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Rule High School is located in the north Knoxville neighborhood known as
Mechanicsville. It was built in 1927 and occupied until 1990. The school closed and has since
been abandoned except for a small section still used by the City of Knoxville. Rule High School
sits atop of a hill that boasts some of the best views of downtown Knoxville, and has significant
cultural and historical value. The campus includes a 2-story school building and an adjacent
football field. It is located in a neighborhood of government and low-income housing, but the
Community Design Center (CDC) would like to begin planning to rehabilitate the building and
revitalize the area. Our task was to perform and engineering assessment of the campus.

After 23 years of abandonment the school is falling apart in some places and the interior
needs to be completely gutted and renovated. However, the structural components of the building
seem to be in adequate condition. Because of the significant damage, degradation, and vandalism
of the building, as well as the scale of the project, our group chose to propose a renovation of the
adjacent football stadium in the hopes of revitalizing the area by providing a public place for
recreation and community sports. The site consists of existing concrete bleachers, a concessions
facility, asphalt track, and football field.

After a preliminary site visit we identified some key deficiencies of the site that included
drainage, access, and structural problems. We divided our group into sub-teams to address each
problem and design a solution. The proposed new structures were as follows:

* New drainage system to capture rainwater and runoff to reuse in irrigation

* New retaining wall and pedestrian ramp to provide access from a new parking lot to the
site

* New concessions and restroom facility

* New press box and storage structure

* New welcome sign and scoreboard

I was in charge of the site plan, site layout and ultimately a new retaining wall structure. A key
component that we wanted to address was ADA (American Disability Act) compatibility in all of
our structures. Handicap access does not exist for all elements of the site right now, so we
wanted to improve accessibility. We also wanted to allow the site to be used for community
recreation leagues by building a press box, new scoreboard, and restroom and concessions
facilities. The goal of this project is to give the community a safe, well constructed, and easy to
access place for after school recreation and community sports leagues.

Under the direction of Dr. Jennifer Retherford we designed the proposed structures for
the site. The following document contains site plan, detail drawings, and calculations for the
retaining wall for this project. This new entry way provides access from the new parking lot to
the site and makes the site accessible for those with disability by being in compliance with ADA.
The reinforced concrete retaining wall dimensions and design is shown and all calculations were
performed in accordance with ACI 318 and ASCE 7. I produced all of the material included, and
it embodies a complete engineering design. We presented our final design proposal to faculty,
staff and students from the Department of Civil Engineering, as well as local practicing

engineers on April 24, 2013. Our proposal was very well received and we ultimately received an
A for CE 400.
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Retaining Wall-Geotechnical Design Calculations
Foust

Section 1 Top of Ramp

Soil and Material Properties

Ys= 110 pcf unit weight of soil [Coduto 126]
Yg= 130 pcf unit weight of gravel [Coduto 126]
Yc= 150 pcf unit weight of concrete

thetas= 28 degrees  soil friction angle

thetag= 34 degrees  gravel friction angle

Ksoil= 0.361033 soil coefficient of active earth pressure (Rankine)

Kgravel= 0.282715 gravel coefficient of active earth pressure (Rankine)

Gh= 39.71368 pcf soil equivalent horizontal fluid unit weight

Gv= 39.71368 pcf soil equivalent vertical fluid unit weight [Coduto 776]
Gh= 36.75294 pcf gravel equivalent horizontal fluid unit weight

Gv= 36.75294 pcf gravel equivalent vertical fluid unit weight

u= 0.35 coefficient of friction [Coduto 277]
Dimensions

H= 6.33333 ft. back wall height

H'= 6.33333 ft. front wall height

Hs= 6 ft. backfill height

Hs'= 1.5 ft. frontfill height

hg= 4.833331 ft. gravel fill height

hf= 0.666666 ft. footing thickness

htb= 0.333333 ft. toe board height

wt= 0.666666 ft. wall width

wr= 4 ft. ramp width

wh= 2 ft. heel length

ds= 0.5 ft. slab thickness

Loads Moment Arms about Toe

Wifl= 633.3324 Ib/ft footing weight 1 0.333333 ft.

Wif2= 399.9996 Ib/ft footing weight 2 2.666666 ft.

Wif3= 633.3324 Ib/ft footing weight 3 4.999999 ft.

Wf4= 199.9998 Ib/ft footing weight 4 6.333332 ft.

Wg= 2513.332 Ib/ft gravel fill weight 2.666666 ft.

Wslab= 300 Ib/ft slab weight 2.666666 ft.

Ws= 2036.667 Ib/ft backfill weight 6.333332 ft.

g= 250 Ib/ft surcharge load 6.333332 ft.

theta= 70.67873 Ib/ft surcharge pressure 3 ft.

