rock voids and fissures and is free to move under the influence of gravity. The water table 
or phreatic surface is the level of zero (atmospheric) pressure in a continuous body of 
ground water. The ground water level is not a static level surface as the term water table 
implies. Instead, it is the sloping surface of a moving stream of water in the voids and 
fissures.  
 
Ground water was not encountered at the boring locations at the time of drilling. For 
reasons of safety the bore holes were backfill with bag mix concrete after augers were 
removed from the ground. A deeper bedrock aquifer will typically be encountered at some 
depth into the bedrock below the ground surface. This water level is below the level of 
our 25 to 30 foot boring depths. A study of the deeper bedrock aquifer was beyond the 
scope of our exploration. 
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6.0 GEOLOGY 
 
Geologic mapping indicates that the site is underlain by the Knox Group, lower and middle 
part undifferentiated. The Knox Group was deposited in a pretidal environment on the 
Late Cambrian – Early Ordovician North American passive margin. The Knox Group has 
been divided into five formations based primarily on the characteristics of chert and 
sandstone blocks present in the residuum. The five formations are as follows: Mascot 
Dolomite, Kingsport Formation, Longview Dolomite, Chepultepec Dolomite and Copper 
Ridge. In some areas the Longview Dolomite and Chepultepec Dolomite are 
undifferentiated, and are referenced as the Newala. The Knox Group consists primarily 
of dolostone (dolomite) and secondarily of limestone. The middle and lower units consist 
of the Longview Dolomite, Chepultepec Dolomite and Copper Ridge. Mapping indicates 
that the site is underlain by the Copper Ridge member of the Knox Group. 
 
The site is located on the Bearden Geologic Quadrangle map (Tennessee) GQ-126. This 
quadrangle has been geologically mapped at a 1:24,000 scale. The quadrangle was 
geologically mapped in 1954. Geologic mapping was published in 1960 by Mr. J. Mark 
Cattermole (State Geologist). Base mapping was completed by the Topographic Division 
of the U.S. Geological Survey, 1953.  
 
Published mapping indicates that the crest line of a northeast to southwest plunging 
anticline is located to the southeast of the site. The mapped location of the crest line is 
approximate. Rock strike is northeast to southwest and rock dip is to the northwest.   
 
The Copper Ridge Dolomite is described as follows: Dolomite, medium- to coarse-
crystalline, dark-gray, asphaltic, thick bedded; with stromatolite bioherms, thin 
sandstones, lower part’ upper part is light- to medium- gray dolomite and generally not as 
thick bedded; cherty, with oolites, cryptozoans preserved in residuum.  
 
Weathering has resulted in an irregular, pinnacled, top of rock. Cavities and sinkholes are 
common. The unweathered limestone is hard to very hard. Data published by TVA 
indicates rock compressive strength values of up to 40,000 psi. 
 
The Copper Ridge dolomite is a soluble carbonate bedrock unit that is subject to 
solutioning and sinkhole development. Open and soil filed cavities are common. Several 
very large sinkholes are located to the northeast and southwest of the subject sinkhole, 
along rock strike. The Copper Ridge is one of the formations responsible for much of the 
cavern development in Knox County. 
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The formation of sinkholes is the result of chemical solution of limestone, dolomite, marble 
and other carbonate rock units by percolating groundwater containing dissolved carbon 
dioxide that makes the water slightly acidic. During the early stages of solution, cavities 
will tend to form on joints and bedding along which the water flow is concentrated and the 
cavities may follow a reasonably regular pattern. As the solution process develops and 
the cavities enlarge, their size, location, and shape become impossible to predict with 
certainty. 
 
