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Nate Brusik

Lighthouse Homes

PO Box 525

Riverton, Utah 84065

Natebrusikl@gmail.com

Cc: ryan@pepg.net
ryan.dummer@pepg.net

RE: Lighthouse Heights Subdivision - Site Retaining Wall (LEI #2021-2576)

To Whom It May Concern:

QOur services have been requested to design the site retaining wall to be installed along the north
side of the storm water retention basin in the Lighthouse Heights Subdivision in Elk Ridge, Utah.
See the attached plan, details, and calculations for our recommendations.

All site and soil design (e.g. grading, drainage, etc.) is by others and LEI Engineers & Surveyors, Inc.
assumes liability for the structural design of the aforementioned site retaining wall only.
Information provided in the CMT Engineering Laboratories Geotechnical Engineering Study (project
#15559 dated 11/24/2020) and the PEPG Consulting Lighthouse Heights Subdivision Grading &
Drainage Plan (sheet C4.0 dated 8/11/2021) were used for the design of the site retaining wall.

Please call if you have any questions or concerns. Thank you.

Sincerely,

Joréan M. West, E.I.T.

LEI Consulting Engineers & Surveyors, Inc.
Attachments

Reviewed by:

« Civil if

Engineering
» Structural Jared R. Palfreyma
Engineering Principal
* Surveying

« [ and Planning

+ Landscape
Architecture

www.lei-eng.com

Corporate Office: 3302 N. Main Street * Spanish Fork, UT 84660 €801.798.0555  E801.798.9393
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STRUCTURAL ELEMENTS ONLY

- A Utah Corporation -
ENGINEERS

SURVEYORS
PLANNERS

3302 N, Main Street
Spanish Fork, UT 84660
Phone: 801.798.0555
Fax: B01,798,9393
office@lel-eng.com
www.lei-eng.com
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CONTRACTOR IS BEPOHSIBL'B FOR ALL
REQUIRED WATER STOPS, FLASHING, WATER
PROOFING, MOISTURE PROTECTION, ETC.

1 _|5'-0" RETAINING WALL

DIMENSIONS
SHOWN ON THE
STRUCTURAL
PLANS ARE FOR
CONVENIENCE
ONLY. VERIFY ALL
DIMENSIONS WITH
THE CURRENT
ARCHITECTURAL
PLANS PRIOR TO
CONSTRUCTION,

LIGHTHOUSE HEIGHTS SUBDIVISION

ELK RIDGE, UTAH

SITE RETAINING WALLS

DRAWN BY:
JMW
SCALE:

NTS
DATE:
10/12/2021

LEI PROJECT #:
2021-2576

SHEET

SR5




PALFREYMAN
No. 7942885-
2202

STRUCTURAL ELEMENTS ONLY

- A Utah Corporation -
ENGINEERS

“SURVEYORS
PLANNERS

3302 N. Main Street
Spanish Fork, UT 84660
Phone: 801.798.0555
Fax: B01.798.9393
office@lei-eng,.com
www.lel-eng.com

NOTES:

S G
%
:

i [ FINISH GRADE ks
= =[I=4
. ik \
#5 BARS @ 12" 0.C. VERTICAL—~_| = ' Il e,
#4 BARS @ 10° 0.C. OR ﬂ\\f
BARS @ 12" 0.C. HORIZONTAL \jl‘
12
0!
4|
o 12" FREE DRAINING GRAVEL W/
L+ 1 FILTER FABRIC. T0
- WITHIN 12° OF FINISHED GRADE
v.§ g
e £
A v I T
- -
|
| #5 BENT BARS @ 12° 0.C.
a . (30" MIN. LAP INTO WALL)
PROVIDE 2° DIA. SCREENED T
WEEP HOLES @ 6'-0" 0.C. b

(4) 4 BARS CONT. (TOP)

#5 BARS @ 12° O.C.
CROSSWISE (TOF)
2" CLEARANCE

2'-6" (MIN.)

1'-0°

14"

45 BARS @ 12° 0.C.
CROSSWISE (BOTTOM)

(4) #4 BARS
CONT. (BOTTOM)

g'—4"

4-8"

50 o =

f'o (WALL) = 4,500 PsI

#'c (FOOTING) = 2,500 PSI

Fy = 60,000 PSI

FOOTINGS & FOUNDATIONS, EXCAVATIONS,
GRADING, & FILL SHALL COMPLY WITH THE

2 [8'-0" RETAINING WALL

DIMENSIONS DRAWN BY:
e || LIGHTHOUSE HEIGHTS SUBDIVISION Jmw
Jﬁ’v’f‘@i’%’ﬁ“ﬁu ELK RIDGE, UTAH sﬁerSE:
R SITE RETAINING WALLS o
CONSTRUCTION, 1 0[1 2!2021

LEI PROJECT #:
2021-2576

SHEET

SR8




]

g-0" (ui)

1E1

- A Utah Corporation -

PALFREYMAN
No. 7942895— ENGINEERS
=202 SURVEYORS
FENCE AT, T 10-13-21 PLANNERS

3302 N. Main Street
Spanish Fork, UT B4660
Phone: 801.798.0555
Fax: 801.798.9393
office@lel-eng.com
www.lel-eng.com

R

#5 BARS @ 12° 0.C. VERTICAL~_|

#4 BARS @ 10° 0.C. OR 5~ |
EARS @ 12" 0.C. HORIZONTAL

PROVIDE 2° DIA. SCREENED
WEEP HOLES @ 6'-0° 0.C.

2.
3.
4,
5.
. B
¢+ - | FINISH GRADE H
e i
=]
4 ..r ||I D
it
| |
& 5
Bk
4‘ I‘1
-
4 P
SF
el
2" CLEARANCE

Lo

T g
R F
N
w
e
B £

11'-0" (MAX)

12" FREE DRAINING GRAVEL W/
FILTER FABRIC. EXTEND TO
WITHIN 12" OF FINISHED GRADE

an
&
f P

=
a

§5 BENT BARS @ 6” 0.C.
" MIN. LAP INTO WALL)

—

(6) #4 BARS CONT. (TOP)
#4 BARS @ 6° 0.C.
CROSSWISE (TOP)

/-z' CLEARANCE

2'-6" (MIN.)

—
-4

SR

=5

2 4 s ) £ o
I S ——— R — T

1'-0"

..qd =
3 £ E "
_..-‘-I - :—.‘ et — —_—— —

a 4

\-B'CLEMEE

(6) #4 BARS CONT. (BOTTOM)
g2

7'-10"

Fy = 80,
FOOTINGS & FOUNDATIONS, EXCAVATIONS,
GRADING, & FILL SHALL COMPLY WITH THE

3 |11'-0" RETAINING WALL

DIMENSIONS
SHOWN ON THE
STRUCTURAL
PLANS ARE FOR
CONVENIENCE
ONLY. VERIFY ALL

LIGHTHOUSE

HEIGHTS SUBDIVISION

ELK RIDGE, UTAH

INS WITH
THE CURRENT
ARCHITECTURAL
PLANS PRIOR TO
CONSTRUCTION,

SITE RETAINING WALLS

DRAWN BY: LEI PROJECT #:
JMW 2021-2576
SCALE:

NTS SHEET
DATE: S R1 1
10/12/2021




S

FENCE BY OTHERS

g0 uy)

STRUCTURAL ELEMENTS ONLY

PALFREYMAN
0. 7942895—
2202

- A Utah Corporation -
ENGINEERS
SURVEYORS
PLANNERS

3302 N. Main Street

Spanish Fork, UT 84660

Phone: 801.798.0555

Fax: 801.798.9393

office@lei-eng.com
www.lei-eng.com

b &
B oa

e,

#5 BARS @ 12 0.C. VERTICAL—~—_|

#4 BARS @ 10° OC. OR §5
BARS @ 12" 0.C. Eumnnm\

3

Ly
i

=k

GRADE

£

a

S
5.

bk e g 1y e

| 10"

+8°

. Tea

e
iR

A

Bt

LI

3 s
(SR
_—==

10°-0" (MAX)

2'-6" (uIV)

ey e e L T
R arramirrnbv.cind MRS
\a* cuespance
§5 BARS @ 6” O.C.
2 3 CROSSWISE (BOTTO .
G 0 2 oc— | | 7 (1) #4 BARS CONT. (BOTTON) Y
Y cmmm:\ b £
S
b,oa
o o
4-0" 5'-8"
75"

NOTES:
. f'o (WALL) = 4,500 PSI

1
2. f'c (FOOTING) = 2,600 PSI
S. Fy = 80,000 PSl

4. FOOTINGS

6. CONTRACTOR IS RESPONSIBLE FOR ALL
REQUIRED WATER STOPS, FLASHING, WATER
PROOFING, MOISTURE PROTECTION, ETC.

4 [10'-0" RETAINING WALL

DIMENSIONS
SHOWN ON THE
STRUCTURAL
PLANS ARE FOR
CONVENIENCE
ONLY. VERIFY ALL E

LK RIDGE, UTAH

LIGHTHOUSE HEIGHTS SUBDIVISION

DIMENSICNS WITH
THE CURRENT
ARCHITECTURAL
PLANS PRIOR TO
COMSTRUCTION,

SITE RETAINING WALLS

DRAWN BY: LEI PROJECT #:
JMW 2021-2576
SCALE:

NTS SHEET
S | SR10
10/12/2021




PALFREYMAN
No. 7942895—

- A Utah Corporation -

ENGINEERS
SURVEYORS

2202

STRUCTURAL ELEMENTS ONLY

PLANNERS

3302 N. Main Street
Spanish Fork, UT B4660
Phone: 801.798.0555
Fax: 801,798.9393
office@lei-eng.com
www.lei-eng.com

-
I

I 1

I 1

I 1

I 1

I 1

I

]

FENCE BY OTHERS

id

I ®
|1

I

|1

|1

Il

I 1

|

|1

11

: i

#5 BARS @ 12° 0.C. VERTICAL—__| -

#4 BARS @ 10" 0.C. OR §5
BARS @ 12" 0.C. HORIZONTAL

.,.
S
L.

7-0" (uAx)

S
a & -

—_ﬁ—

_.
1.
-

(5) #4 BARS CONT. (70F)

- a ,II ;5 mxs L4 12° 0.C.
g il / E (10F)
P 2" CLEARANCE
® . L A
| [ e,
P aIRLLIPE [
2) $4 BARS———<b \.
e s \_ 3" CLEARANCE o
EVENLY SPACED % #5 BARS @ 12" 0.C. )
T g A E {porros)
@ 12" 0C. \-(6) #4 BARS CONT. (BOTTOM)
3" CLEARANCE 1'-0" 8'-4"
2-8" -4
8-10"

NOTES:

1. f'o (WALL) = 4,500 PSI

2. f'c (FOOTING) = 2,500 PSI

3. Fy = 60,000 P

4. FOOTINGS & FOUNDATIONS, EXCAVATIONS,
GRADING, & FILL SHALL COMPLY WITH THE

PROOFING, MOISTURE PROTECTION, ETC.

5 [7'-0"RETAINING WALL

DIMENSIONS
SHOWN ON THE
STRUCTURAL
PLANS ARE FOR
CONVENIENCE
ONLY. VERIFY ALL
DIMENSIONS WITH
THE CURRENT
ARCHITECTURAL
PLANS PRICR TO
CONSTRUCTION,

LIGHTHOUSE HEIGHTS SUBDIVISION

ELK RIDGE, UTAH

SITE RETAINING WALLS

DRAWN BY: LEI PROJECT #:
JMW 2021-2576
SCALE:

NTS SHEET

DATE:
10/12/2021 S R7




PALFREYMAN
No. 7942895—
2202

STRUCTURAL ELEMENTS ONLY

1E1

- A Utah Corporation -

ENGINEERS

SURVEYORS_

PLANNERS

3302 N, Main Street

Spanish Fork, UT 84660
Phone: 801.798.0555
Fax: B01.798.9393
office@lei-eng.com
www.lel-eng.com

FENCE BY OTHERS

. :::::::::::ij_::::::::

§-0" Qun)

#5 BARS @ 12° 0.C. VERTICAL~_|" |

#4 BARS @ 10" 0.C. OR g5~_b.- 1"

BARS @ 127 0.C. HORIZONTAL

2'-6" (MIN.)

8"

4'-0 (MAY)

f
4 (6) #4 BARS CONT.
A 46 BARS @ 12° 0.C.
AN L R / §
- = . ' H ) a o
A, e B e oy ! 1
-___u'__é:" —ie = ] -
\\_
1'-4" 2'—g" 3" CLEARANCE

NOTES:

1. f'c (WALL) = 4,600 PSI

) REQUIRED WATER STOPS, FLASHING, WATER
PROOFING, MOISTURE PROTECTION, ETC.

6 [4'-0" RETAINING WALL

DIMENSIONS
SHOWN ON THE
STRUCTURAL
PLANS ARE FOR
CONVENIENCE
ONLY. VERIFY ALL
DIMENSIONS WITH
THE CURRENT
ARCHITECTURAL
PLANS PRIOR TO
CONSTRUCTION.

ELK RIDGE, UTAH

DRAWN BY:

LIGHTHOUSE HEIGHTS SUBDIVISION JMw

SCALE:

SITE RETAINING WALLS

NTS
DATE:

10/12/2021

LEI PROJECT #:
2021-2576

SHEET

SR4




JoB #:

PROJECT: _ — = . ’ R o
ENGINEERS OUBJECT DATE:
SURVEYORS DESIGNER: - o SHEER____OF

PLANNERS

Wino tLoao
et
F=q.aCAs

- (201 Xo02)(15) (15eer)
= ’4-’;-1,."5'42
F =22, 6p5F

Gw= O, 00 256 L, Kay ke dv""
sooz56 (0.849)(1.0) (e.85)(1.0) (165 ugn)z

W

= 20,3671
e Zb.‘{ A '
| oAeq,. 5
| ez 2.0 (2/2'.5)2):%-5 2 :‘ioo
= 2.0l (l's/qoc:) I 3

3302 No. Main St. e Spanish Fork, Utah 84660 e 801.798.0555 e www.lei-eng.com



Project Name/Number : 2021-2576

Jared Palfreyman Title  5'-0" RETAINING WALL Page: 1
LEl Engineers and Surveyors, Inc Dsgnr: JMW Date: 20 SEP 2021
3302 N. Main St Description....

Spanish Fork, UT 84660 FT1 FW5

801-798-0555
v tructural\2021 Structural Jobs\2021-2576_LHH Lighthouse Heights Retaining Wal
“RetainPro {c) 1987-2019 Build 11.20.03.31

License : KW-06060294 Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14, TMS 402-16
License To : LEI Engmeers and Surveyors

Criteria I Soil Data
Retained Helght = 5.00 ft Allow Soil Bearing = 2,000.0 psf
; s Equivalent Fluid Pressure Method
Wall heightabovesall. = Gl it Active Heel Pressure = 35.0 psfit
Slope Behind Wall = 0.00
Height of Soil over Toe = 18.00 in ) =
Water height over heel = 0.0ft Pa§5|ve P.ressure = 425.0 psf/ft
Soil Density, Heel = 110.00 pcf
Soil Density, Toe = 0.00 pcf
Footing||Sail Friction = 0.300
Soil height to ignare
for passive pressure = 0.00 in
Surcharge Loads I Lateral Load Applied to Stem . Adjacent Footing Load I
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/ft Adjacent Footing Load = 0.01lbs
Used To Resist Sliding & Overturning ...Height to Top = 0.00 ft Footing Width = 0.00 ft
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00in
Used for Sliding & Overturni ; -
sed for Sliding verturning Load Type = Wind (W) Wall to Ftg CL Dist = 0.00 ft

L—iAxial ~Llla LG R L (Servica, Level ggggn.gb-g{'[:Below Sl e bod

Axial Dead Load = 0.0Ibs Wind on Exposed Stem _ 22.6 psf at Back of Wall = 0.0ft
Axial Live Load = 0.0 Ibs (Strength Level) i ' ‘ =
Axial Load Eccentricity = 0.0in Poisson’s Ratio = 0300

Design Summary I Stem Construction I 2nd Bottom
Stem OK

Design Height Above Fic 5.50 0.00

Wall Stab'ility Ratios _ Wall Material Above "Ht" = Fence Concrete
Overturning - 2.32 OK Design Method = LRFD LRFD JARED
Sliding = 264 OK Thickness = 10.00 PALFREYMAN
Rebar Size = # 6 No. 7942895—
Total Bearing Load = 1,895 Ibs Rebar Spacing = 12.00 2302
...resultant ecc. = 9.61 in Rebar Placed at = Edge
Soil Pressure @ Toe = 1,615 psf OK D?;.Eg P:,!T:a = 0.217
Soil Pressure @ Heel = 0 psf OK :
Total Force @ Section
Allowable = 2,000 psf : _
Soil Pressure Less Than Allowable Service Level Ibs = 814
AC| Factored @ Toe = 2,262 psf Strength Level lbs = 846.9
ACI Factored @ Heel = 0 psf Moment....Actual
Footing Shear @ Toe = 48 psi OK Service Level R 2
Footing Shear @ Heel = 8.3 psi OK Strength Level feft= 2.376.0
Allowable i 75.0 psi Moment.....Allowable ft-#= 10,911.3
Sliding Cales Shear.....Actual
Lateral Sliding Force = 718.1 lbs Service Level psi=
less 100% Passive Force = - 1,328.1 lbs Strength Level psi= 8.6
less 100% Friction Force = -  568.6 |bs Shear.....Allowable - 75.0
Added Force Req'd = 0.0 Ibs OK Anet (Masonry) in2 =
....for 1.5 Stability = 0.0 Ibs OK Rebar Depth 'd' in= 8.19
Masonry Data
fm psi=
Fs psi =
Vertical component of active lateral soil pressure 1S Solid Grouting =
NOT considered in the calculation of soil bearing Modular Ratio 'n' =
Wall Weight psf= 125.0
Load Factors Short Term Factor =
Building Code IBC 2018,ACI Equiv. Solid Thick. -
Dead Load 1.200 Masonry Block Type = Medium Weight
Live Load 1.600 Masonry Design Method = ASD
Earth, H 1.600 Concrete Data
Wind, W 1.000 fc psi= 2,500.0

