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Available Subsurface Information  1 

A site visit was made on September 17, 2018.  The information collected from the site visit 2 

is that the location is existing farm land and has minimal elevation change. The site is private 3 

property, so observations could only be made from the shoulder of Wilkinsville Road.  Information 4 

on the Soil surface was available on the Tennessee Virtual Archive (TeVA). TeVA’s website 5 

displays a Shelby County Tennessee soil map of 1916. The map specifies the primary surface soils 6 

that are present around the proposed construction site location. These soils are shown to be 7 

predominately silt loam and Memphis silt loam. Additional information pertaining to the 8 

subsurface soil was found on the Web Soil Survey website. The data displayed below corresponds 9 

to the proposed construction site location.   10 

 11 

Table 1. 12 Typical 

Soil 13 Profile 

Preliminary Model of Subsurface  14 

The subsurface model displayed below (Figure 1.) corresponds to the information gathered 15 

from Web Soil Survey. The first 5 ft. of soil consist of silt loam. The location has an annually 16 

fluctuating ground water level that varies between 1 ft. to 2 ft 4 in. in depth. Silt soils are not ideal 17 

for shallow foundations and will most likely need to be cut and filled with more stable material. 18 

Silt soil has a tendency to retain moisture and drains poorly. The retention of water causes the silty 19 

soil to expand, pushing against a foundation and weakening it, making it not ideal for support. 20 

However, Loam is the ideal soil type. Typically, it’s a combination of sand, silt and clay. Loam is 21 

great for supporting foundations because of its evenly balanced properties, especially how it 22 

maintains water at a balanced rate. Loam is a good soil for supporting a foundation and should 23 

allow the engineer to design a shallow foundation. The laboratory testing results will determine if 24 

the silt loam near the surface will need to be cut and filled with new soil. 25 

Typical Subsoil Profile 

Depth Soil Type 

0 to 7 inches Silt Loam 

7 to 28 inches Silt Loam 

28 to 50 inches Silt Loam 

50 to 60 inches Silt Loam 



1 

Figure 1. Interpreted Soil Profile 2 

Required Soils Needed for Design and Construction  3 

With the proposed site being in Shelby County Tennessee, sand’s, silt’s, and clays are all 4 

possible subgrade soils. A slab or continuous wall foundation was originally planned for this 5 

building. This plan is possible if lab tests conclude the existing soil is capable of supporting a 6 

shallow foundation. If the lab tests conclude the soil is not capable of supporting the shallow 7 

foundation, the location must undergo preliminary earth work before the foundation could be 8 

constructed. Preliminary earth work would involve removing the undesirable soil and replacing it 9 

with the appropriate soil type necessary to meet the foundations needs. If the silt loam soil is shown 10 

through laboratory testing to be a unstable soil and earth work/cut and fill is greater than a depth 11 

of 10 ft., the excessive preparation work may make a shallow foundation unappealing. If the 12 

situation occurs, where the sub soil is inferior in bearing capacity and settlement, a deep foundation 13 

will need to be considered. Firm clays, loam, or sand near the soil surface would be ideal for a 14 

shallow/continuous wall foundation.  15 

  16 



Proposed Boring Location Plan  1 

The construction site for the proposed I69 rest area has been chosen. However, the layout 2 

for the building and parking lot has not been finalized. For this reason, the boreholes for this 3 

project will be laid out in a grid pattern that extends 200 meters (656 ft. 2 in.) by 400 meters 4 

(1312 ft. 4 in.). The proposed rest area layout is approximately 180 meters (590 ft. 6 in.) by 300 5 

meters (984 ft. 3 in.). The larger borehole grid pattern will allow the engineers to change the 6 

layout of the rest area and may alleviate the need for drilling more boreholes. The grid spacing 7 

was chose based off the Table 2. shown below. 8 

Table 12.2 Approximate Spacing of Boreholes (Das) 

Type of project Spacing (m) 

Multistory building 10 – 30 

One-story industrial 

plants 
20 – 60 

Highways 250 – 500 

Residential subdivisions 250 – 500 

Dams and dikes 40 – 80 

Table 2. Borehole Spacing 9 

The type of construction for the I-69 rest area is similar to a residential subdivision, but if 10 

a spacing of 250 meters (820 ft. 3 in.) was chosen there would only be one borehole within the 11 

proposed site layout, and most of the soil borings would be on the outer bounds of the proposed 12 

layout. For those reasons, a grid spacing between the boreholes will be 100 meters (328 ft. 1 in.). 13 

This spacing will result in a more detailed subsurface investigation, see the attached map (Figure 14 

2.) for borehole locations. The number of boreholes confined to the grid will be 14. The center of 15 

the grid will overlap with the center of the proposed site layout maximizing the subsurface soil 16 

sampling for the available building area. There will be 4 additional boreholes for the building 17 

that will be placed 5 ft. away from the corners of the proposed building location. There is a total 18 

of 18 boreholes that will complete the subsoil investigation. After all soil sample are recovered, 19 

the boreholes confined to the grid will be backfilled with bentonite pellets. The 4 boreholes for 20 



the proposed building subsoil investigation will be backfilled with grout. Prior to soil 1 

investigation boring, surveyors will be hired to locate and stake the proposed borehole locations.  2 

