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1. Introduction 
1.1 Project Background 
The Project Yankee Phase 1A development is an approximately 470-acre site within an overall 681.32-acre 
limits-of-disturbance (LOD) area in the Town of Clay, Onondaga County, New York. The site is located 
approximately 3 miles west of Oneida Lake and approximately 10 miles north of Syracuse. Phase 1A 
represents the first phase of a planned multi-decade campus development. 

This report is prepared to support design and permitting for the Project Yankee stormwater management 
system and the associated pond dams, which require dam safety review. JE ARCHITECTS/ENGINEERS, 
P.C. (Jacobs) retained AECOM to support the preparation of the Dam Safety Construction Permit Package 
for submittal to the New York State Department of Environmental Conservation (NYSDEC). The stormwater 
management pond dams that require permits include SMP-01, SMP-11, TEMP-SMP-01, and TEMP-SMP-
02. These dams are planned as earthen embankments and are being constructed as part of a large 
semiconductor manufacturing campus for Micron Technology. Based on hydraulic modeling results, the 
dams are classified as Class A – Low Hazard dams, as defined in New York State Engineering Guidelines 
and 6 NYCRR Subpart 673.5(b). AECOM Hydrologic and Hydraulic Technical Memorandum for Project 
Yankee provides the results of this modeling.  

Figure 1 shows the aerial location of the proposed stormwater management ponds (SMP-01, SMP-11, 
TEMP-SMP-01, and TEMP-SMP-02) relative to the project boundary and surrounding infrastructure.  

Jacobs completed the design of the stormwater management system for the project site. To accommodate 
the project’s aggressive construction schedule, AECOM is preparing the permit applications in two 
packages, the first will be for SMP-11 and TEMP-SMP-01. The second package will be for SMP-01 and 
TEMP-SMP-02. The four proposed dams will be integral to the project’s stormwater management system. 
The eastern portion of the campus is considered temporary in relation to the master-planned campus's life. 
As such, while TEMP-SMP-01 and TEMP-SMP-02 are temporary in relation to the life of the master-planned 
campus, they are considered permanent for purposes of dam design and stormwater management for this 
project. The dams will fall under the jurisdiction of NYSDEC. Table 1 presents pertinent information about 
the first two dams (SMP-11 and TEMP-SMP-01).  
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Figure 1. Location of the proposed stormwater ponds 

Table 1. Dam and Reservoir Data 
Description SMP-11 TEMP SMP-01 

Purpose Stormwater Management Stormwater Management 
Drainage Area 141.75 acres 60.39 acres 
Dam height at Maximum 
Section 16.0 ft 9 ft 

Crest Length 618 ft 3,185 ft 
Min Crest Width 35  14  
Upstream Slope 3H:1V 3H:1V 
Downstream Slope Vertical (Retaining Wall) 3H:1V 

Critical Elevation 
Normal Pool (Bottom of Pond / 
Invert of lowest orifice) 382.0 ft 385.0 ft 

Auxiliary Spillway Crest 392.3 ft 388.0 ft 
Dam Crest 395.0 ft 390.0 ft 

Storage Capacities1 

Normal Pool  0.0 acre-ft 0.0 acre-ft 
Max Storage2 56.68 acre-ft 26.98 acre-ft 

Outlet Features 

Service Spillway Intake 
Structure 

60-Inch precast open top 
manhole with domed round 
top grate. 

60-Inch precast open top 
manhole with domed round top 
grate. 

Service Spillway 36-inch RCP conduit 24-inch RCP conduit 
Service Spillway Outlet 
Structure 

Concrete Endwall with riprap 
apron 

Concrete Endwall with riprap 
apron 

Auxiliary Spillway 
76-foot-wide drop inlet drain 
with two 36-Inch conduit 
outflows 

51-foot-wide HydroTurf 
armored spillway on graded 
embankment 
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(1)  All storage values referenced in this report refer to the volume of water above the extended 
detention that is being impounded by the dam itself. 