LL= 100 Ib/ft live load 2.666666 ft.

Pa/b= 661.5529 Ib/ft active lateral earth pressure 2 ft.

Va/b= 661.5529 Ib/ft shear earth pressure 6.333332 ft.



Pp/b 44.67789 Ib/ft passive lateral earth pressure 0.5 ft.

Qa/b 424.0724 Ib/ft surcharge lateral earth pressure 3 ft.

Stability [Coduto 276]
Bearing

Pf/b= 1500 psf allowable bearing capacity 1.416309

W/b= 1059.091 psf avg. bearing pressure

W/b= 1348.654 psf max bearing pressure* from geotechnical load calculator (worst case)
FS= 3.33666 factor of safety bearing

Sliding

Vf/b= 2710.51 Ib. resisting forces

Pa/b 1085.625 Ib. driving forces

FS= 2.496727 factor of safety sliding

Overturning

Mr/b
Md/b

FS=

30367.88 Ib.-ft./ft.
2595.323 Ib.-ft./ft.

resisting moments
driving moments

factor of safety
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Section |

Retaining Wall-Geotechnical Design Calculations

2 |Midd|e Landing

Soil and Material Properties

Foust

Ys= 110 pcf unit weight of soil [Coduto 126]
Yg= 130 pcf unit weight of gravel [Coduto 126]
Yc= 150 pcf unit weight of concrete

thetas= 28 degrees  soil friction angle

thetag= 34 degrees  gravel friction angle

K= 0.361033 soil coefficient of active earth pressure (Rankine)

K= 0.282715 gravel coefficient of active earth pressure (Rankine)

Gh= 39.71368 pcf soil lequivalent horizontal fluid unit weight

Gv= 39.71368 pcf soil equivalent vertical fluid unit weight [Coduto 776]
Gh= 36.75294 pcf gravel equivalent horizontal fluid unit weight

Gv= 36.75294 pcf gravel equivalent vertical fluid unit weight

u= 0.35 coefficient of friction [Coduto 277]
Dimensions

H= 6.33333 ft. back wall height

H'= 4.04333 ft. front wall height

Hs= 6 ft. backfill height

Hs'= 15 ft. frontfill height

hg= 2.54333 ft. gravel fill height

hf= 0.666667 ft. footing thickness

htb= 0.333333 ft. toe board height

wt= 0.666667 ft. wall width

wr= 4 ft. ramp width

wh= 2 ft. heel length

ds= 0.5 ft. slab thickness

Loads Moment Arms about Toe

Wfl= 404.333 Ib/ft footing weight 1 0.333333 ft.

Wif2= 400 Ib/ft footing weight 2 2.666667 ft.

Wf3= 633.333 Ib/ft footing weight 3 5 ft.

Wif4= 200 lb/ft footing weight 4 6.333333 ft.

Wg= 1322.532 Ib/ft gravel fill weight 2.666667 ft.

Wslab= 300 Ib/ft slab weight 2.666667 ft.

Ws= 2036.667 Ib/ft backfill weight 6.333333 ft.

g= 250 Ib/ft surcharge load 6.333333 ft.

theta= 70.67873 Ib/ft surcharge pressure 3 ft.

LL= 100 Ib/ft live load 2.666667 ft.

Pa/b= 661.5529 Ib/ft active lateral earth pressure 2 ft.

Va/b= 1161.553 Ib/ft shear earth pressure 5.333333 ft.

Uy



Pp/b 44.67789 Ib/ft passive lateral earth pressure 0.5 ft.
Qa/b 424.0724 b/ft surcharge lateral earth pressure 3 ft.
Stability [Coduto 276]
Bearing