Seismic, E 1.000 Fy psi= 60,000.0



Project Name/Number : 2021-2576

Jared Palfreyman Title  5'-0" RETAINING WALL Page: 2
LEI Engineers and Surveyors, Inc Dsgnr: JMW Date: 20 SEP 2021
3302 N. Main St Description....
Spanish Fork, UT 84660 FT1 FW5
801-798-0555

2 e Twotructural\2021 Structural Jobs\2021-2576_LHH Lighthouse Heights Retaining Wal
RetainPro (c) 1987-2019, Build 11.20.03.31

License : KW-06060294 Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14, TMS 402-16
License To : LElI Engineers and Surveyors

Concrete Stem Rebar Area Details

Bottom Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.0672 in2/ft
(4/3) " As : 0.0896 in2/ft Min Stem T&S Reinf Area 1.320 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :
============ One layer of : Two layers of :
Required Area : 0.216 in2/ft #4@ 10.00 in #4@ 20.00 in
Provided Area : 0.31 in2/ft #5@ 15.50 in #5@ 31.00 in JARED R
Maximum Area : 1.1092 in2/ft #6@ 22.00 in #6@ 44.00 in PALFREYMAN
Footing Data I Footing Design Results . No. 7942895—
Toe Width = 1.00 ft Toe Heel
Heel Width = 217 Factored Pressure = 2,262 0 psf
Total Footing Width = 3.17 Mu' : Upward = 11,642 22 ftt
Footing Thickness = 12.00 in Mu' : Downward = 2,268 746 ft
] ) Mu: Design = 781 724 ft#
Key Width - 0.001in Actual 1-Way Shear = 4.80 8.27 psi
Key Depth = 0.001in Allow 1\Way Shear = 7500  40.00 psi
Ky Dt Ton T = et Toe Reinforcing = #5@ 12.00in
fc = 2,500 psi Fy = 60,000 psi Heel Reinforcing = None Spec'd
Footing Concrete Density = 150.00 pcf Key Reinforcing = None Spec'd
Min. As % - 0.0018 Footing Torsion, Tu = 0.00 ft-Ibs
Cover @ Top 2.00 @ Btm= 3.00 in Footing Allow. Tarsion, phi Tu = 0.00 ft-lbs

If torsion exceeds allowable, provide
supplemental design for footing torsion.

Other Acceptable Sizes & Spacings
Toe: #4@ 9.25in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #8@ 36.57 in, #9@ 46
Heel: phiMn = phi'5'lambda'sgrt(fc)’'Sm
Key: No key defined

Min footing T&S reinf Area 0.82 in2

Min footing T&S reinf Area per foot 0.26 in2 ft

If one layer of horizental bars: If two layers of horizontal bars:
#4@ 9.26 in #4@ 18.52in
#5@ 14.35 in #5@ 28.70 in

#6@ 20.37 in #6@ 40.74 in
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V tructural\2021 Structural Jobs\2021-2576 LHH Lighthouse Heights Retaining Wal
RetainPro (c) 1987 2019, Build 11.20.03.31
License : KW-06060294 Cantllevered Retaining Wall Code: IBC 2018,ACI 318-14, TMS 402-16

License To : LEI Englneers and Surveyors

Summary of Overturning & Resisting Forces & Moments

..... OVERTURNING..... .....RESISTING.....

Force Distance Moment Force Distance  Moment
Item Ibs ft ft-# Ibs ft ft-#
HL Act Pres (ab water tbl) 630.0 2.00 1,260.0 Soil Over HL (ab. water tbl) 733.0 2.50 1,832.2
HL Act Pres (be water thl) Soil Over HL (bel. water tbl) 2.50 1,832.2
Hydrostatic Force Watre Table
Buoyant Force = Sloped Soil Over Heel =
Surcharge over Heel = Surcharge Over Heel =

Adjacent Footing Load =
Axial Dead Load on Stem =
* Axial Live Load on Stem =

Surcharge Over Toe
Adjacent Footing Load
Added Lateral Load

n

Load @ Stem Above Soil = 88.1 9.25 815.3 Soil Over Toe = 0.50
= Surcharge Over Toe =
Stem Weight(s) = 687.5 1.42 974.0
_— ——— Earth @ Stem Transitions=
el = Fld OJN. = 20753 Footing Weight - 4749 1.58 7518
Key Weight =
Resisting/Overturning Ratio = 2.32

Vert. Component =

Total = 1,895.4 Ilbs R.M.= 4,805.8
* Axial live load NOT included in total displayed, or used for overturning
resistance, but is included for soil pressure calculation.

Vertical Loads used for Soil Pressure = 1,895.4 |bs

Vertical component of active lateral soil pressure 1S NOT considered in
the calculation of Sliding Resistance.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Overturning Resistance.

Tilt l
Horizontal Deflection at Top of Wall due to settlement of soil
(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus 250.0 pci

Horizontal Defl @ Top of Wall (approximate only) 0.163 in

The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe
because the wall would then tend to rotate into the retained soil.
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Jared Palfreyman Title  5'-0"-RETAINING WALL Page: 1
LEI Engineers and Surveyors, Inc Dsgnr: JMW Date: 20 SEP 2021
3302 N. Main St Description....
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wWa 2 Tstructural\2021 Structural Jobs\2021-2576_LHH Lighthouse Heights Retaining Wal
RetainPro (c) 1987-2019, Build 11.20.03.31

License : KW-06060294 Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14, TMS 402-16
License To : LElI Engineers and Surveyors

Criteria I Soil Data
Retained Height = 5.00 ft Allow Soil Bearing = 2,667.0 psf
. P Equivalent Fluid Pressure Method
Wallholghtaboveisall = ‘6504 Active Heel Pressure = 350 psfift
Slope Behind Wall = 0.00
Height of Soil over Toe = 18.00 in ) =
Water height over heel = 0.0 fi Pa.sswe Eressure = 925.0 psf/ft
Soil Density, Heel = 110.00 pcf
Soil Density, Toe = 0.00 pcf
Footing||Soil Friction = 0.300
Soil height to ignore
for passive pressure = 0.00 in
Surcharge Loads I Lateral Load Applied to Stem I Adjacent Footing Load I
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/ft Adjacent Footing Load = 0.01bs
Used To Resist Sliding & Overturning ...Height to Top = 0.00 ft Footing Width = 0.00 ft
SurchafrgeSOver Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00in
Used liding & Overturni i =
s.e or Sliding .ve urning Load Type = Wind (W) Wall_to Ftg CL Dist = _ 0.00 ft
Axial Load Applied to Stem i (Service Level) Footing Type Line Load
- Base Above/Below Soil _
Axial Dead Load = 0.0 Ibs Wind on Exposed Stem — 0.0 psf at Back of Wall B 0.0ft
Axial Live Load = 0.0 Ibs Strength Level i ' i =
Axial Load Eccentricity = 0.0 in (S ; Poisaon's Ratlo = 4sle
Earth Pressure Seismic Load
Method : Uniform Uniform Seismic Force =  94.020
Multiplier Used = 15670 Total Seismic Force = 564.120 JARED R.

(Multiplier used on soil density) PALFREYMAN

Design Summary ' Stem Construction I 2nd Bottom No. 7942895—
Stem OK

Design Height Above Fic ft= 5.50 0.00
Wall Stability Ratios Wall Material Above "Ht" =  Fence Concrete
Overturning = 1.97 OK Design Method = LRFD
Sliding = 3.38 OK Thickness = 10.00
Rebar Size = # 5
Total Bearing Load = 1,885 Ibs Rebar Spacing = 12.00
...resultant ecc. = 11.95 in Rebar Placed at _ Edge
Soil Pressure @ Toe = 2,151 psf OK D?;?g P?;j?:a - 0.214
Soil Pressure @ Heel = 0 psf OK .
AGESE - 2,667 psf Total FPrce @ Section
Soil Pressure Less Than Allowable Service Level lbs =
ACIFactored @ Toe = 3,012 psf Strength Lavel b= 1.170.1
AC| Factored @ Heel = 0 psf Moment....Actual
Footing Shear @ Toe = 6.6 psi OK Service Level i
Footing Shear @ Heel = 9.3 psi OK asngh Levl fie= %9413
Allowable = 75.0 psi Moment.....Allowable  ft-#= 10,911.3
Sliding Calcs Shear.....Actual
Lateral Sliding Force = 1,024.9 Ibs Service Level psi=
less 100% Passive Force = - 2,890.6 Ibs Strength Level psi= 11.9
less 100% Friction Force = - 568.6 Ibs Shear.... Allowable = 75.0
Added Force Reg'd = 0.0 lbs OK Anet (Masonry) in2 =
... for 1.5 Stability = 0.0 Ibs OK Rebar Depth 'd' in= 8.19
Masonry Data
fm psi=
Fs psi=
Vertical component of active lateral soil pressure IS Solid Grouting =
NOT considered in the calculation of soil bearing Modular Ratio 'n' =
Wall Weight psf= 125.0
Load Factors Short Term Factor =
Building Code IBC 2018,ACI Equiv. Solid Thick. =
Dead Load 1.200 Masonry Block Type = Medium Weight
Live Load 1.600 Masonry Design Method = ASD
Earth, H 1.600 Concrete Data
Wind, W 1.000 fc psi= 2,500.0

Seismic, E 1.000 Fy psi= 60,000.0
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Concrete Stem Rebar Area Details

Bottom Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.0661 in2/ft
(4/3) * As : 0.0882 in2/ft Min Stem T&S Reinf Area 1.320 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :
============ One layer of : Two layers of :
Required Area : 0.216 in2/ft #4@ 10.00 in #4@ 20.00 in
Provided Area : 0.31 in2/ft #5@ 15.50 in #5@ 31.00in
Maximum Area : 1.1092 in2/ft #6@ 22.00 in #6@ 44.00 in JARED R.
- - - PALFREYMAN
Footing Data I Footing Design Results I No. 7942895-—
Toe Width = 1.00 ft Toe Heel
Heel Width = 247 Factored Pressure = 3,012 0 psf
Total Footing Width = 3.7 Mu' : Upward = 14,652 0 ft-#
Footing Thickness & 12.00 in Mu’ : Downward = 2,268 746 fi-i
) . Mu: Design = 1,032 746 ft-#
Key Width = 0.00in Actual 1-Way Shear = 6.63 9.33 psi
Key Depth = o0, Allow 1-Way Shear = 75.00 40.00 psi
Key Distance from Toe = 0.00 ft Toe Reinforcing = #5@ 12.00in
fo = 2,500 psi Fy = 60,000 psi Heel Reinforcing = None Spec'd
Footing Concrete Density = 150.00 pcf Key Reinforcing = None Spec'd
Min. As % = 0.0018 Footing Torsion, Tu = 0.00 ft-lbs
Cover @ Top 2,00 @Btm= 3.00in Footing Allow. Torsion, phi Tu = 0.00 ft-lbs

If torsion exceeds allowable, provide
supplemental design for footing torsion.

Other Acceptable Sizes & Spacings
Toe: #4@ 9.25 in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #8@ 36.57 in, #9@ 46
Heel: phiMn = phi'5'lambda'sgri(fc)'Sm
Key: No key defined

Min footing T&S reinf Area 0.82 in2

Min footing T&S reinf Area per foot 0.26  in2 At

If one layer of harizontal bars: If two layers of horizontal bars:
#4@ 9.26 in #4@ 18.52 in
#5@ 14.35 in #5@ 28.70 in

#6@ 20.37 in #6@ 40.74 in
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Code: IBC 2018,ACI 318-14,TMS 402-16

Summary of Overturning & Resisting Forces & Moments
..... OVERTURNING.....

..... RESISTING.....
Force Distance Moment Force Distance  Moment
ltem Ibs ft ft-# Ibs ft ft-#
HL Act Pres (ab water tbl) 630.0 2.00 1,260.0 Soil Over HL (ab. water tbl) 7330 2.50 18322
HL Act Pres (be water tbl) Soil Over HL (bel. water tbl) 2.50 1,832.2
Hydrostatic Force Watre Table
Buoyant Force - Sloped Soil Over Heel =
Surcharge over Heel Surcharge Over Heel =
Surcharge Over Toe = Adjacent Footing Load =
Adjacent Footing Load = Axial Dead Load on Stem =
Added Lateral Load = * Axial Live Load on Stem =
Load @ Stem Above Soil = Soil Over Toe = 0.50
Seismic Earth Load = 394.9 3.00 1,184.7 Surcharge Over Toe =
- Stem Weight(s) 687.5 1.42 974.0
_— B —— Earth @ Stem Transitions =
Key Weight =
ResigtinglOverturning Ratio = 1.97 Vert. Component =
Vertical Loads used for Soil Pressure = 1,895.4 |bs Total = 1,8954 Ibs R.M.= 48058

If seismic is included, the OTM and sliding ratios
may be 1.1 per section 1807.2.3 of IBC.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Sliding Resistance.

resistance, but is included for soil pressure calculation.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Overturing Resistance.

Tilt I
Horizontal Deflection at Top of Wall due to settlement of soil
(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus
Horizontal Defl @ Top of Wall (approximate only) 0.217 in

The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe.
because the wall would then tend to rotate into the retained soil.

250.0 pci

* Axial live load NOT included in total displayed, or used for overturning
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Criteria I Soil Data
Retained Height = 8.00 ft Allow Scil Bearing = 2,000.0 psf
A . _ Equivalent Fluid Pressure Method
Vel helgh.t abovesoll = i3 Active Heel Pressure = 35.0 psfift
Slope Behind Wall = 0.00
Height of Soil over Toe = 18.00in ) =
Water height over heel = 0.0t Passive Pressure = 425.0 psfift
Soil Density, Heel = 110.00 pcf
Soil Density, Toe = 0.00 pcf
Footing||Soil Friction = 0.300
Soil height to ignore s
for passive pressure = 0.00 in e
Surcharge Loads I Lateral Load Applied to Stem I Adjacent Footing Load .
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/1t Adjacent Footing Load = 0.0 Ibs
Used To Resist Sliding & Overturning ...Height to Top = 0.00 ft Footing Width = 0.00 ft
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00in
Us.ed for Sliding & O.verturnmg Linad Tipe = Wind (W) Wall_to Ftg CL Dist = ' 0.00 ft
Axial Load Applied to Stem i (Service Level) Faoting Type Line Load
z Base Above/Below Soil _
Axial Dead Load = 0.0 Ibs Wind on Exposed Stem _ 22.6 psf at Back of Wall B 0.0ft
Axial Live Load = 0.0 Ibs Strength Level ] ' i =
Axial Load Eccentricity = 0.0in (ireang ) FOESDHE R = 02300

Design Summary I Stem Construction I 2nd Bottom
Stem OK

Design Height Above Fic = 8.50 0.00
Wall Stability Ratios B Wall Material Above "Ht" =  Fence Concrete
Overlurning = 352 OK Design Method o LRFD LRFD
Sliding = 1.67 OK Thickness s 10.00
Rebar Size = # 5
Total Bearing Load = 3,962 |bs Rebar Spacing = 12.00
...resultant ecc. = 10.81 in Rebar Placad at - Edge
Soil Pressure @ Toe = 1,844 psf OK D?;,‘,?g P?;;a - 0.589
Soil Pressure @ Heel = 0 psf OK .
Total Force @ Section
Allowable = 2,000 psf ; ~
Soil Pressure Less Than Allowable Service Level lbs = 814
ACI Factored @ Toe - 2,582 psf Strength Level Ibs = 1,938.9
ACI Factored @ Heel = 0 psf Moment....Actual
Footing Shear @ Toe = 11.9 psi OK Service: Level feis 2R
Footing Shear @ Heel = 15.1 psi OK s Level fi= 6,41.8
Allowable = 75.0 psi Moment.....Allowable ft-#= 10,911.3
Sliding Calcs Shear.....Actual
Lateral Sliding Force = 1,50561Ibs Service Level psi=
less 100% Passive Force = - 1,328.1 Ibs Strength Level psi= 19.7
less 100% Friction Force = - 1,188.6 Ibs Shear..._Allowable = 75.0
Added Force Req'd = 0.0 Ibs OK Anet (Masonry) in2 =
....for 1.5 Stability = 0.0 Ibs OK Rebar Depth 'd' in= 8.19
Masonry Data
fm psi=
Fs psi=
Vertical component of active lateral soil pressure IS Solid Grouting =
NOT censidered in the calculation of soil bearing Medular Ratio 'n’ =
Wall Weight psf= 125.0
Load Factors Short Term Factor =
Building Code IBC 2018,ACI Equiv. Solid Thick. =
D_ead Load 1.200 Masonry Block Type = Medium Weight
Live Load 1.600 Masonry Design Method = ASD
Earth, H 1.600 Concrete Data
Wind, W 1.000 fic psi= 2,500.0

Seismic, E 1.000 Fy psi= 60,000.0
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Concrete Stem Rebar Area Details I

Bottom Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.1816 in2/ft
(4/3) * As : 0.2422 in2/ft Min Stem T&S Reinf Area 2.040 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Harizontal Reinforcing Options :
EnmEsEEnREEs One layer of : Twa layers of :
Required Area : 0.2422 in2/ft #4@ 10.00 in #4@ 20.00 in
Provided Area : 0.31 in2/ft #5@ 15.50 in #5@ 31.00in
Maximum Area : 1.1092 in2/ft #6@ 22.00 in #6@ 44.00 in
Footing Data I Footing Design Results I
Toe Width = 133 # Toe Heel
Heel Width = 3.33 Factored Pressure = 2,582 0 psf
Total Footing Width = 4.87 Mu' : Upward = 24682 968 ft-#
Footing Thickness = 12.00 in Mu' : Downward = 4,030 3,861 ft-#
i . Mu: Design = 1,721 2,893 ft-#
ﬁg ‘BVe";m - g:gg n Actual 1-Way Shear 1194 1514 psi

Allow 1-Way Shear 75.00 75.00 psi

ey Dislanee from Tee Q.00 Toe Reinfording = #5@ 12.00in

fo = 2,500 psi Fy = 75,000 psi Heel Reinforcing = #5@12.00in

Footing Concrete Density = 150.00 pcf Key Reinforcing = None Spec'd

Min. As % = 0.0018 Footing Torsion, Tu = 0.00 ft-lbs
Cover @ Top 200 @Btm= 3.00in Footing Allow. Torsion, phi Tu = 0.00 ft-lbs

If torsion exceeds allowable, provide
supplemental design for footing torsion.