(2) The maximum storage capacity reflects the storage volume at the crest of the dam. 

1.2 Scope of the Report 
This Basis of Design Report includes supporting analyses, engineering assumptions, input data, modeling 
results, and design calculations that support the design of each dam. Jacobs contracted AECOM to 
independently evaluate and verify the design of the proposed dams in support of the dam design, erosion 
and sediment control design, and stormwater design were prepared in compliance with: 

• The New York State Department of Conservation (NYSDEC) Guidelines for Design of Dams (1989); 

• Current dam safety state of practice guidelines, including relevant guidance documents from the 
USACE, NRCS, ACI, and USBR; 

• The NYSDEC Standards and Specifications for Erosion and Sediment Control, November 2016 (Blue 
Book); 

• The NYSDEC Stormwater Management Design Manual, July 31, 2024; and 

• The NYSDEC State Pollutant Discharge Elimination System Permit requirements. 

1.3 Statement of Limitations 
Interpretation of general subsurface conditions presented herein is based on the soil and groundwater 
encountered in the limited number of soil borings and laboratory testing data provided by others. AECOM 
used the provided information and did not independently verify soil and groundwater condition data. 
Representative portions of the samples collected in the field are tested in the laboratory in accordance with 
ASTM standards; however, subsurface conditions may vary outside the exploration locations. This report 
does not reflect any variations that might occur across the site in areas not sampled. AECOM is not 
responsible for errors, omissions, or inconsistencies in information furnished by other parties. If subsurface 
conditions encountered during construction differ from those described in this report or in the information 
provided to AECOM, AECOM should be notified immediately so that recommendations may be reviewed 
and modified as appropriate. 

This report has been prepared for the specific application to the project discussed and has been prepared 
in accordance with reasonable and accepted engineering practices and standard of care based on the 
information available to AECOM USA, Inc. (AECOM) at the time of performance of the work. No warranty 
or guarantee, either written or implied, is applicable to this work. 

2. Major Features of Work 
2.1 Embankments 
SMP-11 and TEMP-SMP-01 will be constructed to support the project's erosion and sediment control 
strategy. These basins are intentionally designed for dual functionality: initially serving as temporary 
sediment basins and transitioning into permanent wet extended detention ponds. Accordingly, the grading 
and the outfall control structures, including risers and outfall piping, are engineered to accommodate both 
operational phases. During the rough grading phase of the project, the stormwater management ponds 
control construction-site runoff and sediment. To allow drainage from the crest of the embankments, each 
was designed with a gentle upstream slope. The crest elevation of SMP-11 is 395 feet, and the rough grade 
will fall toward the reservoir at a grade of 2%. For the final condition, the crest will be paved with a 30-foot-
wide asphalt road. The crest height of TEMP-SMP-01 is 390 feet, which is consistent for the northern and 
eastern embankments. The TEMP-SMP-01 North crest grade towards the pond is 0.8%, while the eastern 
is 3.6%. This grading will remain for the finished crest grade.  
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The embankments at SMP-11 and TEMP-SMP-01 will be constructed by placing fill material in carefully 
controlled and compacted lifts, in accordance with the project specifications. The geotechnical properties 
of the fill material are discussed in Appendix A. The source of the fill may be on-site soil or imported fill that 
meets the requirements of the project specifications. Regardless of the fill material source, moisture 
conditioning, compaction, and placement in lifts are required. Embankment fill placement procedures are 
described in the construction specifications 

Both the upstream and downstream slopes of TEMP-SMP-01 are 3H:1V. At SMP-11, the downstream 
embankment is retained by a 24-foot concrete retaining wall. The upstream slope for SMP-11 is 3H:1V. 
More detail on the development of the embankments’ geometry is included in the 2026 AECOM 
Geotechnical Engineering Report: SMP-11 and TEMP-SMP-01.  