Soil fines located at the soil/bedrock interface are carried by percolating groundwater into 
cavities within the rock. With time, a small dome shaped void forms at the location where 
soil is lost into the rock. As additional soil material is lost (eroded) from the roof of the 
dome, the soil cavity enlarges. When sufficient material is lost from the roof of the dome 
that the dome is unable to support the overlying material, a ground surface collapse 
occurs. It is also possible for soil fines that surround rock pinnacles to be eroded into 
cavities within the bedrock. Depending upon the amount of soil overlying the rock 
pinnacle, this may result in a roof dome collapse or the eroded area may increase in size 
based on the amount of erosion that occurs as surface water drains to the pinnacle.  
 
Ground surface subsidence can also occur as a result of distortion (settlement) of the 
residual soil overlying a pinnacled bedrock surface, where the residual soils are impaled 
onto narrow rock pinnacles. The addition of significant new loading from fill or a building 
area, particularly in conjunction with site grading activities that result in removal of the stiff 
upper crust of residual soil, can result in the downward movement of the residual soil 
mass and subsidence (settlement) at the ground surface. 
 
It is not unusual to discover that there are numerous sinkhole throat areas within and 
surrounding collapse areas. As some become clogged with soil fines, others develop, and 
the soil collapse overlying the bedrock enlarges. The volume of surface water flowing into 
an open sinkhole will typically flush partially filled cavities. This can result in an increase 
in size of existing sinkholes and result in development of dropouts.  
 
Geologists and geotechnical engineers generally recognize three (3) different types of 
sinkholes. These are; Dissolution; Cover-subsidence; and Cover-collapse. 
 
Dissolution sinkholes are typical in areas of thin soil overburden, where aggressive 
dissolution of limestone and dolostone occurs. A ground surface depression develops as 
a result of bedrock dissolution, with the thin layer of soil overburden washing/collapsing 
into cavities within the bedrock. 
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Cover-subsidence sinkholes tend to develop gradually where the covering soil 
overburden is permeable and contains sand. The slow downward erosion of the sandy 
overburden into cavities within the rock results in a ground surface depression. 
 
Cover-collapse sinkholes may develop abruptly (over a period of hours) and cause 
catastrophic damages. They occur where the covering soil overburden contains a 
significant amount of clay. A cover-collapse sinkhole is the most common type of sinkhole 
in East Tennessee.  
 
All structures (buildings, roadways, utility lines, basins, etc.) supported on soil overlying 
soluble carbonate rock units (such at this site) are at risk of damage due to sinkhole 
development. This risk can be minimized but can rarely be eliminated. As the degree of 
risk is minimized, the cost of the technique used to minimize the risk typically increases. 
 
Sinkhole development (solutioning of the bedrock, roofing of the soil overburden, and 
ground surface subsidence) is an ongoing progress. Sudden and dramatic sinkhole 
collapse is possible, as well as slower insidious development. 
  
 

7.0 LABORATORY TESTING 
  

Construction Materials Laboratory (CML) has demonstrated proficiency for the testing of 
construction materials and has met the requirements of AASHTO R18 set forth by the 
AASHTO Highway Subcommittee on Materials. CML received a Certificate of 
Accreditation from the American Association of State Highway and Transportation 
Officials AASHTO Accreditation Program. 
 

7.1 Atterberg Limits And Natural Moisture Content 
 

Five samples of soil obtained from the undisturbed Shelby tube sampling were selected 
for Atterberg Limits testing. The samples were collected from boring A-2, A-3, A-5, A-6 
and A-7. Seventeen natural moisture content determination tests were performed on 
selected undisturbed samples obtained from all boring locations. 
  
The soil liquid limit is the moisture content at which the soil passes from a plastic to a 
liquid state. Since soil cohesion retards flow, the liquid limit test is an index of soil 
cohesion. Soil cohesion is negligible at the liquid limit. High liquid limit values (greater 
than 50) indicate soils of high clay content and low load carrying characteristics.  
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The soil plastic limit is the moisture content at which the soil changes from a semisolid to 
a plastic state. Some silts and sands are non-plastic; however, most soils composed of 
silts and clays do have a plastic limit. The moisture content of silts and clays does have 
a direct bearing on their load carrying characteristics. A very important change in load 
carrying capacity of soil occurs at the plastic limit. Load carrying capacity decreases 
rapidly as the soil moisture content increases above the plastic limit.  
 