Other Acceptable Sizes & Spacings
Toe: #4@ 9.25in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #3@ 36.57 in, #9@ 46
Heel: #4@ 9.25 in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #8@ 36.57 in, #9@ 46
Key: No key defined

Min footing T&S reinf Area 1.21  in2

Min footing T&S reinf Area per foot 0.26 in2 ft

If one layer of horizontal bars: If two layers of horizontal bars:
#4@ 9.26 in #4@ 18.52 in
#5@ 14.35 in #5@ 28.70 in

#6@ 20.37 in #6@ 40.74 in
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Summary of Overturning & Resisting Forces & Moments

Code: IBC 2018,ACI 318-14,TMS 402-16

..... OVERTURNING..... .....RESISTING.....
Force Distance Moment Force Distance Moment
Item Ibs ft ft-# Ibs ft ft-#
HL Act Pres (ab water tbl) 1,417.5 3.00 4,252.5 Sail Over HL (ab. water tbl) 21997 342 7,514.6
HL Act Pres (be water tbl) Soil Qver HL (bel. water tbl) 3.42 75146
Hydrostatic Force Watre Table
Buoyant Force = Sloped Soil Over Heel =
Surcharge over Heel = Surcharge Over Heel =
Surcharge Over Toe = Adjacent Footing Load =
Adjacent Footing Load = Axial Dead Load on Stem =
Added Lateral Load = * Axial Live Load on Stem =
Load @ Stem Above Soil = 88.1 12.25 1,079.7 Soil Over Toe = 0.67
. Surcharge Over Toe =
Stem Weight(s) = 1,062.5 175 1,859.0
Earth @ Stem Transitions =
Total = 15056 OTM. = 53322 Footing Weight = 699.9 233 1,632.9
Key Weight =
Resisting/Overturning Ratio = 3.52 Vert. Component =
Vertical Loads used for Soil Pressure = 3,962.1 Ibs Total = 3.962.1 lbs R.M.= 18,776.9

* Axial live load NOT included in total displayed, or used for overturning
resistance, but is included for soil pressure calculation.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Sliding Resistance.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Overturning Resistance.

Tilt

Horizontal Deflection at Top of Wall due fo settlement of soil
(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus 250.0 poi
Horizontal Defl @ Top of Wall (approximate only) 0.159

The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe
because the wall would then tend to rotate into the retained soil.

in
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Criteria I Soil Data

Retained Height = 8.00 ft Allow Soil Bearing = 2,667.0 psf
) T Equivalent Fluid Pressure Method
Wall helgh't above soll = 6.501 Active Heel Pressure = 35.0 psfift
Slope Behind Wall = 0.00
Height of Scil over Toe = 18.00 in ) =
Water height over heel = 0.0 ft Pa.sswe Eressure = eafpsint
Soil Density, Heel = 110.00 pcf
Soil Density, Toe = 0.00 pcf
Footing||Soil Friction = 0.300
Soil height to ignore e
for passive pressure = 0.00 in T
Surcharge Loads I Lateral Load Applied to Stem I Adjacent Footing Load I
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/ft Adjacent Footing Load = 0.0Ibs
Used To Resist Sliding & Overturning ...Height to Tog = 0.00 ft Footing Width = 0.00 ft
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00in
Us.ed for Sliding & O.verturmng i Ty = Wind (W) Wall_to Ftg CL Dist = . 0.00 ft
Axial Load Applied to Stem i (Service Level) Faoting Type Line Load
- Base Above/Below Soil  _
Axial Dead Load = 0.0 Ibs Wind on Exposed Stem _ 0.0 psf at Back of Wall - 0.01
Axial Live Load = 0.0 Ibs (Strength Level f ' ; -
Axial Load Eccentricity = 0.0in ) Poissons Ratio =
Earth Pressure Seismic Load
Method : Uniform Uniform Seismic Force =  94.050
Multiplier Used = 10.450 Total Seismic Force = 846.450
(Multiplier used on sail density) JARED R.

PALFREYMAN

Design Summary I Stem Construction I 2nd Bottomn
Stem OK

Design Height Above Ftc = 8.50 0.00
Wall Stability Ratios Wall Material Above "HI' = Fence Concrete
Overturning = 2.71 OK Design Method = LRFD
Sliding = 2.03 OK Thickness = 10.00
Rebar Size = # 5
Total Bearing Load = 3,962 |bs Rebar Spacing = 12.00
...resultant ecc. = 15.62 in Rebar Placed at = Edge
Soil Pressure @ Toe = 2,560 psf OK D?;E;Pfj::a - 0.713
Soil Pressure @ Heel = 0 psf OK E
Total Force @ Section
Allowable s 2,667 psf : B
Soil Pressure Less Than Allowable Service Level Ibs =
ACIFactored @ Toe = 3,584 psf Strength Level Ibs = 25444
AC| Factored @ Heel = 0 psf Moment....Actual
Footing Shear @ Toe = 17.0 psi OK Senvice Level ftt=
Footing Shear @ Heel = 22.7 psi OK Strength Level fit = Tu188.3
Allowable = 75.0 psi Moment.....Allowable ft-# = 10,911.3
Sliding Calcs Shear.....Actual
Lateral Sliding Force = 2,010.0 Ibs Service Level psi=
less 100% Passive Force = - 2,890.6 Ibs Strength Level psi= 259
less 100% Friction Force = - 1,188.6 Ibs Shear..... Allowahle = 75.0
Added Force Req'd = 0.0 Ibs OK Anet (Masonry) in2 =
....for 1.5 Stability = 0.0 Ibs OK Rebar Depth 'd' in= 8.19
Masonry Data
f'm psi=
Fs psi=
Vertical component of active lateral soil pressure IS Solid Grouting =
NOT considered in the calculation of soil bearing Modular Ratio 'n' =
Wall Weight psf= 125.0
Load Factors Short Term Factor =
Building Code IBC 2018,ACI Equiv. Solid Thick. -
Dead Load 1.200 Masonry Block Type = Medium Weight
Live Load 1.600 Masonry Design Method = ASD
Earth, H 1.600 Concrete Data
Wind, W 1.000 fc psi= 2,500.0

Seismic, E 1.000 Fy psi= 60,000.0
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Cantilevered Retaining Wall

Code: IBC 2018,ACI 318-14, TMS 402-16

Concrete Stem Rebar Area Details I

Bottom Stem

Vertical Reinforcing

Horizontal Reinforcing

As (based on applied moment) : 0.2189 in2/ft
(4/3)* As : 0.2933 in2/ft Min Stem T&S Reinf Area 2.040 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :
============ One layer of : Two layers of :

Required Area : 0.2933 in2/ft #4@ 10.00 in #4@ 20.00 in
Provided Area : 0.31 in2/ft #5@ 15.50 in #5@ 31.00 in
Maximum Area : 1.1092 in2/ft #6@ 22.00 in #6@ 44.00in

Footing Data Footing Design Results I

Toe Width = 1.33 ft Toe Heel

Heel Width = 3.33 Factored Pressure = 3,584 0 psf

Total Footing Width = 4.67 Mu' : Upward = 32,728 155 ft-#

Footing Thickness = 12.00 in Mu' : Downward = 4,030 3,861 ft-#

] . Mu: Design = 2,392 3,707 ft-#
Egi ‘[’)VE'};’EE - 8-gg " Actual 1-Way Shear =  17.02  22.72 psi
Ke) Ditires haiiTos = OIOO & Allow 17Way_8hear = 75.00 . 75.00 psi
; Toe Reinforcing = #5@ 12.00in

fc = 2,500 psi Fy = 75,000 psi Heel Reinforcing = #5@ 12.00 in

Footing Concrete Density = 150.00 pef Key Reinforcing = None Spec'd

Min. As % = 0.0018 Footing Torsion, Tu = 0.00 ft-lbs

Cover @ Top 2.00 @ Btm= 3.00 in Footing Allow. Torsion, phi Tu = 0.00 ft-lbs

If torsion exceeds allowable, provide
supplemental design for footing torsion.

Other Acceptable Sizes & Spacings

Toe: #4@ 9.25in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #8@ 36.57 in, #9@ 46
Heel: #4@ 9.25 in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #8@ 36.57 in, #9@ 46
Key: Na key defined

Min footing T&S reinf Area 121 in2

Min footing T&S reinf Area per foot 0.26 in2 fft

If one layer of horizontal bars: If two layers of horizontal bars:
#4@ 9.26 in #4@ 18.52 in
#5@ 14.35in #5@ 28.70 in
#6@ 20.37 in #6@ 40.74 in



Project Name/Number : 2021-2576

Jared Palfreyman Title  8'-0" RETAINING WALL Page: 3
LEI Engineers and Surveyors, Inc Dsgnr: JMW Date: 20 SEP 2021
3302 N. Main St Description....
Spanish Fork, UT 84660 FT3 FW8 - SEISMIC
801-798-0555

W4 e Tastructural\2021 Structural Jobs\2021-2576_LHH Lighthouse Heights Retaining Wal
RetainPro () 1987-2019, Build 11.20.03.31 . . .
License : KW-06060294 Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14,TMS 402-16
License To : LEI Engineers and Surveyors

Summary of Overturning & Resisting Forces & Moments

«...OVERTURNING.... RESISTING.....

Force Distance Moment Force Distance  Moment
Item Ibs ft ft-# Ibs ft ft-#
HL Act Pres (ab water tbl) 1,417.5 3.00 4,252.5 Soil Over HL (ab. water tbl) 2,199.7 342 7,514.6
HL Act Pres (be water thl) Soil Over HL (bel. water tbl} 3.42 75146
Hydrostatic Force Watre Table
Buoyant Force = Sloped Soil Over Heel
Surcharge over Heel = Surcharge Over Heel =

Adjacent Footing Load =
Axial Dead Load on Stem =
* Axial Live Load on Stem =

Surcharge Over Toe
Adjacent Footing Load
Added Lateral Load

]

Load @ Stem Above Soil = Soil Over Toe = 0.67
Seismic Earth Load = 5925 450 2,666.3 Surcharge Over Toe =
- Stem Weight(s) = 1,062.5 1.75 1,859.0
S — —— Earth @ Stem Transitions =
Tnial = &008 OIM.=  eItes Footing Weight < 699.9 2.33 1632.9
Key Weight =
Resisting/Overturning Ratio = 2:11 Vert. Component =
Vertical Loads used for Soil Pressure = 3,962.1 |bs Total = 3.962.1 Ibs R.M.= —18,776.9
* Axial live load NOT included in total displayed, or used for overturning
If seismic is included, the OTM and sliding ratios resistance, but is included for soil pressure calculation,

may be 1.1 per section 1807.2.3 of IBC.

Vertical compenent of active lateral soil pressure IS NOT considered in
the calculation of Sliding Resistance.

Vertical compenent of active lateral soil pressure IS NOT considered in
the calculation of Overturning Resistance.

Tilt I
Horizontal Deflection at Top of Wall due to settlement of soil

(Deflection due to wall bending not considered)

PALFREYMAN
No. 7942895—
2202

Soil Spring Reaction Modulus 250.0 pci
Horizontal Defl @ Top of Wall (approximate only) 0.221 in

The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe
because the wall would then tend to rotate into the retained soil.
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Criteria I Soil Data
Retained Height = 11.00 ft Allow Soil Bearing = 2,000.0 psf
. T Equivalent Fluid Pressure Method
WAl helgh‘t sbave o, = Lk Active Heel Pressure = 35.0 psffft
Slope Behind Wall = 0.00
Height of Soil over Toe = 18.00in ) =
Water height over heel = 001t Passive Pressure = 425,0 psfift
Soil Density, Heel = 110.00 pcf
Soil Density, Toe = 0.00 pcf
Footing||Soil Friction = 0.300
Soil height to ignore
for passive pressure = 0.00 in
Surcharge Loads I Lateral Load Applied to Stem I Adjacent Footing Load .
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/# Adjacent Footing Load = 0.01Ibs
Used To Resist Sliding & Overturning ...Height to Tog = 0.00 ft Footing Width = 0.00 ft
Surcharge Over Toe = 0.0 psf ...Height to Bottom 2 0.00 ft Eccentricity 5 0.00in
Used for Sliding & Overturnin ; =
. g 2 g Load Type = Wind (W) Wall.to Ftg CL Dist = . 0.00 1t
Axial Load Applied to Stem i (Service Level) Faoting Type Line Load
‘ Base Above/Below Soil  _
Axial Dead Load = 0.0 Ibs Wind on Exposed Stem _ 22.6 psf at Back of Wall - 0.0ft
Axial Live Load = 0.0 Ibs (Service Level) i ' : =
Axial Load Eccentricity = 0.0in Pamsons Rika - 6.390

Design Summary ' Stem Construction I 3rd 2nd Bottom
Stem OK Stem O

Design Height Above Ftc ft= 11.50 3.00 0.00
Wall Stability Ratios _ Wall Material Above "Ht" = Fence Concrete Concrete JARED R.
Qvertuming - 395 OK Design Method = LRFD LRFD PALFREYMAN
Slldlrlg = 1.52 OK Thickness = 10.00 10.00 No. 7942895-
Rebar Size = # 5 # 5
Total Bearing Load = 9,065 Ibs Rebar Spacing = 12.00 6.00
-.resultant ecc. = 9.12in Rebar Placed at = Edge Edge
Design Data
Soil Pressure @ Toe = 1,832 psf OK - 0
Soil Pressure @ Heel = 483 psf OK foine STalrg i e

t .
Allswsbls - 2,000 psf Total Force @ Section

Soil Pressure Less Than Allowable Service Level lbs = 1358
ACI Factored @ Toe = 2,564 psf Strength Level Ibs = 1,938.9 3,534.9
ACI Factored @ Heel = 677 psf Moment....Actual
Footing Shear @ Toe = 18.8 psi OK Service Level st = 406.8
Footing Shear @ Heel = 14.6 psi OK Strength Level fiett = 6.431.3  14516.0
Allowable = 75.0 psi Moment.....Allowable ~ ft-#= 10,911.3  20,802.0
Sliding Calcs Shear.....Actual
Lateral Sliding Force =  2666.9Ibs Service Level psi=
less 100% Passive Force = - 1,328.1 Ibs Strength Level psi= 19.7 36.0
less 100% Friction Force = - 2,719.4 Ibs Shear..._ Allowable = 75.0 75.0
Added Force Req'd = 0.0 Ibs OK Anet (Masonry) in2=
....for 1.5 Stability = 0.0 Ibs OK Rebar Depth 'd’ in= 8.19 8.19
Masonry Data
fm psi=
Fs psi=
Vertical component of active lateral soil pressure IS Solid Grouting =
NOT considered in the calculation of sail bearing Meodular Ratio 'n' =
Wall Weight psf= 125.0 125.0
Load Factors Short Term Factor =
Building Code IBC 2018,ACI Equiv. Solid Thick. =
D_ead Load 1.200 Masonry Block Type = Medium Weight
Live Load 1.600 Masonry Design Method = ASD
Earth, H 1.600 Concrete Data
Wind, W 1.000 fc psi= 2,500.0 2,500.0

Seismic, E 1.000 Fy psi = 60,000.0  60,000.0
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Cantilevered Retaining Wall

Concrete Stem Rebar Area Details I

2nd Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.1816 in2/ft
(4/3)* As : 0.2422 in2/ft Min Stem T&S Reinf Area 2.040 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :
====s==s==== One layer of : Two layers of :
Required Area : 0.2422 in2/ft #4@ 10.00 in #4@ 20.00 in
Provided Area : 0.31 in2/it #5@ 15.50 in #5@ 31.00 in
Maximum Area : 1.1092 in2/ft #6@ 22.00 in #6@ 44.00 in

Code: IBC 2018,ACI 318-14,TMS 402-16

Bottom Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.4099 in2/ft
(413)* As : 0.5466 in2/ft Min Stem T&S Reinf Area 0.720 in2
200bd/fy : 200(12)(8.1875)60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :
s=========ss One layer of : Two layers of :
Required Area : 0.4099 in2/ft #4@ 10.00 in #4@ 20.00 in
Provided Area : 0.62 in2/ft #5@ 15.50 in #5@ 31.00 in
Maximum Area : 1.1092 in2/ft #6@ 22.00 in #6@ 44.00 in PALFREYMAN
Footing Data Footing Design Results I No. 7942895—
Toe Width = 1.67 ft Toe Heel
Heel Width = 6.17 Factored Pressure = 2,664 677 psf
Total Footing Width = 7.83 Mu' : Upward = 40,473 15,711 ft-#
Footing Thickness = 12.00in Mu': Downward = 6,295 23205 ft#
y i Mu: Design = 2,848 7,494 ft#
Key Width = 0.00 in Actual 1-Way Shear =  18.82  14.63 psi
Key Depth = 0.001n Allow 1-Way Shear = 7500  75.00 psi
Key Distance from Toe = 0.00 ft Toe Reinforcing = #5@ 12.00in
fc = 2,500 psi Fy = 60,000 psi Heel Reinfercing = #4@6.00in
Footing Concrete Density = 150.00 pcf Key Reinforcing = None Spec'd
Min. As % = 0.0018 Footing Torsion, Tu = 0.00 ft-lbs
Cover@Top  2.00 @Btm= 3.00in Footing Allow. Torsion, phi Tu = 0.00 ft-Ibs

If torsion exceeds allowable, provide
supplemental design for footing torsion.