The embankments are designed with various features, including cutoff trenches, filter diaphragms, and strip 
drains, to manage seepage through the earthen embankments and around appurtenances. Compacted 
earthfill cutoff trenches with sloping sides (1H:1V) were designed beneath the crest of each embankment, 
upstream of the filter diaphragms. Cutoff trenches serve to intercept seepage pathways under the dam and 
along the foundation interface.  

The 36-inch RCP principal spillway conduit at SMP-11 and the 24-inch RCP principal spillway conduit at 
TEMP-SMP-01 are designed with filter diaphragms to intercept seepage that can flow through cracks in the 
surrounding fill or along the interface of the conduit and prevent sediment transport along the conduit, which 
could lead to internal erosion. Supplemental filter diaphragms were also designed at SMP-11 for the dual 
36-inch emergency spillway conduits and the 24-inch storm drain conduit along the left abutment. The 
diaphragms will be constructed with fine aggregate, which functions as a filter to prevent particle movement 
and transmits collected seepage downstream via a strip drain, which primarily acts as a drain material to 
convey seepage to the drainpipes. This system will provide filtered seepage collection and discharge to 
reduce the potential for internal erosion of the embankment and natural soils and allow for future monitoring 
of flows from the individual components. The design and analysis of the filter diaphragms and strip drains 
are detailed in the 2026 AECOM Geotechnical Engineering Report: SMP-11 and TEMP-SMP-01.  

A filter diaphragm was not developed for the 48-inch intake conduits at SMP-11. These conduits supply flow 
to the reservoir and slope downward toward it. Each 48-inch RCP conduit traverses three manholes at 90-
degree angles before continuing adjacent to the downstream retaining wall. Any seepage flow path that 
might develop along the conduits would be intercepted at the manholes and would need to go around 90-
degree angles, flowing laterally between the first two manholes. Given the length and direction of the flow 
path required for a defect to form and the lack of a defined seepage exit point, installing a filter diaphragm 
was deemed impractical for preventing seepage along the conduits.  

The stormwater ponds require an impervious liner, per the NYSDEC Stormwater Management Design 
Manual. The Langan Preliminary Earthwork Criteria memorandum established the use of impervious earth 
liners in the design and it was determined that the on-site borrow material is suitable for use in an impervious 
liner. It is anticipated that the liner and embankment fill will be composed of the same material and have 
similar compaction characteristics. The 2026 AECOM Geotechnical Engineering Report: SMP-11 and 
TEMP-SMP-01 describes how the impervious stormwater pond liners were factored into the analysis and 
design. 

The completed embankments are designed to be grass-covered for cost-effective erosion protection. After 
the embankments are built to finished grade, sufficient topsoil will be placed on the embankments and 
slopes. Because the slopes are 3H:1V on both the upstream and downstream sides, there is no concern 
about steepness preventing topsoil spreading and grassing. The construction specifications describe 
requirements for topsoil and grass seed in accordance with New York State regulations and dam safety 
standards of practice. Satisfactory grassing on the embankments means they are over 90% covered over 
any 100-square-foot area, with no bare spots exceeding 1 foot by 1 foot.  
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2.2 Service Spillways 
The service spillway system at each dam will include an intake riser structure with three inlet orifices, a 
conduit, and a riprap apron at the downstream end for energy dissipation. The riser structure will be a 
precast concrete, 60” diameter structure with 5-inch thick walls and a 1’-6” thick footing. It will contain a 
domed round top trash rack with anti-vortex device over the top. The lowest-stage orifice will be placed at 
the existing normal pool elevation which will be the bottom of the extended storage pond. The service 
spillway conduit will be a 24-inch RCP at Temp-SMP-01 and a 36-inch RCP at SMP-11. The pipes will be 
supported with concrete cradles, and both the pipe and cradle will be surrounded by filter diaphragms that 
will outlet through a slotted 6-inch HDPE pipe which transitions to solid pipe and then discharges to a 
concrete headwall. 