Table III - Atterberg Limits Data Summary 
 

Boring 
Number 

Depth, 
Feet 

Liquid 
Limit, % 

Plastic 
Limit, % 

Plasticity 
Index 

Natural 
Moisture 

Content, % 

USCS Soil 
Classification 

A-2 22’ – 24’ 41 30 11 32.7 ML 

A-3 2’ – 4’ 22 13 9 12.2 CL 

A-5 18’ – 20’ 56 29 27 29.9 CH 

A-6 6’ – 8’ 27 12 15 16.9 CL 

A-7 13’ – 15’ 48 34 24 31.6 CL 

 
The soil samples selected for testing are classified under the Unified Soil Classification 
System (USCS) as inorganic clays of low to medium plasticity (CL), high plasticity clays 
(CH) and inorganic silts (ML). 
 
The low to medium plasticity clays (CL) typically have good to fair compaction 
characteristics, with compaction typically achieved using a sheepsfoot or rubber tired 
roller. In general, the required compaction (percentage of Standard Proctor maximum dry 
density) for the upper 8 feet of fill beneath modestly loaded structures is 100 percent. 
Such soils have medium compressibility and expansion characteristics, and poor 
drainage characteristics. 
 
The inorganic silts (ML) have good to poor compaction characteristics, with compaction 
typically achieved using a sheepsfoot or rubber tired roller. In general, the required 
compaction for the upper 8 feet of fill beneath modestly loaded structures is 100 percent. 
Such soils have slight to medium compressibility and expansion and poor drainage 
characteristics. 
 
The high plasticity clays (CH) typically have fair to poor compaction characteristics, with 
compaction typically achieved using a sheepsfoot roller. Such soil is not recommended 
for use beneath building and paved areas. When such soil must be used it is typically not 
placed within the upper 8 feet of fills beneath buildings. In general, the required 
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compaction (percentage of Standard Proctor maximum dry density) for the fill below a 
depth of 8 feet beneath building areas is 100 percent. Such soils typically have moderate 
to high compressibility and expansion characteristics, and poor drainage characteristics.  
 
Soil strength values decrease rapidly as the soils reach and exceed the soil plastic limit. 
The soil will typically flow as a heavy viscous fluid at the liquid limit. 
 
In general, the required compaction for fill soils placed beneath modestly loaded 
structures is 100 percent of its maximum dry density as determined by the Standard 
Proctor test, ASTM D 698.  
 

Table IV - Natural Moisture Content Data Summary 
 

Boring 
Number 

Depth, Ft. Moisture 
Content - % 

 Boring 
Number 

Depth, Ft. Moisture 
Content - % 

A-1 4’ – 6’ 22.2  A-5 4’ – 6’ 13.4 

A-2 8’ – 10’ 31.3  A-5 10’ – 12’ 14.2 

A-2 16’ – 18’ 33.0  A-5 18’ – 20’ 29.9 

A-2 22’ – 24’ 32.7  A-6 6’ – 8’ 16.9 

A-3 2’ – 4’ 12.2  A-6 22’ – 24’ 17.0 

A-3 11’ – 13’ 11.4  A-7 8’ – 10’ 34.8 

A-4 2’ – 4’ 15.1  A-7 13’ – 15’ 31.6 

A-4 9’ – 11’ 18.2  A-7 25’ – 27’ 32.0 

A-4 15’ – 17’ 16.2     
Bold = Above Plastic Limit 

 
The result of the Atterberg limits testing indicates that the soil liquid limit values for the 
samples selected for testing varied from approximately 22 percent to approximately 56 
percent, with an average of approximately 39 percent. Soil plastic limit values varied from 
approximately 12 percent to approximately 30 percent, with an average soil plastic limit 
value of was approximately 22 percent. Soil natural moisture content values varied from 
approximately 11.4% to approximately 34.8%. The soil will typically flow as a heavy 
viscous fluid at the liquid limit. Soil strength values decrease rapidly as the soil moisture 
content exceeds the plastic limit. 
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7.2 Triaxial Shear Test Data Summary 
 
Five (5) samples of soil obtained from the Shelby tube sampling were selected for 
consolidated, undrained, effective stress triaxial shear testing. Samples were collected 
from each of the borings. The results of the triaxial shear testing may be seen in the 
following table. 
 