Other Acceptable Sizes & Spacings
Toe: #4@ 9.25in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #8@ 36.57 in, #9@ 46
Heel: #4@ 9.25in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #8@ 36.57 in, #9@ 46
Key: No key defined

Min footing T&S reinf Area 203  in2
Min footing T&S reinf Area per foot 0.26  in2 ft
If one layer of horizontal bars: If two layers of horizontal bars:

#4@ 9.26 in #4@ 18.52 in
#5@ 14.35 in #5@ 28.70 in
#6@ 20.37 in #6@ 40.74 in
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Summary of Overturning & Resisting Forces & Moments

..... OVERTURNING..... .....RESISTING.....

Force Distance Moment Force Distance Moment
Item Ibs ft ft-# Ibs ft ft-#
HL Act Pres (ab water tbl) 2,520.0 4.00 10,080.0 Soil Over HL (ab. water tbl) 6,452.5 5.17 33,3316
HL Act Pres (be water tbl) Soil Over HL (bel. water tbl) 5.17 33,331.6
Hydrostatic Force Watre Table
Buoyant Force = Sloped Soil Over Heel =
Surcharge over Heel = Surcharge Over Heel =

Adjacent Footing Load =
Axial Dead Load on Stem =
* Axial Live Load on Stem =

Surcharge Over Toe
Adjacent Footing Load
Added Lateral Load

Load @ Stem Abave Soil = 1469  15.25 2,240.2 Soil Over Toe = 0.83

= Surcharge Over Toe =

Stem Weight(s) = 1,437.5 2,08 2,993.8
== 3 _ Earth @ Stem Transitions =

Totml = @ebes OTm. = f2p202 Footing Weight = 1,174.8 3.92 4,600.5
Key Weight =
Resisting/Overturning Ratio = 3.95 Vert. Component =

Vertical Loads used for Soil Pressure = 9,064.8 Ibs

Total = 9,064.8 Ibs R.M.= 48,696.4
* Axial live load NOT included in total displayed, or used for overturning
resistance, but is included for soil pressure calculation.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Sliding Resistance.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Overturning Resistance.

Tilt I
Horizontal Deflection at Top of Wall due to settlement of soil
(Deflection due to wall bending not considered)

PALFREYMAN

No. 7942895—

Sail Spring Reaction Modulus 250.0 pei

Horizontal Defl @ Top of Wall (approximate only) 0.114 in

The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe,
because the wall would then tend to rotate into the retained soil.
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Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14, TMS 402-16
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Criteria I Soil Data I
Retained Height = 11.00 ft Allow Soil Bearing = 2,667.0 psf
) s Equivalent Fluid Pressure Method
Wal heugh.t abovesdll = Ga0# Active Heel Pressure = 35.0 psfift
Slope Behind Wall = 0.00
Height of Soil over Toe = 18.00in ) =
Water height over heel = 0.0t Pa.smve Eressum = 927.0 psifit
Soil Density, Heel = 110.00 pcf
Soil Density, Toe = 0.00 pcf
Footing||Soail Friction = 0.300
Soil height to ignore
for passive pressure = 0.00 in
Surcharge Loads Lateral Load Applied to Stem I
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #ft Adjacent Footing Load = 0.0lbs
Used To Resist Sliding & Overtuming ...Height to Top = 0.00 ft Footing Width = 0.00 1t
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00in
Used for Sliding & Overturnin i =
S.e 0 g : 9 Load Type = Wind (W) Wall to Ftg CL Dist ~0.00ft
Axial Load Applied to Stem (Service Level) Footing Type Line Load
Base Above/Below Soil
Axial Dead Load = 0.0 Ibs Wind on Exposed Stem _ 0.0 psf at Back of Wall = 0.0
Axial Live Load = 0.0 Ibs (Service Level) : ' g -
Axial Load Eccentricity = 0.0in Poisson’s Ratio 0.300

Earth Pressure Seismic Load

Method : Uniform

Multiplier Used = 7.840
(Multiplier used on soil density)

Uniform Seismic Force = 94.080
Total Seismic Force =1,128.960

PALFREYMAN

Design Summary ' Stem Construction 3rd 2nd Bottom No._ 7042895—
. " Stem OK Stem OK 2202
Design Height Above Fig ft= 11.50 3.00 0.00
Wall Stability Ratios Wall Material Above "Ht" = Fence Concrete Concrete
Overturning = 3.29 OK Design Method = LRFD LRFD
Sliding = 1.70 OK Thickness = 10.00 10.00
Rebar Size = # 5 # 5
Total Bearing Load = 9,065 Ibs Rebar Spacing = 12.00 6.00
...resultant ecc. = 1244 in Rebar Placed at = Edge Edge
; Design Data
Soil Pressure @ Toe = 2,076 psf OK fb/FB + fa/Fa - 0.713 0.870
Soil Pressure @ Heel = 239 psf OK .
Allowable - 2,667 psf Total Florce @ Section
Soil Pressure Less Than Allowable Service Level lbs =
ACI Factored @ Toe = 2,907 pSf Strength Level Ibs = 2,544.6 4,422.9
ACI Factored @ Heel = 334 psf MDé“En_t----LAGtula\l s
Footing Shear @ Toe = 21.6 psi OK lVios eie -
Footing Shear @ Heel = 19.7 psi OK Strength Level ft-# = 7,789.2 18,1145
Allowable = 75.0 psi Maoment.....Allowable ft-#= 10,911.3  20,802.0
Sliding Cales Shear..... Actual
Lateral Sliding Force = 3,310.3 Ibs Service Level psi=
less 100% Passive Force = - 2,896.9 Ibs Strength Level psi= 25.9 45.0
less 100% Friction Force = - 2,719.4 Ibs Shear.....Allowable = 75.0 75.0
Added Force Req'd = 0.0 Ibs OK Anet (Masonry) in2=
....for 1.5 Stability = 0.0 Ibs OK Rebar Depth 'd' in= 8.19 8.19
Masonry Data
fm psi=
Fs psi=
Vertical component of active lateral soil pressure 1S Solid Grouting =
NOT considered in the calculation of soil bearing Modular Ratio 'n' =
Wall Weight psf= 125.0 125.0
Load Factors Short Term Factor =
Building Code IBC 2018,ACI Equiv. Solid Thick. =
Dead Load 1.200 Masonry Block Type = Medium Weight
Live Load 1.600 Masonry Design Method = ASD
Earth, H 1.600 Concrete Data
Wind, W 1.000 fc psi= 2,500.0 2,500.0
Seismic, E 1.000 Fy psi= 60,000.0 60,000.0
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Concrete Stem Rebar Area Details I

2nd Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.22 in2/ft
(4/3) " As : 0.2933 in2/ft Min Stem T&S Reinf Area 2.040 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Harizontal Reinforcing Options :
============ One layer of : Two layers of :

Required Area : 0.2933 in2/ft #4@ 10.00 in #4@ 20.00 in
Provided Area : 0.31 in2/ft #5@ 15.50 in #5@ 31.00 in
Maximum Area : 1.1092 in2/ft #6@ 22.00 in #6@ 44.00 in
Bottom Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.5116 in2/ft

(4/3)* As : 0.6821 in2/ft Min Stem T&S Reinf Area 0.720 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :

S========sss Qne layer of : Two layers of :

Required Area : 0.5116 in2/ft #4@ 10.00in #i@ 20.00 in
Provided Area : 0.62 in2/it #5@ 15.50 in #5@ 31.00 in
Maximum Area : 1.1092 in2/ft #6@ 22.00 in #6@ 44.00 in

Footing Data I Footing Design Results '

Toe Width = 1.67 ft Toe Heel

Heel Width = 6.17 Factored Pressure = 2,907 334 psf

Total Footing Width = 7.83 Mu': Upward = 45,369 13,052 ft-#

Footing Thickness = 12.00in Mu' : Downward = 6,295 23,205 ft-#

) . Mu: Design = 3,256 10,153 ft-#
ﬁg;’ ‘g‘;}djin - g Actual 1-Way Shear 2165  19.75 psi

Allow 1-Way Shear 75.00 75.00 psi

Koy Distance:from Toe A0 Toe Reinforcing = #5@ 12.00 in

fe = 2,500 psi Fy = 60,000 psi Heel Reinforcing = #4 @ 6.00in

Footing Concrete Density = 150.00 pcf Key Reinforcing = None Spec'd

Min. As % = 0.0018 Footing Torsion, Tu = 0.00 ftbs
Cover@Top 200  @Btm= 3.00in Footing Allow, Torsion, phi Tu = 0.00 ft-Ibs

If torsion exceeds allowable, provide
supplemental design for footing torsion.

Other Acceptable Sizes & Spacings
Toe: #4@ 9.25in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #8@ 36.57 in, #9@ 46

Heel: #4@ 7.32 in, #5@ 11.35 in, #6@ 16.11 in, #7@ 21.97 in, #8@ 28.93 in, #9@ 36
Key: No key defined

Min footing T&S reinf Area 203 in2

Min footing T&S reinf Area per foot 0.26 in2 /t

If one layer of horizontal bars: If two layers of horizontal bars:
#A@ 9.26in #4@ 18.52 in
#5@ 14.35in #5@ 28.70 in

#6@ 20.37 in #6@ 40.74 in
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Summary of Overturning & Resisting Forces & Moments
....OVERTURNING.....

Code: IBC 2018,ACI 318-14, TMS 402-16

.....RESISTING.....
Force Distance Moment Force Distance  Moment
Item Ibs ft ft-# Ibs ft ft-#
HL Act Pres (ab water tbl) 2,520.0 4.00 10,080.0 Soil Over HL (ab. water tbl) 6,452.5 517 33,331.6
HL Act Pres (be water tbl) Soil Over HL (bel. water tbl) 5.17 33,331.6
Hydrostatic Force Watre Table
Buoyant Force = Sloped Soil Over Heel =
Surcharge over Heel = Surcharge Over Heel =
Surcharge Over Toe = Adjacent Footing Load =
Adjacent Footing Load = Axial Dead Load on Stem =
Added Lateral Load = * Axial Live Load on Stem =
Load @ Stem Above Soil = Soil Over Toe = 0.83
Seismic Earth Load = 7903  6.00 4,741.6 Surcharge Over Toe =
= Stem Weight(s) = 1,437.5 2.08 2,993.8
_ e — Earth @ Stem Transitions =
Total = 33103 OTM. = 148216 Footing Weigh = 1,174.8 3.92 4,600.5
Key Weight =
Resisting/Overturning Ratio = 3.29 Vert. Component =
Vertical Loads used for Soil Pressure = 9,064.8 Ibs Total = 9.0648 Ibs RM.= 486964

* Axial live load NOT included in total displayed, or used for overturning
If seismic is included, the OTM and sliding ratios resistance, but is included for soil pressure calculation.

may be 1.1 per section 1807.2.3 of IBC.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Sliding Resistance.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Overturning Resistance.

JARED R.
PALFREYMAN

Tilt
Horizontal Deflection at Top of Wall due to settlement of soil
(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus
Horizontal Defl @ Top of Wall (approximate only)

250.0 pci

0.129 in

The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe
because the wall would then tend to rotate into the retained soil.
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Criteria I Soil Data

Retained Height = 10.00 ft Allow Soil Bearing = 2,000.0 psf
6.50 ft Equivalent Fluid Pressure Method

. ' Active Heel Pressure = 35.0 psfift
Slope Behind Wall 0.00

Height of Soil over Toe 18.00 in "
Water height over heel = 11.0 t Passive Pressure

U}

Wall height above soil

mnn

425.0 psfift

Soil Density, Heel = 110.00 pcf
Soil Density, Toe = 0.00 pcf
Footing||Soil Friction = 0.300
Soil height to ignore
for passive pressure = 0.00 in
Surcharge Loads I Lateral Load Applied to Stem I Adjacent Footing Load I
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #ft Adjacent Footing Load = 0.0 Ibs
Used To Resist Sliding & Overturning ...Height to Top = 0.00 ft Footing Width = 0.00 ft
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00ft Eccentricity = 0.001in
US.Ed for Sliding & O-verturnmg liom T = Wind W) WaII.tO Ftg CL Dist = . 0.00 ft
Axial Load Applied to Stem i (Strength Level)  Footing Type Line Load
Base Above/Below Soil
Axial Dead Load = 0.0 Ibs Wind on Exposed Stem - 22.6 psf at Back of Wall - 0.0ft
Axial Live Load = 0.0 Ibs (Strength Level) ; ' ; -
Axial Load Eccentricity = 0.0in Folssone Relio - 9300

Design Summary I Stem Construction I 3rd 2nd Bottom
Stem OK Stem OK

Design Height Above Fig ft= 10.50 417 0.00

Wall Stability Ratios _ Wall Material Above "Ht" = Fence Concrete Concrete 1
Qverturning = 2.63 OK Design Method = LRFD LRFD JARED R.
Sliding = 1.51 OK Thickness = 10.00 10.00 PALFREYMAN

Rebar Size = # 5 # 5 No. 7942895—

Total Bearing Load = 9,424 !bS Rebar Spacing = 12.00 3.00 2202
..resultant ecc. = 19.68 in Rebar Placed at = Edge Edge
Soil Pressure @ Toe = 1,968 psf OK D?bslngé\ P?atﬁ:a = 0.682 0.716
Soil Pressure @ Heel = 0 psf OK . ’ '

Total Force @ Section
Allowable = 2,000 psf ) B
Soil Pressure Less Than Allowable Service Level Ibs = 814

ACI Factored @ Toe - 2,464 psf Strength Level Ibs = 2,9701 7,801.4
AC| Factored @ Heel = 0 psf Moment....Actual
Footing Shear @ Toe = 51.5 psi OK SalviGELaTH o= 2541
Footing Shear @ Heel = 38.2 psi OK Strength Level ft-# = 74442  29,079.7

Allowable = 75.0 psi Moment.....Allowable  ft-#= 10,911.3  40,583.3

Sliding Calcs Shear.....Actual
Lateral Sliding Force =  5176.2Ibs Service Level psi=
less 100% Passive Force = - 4,864.2 Ibs Strength Level psi= 30.2 79.4
less 100% Friction Force = - 2,827.2 |bs Shear..... Allowable = 75.0 949
Added Force Req'd = 0.0 Ibs OK Anet (Masonry) in2 =

....for 1.5 Stability = 0.0 Ibs OK Rebar Depth 'd' in= 8.19 8.19
Masonry Data
fm psi=
Fs psi=
Vertical component of active |ateral sail pressure |S Solid Grouting =
NOT considered in the calculation of soil bearing Modular Ratic 'n’' =
Wall Weight psf= 125.0 125.0
Load Factors Short Term Factor =
Building Code IBC 2018,ACI Equiv. Solid Thick. -
Dead Load 1.200 Masonry Block Type = Medium Weight
Live Load 1.600 Masonry Design Method = ASD
Earth, H 1.600 Concrete Data
Wind, W 1.000 fic psi= 2,500.0 4,000.0

Seismic, E 1.000 Fy psi= 60,000.0  60,000.0
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Cantllevered Retaining Wall

Concrete Stem Rebar Area Details I

2nd Stem Vertical Reinforcing
As (based on applied moment) : 0.2102 in2/ft

(413) " As : 0.2803 in2/it
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/it
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft
Required Area : 0.2803 in2/ft
Provided Area : 0.31 in2/ft
Maximum Area : 1.1092 in2/ft

Horizontal Reinforcing

Min Stem T&S Reinf Area 1.519 in2
Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
Horizontal Reinforcing Options :

One layer of : Two layers of :
#@ 10.00 in #4@ 20.00 in
#5@ 15.50 in #5@ 31.00in
#6@ 22.00in #6@ 44.001in

Code: IBC 2018,ACI 318-14,TMS 402-16

Bottom Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.8212 in2/ft
(4/3) * As : 1.095 in2/ft Min Stem T&S Reinf Area 1.001 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :
============ One layer of : Two layers of :
Required Area : 0.8212 in2/ft #4@ 10.00 in #4@ 20.00 in
Provided Area : 1.24 in2/ft #5@ 15.50 in #5@ 31.00in
Maximum Area : 1.7746 in2/ft #6@ 22.00in #5@ 44.00in .
Footing Data Footing Design Results I L?ﬂgfg&%bi
Toe Width = 4.00 ft Toe Heel
Heel Width = 5.67 Factored Pressure = 2,464 0 psf
Total Footing Width = 9.67 Mu' : Upward = 203,588 4,582 ft-#
Footing Thickness = 12.00in Mu" : Downward = 36,288 17,516 ft-#
) _ . Mu: Design = 13,942 12,934 ft-#
EEY ‘é"’dm - ;g-gg in Actual 1-Way Shear = 5152 38.18 psi
ey bep Huin Allow 1-Way Shear = 75.00 75.00 psi
Key Distance from Toe = 4.00 ft Toe Reinforcing = #5@86.00in
fc = 2,500 psi Fy = 60,000 psi Heel Reinforcing = #4 @6.00in
Footing Concrete Density = 150.00 pcf Key Reinforcing = None Spec'd
Min. As % = 0.0018 Footing Torsion, Tu = 0.00 ft-lbs
Cover @ Top 200 @Btm= 3.00in Footing Allow. Torsion, phi Tu = 0.00 ft-lbs

If torsion exceeds allowable, provide
supplemental design for footing torsion.