Pf/b= 1500 psf allowable bearing capacity

W/b= 845.027 psf bearing pressure

FS= 5.325274 factor of safety bearing

Sliding

Vf/b= 2213.58 Ib. resisting forces

Pa/b= 1085.625 driving forces

FS= 2.038991 factor of safety sliding

Overturning

Mr/b
Md/b

FS=

27116.09 Ib.-ft./ft.
2595.323 Ib.-ft./ft.

resisting moments
driving moments

factor of safety

.04




Retaining Wall-Geotechnical Design Calculations
Foust

Section 3 Bottom of Ramp

Soil and Material Properties

Ys= 110 pcf unit weight of soil
Yg= 130 pcf unit weight of gravel [Coduto 126]
Yc= 150 pcf unit weight of concrete [Coduto 126]
thetas= 28 degrees  soil friction angle
thetag= 34 degrees  gravel friction angle
K= 0.361033 soil coefficient of active earth pressure (Rankine)
K= 0.282715 gravel coefficient of active earth pressure (Rankine)
Gh= 39.71368 pcf soil lequivalent horizontal fluid unit weight
Gv= 39.71368 pcf soil equivalent vertical fluid unit weight
Gh= 36.75294 pcf gravel equivalent horizontal fluid unit weight [Coduto 776]
Gv= 36.75294 pcf gravel equivalent vertical fluid unit weight
u= 0.35 coefficient of friction
[Coduto 277]
Dimensions
H= 6.33333 ft. back wall height
H'= 1.83333 ft. front wall height
Hs= 6 ft. backfill height
Hs'= 15 ft. frontfill height
hg= 0.333397 ft. gravel fill height
hf= 0.6666 ft. footing thickness
htb= 0.333333 ft. toe board height
wt= 0.666666 ft. wall width
wr= 4 ft. ramp width
wh= 2 ft. heel length
ds= 0.5 ft. slab thickness
Loads Moment Arms about Toe
Wif1l= 183.3328 Ib/ft footing weight 1 0.333333 ft.
Wf2= 399.96 Ib/ft footing weight 2 2.666666 ft.
Wif3= 633.3324 Ib/ft footing weight 3 4.999999 ft.
Wf4= 199.98 Ib/ft footing weight 4 6.333332 ft.
Wg= 173.3664 lb/ft gravel fill weight 2.666666 ft.
Wslab= 300 Ib/ft slab weight 2.666666 ft.
Ws= 2036.684 Ib/ft backfill weight 6.333332 ft.
q= 250 lb/ft surcharge load 6.333332 ft.
theta= 70.67873 Ib/ft surcharge pressure 3 ft.
LL= 100 lb/ft live load 2.666666 ft.
Pa/b= 661.5529 Ib/ft active lateral earth pressure 2 ft.
Va/b= 661.5529 Ib/ft shear earth pressure 5.333332 ft.



Pp/b= 44.67789 Ib/ft passive lateral earth pressure 0.5 ft.

Qa/b= 424.0724 b/ft surcharge lateral earth pressure 3 ft.

Stability

Bearing [Coduto 276]
Pf/b= 1500 psf allowable bearing capacity

W/b= 658.1804 psf -bearing pressure

FS= 6.837031 factor of safety bearing

Sliding

Vf/b= 1734.007 Ib. resisting forces

Pa/b= 1085.625 Ib. driving forces

FS= 1.597243

Overturning
Mr/b 23977.85 Ib.-ft./ft.
Md/b 2595.323 Ib.-ft./ft.

factor of safety sliding

resisting moments
driving moments

factor of safety
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Bearing Pressure Calculator- Geotechnical

Component Load (lb) x1 (ft.) M (lb-ft)

Wifl= 633.3324 6.999999 4433.326
Wf2= 400 4.666666 1866.666 r= 3.303856
WHill= 2513.332 4.666666 11728.88
LL= 700 4.666666 . 3266.666
Wif3= 633.333 2.333333 1477.777
Wf4= 200 1 200
Wsoil+Wqg= 2686.68 1 2686.684
Md/b= - - 2595.323
Total 7766.681 28255.32
e (ft.)

R= 7766.681 0.334161 28255.32 Coduto 161
gmin= 769.5322
gmax= 1348.654

Bearing Pressure B/6= 1.222222
gmin= 769.5322 psf
gmax= 1348.654 psf
Avg.= 1059.091 psf check 1059.09311

B= 7.333332 ft.

gmax= 1348.654 Ib/ft gmin= 769.5 Ib/ft

e_.___
x1



Bearing Pressure Calculator- Structural

Component Load (lb) x1 (ft.) M (Ib-ft) Load Factor Mu (lb-ft)
Wfl= 633.3324 6.999999 4433.326 1.2 5319.99
Wf2= 400 4.666666 1866.666 1.2 2240
Wfill= 2513.332 4.666666 11728.88 1.2 14074.7
LL= 700 4.666666 3266.666 1.6 5226.67
Wf3= 633.333 2.333333 1477.777 1.2 1773.33
Wf4= 200 1 200 1.2 240
Wsoil+Wg= 2686.68 1 2686.684 1.6 4298.69
Md/b= - - 2595.323 1.6 4152.52
Total 10674.69 28255.32 37325.9
e (ft.)

R= 10674.69 0.389006 28255.32 37325.9 Coduto 161
gmin= 992.3425
gmax= 1918.937

Bearing Pressure B/6= 1.222222
gmin= 992.3425 psf
gmax= 1918.937 psf
Avg.= 1455.64 psf

Fac. Load

759.9988
480
3015.999
1120
759.9996
240
4298.694

7.333332 ft.

gmax= 1918.937 Ib/ft

—

gmin=

x1

992.34 Ib/ft

load loc
10674.69 3.107663
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