Table V – Triaxial Shear Test Data Summary 
 

Boring 
Number 

Sample 
Depth, Ft. 

Wet 
Density, 

PCF 

Water 
Content - 

% 

Effective 
Cohesion 
– PSF 

Effective 
Phi Angle 
– Degrees 

Initial Void 
Ratio* 

A-2 22’ – 24’ 118.8 32.7 1575 16.0 0.8841 

A-3 2’ – 5’ 140.1 12.2 265 53.7 0.3244 

A-5 18’ – 20’ 121.1 29.9 1828 16.8 0.8088 

A-6 6’ – 8’ 135.3 16.9 616 25.8 0.4573 

A-7 13’ – 15’ 119.5 31.6 1173 26.4 0.8555 
*Based on assumed specific gravity of 2.65. 

 
The results of the triaxial shear testing were used for slope stability analysis for the slope 
located on the south side of Amherst Road, between the road and CSX rail line. The 
results of the slope stability analysis are discussed in the following section. 
 
 

8.0 SLOPE STABILITY ANALYSIS 
 
Our stability analysis was completed using Slide (version 5.044) 2D Limit Equilibrium 
Slope Stability Analysis Software by Rocscience, Inc. Slide was developed to handle 
slope stability problems utilizing a number of methods. A circular search (global slope 
stability) using the Bishop Simplified and Spencer method of slices was utilized in the 
analysis of the slope. Three typical cross sections of the existing site was adapted from 
topographic data collected at the site by our firm. The existing slope geometry at each of 
the three cross sections along with estimated traffic loading was used in our analysis. 
Subsurface data utilized in our analysis is based on data obtained from site 
reconnaissance, soil auger borings, laboratory plasticity testing, and triaxial shear testing. 
 
The stability of slopes is discussed in terms of factor of safety values. Factor of safety 
values are the ratio of the soil driving force to the soil resisting force. The driving force 
consists of the weight of the soil or rock mass, plus any surcharge loading such as from 
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roadway traffic. The resisting force is the strength of the in-place soil or rock mass (soil 
friction angle and cohesion).  
 
Based on our past experience and data from published engineering texts, we offer the 
following general guidelines for evaluation of slope stability factor of safety values. At a 
factor of safety of less than 1, a slope failure can be expected. At a factor of safety of 
between 1 and 1.1, slope failures are common. At a factor of safety of between 1.1 and 
1.25, slope failures do occur. At a factor of safety of greater than 1.25, slope failures 
almost never occur. The greater the factor of safety value, the less likely that a failure will 
occur. In their text entitled Soil Mechanics, T. W. Lambe and R. V. Whitman provide the 
following guidelines “For intact homogenous soils, when the strength parameters have 
been chosen on the basis of good laboratory tests and a careful estimate of pore pressure 
has been made, a safety factor of at least 1.5 is commonly employed. With fissured clays 
and for non-homogenous soils larger uncertainties will generally exist and more caution 
is necessary.” The on-site, in-place soils are non-homogenous. Data representing the in-
place soil and rock is believed to be generally representative of the in-place soil. 
 
Based on the guidelines as outlined above, we recommend that a Factor of Safety of >1.5 
be established as the minimum allowable slope stability. This recommendation also 
considers that the slope provides support to a roadway, and slope failure could encroach 
onto CSX rail lines. 
 
The results of our stability analysis of the existing slope are summarized in the following 
table. Illustrations of our analysis are included with this report. 
 