2.3 Auxiliary Spillways 
The auxiliary spillway at TEMP-SMP-01 is a 51-foot wide trapezoidal open-flow spillway armored with 
HydroTurf CS. HydroTurf CS is a composite system of a structured geomembrane overlain by an 
engineered synthetic turf which is infilled with a cementitious mix (HydroBinder). The HydroTurf CS spillway 
has an anchor trench on all 4 sides to anchor it in place. At the terminus of the HydroTurf CS spillway, there 
is a 10-foot-long riprap apron (D50 = 6 inches) to dissipate energy. The maximum water surface elevation 
within the pond during the spillway design flood (SDF) is 387.8 FT while the crest of the auxiliary spillway 
is 388.0 FT. Therefore, the spillway will not be activated during the SDF. However, the spillway was designed 
for flows resulting from a maximum water surface elevation equal to the dam crest elevation (390.0 FT). At 
this water surface elevation, the maximum depth of flow through the spillway is two feet and the maximum 
resulting velocity is 6 feet per second (fps) on the crest and 10 fps on the downstream slope of the spillway, 
both of which are well within the allowable design parameters (up to 5.5 feet of depth of flow and up to 40 
fps) for a HydroTurf CS spillway. 

The auxiliary spillway at SMP-11 is a 79-foot long by 6-foot wide reinforced concrete drop inlet structure 
outletting through twin 36-inch RCPs that discharge to a riprap apron downstream of the retaining wall. The 
drop inlet structure will have 18” thick reinforced concrete walls and footing underlaid by 6” of aggregate 
base course on compacted subgrade. A single concrete cradle will be used for both RCPs. The 36-inch 
RCPs will also be surrounded by a filter diaphragm that will outlet through a slotted 6-inch HDPE pipe which 
transitions to solid pipe and then discharges through the retaining wall. 

For temporary sediment basin conditions, the NYSDEC Blue Book requires principal (service) and 
emergency (auxiliary) spillways to convey the 10-year storm event. In permanent conditions, the 
stormwater management design guidelines require the auxiliary spillway to be designed to accommodate 
events greater than the 100-yr storm but does not define the exact flows. Without specific design criteria, 
the combined service and auxiliary spillways were conservatively designed to convey the incoming, 
unattenuated 100-yr storm event. Thus, if back-to-back 100-year storm events were to occur, the 
successive storm event could be safely passed through the two combined spillways such that the inflows 
to the dam would match the outflow from the dam. This was the basis of the design of the hydraulic 
capacity of the auxiliary spillways at each dam. 

2.4 Retaining Wall at SMP-11 
A reinforced concrete cantilever retaining wall supports the embankment of SMP-11. The retaining wall 
extends well beyond the limits of SMP-11 and its purpose to retain fill being placed at the northern end of 
the proposed site. Within the footprint of SMP-11, the wall will retain a maximum of 16 feet of soil (the 
embankment height) and is designed to be 24 feet tall, and the wall’s footing will be 2-feet-thick and 22’-9” 
long with a 2’-by-3’ shear key to resist sliding. All structural cast-in-place concrete for the wall will have a 
minimum compressive strength of 5,000 psi at 28-days, maximum water/cement ratio of 0.40 and minimum 
entrained air of 5.5%. The top of the wall will extend approximately 4 feet above the final proposed grade 
and contain a safety fence for public safety. It will be heavily reinforced and contain waterstops at 
construction joints. Refer to Appendix D – Structural Engineering Report for detailed calculations for 
applicable load cases. 
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3. Geotechnical Analysis 
Documentation of the material properties selected for geotechnical analysis in the design of SMP-11 and 
TEMP-SMP-01 can be found in Appendix A – Geotechnical Memorandum: SMP-11 and TEMP-SMP-01 
Geotechnical Input Properties. This memorandum includes descriptions of subsurface stratigraphy as well 
as the selection of engineering properties. It was submitted to NYSDEC on February 25, 2026. 