Other Acceptable Sizes & Spacings
Toe: #4@ 6.33 in, #5@ 9.82 in, #6@ 13.94 in, #7@ 19.01 in, #8@ 25.03 in, #9@ 31.
Heel: #4@ 6.31 in, #5@ 9.78 in, #6@ 13.89 in, #7@ 18.94 in, #8@ 24.94 in, #9@ 31.
Key: phiMn = phi'5'lambda'sqrt(fc)'Sm

Min footing T&S reinf Area 251 in2

Min footing T&S reinf Area per foot 0.26  in2 /it

If one layer of harizontal bars: If two layers of horizontal bars:
#4@ 9.26 in #4@ 18.52 in
#5@ 14.351in #5@ 28.70 in
#6@ 20.37 in #6@ 40.74 in
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Cantilevered Retaining Wall

Code: IBC 2018,ACI 318-14,TMS 402-16

Summa

of Overturning & Resisting Forces & Moments

..... OVERTURNING.... ....RESISTING.....
Force Distance Moment Force Distance  Moment
Item Ibs ft ft-# Ibs ft ft-#
HL Act Pres (ab water thl) 20,017.3 Soil Over HL (ab. water tbl)
HL Act Pres (be water tbl) 1,312.9 3.67 4,813.8 Soil Over HL (bel. water tbl) 3,295.9
Hydrostatic Force 3,775.2 367 Watre Table 3,016.6 7.25 23,894.0
Buoyant Force = 603.2 4.83 Sloped Soil Over Heel =
Surcharge over Heel = Surcharge Over Heel =
Surcharge Over Toe = Adjacent Footing Load =
Adjacent Footing Load = Axial Dead Load on Stem =
Added Lateral Load = * Axial Live Load on Stem =
Load @ Stem Above Scil = 88.1  14.25 1,256.0 Sail Qver Toe = 2.00
i Surcharge Over Toe =
Stem Weight(s) = 1,312.5 4.42 5,796.9
—_— Earth @ Stem Transitions =
Total = 57793 OTM. = 22,5272 Footing Weight = 14499 4.83 7,007.4
Key Weight = 350.0 4.50 1,575.0
Resisting/Overturning Ratio = 2.63 Vert. Component =
Vertical Loads used for Soil Pressure = 9,423.9 Ibs Total = 94239 Ibs RM.= 601352

* Axial live load NOT included in total displayed, or used for overturning

*Includes water table effect

resistance, but is included for soil pressure calculation.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Sliding Resistance.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Overturning Resistance.

Tilt I
Horizontal Deflection at Top of Wall due to settlement of soil
(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus 250.0 pci
0.093 in
The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe

because the wall would then tend to rotate inta the retained soil.

Horizontal Defl @ Top of Wall (approximate only)
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Cantilevered Retaining Wall

Code: IBC 2018,ACI 318-14,TMS 402-16

Criteria I Soil Data I

Retained Height = 10.00 ft Allow Soil Bearing = 2,667.0 psf
‘ — Equivalent Fluid Pressure Method
Walhsight ghovegol. = 6.50 Active Heel Pressure = 35.0 psfft
Slope Behind Wall = 0.00
Height of Soil over Toe = 18.00 in ] =
Water height over heel = 11.0 ft Pa.sswe Eressure = 9250 psin
Soil Density, Heel 110.00 pcf
Soil Density, Toe = 0.00 pcf
Footing||Soil Friction = 0.300
Soil height to ignare
for passive pressure = 0.00 in
Surcharge Loads Lateral Load Applied to Stem I Adjacent Footing Load
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/ft Adjacent Footing Load = 0.0 Ibs
Used To Resist Sliding & Overturning ...Height to Top = 0.00 ft Footing Width = 0.00 ft
SljjrcgafrgeSO;er TS?% = 0.0 psf ..Hsight to Bottom = 0.00 ft Eccentricity = 0.00in
r Slidin, verturnin ; =
s.e or Sliding - erturning faexad T = Wind (W) Wall to Ftg CL Dist = ~0.00f
Axial Load Applied to Stem i (Strength Level) ~ Footing Type Line Load
: Base Above/Below Soil  _
Axial Dead Load = 0.0 Ibs Wind on Exposed Stem - 0.0 psf at Back of Wall = 0.01
Axial Live Load = 0.0 Ibs (Strength Level) ; ' ; =
Axial Load Eccentricity = 0.0n ki E e
Earth Pressure Seismic Load '
Method : Uniform Uniform Seismic Force =  94.050
Multiplier Used = 8550 Total Seismic Force = 1,034.550
(Multiplier used on soil density) PALFREYMAN
i . No. 7942895-
Design Summary I Stem Construction 3rd 2nd Bottom 5009
Stem OK Stem OK
Design Height Above Fic = 10.50 417 0.00
Wall Stability Ratios Wall Material Above "Ht" = Fence Concrete Concrete
Overtuming 2.33 OK Design Method = LRFD LRFD
Sliding = 1.75 OK Thickness = 10.00 10.00
Rebar Size = # 5 # 5
Total Bearing Load = 9,299 |bs Rebar Spacing = 12.00 3.00
...resultant ecc. = 23.41 in Rebar Placed at = Edge Edge
Design Dat
Soil Pressure @ Toe = 2,151 psf OK il : — S
Soil Pressure @ Heel = 0 psf OK . ’ )
Total Force @ Section
Allowable = 2,667 psf Service Level lbs =
Soil Pressure Less Than Allowable ervice Leve 5=
ACI Factored @ Toe 2 2,689 psf Strength Level Ibs = 3,371.6 8,595.0
ACI Factored @ Heel = 0 psf Momeqt....Actual
Footing Shear @ Toe = 55.9 psi OK SECTCE V] ﬂ-#:_
Footing Shear @ Heel = 43.8 psi OK Strength Level ft-# = 7,708.7  31,835.7
Allowable = 75.0 psi Moment....Allowable  ft-#= 10,911.3  40,583.3
Sliding Calcs Shear......ActuaI
Lateral Sliding Force =  5812.21Ibs Service Level psi=
less 100% Passive Force = - 7,400.0 Ibs Strength Level psi= 34.3 87.5
less 100% Friction Force = - 2,789.7 Ibs Shear.....Allowable = 75.0 04.9
Added Force Req'd = 0.0 Ibs OK Anet (Masonry) in2 =
....for 1.5 Stability = 0.0 Ibs OK Rebar Depth 'd' in= 8.19 8.19
Masonry Data
f'm psi=
Fs psi=
Vertical component of active lateral soil pressure 1S Solid Grouting =
NOT considered in the calculation of soil bearing Modular Ratio 'n' =
Wall Weight psf= 125.0 125.0
Load Factors Short Term Factor =
Building Code IBC 2018,ACI Equiv. Solid Thick. =
Dead Load 1.200 Masonry Block Type = Medium Weight
Live Load 1.600 Masonry Design Method = ASD
Earth, H 1.600 Concrete Data
Wind, W 1.000 fc psi= 2,500.0 4,000.0
Seismic, E 1.000 Fy psi= 60,000.0 60,000.0
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Concrete Stem Rebar Area Details

2nd Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.2177 in2/ft
(413) * As : 0.2903 in2/ft Min Stem T&S Reinf Area 1.519 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :
S S One layer of : Two layers of :
Required Area : 0.2903 in2/ft #A@ 10.00 in #4@ 20.00 in
Provided Area : 0.31 in2/ft #5@ 15.50 in #5@ 31.00 in
Maximum Area : 1.1092 in2/ft #6@ 22.00 in #6@ 44.00 in
Bottom Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.8991 in2/ft
(4/3) * As : 1.1988 in2/ft Min Stem T&S Reinf Area 1.001 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :
============ One layer of : Two layers of :

Required Area : 0.8991 in2/ft #4@ 10.00 in #4@ 20.00 in
Provided Area : 1.24 in2/ft #5@ 15.50 in #5@ 31.00 in
Maximum Area : 1.7746 in2/ft #6@ 22.00 in #6@ 44.00 in

Footing Data I Footing Design Results I

Toe Width = 4.00 ft Toe Heel

Heel Width = 567 Factored Pressure = 2,689 0 psf

Total Footing Width = 9.67 Mu' : Upward = 218,324 2,874 ft#

Footing Thickness = 12.00in Mu' : Downward = 36,288 17,516 ft-#

) ) Mu: Design = 15,170 14,642 ft-#
fy Dot ol - Actual 1-Way Shear 5593 43.76 psi

Allow 1-Way Shear 75.00 75.00 psi

Key Distance from Toe 400ft Toe Reinforcing = #5@6.00in
fe = 2,500 psi Fy = 60,000 psi Heel Reinforcing = #4@6.00in
Footing Concrete Density = 150.00 pcf Key Reinforcing = None Spec'd
Min. As % = 0.0018 Footing Torsion, Tu = 0.00 ft-lbs
Cover @ Top 2.00 @ Btm= 3.00 in Footing Allow. Torsion, phi Tu = 0.00 ft-lbs

If torsion exceeds allowable, provide
supplemental design for footing torsion.

Other Acceptable Sizes & Spacings
Toe: #4@ 5.82in, #5@ 9.02 in, #6@ 12.81 in, #7@ 17.47 in, #8@ 23.00 in, #9@ 29.
Heel: #4@ 6.31 in, #5@ 9.78 in, #6@ 13.89 in, #7@ 18.94 in, #8@ 24.94 in, #9@ 31.
Key: phiMn = phi'5'lambda'sqgrt(fc)'Sm

Min footing T&S reinf Area 251 in2

Min footing T&S reinf Area per foot 0.26 in2 /it

If one layer of horizontal bars: If two layers of horizontal bars:
#4@ 9.26in #4@ 18.52in
#5@ 14.35in #5@ 28.70 in

#6@ 20.37 in #6@ 40.74 in
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Cantilevered Retaining Wall

Code: IBC 2018,ACI 318-14,TMS 402-16

Summary of Overturning & Resisting Forces & Moments

..... OVERTURNING.... .....RESISTING.....
Force Distance Moment Force Distance Moment
Item Ibs ft ft-# Ibs ft ft-#
HL Act Pres (ab water tbl) 20,017.3 Soil Over HL (ab. water tbl)
HL Act Pres (be water tbl) 1,312.9 3.67 4,813.8 Soil Over HL (bel. water tbl) 3,205.9
Hydrostatic Force 37752 3.67 Watre Table 3,015.6 7.25 23,894.0
Buoyant Force = 603.2 4.83 Sloped Soil Over Heel =
Surcharge over Heel = Surcharge Over Heel =
Surcharge Over Toe = Adjacent Footing Load =
Adjacent Footing Load = Axial Dead Load on Stem =
Added Lateral Load = * Axial Live Load on Stem =
Load @ Stem Above Soil = Soil Over Toe = 2.00
Seismic Earth Load = 7242 5.50 3,983.0 Surcharge Over Toe =
- Stem Weight(s) = 1,312:5 442 5,796.9
_ Earth @ Stem Transitions =
Total = qaiER BELM.ES Sqdees Footing Weight = 1,499 4.83 7,007.4
Key Weight = 225.0 4.50 1,012.5
Resisting/Overturning Ratio = 2.33 Vert. Component =
Vertical Loads used for Soil Pressure = 9,298.9 Ibs Total = 92989 Ibs RM.= 50572.7

* Axial live load NOT included in total displayed, or used for overtuming

resistance, but is included for soil pressure calculation.

* igoai i OTM and sliding ratios
Irﬁcggt%%%'?v?té?ftb& L g

per section

07.2.3 of IBC.

Vertical component of active lateral soil pressure 1S NOT considered in
the calculation of Sliding Resistance.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Qverturning Resistance.

| Tilt I
Horizontal Deflection at Top of Wall due to settlement of soil
(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus 250.0 pci
Horizontal Defl @ Top of Wall (approximate only) 0.102 in
The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe.

because the wall would then tend to rotate into the retained soil.

PALFREYMAN
No. 7942895
2202

10-1=-21
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Cantilevered Retaining Wall

Code: IBC 2018,ACI 318-14,TMS 402-16

Criteria I Soil Data
Retained Height = 10.00 ft Allow Soil Bearing = 2,000.0 psf
; & Equivalent Fluid Pressure Method
Weall helgh.t above sall = Gl ft Active Heel Pressure = 35.0 psf/it
Slope Behind Wall = 0.00
Height of Scil over Toe = 18.00 in ) =
Water height over heel = 11.0 ft Pa:*sswe P,ressure = AES0psIR
Soil Density, Heel = 110.00 pcf
Soil Density, Toe 0.00 pcf
Footing||Soil Friction = 0.300
Soil height to ignore
for passive pressure = 0.00 in
Surcharge Loads Lateral Load Applied to Stem I Adjacent Footing Load
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/ft Adjacent Footing Load = 0.0lbs
Used To Resist Sliding & Overturning ...Height to Top = 0.00 ft Footing Width = 0.00 ft
Surcharge Over Toe = 00psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00in
Us.ed for Sliding & Olverturnlng Loz Type = Wind (W) Walllic Ftg CL Dist B ‘ 0.00 ft
Axial Load Applied to Stem i (Strength Levely ~ Footing Type Hrie:L.oad
Base Above/Below Soil  _
Axial Dead Load = 0.0 Ibs Wind on Exposed Stem = 22.6 psf at Back of Wall = 0.0t
Axial Live Load = 0.0 Ibs (Strength Level ; , ; -
Axial Load Eccentricity = 0.0in ) Rlzsoii=Rallo B 0:300
Design Summary I Stem Construction 3rd 2nd Bottom
Stem OK Stem OK
Design Height Above Fig ft= 10.50 417 0.00
V\ija" rsltab'i“ty Ratios Wall Material Above "Ht" = Fence Concrete Concrete
verturning 2.63 OK i =
i _ 7o oK Deglgn Method = LRFD LRFD PALFREYMAN
1ding E Thickness = 10.00 10.00
- - No. 7942895-
Rebar Size = # 5 # 7 2202
Total Bearing Load = 9,424 |bs Rebar Spacing = 12.00 6.00
..resultant ecc. = 19.68 in Rebar Placed at = Edge Edge
Design Data = e.?’\’
Soil Pressure @ Toe = 1,968 psf OK fb/FB + fa/Fa - 0.682 0.806 X0FEssIO
Soil Pressure @ Heel = 0 psf OK .
Total Force @ Section
Allowable = 2,000 psf Siiiics Lavel s 814
Soil Pressure Less Than Allowable SIvical-BvE 5= !
ACI Factored @ Toe = 2'454 psf Strength Level lbs = 2,970.1 7.301.4
ACI Factored @ Heel = 0 psf Moment....Actual
Footing Shear @ Toe = 51.5 psi OK gewlcethvel | ?t_-#_- et
Faooting Shear @ Heel = 38.2 psi OK frenigin Lave - R il kb
Allowable = 75.0 psi Moment.....Allowable  ft#= 10,911.3  36,058.5
Sliding Calcs Shear......ActuaI .
Lateral Sliding Force = 5,176.2 Ibs Service Level psi=
less 100% Passive Force = - 4,964.2 Ibs Strength Level psi= 30.2 86.0
less 100% Friction Force = - 2,827.2 Ibs Shear.... Allowable = 75.0 949
Added Force Req'd = 0.0 Ibs OK Anet (Masonry) in2 =
....for 1.5 Stability = 0.0 Ibs OK Rebar Depth 'd' in= 8.19 7.56
Masonry Data
f'm psi=
Fs psi=
Vertical component of active lateral soil pressure 1S Solid Grouting =
NOT considered in the calculation of soil bearing Modular Ratio 'n’ =
Wall Weight psf= 125.0 125.0
Load Factors Short Term Factor =
Building Code IBC 2018,ACI Equiv. Solid Thick. =
Dead Load 1.200 Masonry Block Type = Medium Weight
Live Load 1.600 Masonry Design Method = ASD
E?Tth' H 1.600 Concrete Data
Wind, W 1.000 f'c psi= 2,500.0 4,000.0
Seismic, E 1.000 Fy psi= 60,000.0 60,000.0
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Concrete Stem Rebar Area Details