Table VI – Slope Stability Analysis Summary 
 

Boring Location Factor of Safety (FS) 

A-2 4.573 

A-3 1.883 

A-5 5.186 

A-6 2.507 

A-7 4.108 

 
Based on the results of the testing performed, in our professional opinion the results of 
the testing performed indicate that the existing slope is stable with respect to mass 
instability. A global slope failure is not predicted to occur. 
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As described above, we did observe raveling and sluffing of the slope surface. There are 
sections where the shoulder and edge of the paved portion of the road have been lost. 
As such, while the slope is stable with regard to mass movement, loss of the roadway 
due to erosion and sluffing of the exposed outer surface material is occurring. 
 
As per our discussion with you, we understand that it is desirable to re-establish a portion 
of the roadway shoulder and the asphalt paved road. Also, it is desirable to construct a 
guard rail along the south shoulder, at the crest of the slope leading down to the railroad. 
 
In this regard we have considered several methods of slope retention to allow the 
shoulder reconstruction. Most methods would allow re-establishment of the roadway 
shoulder and construction of a guard rail system, and would add to the slope stability 
factor-of-safety value. However; given the existing “good” slope stability factor-of-safety 
values, in our opinion many of the considered systems would be costly without meaningful 
benefit. 
 
One system that was considered, and is recommended, is the use of Gabion Baskets 
placed at the crest of the slope to allow the roadway shoulder to be widened and a guard 
rail system to be constructed. The attached sketch graphically depicts our recommended 
stabilization technique. 
 
A slope stability analysis was performed using the Maccaferri Inc. GawacWin slope 
stability analysis program. The results of the analysis indicates an overall stability safety 
coefficient of 1.80. With respect to sliding and overturning of the Gabion baskets, the 
results of the analysis indicates factors of safety of greater than 10.0. The results of our 
analysis are included within the appendix of this report.  
 
A temporary construction slope with a slope geometry of 0.5H:1V and a maximum height 
of 10 feet was evaluated utilizing Slide. The temporary slope was modeled based on data 
obtained from soil auger borings, laboratory plasticity testing, and triaxial shear testing. 
The results of the temporary slope stability analysis indicate a factor of safety coefficient 
of 1.611. The results of our analysis are included within the appendix of this report. 
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9.0 RECOMMENDATIONS 
 
We offer the following geotechnical engineering recommendations for stabilization and 
reconstruction of the roadway shoulder, and placement of a guard rail system. Our 
recommendations are based on our site visit, review of available topographic and 
geologic mapping, field exploration, laboratory testing and engineering analysis. 
 
9.1 Roadway Preparation 
 
We recommend that the roadway shoulder be widened and stabilized using Gabion 
baskets placed at the crest of the slope. A sketch that graphically depicts our 
recommended stabilization technique is included with this report. 
 
In preparation for the areas where the roadway shoulder needs to be re-established, we 
recommend that the southernmost (eastbound) traffic lane and proposed shoulder area 
be undercut down to firm, stable soil. The depth of undercut will be dependent on existing 
site topography, and the required depth to establish a 3-foot wide shoulder. We estimate 
undercut depths ranging from approximately 3 feet to approximately 6 feet below finished 
subgrade elevation in order achieve a suitable bearing area for the Gabion baskets. The 
existing asphalt pavement should be saw-cut prior to excavation. 
 
The temporary construction excavation behind the wall should be sloped no steeper than 
0.5H to 1V, or otherwise braced. The temporary construction slope should be constructed 
no taller than 8 feet vertically. Traffic barriers should be placed along the crest of the 
excavation. Truck traffic and other heavy loads should not be allowed behind the 
temporary construction excavation. We recommend that truck traffic and other heavy 
traffic loads be diverted around the construction area.  
 