Documentation of the geotechnical engineering and analyses for SMP-11 and TEMP-SMP-01 can be found 
in Appendix B – Geotechnical Engineering Report: SMP-11 and TEMP-SMP-01. The key analyses 
presented in this report include seepage and slope stability analyses, filter compatibility analyses, filter 
diaphragm design, bearing capacity analyses and design, and settlement analyses and design. The results 
of the analyses shows that the embankments for SMP-11 and TEMP-SMP-01 meet or exceed the minimum 
requirements for factor of safety. It was submitted to NYSDEC on March 6, 2026 and revised on March 18, 
2026. 

4. Hydrologic and Hydraulic Analysis 
A two-dimensional HEC-RAS dam breach analysis was performed for SMP-11 and TEMP-SMP-01. The 
analysis showed there is an inconsequential difference in the downstream inundation area between the 
breach and non-breach scenarios, and there are no impacts to any occupied buildings, roads or railroads 
for any of the four dams evaluated. Therefore, SMP-11 and TEMP-SMP-01 are each recommended to be 
classified as a Low Hazard (Class “A”) dams. Additionally, calculations were completed for the sizing and 
performance of the spillways and the riprap outlet protection. The dams were evaluated for conformance 
with relevant hydraulic NYSDEC Guidelines for Design of Dams and all applicable criteria is satisfied. 
Detailed documentation of these analyses and calculations can be found in Appendix C – Hydrologic and 
Hydraulic Report. A draft version of this report was submitted to NYSDEC on February 20, 2026. 

5. Structural Analysis 
Documentation of the structural engineering and analyses for the retaining wall and structural spillways of 
SMP-11 can be found in Appendix D – Structural Engineering Report. The purpose of this report was to 
evaluate the structural adequacy, stability, and design methodology of the retaining wall system for 
compliance with dam safety criteria, including sliding, overturning, and bearing capacity, and construction 
detailing such as drainage and joint detailing. SMP-11 includes two drop inlet spillways: one service spillway 
and one auxiliary spillway. The report also includes summaries of the structural stability analyses and 
reinforced concrete design for those spillways. The results of these analyses show that the structures 
reviewed meet or exceed minimum requirements for factors of safety. 
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6. Construction Considerations 
Construction of the stormwater management ponds will require special considerations during the 
performance of the work. The following sections describe these considerations. 

6.1 Clearing and Grubbing 
Before site grading and excavating, existing vegetation, topsoil, and any debris should be cleared and 
stockpiled in accordance with the project specifications. The clearing and grubbing depths are anticipated 
to be up to 18 inches in depth unless organic soils or tree roots are encountered. Where concentrations of 
organic soils and tree roots are found, deeper removal may be required. The geotechnical engineer may 
be consulted to provide additional recommendations for removal of deeper organics, if encountered. Topsoil 
and debris should not be incorporated into any engineered fill.  

6.2 Foundation Preparation 
Subgrade preparation is applicable to the areas of proposed embankment fill, the proposed filter 
diaphragms, conduits, and appurtenant structures. The geotechnical engineer should observe the 
excavated subgrade for these areas to verify potentially soft or overly-compressible soils are not present. 
The contractor should be prepared to provide a small excavator for shallow test pits as needed. The 
geotechnical engineer will determine the presence of loose, soft, or compressible material and recommend 
undercut depths as needed. The subgrade should be clean and free of unsuitable materials (trash, organics, 
wood, and other degradable or deleterious materials).  

Before the start of construction of structures or placement of fill, the subgrade should be proof-rolled with a 
fully loaded dump truck or similarly heavy-wheeled vehicle to detect soft or loose zones. If pockets of 
unsuitable materials encountered in this process cannot be satisfactorily compacted at the subgrade, these 
soils should be removed and replaced with embankment fill or other material as approved by the 
geotechnical engineer and compacted as recommended in the project specifications.  