2nd Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.2102 in2/ft
(4/3) * As : 0.2803 in2/ft Min Stem T&S Reinf Area 1.519 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :
============ One layer of : Two layers of :
Required Area : 0.2803 in2/ft #4@ 10.00 in #4@ 20.00 in
Provided Area : 0.31 in2/ft #5@ 15.50 in #5@ 31.00in
Maximum Area : 1.1092 in2/ft #6@ 22.00in #6@ 44.00in
Bottom Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.8921 in2/ft
(4/3)* As : 1.1895 in2/ft Min Stem T&S Reinf Area 1.001 in2
200bd/fy : 200(12)(7.5625)/60000 : 0.3025 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :
============ QOne layer of : Two layers of :
Required Area : 0.8921 in2/ft #4@ 10.00 in #4@ 20.00 in
Provided Area : 1.2 in2/ft #5@ 15.50 in #5@ 31.00 in
Maximum Area : 1.6392 in2/ft #6@ 22.00 in #6@ 44.00 in 3
Footing Data I Footing Design Results I PALFREYMAN
Toe Width = 4.00 ft Toe Heel No. 7942895
Heel Width = 5.67 Factored Pressure = 2,464 0 psf
Total Footing Width = 9.67 Mu' : Upward = 203,588 4,582 fi-#
Footing Thickness = 12.00in Mu' : Downward = 36,288 17,516 ft-#
) . Mu: Design = 13,942 12,934 ft-#
Eg ‘I’DV;?)EE N ;ggg ::n Actual 1-Way Shear 51,52 38.18 psi

Allow 1-Way Shear 75.00 75.00 psi

Key Distance from Taoe 4.00 ft Toe Reinforcing = #5@86.00in
fo = 2,500 psi Fy = 60,000 psi Heel Reinforcing = #4@6.00in
Footing Concrete Density = 150.00 pcf Key Reinforcing = None Spec'd
Min. As % = 0.0018 Footing Torsion, Tu = 0.00 ft-lbs
Cover @ Top 2.00 @ Btm= 3.00 in Footing Allow. Torsion, phi Tu = 0.00 ft-lbs

If torsion exceeds allowable, provide
supplemental design for footing torsion.

Other Acceptable Sizes & Spacings
Toe: #4@ 6.33 in, #5@ 9.82 in, #6@ 13.94 in, #7@ 19.01 in, #8@ 25.03 in, #9@ 31.

Heel: #4@ 6.31 in, #5@ 9.78 in, #6@ 13.89 in, #7@ 18.94 in, #3@ 24.94 in, #9@ 31.
Key: phiMn = phi'5'lambda'sqrt(fc)'Sm

Min footing T&S reinf Area 251 in2

Min footing T&S reinf Area per foot 0.26 in2 ft

If one layer of horizontal bars: If two layers of horizontal bars:
#4@ 9.26in #4@ 18.52 in
#5@ 14.35in #5@ 28.70 in

#6@ 20.37 in #6@ 40.74 in
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Cantilevered Retaining Wall

Code: IBC 2018,ACI 318-14,TMS 402-16

Summary of Overturning & Resisting Forces & Moments

.....OVERTURNING....

Force Distance Moment
Item lbs ft ft-#
HL Act Pres (ab water tbl) 20,017.3
HL Act Pres (be water tbl) 1,312.9 3.67 4,813.8
Hydrostatic Force 3,775.2 3.67
Buoyant Force = 603.2 4.83
Surcharge over Heel =
Surcharge Over Toe =
Adjacent Footing Load =
Added Lateral Load =
Load @ Stem Above Soil = 88.1 14.25 1,256.0
Total = 5779.3 O.TM. = 22,827.2
Resisting/Overturning Ratio = 2.63
Vertical Loads used for Soil Pressure = 9,423.9 Ibs

..... RESISTING.....
Force Distance Moment
Ibs ft ft-#
Soil Over HL (ab. water tbl)
Soil Over HL (bel. water thl) 3,295.9
Watre Table 3,015.6 7.25 23,894.0
Sloped Soil Over Heel =
Surcharge Over Heel =
Adjacent Footing Load =
Axial Dead Load on Stem =
* Axial Live Load on Stem =
Soil Over Toe = 2.00
Surcharge Over Toe =
Stem Weight(s) = 1,312.5 4.42 5,796.9
Earth @ Stem Transitions =
Footing Weighi = 1,449.9 4.83 7,007.4
Key Weight = 350.0 4.50 1,575.0
Vert. Component =
Total = 9,423.9 Ibs RM.= 60,135.2

*Includes water table effect

* Axial live load NOT included in total displayed, or used for overturning
resistance, but is included for soil pressure calculation,

Vertical compeonent of active lateral soil pressure IS NOT considered in
the calculation of Sliding Resistance.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Overturning Resistance.

Tilt

Horizontal Deflection at Top of Wall due to settlement of soil
(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus 250.0 pci
0.093 in

The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe

Horizontal Defl @ Top of Wall (approximate only)

because the wall would then tend to rotate into the retained soil.

PALFREYMAN
No. 7942895—
2202
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Criteria I Soil Data
Retained Height = 10.00 ft Allow Soil Bearing = 2,667.0 psf
: i Equivalent Fluid Pressure Method
Viall he[gh.i above:sal = G.alf Active Heel Pressure = 35.0 psfft
Slope Behind Wall = 0.00
Height of Soil over Toe = 18.00 in . =
Water height over heel = 110t Pa§51ve Pressure = 925.0 psf/ft
Soil Density, Heel = 110.00 pcf
Soil Density, Toe = 0.00 pcf
Footing||Scil Friction = 0.300
Soil height to ignore
for passive pressure = 0.00 in
Surcharge Loads I Lateral Load Applied to Stem I Adjacent Footing Load I
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/ft Adjacent Footing Load = 0.0lbs
Used To Resist Sliding & Overturning ...Height to Top = 0.00 ft Footing Width = 0.00 ft
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.001in
Us.ed for Sliding & O-verturnmg oad Tipe = Wind (W) Wa".to Ftg CL Dist = . 0.00 ft
Axial Load Applied to Stem i (Strength Level)  -ooting Type Line Load
z Base Above/Below Soil  _
Axial Dead Load = 0.01lbs Wind on Exposed Stem _ 0.0 psf at Back of Wall - 0.0t
Axial Live Load = 0.0 Ibs (Strength Level) i ' i =
Axial Load Eccentricity = 0.0in Poisson’s Ratio - 0-300
Earth Pressure Seismic Load '
Method : Uniform Uniform Seismic Force = 94,050
Multiplier Used = 8.550 Total Seismic Force =1,034.550

JARED R.
PALFREYMAN
No. 7942895-
=202

(Multiplier used on soil density)

Design Summary ' Stem Construction I 3rd 2nd Bottom
Stem OK Stem OK

Design Height Above Fic 10.50 417 0.00

1}

Wall Stability Ratios Wall Material Above "Ht" =  Fence Concrete Concrete
Qverturning = 2.33 OK Design Method = LRFD LRFD
Sliding = 1.75 OK Thickness = 10.00 10.00

Rebar Size - # 5 # 7

Total Bearing Load = 9,299 Ibs Rebar Spacing = 12.00 6.00
...resultant ecc. = 2341 in Rebar Placed at = Edge Edge
Soil Pressure @ Toe = 2,151 psf OK D?;E’g?;?:a = 0.706 0.882
Soil Pressure @ Heel = 0 psf OK .

Total Force @ Section
Allowable = 2,667 psf : _
Soil Pressure Less Than Allowable Service Level Ibs =

AC| Factored @ Toe = 2,689 PSf Streng!h Level Ibs = 3,371 .6 8,595.0
AC| Factored @ Heel = 0 psf Moment....Actual
Footing Shear @ Toe = 55.9 psi OK Seivice Leus] fis =
Footing Shear @ Heel = 43.8 psi OK Strength Level ft-#= 7,708.7 31,8357

Allowable = 75.0 psi Moment....Allowable  ft+#= 10,9113 36,058.5

Sliding Calcs Shear.....Actual
Lateral Sliding Force =  5,812.2 bs Service Level psi =
less 100% Passive Force = - 7,400.0 Ibs Strength Level psi= 34.3 94.7
less 100% Friction Force = - 2,789.7 Ibs Shear.... Allowable = 75.0 a4.9
Added Force Req'd = 0.0 Ibs OK Anet (Masonry) in2=

....for 1.5 Stability = 0.0 Ibs OK Rebar Depth 'd' in= 8.19 7.56
Masonry Data
fm psi=
Fs psi=
Vertical component of active lateral soil pressure IS Solid Grouting =
NOT considered in the calculation of soil bearing Modular Ratio 'n' =
Wall Weight psf= 125.0 125.0
Load Factors Short Term Factor =
Building Code IBC 2018,ACI Equiv. Solid Thick. -
Dead Load 1.200 Masonry Block Type = Medium Weight
Live Load 1.600 Masanry Design Method = ASD
Earth, H 1.600 Concrete Data
Wind, W 1.000 fic psi= 2,500.0 4,000.0

Seismic, E 1.000 Fy psi= 60,000.0  60,000.0
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Cantilevered Retaining Wall

Code: IBC 2018,ACI 318-14,TMS 402-16

Concrete Stem Rebar Area Details I

2nd Stem Vertical Reinforcing
As (based on applied moment) : 0.2177 in2/ft

(4/3)* As : 0.2903 in2/ft
200bd/ffy : 200(12)(8.1875)/60000 : 0.3275 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft
Required Area : 0.2903 in2/ft
Provided Area : 0.31 in2/ft
Maximum Area : 1.1092 in2/ft

Horizontal Reinforcing

Min Stem T&S Reinf Area 1.519 in2

Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
Horizontal Reinforcing Options :

One layer of : Two layers of :

#4@ 10.00 in #4@ 20.00 in
#5@ 15.50 in #5@ 31.00 in
#6@ 22.00 in #6@ 44.00 in

Bottom Stem

Vertical Reinforcing

As (based on applied moment) : 0.9767 in2/ft
(4/3)* As : 1.3022 in2/ft
200bd/fy : 200(12)(7.5625)/60000 : 0.3025 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft
Required Area ; 0.9767 in2/ft
Provided Area : 1.2 in2/ft
Maximum Area : 1.6392 in2/ft

Horizontal Reinforcing

Min Stem T&S Reinf Area 1.001 in2
Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
Horizontal Reinforcing Options :

QOne layer of : Two layers of :

#4@ 10.00 in #4@ 20.00 in
#5@ 15.50 in #5@ 31.00in
#6@ 22.00 in #6@ 44.00 in

Footing Data

Toe Width = 4.00 ft
Heel Width = 5.67
Total Footing Width = 9.67
Footing Thickness = 12.00in
Key Width = 12.00in
Key Depth = 18.00 in
Key Distance from Toe = 4,00 ft
fec = 2,500 psi Fy = 60,000 psi
Footing Concrete Density = 150.00 pcf
Min. As % = 0.0018
Cover @ Top 2.00 @ Btm= 3.00 in

Footing Design Results '

Factored Pressure
Mu': Upward

Mu': Downward
Mu: Design

Actual 1-Way Shear

Allow 1-Way Shear
Toe Reinforcing
Heel Reinfarcing
Key Reinforcing
Footing Torsion, Tu

Footing Allow. Torsion, phi Tu =

PALFREYMAN
No. 7942895—-

Toe Heel 2202
= 2,689 0 psf
= 218,324 2,874 ft#
= 36,288 17,516 ft#
= 15,170 14,642 ft-#
= 55.93 43.76 psi
= 75.00 75.00 psi
= #5@6.00in
= #4@6.00in
= None Spec'd
= 0.00 ft-Ibs
0.00 ft-lbs

If torsion exceeds allowable, provide
supplemental design for footing torsion.

Other Acceptable Sizes & Spacings
Toe: #4@ 5.82in, #5@ 9.02 in, #6@ 12.81 in, #7@ 17.47 in, #8@ 23.00 in, #9@ 29.

Heel: #4@ 6.31 in, #5@ 9.78 in, #6@ 13.89 in, #7@ 18.94 in, #8@ 24.94 in, #9@ 31.
Key: phiMn = phi'5'lambda'sqrt(fc)'Sm

Min footing T&S reinf Area
Min footing T&S reinf Area per foot
If one layer of horizontal bars:

#A@ 9.26 in
#5@ 14.35 in
#6@ 20.37 in

251 in2
0.26  in2 /Mt
If two layers of horizontal bars:
#4@ 18.52 in
#5@ 28.70 in
#6@ 40.74 in
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Cantilevered Retaining Wall

Code: IBC 2018,ACI 318-14,TMS 402-16

Summary of Overturning & Resisting Forces & Moments

..OVERTURNING.... RESISTING.....
Force Distance Moment Force Distance Moment
Item Ibs ft ft-# Ibs ft ft-#
HL Act Pres (ab water tbl) 20,017.3 Scil Over HL (ab. water tbl)
HL Act Pres (be water tbl) 1,312.9 3.67 48138 Soil Over HL (bel. water tbl) ~ 3,295.9
Hydrostatic Force 3,775.2 3.67 Watre Table 3,015.6 7.25 23,894.0
Buoyant Force = 603.2 4.83 Sloped Soil Over Heel =
Surcharge over Heel & Surcharge Over Heel =
Surcharge Over Toe = Adjacent Footing Load =
Adjacent Footing Load = Axial Dead Load on Stem =
Added Lateral Load = * Axial Live Load on Stem =
Load @ Stem Above Soil = Soil Over Toe = 2,00
Seismic Earth Load = 724.2 5.50 3,983.0 Surcharge Over Toe =
- Stem Weight(s) = 1,312.5 442 5,796.9
——e— _ Earth @ Stem Transitions =
ol = 64154 OTM. = 255543 Footing Weigh! = 14499 483 7,007.4
Key Weight = 225.0 450 1,012.5
Resisting/Overturning Ratio = 233 Vert. Component =
Vertical Loads used for Soil Pressure = 9,298.9 Ibs Total = 92989 Ibs RM.= TTZT

* Axial live load NOT included in total displayed, or used for overturning
resistance, but is included for soil pressure calculation.

|}ﬁag[%ggl1g\,1§[g?qm %OTIVI and slldmg ratios

per section 1807.2.3 of IB

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Sliding Resistance.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Overturning Resistance.