Once the lane and shoulder has been undercut to the necessary depth, the upper 6 inches 
of the in-place soil at the undercut level should be reworked and recompacted to a 
minimum of 95% Standard Proctor maximum dry density. Once reworked and 
recompacted the surface of the subgrade should be smoothed/leveled to remove clods, 
low areas, etc. Fine grading should be performed as necessary to ensure that the area 
has been adjusted to the proper elevation. ASTM C 33 size No. 57 crushed limestone 
gravel should be used as bedding and backfill material. The No. 57 sized stone should 
be compacted to the equivalent of a minimum of 95% Standard Proctor maximum dry 
density. Backfill lift thickness should be limited to a maximum of 12 inches, loose. In-place 
density testing should be performed concurrent with fill placement to ensure that the 
required compaction is achieved. 
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Once the surface has been smoothed, the bottom and sides of the excavation should be 
lined with a minimum 8-ounce per square yard weight non-woven geotextile. The 
geotextile should be placed hand-tight, such that wrinkles and grabs are removed. The 
geotextile should be lapped a minimum of 2 feet between roll widths and at the ends of 
the rolls.  
 
Once prepared as outlined above, the Gabion baskets should be constructed and filled. 
Gabion baskets are typically sized 3 feet wide; and range in height from 1 foot to 3 feet; 
and range in length from 4.5 feet to 12. The Gabion baskets should be constructed, filled, 
and set into place as per the Gabion basket manufacturer’s specifications, and City of 
Knoxville technical specifications. The Gabion baskets should be filled with clean, 
crushed limestone cobbles (particle size range 5” - 12”). The Gabion baskets should be 
set into place, with the baskets placed lengthwise back beneath the roadbed.  
 
A drain should be placed behind the baskets to ensure no ponding of water occurs. The 
drain system should consist of a perforated pipe, surrounded by No. 57 sized stone, with 
stone and pipe encased in a non-woven drainage geotextile. The drainage pipe should 
be sloped to ensure that positive drainage is maintained. All backfill material placed 
behind the Gabion baskets should consist of size No. 57 stone. 
 
9.2 Pavement Repair 
 
Once the Gabion baskets have been constructed up to finished subgrade elevation as 
outlined above, we recommend that the roadway undercut/backfilled area be covered 
with a high modulus geotextile, such as Propex Geotex 315ST. The geotextile should be 
placed and secured in tension to ensure that wrinkles and grabs are removed. Successive 
sheets should be lapped a minimum of 2 feet. 
 
Once the geotextile has been placed and secured, the geotextile should be covered with 
4 inches of ASTM C-33 No. 57 stone. The No. 57 stone should be compacted to the 
equivalent of a minimum of 95% Standard Proctor maximum dry density. 
 
With the roadway prepared as outlined above, we recommend that the roadway asphalt 
pavement section be replaced utilizing the following section thicknesses.  
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Table VII – Asphalt Pavement Section Thickness 
 

Pavement Course Thickness, inches 

Tennessee Department of Transportation 
(TDOT) Specifications 

Amherst Road 

Asphalt Surface Course – TDOT 411D 1.5” 

Asphalt Base Course – TDOT 307BM 3.0” 

Aggregate Base – TDOT 303D 8.0” 

 

The aggregate base should consist of a crushed limestone meeting the requirement of 
the Tennessee Department of Transportation (TDOT) specification for Mineral Aggregate 
Base, Section 303, for Type “A” base, Class “A” aggregates, utilizing aggregate gradation 
“D”. The aggregate base should be compacted to a minimum of 100% of its maximum dry 
density as determined by the Standard Proctor test, ASTM D698. 
 
The asphaltic base course should meet the specifications of TDOT, Section 307, 
Bituminous Plant Mix Base. The aggregates for the base course should meet the 
gradation requirements of Grading “B” Modified.  
 
The asphalt surface course should meet the specifications of TDOT 411, Asphaltic 
Concrete Surface, the aggregates for the mixture meeting the requirements of Grading 
“D”. 
 
The asphalt surface and base courses should be compacted to a minimum of 92% of their 
maximum theoretical density (MTD), ASTM D2041. 
 