6.3 Groundwater Control 
Groundwater was encountered in the borings and will likely be encountered in subgrade excavations of the 
cutoff trench and in other excavations at the project sites. Groundwater controls may be necessary for the 
entire duration of earthwork operations. Groundwater levels must be maintained at least 2 feet below the 
proposed excavation bottom for trafficability and stability. Temporary dewatering is the responsibility of the 
contractor and requirements are outlined in the project specifications.  

Groundwater levels can fluctuate depending on rainfall, runoff conditions, and other factors. The contractor 
must verify groundwater conditions before construction and submit a plan to the Engineer for approval prior 
to implementation of the work.  
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Appendix A – Geotechnical Memorandum: SMP-11 and 
TEMP-SMP-01 Geotechnical Input Properties 
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Appendix B – Geotechnical Engineering Report: SMP-11 and 
TEMP-SMP-01 
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Appendix C – Hydrologic and Hydraulic Report 
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The proposed service spillway’s geometry will consist of a precast concrete riser with an inner diameter of 

5-feet and wall thickness of 5-inches. The riser will rest on a 10-foot-by-10-foot (length x width), 18-inch-

thick foundation slab. 

The precast concrete service spillway’s reinforcement design will be the responsibility of the fabricator, with 

minimum requirements provided in the project’s technical specifications. 

Table 18. Service Spillway Stability Analysis Results – Sliding and Flotation 

Load Combination 
Sliding Criteria (FOS) Flotation Criteria (FOS) 

Required Analysis  Required Analysis 

U1 – Usual Loading (Normal) 1.5 14.3 1.3 N/A 

UN1 – Unusual Loading (SDF1) 1.5 N/A 1.2 1.4 

UN3 – Unusual Loading (SDF2) 1.5 N/A 1.2 1.2 

E1 – Extreme Loading (Seismic) 1.25 >99 1.1 N/A 

 

Table 19. Service Spillway Stability Analysis Results – Overturning and Bearing 

Load Combination 

Overturning Criteria (Resultant 

Location) 

Bearing Criteria (psf) 

Required Analysis Required Analysis  

U1 – Usual Loading (Normal) Middle 1/3 Middle 1/3 4,000 408 

UN1 – Unusual Loading (SDF1) Middle 1/3 Middle 1/3 4,000 312 

UN3 – Unusual Loading (SDF2) Middle 1/3 Middle 1/3 4,000 183 

E1 – Extreme Loading (Seismic) Within Base Middle 1/3 4,000 405 

 

4.3 Auxiliary Spillway 

The results of the auxiliary spillway stability analysis are presented in Table 20 below. The NYSDEC 

requirements for stability are met for all relevant load cases and the bearing pressure on its supporting soil 

foundation is within allowable values. 

The auxiliary spillway’s geometry consists of two 11.8-foot-high, 18-inch-thick walls supported on a 6-foot-

wide, 18-inch-thick footing. 

Table 20. Auxiliary Spillway Stability Analysis Results – Sliding and Flotation 

Load Combination 
Sliding Criteria (FOS) Flotation Criteria (FOS) 

Required Analysis Required Analysis 

UN3 – Unusual Loading (SDF2) 1.5 N/A 1.2 1.3 

 

The auxiliary spillway’s reinforcement consists of the following: 

• Wall Stem (Vertical): #6 bars at 6” O.C. 

• Wall Stem (Horizontal): #4 bars at 12” O.C. 

• Wall Footing (Longitudinal): #6 bars at 6” O.C. 

• Wall Footing (Horizontal): #4 bars at 12” O.C. 

  







































625 Ridge Pike
Conshohocken, PA
Telephone: (610) 
832-3500
www.aecom.com

Calculated By:  KA/MAD
Date: 1/21/2026

Project: Yankee Checked By: NP
Task: SMP-11 Retaining Wall Design for 

Load Case 2 - Unusual (Spillway Design Flood)
Date: 3/6/2026
Job Number: 60586008

Purpose: 
These calculations are for the purpose of checking the structural stability of the retaining wall at the 
maximum section of  SMP 11. As an appurtenant structure to the dam, this stability analysis was 
performed in general accordance with USACE EM 1110-2-2100, Stability Analysis of Concrete 
Structures

Assumptions:

1.
2.
3.
4.