Tilt ‘ I
Horizontal Deflection at Top of Wall due to settlement of soil
(Deflection due to wall bending not considered)

PALFREYMAN
No. 7942895
2202

Soil Spring Reaction Modulus 250.0 pci
Horizontal Defl @ Top of Wall (approximate only) 0.102 in
The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe,

because the wall would then tend to rotate into the retained soil.
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Criteria I Soil Data

Retained Height = 700t ‘E\”"‘."’ ﬁﬂ"tiﬁa%ng Vioth 2[3000-0 psf
; : _ quivalent Fluid Pressure Metho
Vil helgh.t abovesal, = G508 Active Heel Pressure = 35.0 psflft
Slope Behind Wall = 0.00
Height of Soil over Toe = 18.00 in i =
Water height over heel = 8.0t Passive Pressure = 425.0 psffft
Soil Density, Heel = 110.00 pcf
Soil Density, Toe = 0.00 pcf
Footing||Soil Friction = 0.300
Soil height to ignore
for passive pressure = 0.00 in
Surcharge Loads I Lateral Load Applied to Stem I Adjacent Footing Load I
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/ft Adjacent Footing Load = 0.0bs
Used To Resist Sliding & Overturning ...Height to Tof = 0.00 ft Footing Width = 0.00 ft
Surcharge Over Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00in
Used for Sliding & Overturni ; -
s.e or Sliding lve urning Load Type = Wind (W) Wall_to Ftg CL Dist = _ 0.00 ft
Axial Load Applied to Stem i (Strength Levely  Footing Type Line Load
‘ Base Above/Below Soil  _
Axial Dead Load = 0.0 Ibs Wind on Exposed Stem _ 22.6 psf at Back of Wall - 0.0t
Axial Live Load = 0.0 Ibs (Strength Level) ; ' i
Axial Load Eccentricity = 0.0in Parssan's Relid

Design Summary I Stem Construction I 3rd 2nd Bottom
Stem OK Stem O

Design Height Above Fic ft= 7.50 2.00 0.00

Wall Stablllty Ratios B Wall Material Above "Ht" = Eance Chncrete Concrate
e B 2.38 OK Design Method = LRFD LRFD
Sliding - st 0K Thickness = 10.00 10.00

Rebar Size = # 5 i 5

Total Bearing Load = 5312 !bs Rebar Spacing Z St o
...resultant ecc. = 16.69 in e Bl 5 : 20 500
Soil Pressue @ Toe = 1748 pst OK  Doodn Data

= I = 0.482 0.555
Soil Pressure @ Heel = 0 psf OK fb/FB + fa/lFa

Total Force @ Section

= 2,000
A"og;ibllfressure Less Than Allowat:»k-zpSf Service Level Ibs = 814
ACI| Factored @ Toe - 2215 pSf Strength Level lbs = 2,291.2 4,086.6
ACI Factored @ Heel = 0 psf Moment....Actual
Footing Shear @ Toe = 25.4 psi OK Sarvice | aval Ri= 244
Fooling Shear @ Heel = 21.9 psi OK Strength Level ft-# = 5,267.2 11,554.2
Allowable = 75.0 psi Moment.....Allowable — ft-#= 10,911.3  20,802.0
Sliding Calcs Shear.....Actual
Lateral Sliding Force = 2,779.3 lbs Service Level psi=
less 100% Passive Force = - 2,603.1 Ibs Strength Level psi= 23.3 41.8
less 100% Friction Force = - 1,593.6 Ibs Shear.... Allowable = 75.0 75.0
Added Force Req'd = 0.0 Ibs OK Anet (Masonry) in2=
....for 1.5 Stability = 0.0 Ibs OK Rebar Depth 'd' in= 8.19 8.19
Masonry Data
fm psi=
Fs psi=
Vertical component of active lateral soil pressure IS Solid Grouting =
NOT considered in the calculation of seil bearing Medular Ratio 'n' =
Wall Weight psf= 125.0 125.0
Load Factors Short Term Factor =
Building Code IBC 2018,ACI Equiv. Solid Thick. =
D_ead Load 1.200 Masonry Block Type = Medium Weight
Live Load 1.600 Masonry Design Method = ASD
Earth, H 1.600 Concrete Data
Wind, W 1.000 fo psi= 2,500.0 2,500.0

Seismic, E 1.000 Fy psi= 60,000.0 60,000.0
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Concrete Stem Rebar Area Details I

2nd Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.1488 in2/ft
(413)* As : 0.1983 in2/ft Min Stem T&S Reinf Area 1.320 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :
============ One layer of : Two layers of :
Required Area : 0.216 in2/ft #4@ 10.00 in #4@ 20.00in
Provided Area : 0.31 in2/ft #5@ 15.50in #5@ 31.00in
Maximum Area : 1.1092 in2/ft #6@ 22.00 in #6@ 44.00in
Bottom Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.3263 in2/ft
(413) * As : 0.4351 in2/ft Min Stem T&S Reinf Area 0.480 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/t Horizontal Reinforcing Options :
============ Qne layer of : Two layers of :

Required Area : 0.3275 in2/it #4@ 10.00 in #4@ 20.00 in
Provided Area : 0.62 in2/it #5@ 15.50 in #5@ 31.00 in
Maximum Area : 1.1092 in2/ft #6@ 22.00 in #6@ 44.00 in

Footing Data I Footing Design Results I

Toe Width = 2.50 ft Toe Heel

Heel Width = 4.33 Factored Pressure = 2,215 0 psf

Total Footing Width = 6.83 Mu' : Upward = 71,675 1,254 ft-#

Footing Thickness = 12.00 in Mu’ : Downward = 14175 6,761 ft-#

) . Mu: Design = 4,792 5,507 ft-#

Key Width = 12001n Actual 1-Way Shear = 2537 21.86 psi

Key Depth = 12.001in Allow 1-Way Shear =  75.00  75.00 psi

Key Distance from Toe = 2.50 ft Toe Reinforcing = #5@12.00in

fio = 2,500 psi Fy = 75,000 psi Heel Reinforcing = #5@12.00in

Footing Concrete Density = 150.00 pcf Key Reinforcing = None Spec'd

Min. As % = 0.0018 Footing Torsion, Tu = 0.00 ft-lbs

Cover@Top 200 @ Btm= 3.00in Footing Allow. Torsion, phi Tu = 0.00 ft-Ibs

If torsion exceeds allowable, provide
supplemental design for footing torsion.

Other Acceptable Sizes & Spacings
Toe: #4@ 9.25 in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #8@ 36.57 in, #9@ 46

Heel: #4@ 9.25 in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #8@ 36.57 in, #9@ 46
Key: phiMn = phi'5'lambda'sqrt(fc)'Sm

Min footing T&S reinf Area 177  in2

Min footing T&S reinf Area per foot 0.26 in2 ft

If one layer of horizontal bars: If two layers of horizontal bars:
#4@ 9.26in #4@ 18.52 in
#5@ 14.35in #5@ 28.70 in

#6@ 20.37 in #6@ 40.74 in
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Summary of Overturning & Resisting Forces & Moments

...OVERTURNING..... RESISTING.....

Force Distance Moment Force Distance Moment
ltem Ibs ft ft-# Ibs ft ft-#
HL Act Pres (ab water tbl) 8,155.9 Sofl Over HL (ab. water tbl)
HL Act Pres (be water tbl) 694.4 267 1,851.7 Soil Over HL (bel. water tol) ~ 1,670.7
Hydrostatic Force 1,996.8 2.67 Watre Table 1,528.7 5.08 8,492.7
Buoyant Force = 426.4 342 Sloped Soil Over Heel =
Surcharge over Heel = Surcharge Over Heel =

Adjacent Footing Load =
Axial Dead Load on Stem =
* Axial Live Load on Stem =

Surcharge Over Toe
Adjacent Footing Load
Added Lateral Load

1l

Load @ Stem Above Soil = 88.1 11.25 991.6 Soil Over Toe = 195
= Surcharge Over Toe =
Stem Weight(s) = 937.5 2.92 2,734.4
_ e —— Earth @ Stem Transitions =
Total = 32057 OTM. = 9,624.8 Footing Weight = 1,025.0 3.42 3,501.7
Key Weight = 150.0 3.00 450.0
Resisting/Overturning Ratio = 2.38 Vert. Component =
Vertical Loads used for Soil Pressure = 5,311.8 Ibs Total = 5311.8 Ibs RM.= w
* Axial live load NOT included in total displayed, or used for overturning
T _— resistance, but is included for soil pressure calculation.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Sliding Resistance.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Overturning Resistance.

Tilt I
Horizontal Deflection at Top of Wall due to settlement of soil
(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus 250.0 pci

Horizontal Defl @ Top of Wall (approximate only) 0.086 in

The above calculation is not valid if the heel soil bearing pressure exceeds that of the foe.
because the wall would then tend to rotate into the refained soil.
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Criteria I Soil Data I
Retained Height = 7.00 ft é"ow SIOiItBF?a-Tg M=m 26667'0 psf
. —_— quivalent Fluid Pressure Metho
Wl helgh_t Bbovesnl = a5a R Active Heel Pressure = 35.0 psflft
Slope Behind Wall = 0.00
Height of Soil over Toe = 18.00in ) =
Water height over heel = 8.0t Pa.ssnre F’_ressure B 925.0 psti
Soil Density, Heel = 110.00 pcf
Soil Density, Toe = 0.00 pcf
Footing||Soail Friction = 0.300
Soil height to ignore
for passive pressure = 0.00 in
Surcharge Loads I Lateral Load Applied to Stem I Adjacent Footing Load I
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/ft Adjacent Footing Load = 0.0 Ibs
Used To Resist Sliding & Overturning ...Height to Top = 0.00 ft Footing Width = 0.00 ft
Surchafrge Over Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00in
Used for Sliding & Overturni ; =
S'e or Sliding _VE uming Ko Tyie = Wind (W) Wall to Ftg CL Dist £ 000 ft
Axial Load Applied to Stem i (Strength Level) ~ ©00ting Type Line Load
= Base Above/Below Soil  _
Axial Dead Load = 0.0 Ibs Wind on Exposed Stem ~ 0.0 psf at Back of Wall B 0.0t
Axial Live Load = 0.0 Ibs Strength Level ; ! i =
Axial Load Eccentricity = 0.0in ( 9 ) Palason's Ratio - 0.300

Earth Pressure Seismic Load I

Method : Uniform Uniform Seismic Force =  94.000

Multiplier Used = 11.750 Total Seismic Force 752.000
(Multiplier used on soil density)

JARED R.
PALFREYMAN

Design Summary I Stem Construction I 3rd 2nd Bottom No. 7942895—
Stem OK Stem OK 2202
Design Height Above Ftg  ft = 7.50 2.00 0.00 Prigrmg/
Wall Stability Ratios Wall Material Above "Ht* =  Fence Concrete Concrete L T
Overturning = 2.14 OK Design Methad = LRFD LRFD
Sliding = 2.26 OK Thickness = 10.00 10.00
Rebar Size = # 5 # 5
Total Bearing Load = 5,312 Ibs Rebar Spacing = 12.00 6.00
...resultant ecc. = 19.21 in Rebar Placed at - Edge Edge
Soil Pressure @ Toe = 1,950 psf OK D?;E’g f?;ja':a - 0.479 0.593
Soil Pressure @ Heel = 0 psf OK .
Total Force @ Section
Allowable = 2,667 psf ; _
Soil Pressure Less Than Allowable Service Level lbs =
ACI Factored @ Toe = 2,471 psf Strength Level lbs = 2,614.3 4,597.7
ACl Factored @ Heel = 0 psf Moment....Actual
Footing Shear @ Toe = 28.5 psi OK Service Level ﬁ‘#'_
Footing Shear @ Heel = 25.0 psi OK Strength Level ft-# = 5,230.3 12,351.5
Allswable : 75,0 pii Moment.... Allowable  ft-#= 10,9113  20,802.0
Sliding Calcs Shear.....Actual
Lateral Sliding Force = 3217.61bs Service Level psi=
less 100% Passive Force = - 5,665.6 Ibs Strength Level psi= 26.6 46.8
less 100% Friction Force = - 1,593.6 Ibs Shear.....Allowable = 75.0 75.0
Added Force Req'd = 0.0 Ibs OK Anet (Masonry) in2 =
....for 1.5 Stability = 0.0 Ibs OK Rebar Depth 'd' in= 8.19 8.19
Masonry Data
fm psi=
Fs psi=
Vertical component of active lateral soil pressure 1S Solid Grouting =
NOT considered in the calculation of soil bearing Modular Ratio 'n' =
Wall Weight psf= 125.0 125.0
Load Factors Short Term Factor =
Building Code IBC 2018,ACI Equiv. Solid Thick. =
Dead Load 1.200 Masonry Block Type = Medium Waight
Live Load 1.600 Masonry Design Method = ASD
Earth, H 1.600 Concrete Data
Wind, W 1.000 fc psi= 2,500.0 2,500.0

Seismic, E 1.000 Fy psi= 60,000.0  60,000.0
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Cantilevered Retaining Wall

Code: IBC 2018,ACI 318-14,TMS 402-16

Concrete Stem Rebar Area Details I

2nd Stem Vertical Reinforcing
As (based on applied moment) : 0.1477 in2/ft

(4/3)* As : 0.1969 in2/ft
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft
Required Area : 0.216 in2/ft
Provided Area : 0.31 in2/ft
Maximum Area : 1.1092 in2/ft

Horizontal Reinforcing

Min Stem T&S Reinf Area 1.320 in2
Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
Horizontal Reinforcing Options :

One layer of : Two layers of :
#4@ 10.00in #4@ 20.00in
#5@ 15.50in #5@ 31.00 in
#6@ 22.00 in #6@ 44.00 in

Bottom Stem Vertical Reinforcing Horizontal Reinforcing
As (based on applied moment) : 0.3488 in2/ft
(4/3)* As : 0.4651 in2/ft Min Stem T&S Reinf Area 0.480 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.2186 in2/ft Horizontal Reinforcing Options :
============ One layer of : Two layers of :
Required Area : 0.3488 in2/ft #4@ 10.00 in #4@ 20.00 in
Provided Area : 0.62 in2/ft #5@ 15.50 in #5@ 31.00in
Maximum Area : 1.1082 in2/ft #6@22.00in  #6@ 44.00 in JARED R.
- - - PALFREYMAN

Footing Data Footing Design Results I No. 7942895-
Toe Width = 2.50 ft Toe Heel

Heel Width = 4.33 Factored Pressure = 2,471 0 psf

Total Footing Width = 6.83 Mu' : Upward = 78,486 714 ft-#

Footing Thickness = 12.00in Mu' : Downward = 14,175 6,761 ft-#

) _ i Mu: Design = 5,359 6,046 ft-#
'éey ‘S"diﬂ = 1%-33 in Actual 1-Way Shear = 2847  25.00 psi
ey D?p e = = :{t’ Allow 1-Way Shear = 75.00 75.00 psi

Key Distance from:Fos = = Toe Reinforcing = #5@ 12.00 in

fc = 2,500 psi Fy = 75,000 psi Heel Reinforcing = #5@12.00in

Footing Concrete Density = 150.00 pcf Key Reinforcing = None Spec'd

Min, As % = 0.0018 Footing Torsion, Tu = 0.00 ft-lbs

Cover @ Top 200  @Btm= 3.00in Footing Allow. Torsion, phi Tu = 0.00 ft-lbs

If torsion exceeds allowable, provide
supplemental design for footing torsion.

Other Acceptable Sizes & Spacings
Toe: #4@ 9.25 in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #8@ 36.57 in, #9@ 46
Heel: #4@ 9.25 in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #8@ 36.57 in, #9@ 46
Key: phiMn = phi'5'lambda’sqrt(fc)'Sm

Min footing T&S reinf Area
Min footing T&S reinf Area per foot
If one layer of horizontal bars:

#4@ 9.26 in
#5@ 14.35 in
#6@ 20.37 in

177 in2
026 in2 ft
If two layers of horizontal bars:
#4@ 18.52 in
#5@ 28.70 in
#5@ 40.74 in



Jared Palfreyman

LEl Engineers and Surveyors, Inc
3302 N. Main St

Spanish Fork, UT 84660
801-798-0555

Project Name/Number : 2021-2576

Title  7'-0" RETAINING WALL Page: 3
Dsgnr: JMW Date: 20 SEP 2021
Description....

FT4 FW7 - SEISMIC

tructural\2021 Structural Jobs\2021-2576_LHH Lighthouse Heights Retaining Wal

RetainPro (c) 1987-2019, Build 11.20.03.31
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Cantilevered Retaining Wall

Summary of Overturning & Resisting Forces & Moments

..... OVERTURNING.....

Force Distance Moment
ltem Ibs ft ft-#
HL Act Pres (ab water tbl) 8,155.9
HL Act Pres (be water tbl) 694 .4 2.67 1,851.7
Hydrostatic Force 1,996.8 2.67
Buoyant Force = 426.4 3.42
Surcharge over Heel =
Surcharge Over Toe =
Adjacent Footing Load =
Added Lateral Load =
Load @ Stem Above Soil =
Seismic Earth Load = 526.4 4.00 2,105.6
Total = 3,644.0 O.TM. = 10,738.9
Resisting/Overturning Ratio = 214
Vertical Loads used for Soil Pressure = 5311.8 Ibs

* iFERICy st OTM and sliding ratios
e B T 5 5 or lBC.

Vertical component of active lateral soll pressure 1S NOT considered in

the calculation of Sliding Resistance.

Vertical component of active lateral soil pressure IS NOT considered in

the calculation of Overturning Resistance.

m |

Horizontal Deflection at Top of Wall due to settlement of soil

Code: IBC 2018,ACI 318-14,TMS 402-16

....RESISTING.....
Force Distance Moment
Ibs ft ft-#
Soil Over HL (ab. water tbl)
Soil Over HL (bel. water tbl) 1,670.7
Watre Table 1,628.7 5.08 8,492.7
Sloped Soil Over Heel =
Surcharge Over Heel =
Adjacent Footing Load =
Axial Dead Load on Stem =
* Axial Live Load on Stem =
Soil Over Toe = 1.25
Surcharge Over Toe =
Stem Weight(s) = 9376 292 2,734.4
Earth @ Stem Transitions =
Footing Weight = 1,025.0 342 3,501.7
Key Weight = 150.0 3.00 450.0
Vert. Component =
Total = 5,311.8 lbs R.M.= 22,949.2

* Axial live load NOT included in total displayed, or used for overturning
resistance, but is included for soil pressure calculation.