The materials and placement method for the aggregate base and asphaltic surface and 
base courses should meet the specifications of the Tennessee Department of 
Transportation (TDOT) Road and Bridge Specifications. 
 
The new pavement should be sloped to taper/feather into the surrounding (existing) 
pavement such that the existing pavement slope and pavement drainage patterns are 
maintained. A slight crown in the pavement surface elevation over the center of the 
roadway is preferred; but, only if overall “existing” pavement drainage can be maintained. 
Under no circumstances should the repair area be left as a topographic “low” area, with 
water draining to and ponding in the repair area.  
 
The guardrail may be reinstalled and anchored into the Gabion shoulder utilizing a formed 
(sono-tube) concrete base. 
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9.3 Erosion Control Measures 
 
The remaining slope located south (down gradient) of the Gabion baskets and roadway 
should be protected from erosion. We recommend that the slope be protected utilizing a 
turf reinforcement mat, such as Propex, Inc. Landlok TRM 1060 or engineer-approved 
equal. Installation of the turf reinforcement mat should be performed in accordance with 
the manufacture’s specifications. Fine grading should be performed on the down gradient 
slope to ensure that the slope is no steeper than 1H:1V prior to placement of the mat. The 
seed selected for growth on the on the slope should meet CSX Railway and City of 
Knoxville requirements.  
 
 

10.0 ESTIMATED COSTS 
 
Based on the results of the subsurface exploration, preliminary design work, and similar 
past projects, we offer the follow cost estimate breakdown for construction and quality 
control services in order to carry out the recommendations outlined within this report. This 
estimate does not include the costs of permits, flagmen, insurance, etc. that will be 
required by the CSX railway. 
 
 

Table VIII – Engineers Estimate 
 

Service Estimated Cost 

Construction $325,000.00 

Quality Control Services $32,500.00 

Total $357,500.00 

 
 
 

11.0 ADDITIONAL RECOMMENDED WORK 
 

Based on our familiarity with the site and the geotechnical considerations present, we 
believe that we are uniquely qualified to provide construction observation services during 
site grading and future building construction. We recommend that our firm be retained to 
provide quality control testing and observation services during construction. 
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12.0 GENERAL QUALIFICATIONS 
 
This report has been prepared for the exclusive use of the City of Knoxville. This report 
has been prepared in accordance with generally accepted geotechnical engineering 
practice. Any conclusions and recommendations contained in this report are based upon 
applicable standards of our practice in this geographic area at the time this report was 
prepared. No other warranty, expressed or implied, is made. Foundation Systems 
Engineering, P.C is not responsible for any claims, damages, or liability associated with 
any other party’s interpretation of this report’s subsurface data or reuse of this report’s 
subsurface data or engineering analysis without our express written authorization, nor for 
the conclusions, opinions, or recommendations made by others based on these data. 
 
The analyses and recommendations submitted herein are based, in part, upon the data 
obtained from our site visit and the subsurface exploration. The nature and extent of 
variations between the borings will not become evident until repair/stabilization. If 
variations appear evident, then it will be necessary to re-evaluate the opinions and 
recommendations contained in this report. In the event that any change in the nature, 
design, location, evaluation, etc. of the roadway shoulder failure occurs, the conclusions 
and recommendations contained in this report will not be considered valid unless the 
changes are reviewed and conclusions modified or verified in writing.  
 
If any subsurface variations become evident, a reevaluation of the opinions contained in 
this report will be necessary after we have had an opportunity to observe the 
characteristics of the conditions encountered. Any and all variations from the above 
outlined recommendations are considered as “material” changes/variations, and the 
recommendations and opinions contained in this report will not be considered valid unless 
these changes/variations are reviewed and conclusions modified or verified in writing. 
 
This report should not be made a part of project plans and specifications; but may be 
included with bidding documents for the convenience of the bidders. 
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Slope Stability Analysis – Slide v. 5.0 
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Gabion Wall Anlaysis – GawacWin 2003 
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Boring Location Plan & Auger Boring Records
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