Boring Depths  3 

The depth of boreholes will be calculated according to Sowers and Sowers (1970). The 4 

calculations in the table below represent two types of buildings. Both calculations will be 5 

examined, and the most practical borehole depth will be chosen.  6 

Db=3S0.7 (for light steel or narrow concrete buildings) Equation (12.1) Das 

Db= 6S0.7 (for heavy steel or wide concrete buildings) Equation (12.2) Das 

Table 2. Boring Depth Equations  7 

Where:  8 

Db = depth of boring (m) 9 

S = number of stories 10 

The borehole depth for light steel buildings results in a depth of 3 meters (9.84 ft.). The 11 

borehole depth for heavy steel buildings results in a depth of 6 meter (19.69 ft.). If the light steel 12 

calculation was chosen for the borehole depth, assuming Web Soil Survey’s data is correct, the 13 

engineer would only gain information on the next 5 ft. of subsoil. There will be large stresses 14 

placed on the soil from the building and the tractor trailer parking lot. For this reason, the 15 

borehole depth for the grid will comply with the heavy steel building calculation. The depth of 16 

the boreholes confined to the grid will be 20 ft. in depth. The boreholes that are placed for the 17 

building will have locations that diverge from the grid and will go down to deeper depths. The 18 

building boreholes will have a minimum depth of 20 ft. If firm soil is not found in the first 20 ft., 19 

the borings shall continue until firm ground is reached. The deeper depth of the building 20 

boreholes is meant to protect the building from any unexpected soil layers that could increase the 21 

settlement. 22 

Field Tests  23 

Field testing will be performed to gain information on the subsoil’s friction angle (ø’), 24 

unit weight (), and ground water level. The test that will be completed in the field is the 25 

Standard Penetration Test (SPT). The SPT samples will be recovered every 1.5 meters (5 ft.). If 26 

soil sample recovery is unsuccessful due to a granular type of soil, it is advised that a spring core 27 

catcher be placed inside the split spoon sampler. The results of the SPT will give the soils N-28 



value that will allow the engineer to determine the soils unit weight (), and friction angle (ø’). 1 

When cohesive soil is encountered, Soil samples will be recovered using thin walled 2 

tubes/Shelby tubes. Like the SPT, the Shelby tube samples will be recovered every 1.5 meters (5 3 

ft.) when applicable. The unit weight of the soil and the ground water level are necessary for 4 

calculating the effective stress (σ’o) of the soil. The Shelby tubes will allow the lab to receive 5 

undisturbed soil samples for testing consolidation, and undrained shear strength. 6 

Laboratory Tests  7 

The lab tests will allow the engineer to obtain the remaining soil parameters that are 8 

necessary to size the building foundation based on settlement and bearing capacity. The tests to 9 

be performed in the laboratory will include the in-situ water content test, sieve analysis, 10 

Atterberg limits, consolidation test, and the unconfined compressive test. All tests will be 11 

executed in compliance with ASTM specifications. The in-situ water content test is necessary for 12 

the engineer to understand the natural subsoil conditions that will influence the soils strength, 13 

settlement, and bearing capacity. A sieve analysis will also be completed to attain information on 14 

the subsoil particle gradation. The soil samples will also be tested for Atterberg Limits. The 15 

Atterberg limits test will allow the computation of the subsoils Liquid Limit (LL), Plastic Limit 16 

(PL), and Plasticity Index (PI). With Sieve Analysis and Atterberg Limits tests completed, the 17 

recovered subsoil samples will then be assigned the appropriate soil classification. Disturbed soil 18 

samples recovered from the SPT will suffice for in-situ water content, sieve analysis, and 19 

Atterberg Limit tests. The one-dimensional consolidation test, and the unconfined compressive 20 

strength test will both be performed using the soil samples recovered by Shelby tubes. The 21 

consolidation test will quantify both the ultimate amount of settlement and the time rate of 22 

settlement in the soil layers.  Using laboratory derived parameters, field settlement behavior of 23 

the soil layer can be predicted. The results from the consolidation test will allow the calculation 24 

of the compression index (Cc), recompression index (Cr), and void ratio (eo). The Unconfined 25 

compressive strength test will be performed to measure the unconfined compressive strength (qu) 26 

and undrained shear strength (su) of normally consolidated and slightly over consolidated 27 

cylindrical specimens of cohesive soil.  The information attained from the unconfined 28 

compressive test is used to estimate the bearing capacity of spread footings and other structures 29 

when placed on deposits of cohesive soil. The completion of the previously described tests will 30 

allow the engineer to size a foundation based on bearing capacity and settlement. 31 



APPENDIX C: TRANSPORTATION 1 

C.1 Car Parking Alternative 1: Conventional Parking 2 
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C.2 Car Parking Alternative 2: Angular Parking 1 
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C.3 Car Parking Alternative 3: Angular Parking Along the Curb 1 
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C.4 Site Layout Alternative 1: Outward-Oriented Design 1 
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C.5 Site Layout Alternative 2: Inward-Oriented Design 1 

  2 



C.6 Site Layout Alternative 3: Mixed Design 1 
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C.7 User Comfort Guidelines 1 

*Adopt from  2 
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C.8 Optimum Parking Stall Analysis 1 
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C.9 Distances Between Area Analysis 1 
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*Figure is not to scale  3 



C.10 Horizontal and Vertical Alignment of Entrance and Exit Ramp 1 
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*Figure Not To Scale4 



C.11 Parking Capacity Calculation 1 
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