JARED R.
PAIFREYMAN

No. 7942895-

(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus

250.0 pci
0.107 in
The above calculation is not valid if the heel scil bearing pressure exceeds that of the toe

Horizontal Defl @ Top of Wall (approximate only)

because the wall would then tend to rotate into the retained soil.
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Criteria I Soil Data
Retained Height = 4.00 ft Allow Soil Bearing = 2,000.0 psf
) L Equivalent Fluid Pressure Method
i he'gh,t ubBvesal = 6.50% Active Heel Pressure = 35.0 psfift
Slope Behind Wall = 0.00
Height of Soil over Toe = 18.00 in . =
Water height over heel = 50 ft Pa§5|ve ?ressure = 425.0 psf/ft
Soil Density, Heel = 110.00 pcf
Soil Density, Toe = 0.00 pef
Footing||Soil Friction = 0.300
Soil height to ignore
for passive pressure = 0.00 in
Surcharge Loads I Lateral Load Applied to Stem . Adjacent Footing Load '
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/ft Adjacent Footing Load = 0.0 Ibs
Used To Resist Sliding & Overturning ..Height to Top = 0.00 ft Footing Width == 0.00 ft
Surcharge Qvgr Toe = 0.0 psf ..Height to Bottom = 0.00 ft Eccentricity = 0.00 in
Us-ed for Sliding & O.verturnlng il T = Wind (W) Wall_to Ftg CL Dist = . 0.00 ft
Axial Load Applied to Stem i (Strength Level) ~ ooting Type Line Load
- Base Above/Below Soil  _
Axial Dead Load = 0.0 Ibs Wind on Exposed Stem _ 22.6 psf at Back of Wall - 0.01t
Axial Live Load = 0.0 Ibs (Strength Level) i ' i =
Axial Load Eccentricity = 0.0n PalssopisRalia 0400

Design Summary ' Stem Construction I 2nd Bottom
Stem OK

Design Height Above Fic = 4,50 0.00
Wall Stability Ratios Wall Material Above "Ht" =  Fence Concrete
Overturning = 1.60 OK Design Method = LRFD LRFD
Sliding = 1.69 OK Thickness = 10.00
Rebar Size = # 5
Total Bearing Load = 2,008 Ibs Rebar Spacing = 12.00
...resultant ecc. = 14.94 in Rebar Placed at = Edge
) Design Data JAREDR:
Soil Pressure @ Toe = 1,994 psf OK _
Sail Pressure % Heel = 0 Esf OK TurB Py s B b PALFREYMAN
Allowable - 2,000 psf Total FPrce @ Section No. '7942895—
Soil Pressure Less Than Allowable Service Level lbs = 814
ACI Factored @ Toe - 2,601 psf Strength Level Ibs = 1,597.9
ACI Factored @ Heel = 0 psf Moment....Actual
Footing Shear @ Toe = 10.7 psi OK Sendeslevel etk = A
Footing Shear @ Heel = 9.8 psi OK Strength Level f-fe = 43840
Allowable - 75.0 psi Moment.....Allowable ft-# = 10,911.3
Sliding Calcs Shear.....Actual
Lateral Sliding Force = 1,139.4 Ibs Service Level psi=
less 100% Passive Force = - 1,328.1 |bs Strength Level psi= 16.3
less 100% Friction Force = - 602.4 Ibs Shear..... Allowable = 75.0
Added Force Req'd = 0.0 Ibs OK Anet (Masonry) in2=
....for 1.5 Stability = 0.0 Ibs OK Rebar Depth 'd' in= 8.19
Masonry Data
fm psi=
Fs psi=
Vertical component of active lateral soil pressure 1S Solid Grouting =
NOT censidered in the calculation of soil bearing Modular Ratio 'n' =
Wall Weight psf= 125.0
Load Factors Short Term Factor =
Building Code IBC 2018,ACI Equiv. Solid Thick. =
Dead Load 1.200 Masonry Block Type = Medium Weight
Live Load 1.600 Masonry Design Method = ASD
Earth, H 1.600 Concrete Data
Wind, W 1.000 f'c psi = 2,500.0

Seismic, E 1.000 Fy psi= 60,000.0
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Cantilevered Retaining Wall

Code: IBC 2018,ACI 318-14, TMS 402-16

Concrete Stem Rebar Area Details

Bottom Stem

Vertical Reinforcing

Herizontal Reinforcing

As (based on applied moment) : 0.0942 in2/ft
(413)* As : 0.1255 in2/ft Min Stem T&S Reinf Area 1.080 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/ft
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :
s=========== One layer of : Two layers of
Required Area : 0.216 in2/ft #4@ 10.00in #4@ 20.00 in
Provided Area : 0.31 in2/ft #5@ 15.50 in #5@ 31.00 in
Maximum Area : 1.1092 in2/ft #6@ 22.00 in #6@ 44.00 in
= 7 - ALFREYMAN
Footing Data Footing Design Results ' o. 7942895—
Toe Width = 1.33 ft Toe Heel
Heel Width = 2.50 Factored Pressure = 2,601 0 psf
Total Footing Width = 3.83 Mu' : Upward = 21,610 0 ft-#
Footing Thickness = 12.00 in Mu' : Downward = 4,030 983 ft-#
i ) Mu: Design = 1,465 983 fi-#
EZ;’ ‘[’J‘gﬁ: - g-gg . Actual 1-Way Shear =  10.74 9.83 psi
; ' Allow 1-Way Shear = 75.00 40.00 psi
Key Distance from Toe = 0.00 ft Toe Reinforcing = #5@12.00in
fc = 2,500 psi Fy = 60,000 psi Heel Reinforcing = None Spec'd
Footing Concrete Density = 150.00 pcf Key Reinforcing = None Spec'd
Min. As % = 0.0018 Footing Torsicn, Tu = 0.00 ft-lbs
Cover @ Top 200 @Btm= 3.00in Footing Allow. Torsion, phi Tu = 0.00 ft-lbs

If torsion exceeds allowable, provide
supplemental design for footing torsion.

Other Acceptable Sizes & Spacings
Toe: #4@ 9.25 in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #8@ 36.57 in, #9@ 46
Heel: phiMn = phi'5'lambda’sqrt(fc)'Sm
Key: No key defined

Min footing T&S reinf Area 099 in2

Min footing T&S reinf Area per foot 0.26 in2 #t

If one layer of horizontal bars: If two layers of horizontal bars:
#4@ 9.26 in #4@ 18.52 in
#5@ 14.35in #5@ 28.70 in
#6@ 20.37 in #5@ 40.74 in
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Summary of Overturning & Resisting Forces & Moments

Cantilevered Retaining Wall Code: IBC 2018,ACI 318-14, TMS 402-16

..... OVERTURNING..... ....RESISTING.....
Force Distance Moment Force Distance  Moment
Item Ibs ft ft=f Ibs ft ft-#
HL Act Pres (ab water tbl) 2.260.8 Soil Over HL (ab. water tbl)
HL Act Pres (be water thl) 271.3 1.67 452 1 Soil Over HL (bel. water tbl) 454.7
Hydrostatic Force 780.0 1.67 Watre Table 416.0 3.00 1,363.8
Buoyant Force = 2392 1.92 Sloped Soll Over Heel =
Surcharge over Heel = Surcharge Over Heel =
Surcharge Over Toe = Adjacent Footing Load =
Adjacent Footing Load = Axial Dead Load on Stem =
Added Lateral Load = * Axial Live Load on Stem =
Load @ Stem Above Soil = 88.1 8.25 727.2 Soil Over Toe = 0.67
- Surcharge Over Toe =
Stem Weight(s) = 562.5 1.75 984.2
_— Earth @ Stem Transitions =
Total = 13786 O.TM. = 2,937.6 Footing Weight 575.0 1.92 1,101.9
Key Weight =
Resisting/Overturning Ratio = 1.60 Vert. Component =
Vertical Loads used for Soil Pressure = 2,008.1 Ibs Total = 20081 lbs RM.= 4697.8

* Axial live load NOT included in total displayed, or used for overturning

vihsiles Watsrtabls effast resistance, but is included for soil pressure calculation.

Vertical component of active lateral solil pressure IS NOT considered in
the calculation of Sliding Resistance.

Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Overturning Resistance.

JARED R.
PALFREYMAN

; No. 7942895—-
[ Tilt i

Horizontal Deflection at Top of Wall due to settlement of soil
(Deflection due to wall bending not considered)

Soil Spring Reaction Modulus 250.0 pci
0.152 in

The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe

Horizontal Defl @ Top of Wall (approximate only)

because the wall would then tend to rotate into the retained soil.
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Criteria I Soil Data

Retained Height = 4001t é“"‘." SloiltBFTar(iianj N 2d.667-0 psf
. . quivalent Fluid Pressure Metho
Wall hmgh.t above soil G5eft Active Heel Pressure = 35.0 psfiit
Slope Behind Wall = 0.00
Height of Soil over Toe = 18.00 in ) =
Water height over heel = 5.01t Passive Eressure = 925.0 psf/ft
Soil Density, Heel = 110.00 pcf
Soil Density, Toe = 0.00 pef
Footing||Scil Friction = 0.300
Soil height to ignare
for passive pressure = 0.00 in
Surcharge Loads I Lateral Load Applied to Stem I Adjacent Footing Load I
Surcharge Over Heel = 0.0 psf Lateral Load = 0.0 #/ft Adjacent Footing Load = 0.0 Ibs
Used To Resist Sliding & Overturning ..Height to Top = 0.00 ft Footing Width = 0.00 ft
Surcharge O_v_er Toe = 0.0 psf ...Height to Bottom = 0.00 ft Eccentricity = 0.00 in
Us.ed for Sliding & O-vertummg e T = Wind (W) Wall_to Ftg CL Dist = . 0.00 ft
Axial Load Applied to Stem i (Strength Levely ~ Footing Type Lir Load
- Base Above/Below Soil  _
Axial Dead Load = 0.0 Ibs Wind on Exposed Stem _ 0.0 psf at Back of Wall - 0.0t
Axial Live Load = 0.0 Ibs Strength Level i ' i =
Axial Load Eccentricity = 0.0in ( 9 : Palesers fistio B B350
Earth Pressure Seismic Load
Method : Uniform Uniform Seismic Force =  94.000
Multiplier Used = 18.800 Total Seismic Force = 470,000

JARED R.
PALFREYMAN
No. 7942895—

(Multiplier used on soil density)

Design Summary I Stem Construction I 2nd Bottom
Stem OK

: . 2202
Design Height Above Fic ft= 4.50 0.00 1 0-1=2-71
Wall Stability Ratios Wall Material Above "Ht" =  Fence Concrete =
Overturning = 1.55 OK Design Method = LRFD LRFD
Sliding E 2.53 OK Thickness = 10.00
Rebar Size = # 5
Total Bearing Load = 2,008 Ibs Rebar Spacing = 12.00
...resullant ecc. = 15.51 in Rebar Placed at - Edge
Sol Pressure @ Toe = 2146 pst OK  poym Do : 0.276
Soil Pressure @ Heel = 0 psf OK .
Total Force @ Section
Allowable = 2,867 psf ; _
Soil Pressure Less Than Allowable Service Level lbs =
ACI Factored @ Toe = 2,799 psf Strength Level Ibs = 1,827.0
ACI Factored @ Heel = 0 psf Moment....Actual
Footing Shear @ Toe = 116 psi OK Senvie Level o
Footing Shear @ Heel = 9.8 psi OK Strength Level ft-# = 3,021.0
Allowable = 75.0 psi Moment....Allowable  ft4#= 10,911.3
Sliding Calcs Shear.....Actual
Lateral Sliding Force = 1,380.3 Ibs Service Level psi=
less 100% Passive Force = - 2,890.6 Ibs Strength Level psi= 18.6
less 100% Friction Force = - 602.4 Ibs Shear.....Allowable = 75.0
Added Force Req'd = 0.0 Ibs OK Anet (Masonry) in2 =
....for 1.5 Stability = 0.0 Ibs OK Rebar Depth 'd' in= 8.19
Masonry Data
fm psi=
Fs psi=
Vertical component of active lateral soil pressure IS Solid Grouting =
NOT considered in the calculation of soil bearing Modular Ratio 'n’ =
Wall Weight psf= 125.0
Load Factors Short Term Factor =
Building Code IBC 2018,ACI Equiv. Solid Thick. =
Dead Load 1.200 Masonry Block Type = Medium Weight
Live Load 1.600 Masonry Design Method = ASD
Earth, H 1.600 Concrete Data
Wind, W 1.000 fc psi= 2,500.0

Seismic, E 1.000 Fy psi= 60,000.0
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Cantilevered Retaining Wall

Code: IBC 2018 ,ACI 318-14,TMS 402-16

Concrete Stem Rebar Area Details I

Bottom Stem

Vertical Reinforcing

Horizontal Reinforcing

As (based on applied moment) : 0.0853 in2/ft
(4/3)* As : 0.1138 in2/ft Min Stem T&S Reinf Area 1.080 in2
200bd/fy : 200(12)(8.1875)/60000 : 0.3275 in2/ft Min Stem T&S Reinf Area per ft of stem Height : 0.240 in2/t
0.0018bh : 0.0018(12)(10) : 0.216 in2/ft Horizontal Reinforcing Options :
============ One layer of : Two layers of :
Required Area : 0.216 in2/ft #4@ 10.00 in #4@ 20.00 in
Provided Area : 0.31 in2/ft #5@ 15.50 in #5@ 31.00 in
Maximum Area : 1.1092 in2/ft #6@ 22.00 in #6@ 44.00 in JARED R.
. : : PALFREYMAN
Footing Data Footing Design Results ' No. 7942895—

2202

Toe Width = 133 1t Toe Heel
Heel Width = 2.50 Factored Pressure = 2,799 0 psf
Total Footing Width = 3.83 Mu' : Upward = 22754 0 ft-#
Footing Thickness = 12.00 in Mu' : Downward = 4,030 983 ft-#

) _ X Mu: Design = 1,560 983 ft-#
Eey ‘é"'dm = g-gg in Actual 1-Way Shear = 1156 9.83 psi
Key D?P - R Allow 1-Way Shear = 7500  40.00 psi

2y Distanepfim Toe = GE0 R Toe Reinforcing = #5@12.00in

fc = 2,500 psi Fy = 60,000 psi Heel Re_ainforging = None Spec'd
Footing Concrete Density = 150.00 pcf Key Reinforcing = None Spec'd
Min. As % = 0.0018 Footing Torsion, Tu = 0.00 ft-lbs
Cover @ Top 200  @Btm= 3.00in Footing Allow. Torsion, phi Tu = 0.00 ft-lbs

If torsion exceeds allowable, provide
supplemental design for footing torsion.

Other Acceptable Sizes & Spacings

Toe: #4@ 9.25in, #5@ 14.35 in, #6@ 20.37 in, #7@ 27.77 in, #8@ 36.57 in, #9@ 46
Heel: phiMn = phi'5'lambda'sqrt(fc)'Sm
Key: No key defined

Min footing T&S reinf Area 099 in2

Min footing T&S reinf Area per foot 0.26 in2 ft

If one layer of horizontal bars: If two layers of horizontal bars:
#4@ 9.26in #4@ 18.52 in
#5@ 14.351n #5@ 28.70 in
#6@ 20.37 in #6@ 40.74 in
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7 Cantilevered Retaining Wall
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Summary of Overturning & Resisting Forces & Moments

Code: IBC 2018,ACI 318-14,TMS 402-16

..... OVERTURNING..... ....RESISTING.....
Force Distance Moment Force Distance Moment
Item Ibs ft ft-# Ibs ft ft-#
HL Act Pres (ab water tbl) 2.260.8 Soil Over HL (ab. water tbl)
HL Act Pres (be water tbl) 271.3 167 452 1 Soil Over HL (bel. water tbl) 4547
Hydrostatic Force 780.0 1.67 Watre Table 416.0 3.00 1,363.8
Buoyant Force = 239.2 1.92 Sloped Soil Over Heel =
Surcharge over Heel = Surcharge Over Heel =
Surcharge Over Toe = Adjacent Footing Load =
Adjacent Footing Load = Axial Dead Load on Stem =
Added Lateral Load = * Axial Live Load on Stem =
Load @ Stem Above Soil = Soil Over Toe = 0.67
Seismic Earth Load = 329.0 2.50 8225 Surcharge Over Toe =
= Stem Weight(s) = 562.5 1.75 984.2
—_— —_— Earth @ Stem Transitions =
il = 16194 OTM. = 30330 Footing Weigh = 575.0 1.92 1101.9
Key Weight =
Resisting/Overturning Ratio = 1.55 Vert. Component =
Vertical Loads used for Soil Pressure = 2,008.1 Ibs Total = 2.0081 Ibs RM.= 46978

¥ Axi.alt live [DEdtNO'T i?c;ugefd in tc_JItaI displayedl. orI utjsed for overturning
* igqaic, isti OTM and sliding ratios resistance, but is included for soil pressure calculation.
e 5 5 0f .
Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Sliding Resistance.
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Vertical component of active lateral soil pressure IS NOT considered in
the calculation of Overturning Resistance.

Tilt ‘ |
Horizontal Deflection at Top of Wall due to settlement of soil

(Deflection due to wall bending not considered)

0. 7942895-

Soil Spring Reaction Modulus 250.0 pci
Horizontal Defl @ Top of Wall (approximate only) 0.163 in
The above calculation is not valid if the heel soil bearing pressure exceeds that of the toe

because the wall would then tend to rotate into the retained soil.