5.
6.

7.
8.
9.

Headwater and tailwater elevations are assumed for the analyzed loading condition.
Surcharge loads were adopted based on Jacob’s assumptions.
Wall  elevations were taken from Jacob’s  calculations.
Soil properties were obtained from Jacob’s analysis file and AECOM based on the 
geotechnical assumption.
The case studied corresponds to the 100-year design event.
Backfill behind wall is placed at EL. 395 ft and to finished grade in front of the wall, as soil 
excavation is not anticipated to be performed during the design flood event.
Wall can be evaluated as a retaining wall based on unit strip.
Wall footing has a shear key. Uplift is calculated per Appendix C of USACE [6].
Wall drains (weep holes through wall stem) are provided, however, assumed to be not 
effective for stability analysis.

References:

[1]- ACI 318-19, Building Code Requirements for Structural Concrete.
[2]- ACI 350-20, Code Requirements for Environment Concrete Structures.
[3]- USACE EM 1110-2-2502, Retaining and Flood Walls (2022).
[4]- DRB-04 Site Retaining Wall Structural Calculation Report by Jacobs Solutions, Inc., 
Revision 1 dated 11/06/2025.
[5]- New York State Department of Environmental Conservation (NYSDEC) Guidelines for 
Design of Dams (1989).
[6]- USACE EM 1110-2-2100, Stability Analysis of Concrete Structures (2005).



Figure 1: General Location Plan 
Material Properties 

≔γconc 150 pcf Unit Weight of Concrete

≔γwater 62.4 pcf Unit Weight of Water

≔σallow 4000 psf Allowable Foundation Bearing Capacity,[4]

≔γsoil_m 125 pcf Moist Unit Weight of The Soil, [4]

≔γsoil_b =-γsoil_m γwater 62.6 pcf Submerged Unit Weight of the Soil

≔ϕfill 33 deg Coefficient of Internal Friction of The Soil

≔fy 60 ksi Reinforcement Yield Strength, [4]

≔f'c 5 ksi Concrete Compressive Strength (28 day), [4]

≔μf 0.4 Friction Coefficient for Sliding within the Foundation 
(Assumed at upper end of range) [4]

≔c 0 psf Conservatively, Neglect Cohesion at Concrete/
Foundation Interface, [6]

≔Ka =tan
⎛
⎜
⎝

-45 deg
⎛
⎜
⎝
――
ϕfill

2

⎞
⎟
⎠

⎞
⎟
⎠

2

0.29 Active Earth Pressure Coefficient, [6]

≔Kp =―
1

2
tan

⎛
⎜
⎝

+45 deg
⎛
⎜
⎝
――
ϕfill

2

⎞
⎟
⎠

⎞
⎟
⎠

2

1.7 Passive Earth Pressure Coefficient, [6]



Wall Properties 

≔ELTO.wall 398 ft Top of Wall

≔ELBO.footing 375 ft Bottom of wall footing

≔tbase 24 in Base Thickness

≔ELTO.footing =+ELBO.footing tbase 377 ft Top of Wall Footing

≔ELkey 372 ft Bottom of Shear Key

≔tkey 2 ft Shear Key Thickness

≔hkey =-ELBO.footing ELkey 3 ft Depth of Shear Key

≔ELus_soil 395 ft U/S Backfill soil Elevation

≔ELds_soil 379 ft D/S Backfill soil Elevation

≔ELwater 391.57 ft Headwater Elevation

≔ELTW 379 ft Tailwater Elevation 

≔hwall =-ELTO.wall ELBO.footing 23 ft Height of The Wall

≔hwall.stem =-ELTO.wall ELTO.footing 21 ft Height of the Wall stem

≔tw 30 in Wall Thickness 

≔hus_soil =-ELus_soil ELkey 23 ft U/S Soil Height 

≔hds_soil =-ELds_soil ELkey 7 ft D/S Soil Height

≔hus_soil_TF =-ELus_soil ELTO.footing 18 ft Soil Height on Top of The Heel 

≔hds_soil_TF =-ELds_soil ELTO.footing 2 ft D/S Soil Height on Top of The Toe

≔hwater =-ELwater ELkey 19.57 ft Headwater Height

≔hTW =-ELTW ELkey 7 ft Tailwater Height

≔hHW_Top =-ELwater ELTO.footing 14.57 ft Water Height on Top The Heel 

≔hTW_Top =-ELTW ELTO.footing 2 ft Water Height on Top The Toe

≔Lbase 22.75 ft Footing Length



≔Ltoe 4.5 ft Length of Wall Toe

≔Lheel =--Lbase Ltoe tw 15.75 ft Length of Wall Heel

≔Wsurcharge 0 psf Surcharge Load 

≔b 1 ft Unit Width

Figure 2 : Typical Section of The Retaining Wall 

Figure 3: Section Free Body Diagram 



Calculate the vertical load 

Calculate the area of the section 

≔A1 =⋅hwall.stem tw 52.5 ft2 Area of the Wall Stem 

≔A2 =⋅Lbase tbase 45.5 ft2 Area of Footing 

(A) Gravity Load of Section

≔W1 =⋅⋅γconc b A1 7875 lbf Wall Stem Load Section

≔xw1 =+―
tw
2

Ltoe 5.75 ft Moment Arm

≔W2 =⋅⋅γconc b A2 6.83 kip Foundation Load Section

≔xw2 =――
Lbase

2
11.38 ft Moment Arm

≔W3 =⋅⋅⋅hkey tkey γconc b 0.9 kip Shear Key Section

≔xW3 =-Lbase ――
tkey
2

21.75 ft Moment Arm (key at U/S heel)

≔Wtotal =++W1 W2 W3 15.6 kip Total Weight 

≔xw =――――――――
++⋅W1 xw1 ⋅W2 xw2 ⋅W3 xW3

Wtotal

9.13 ft Total x Centroid 

(B) U/S Hydrostatic Load on top heel 

≔VHW =⋅⋅⋅γwater Lheel hHW_Top b 14.32 kip Headwater  Load 

≔xvhw =-Lbase ――
Lheel

2
14.88 ft Moment Arm 

(B) D/S Hydrostatic Load on top toe

≔VTW =⋅⋅⋅γwater Ltoe hTW_Top b 0.56 kip Tailwater  Load 

≔xvtw =――
Ltoe

2
2.25 ft Moment Arm 



(C) U/S Backfill on The Heel 

=hus_soil_TF 18 ft

≔hus_soil_dry_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELwater ELTO.footing
‖
‖ -ELus_soil ELTO.footing

|
|
||

if <<ELTO.footing ELwater ELus_soil
‖
‖ -ELus_soil ELwater

|
|
||

if ≤ELus_soil ELwater
‖
‖ 0 ft

3.43 ft Height of Dry Soil on Top of The 
Heel 

≔hus_soil_sub_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELwater ELTO.footing
‖
‖ 0 ft

|
|
||

if <<ELTO.footing ELwater ELus_soil
‖
‖ -ELwater ELTO.footing

|
|
||

if ≤ELus_soil ELwater
‖
‖ -ELus_soil ELTO.footing

14.57 ft Height of Submerged Soil on Top the 
Heel

≔pus_soil1_V 0 psf Top soil Pressure 

≔pus_soil2_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELwater ELTO.footing
‖
‖ ⋅⎛⎝ -ELus_soil ELTO.footing⎞⎠ γsoil_m

|
|
||

if <<ELTO.footing ELwater ELus_soil
‖
‖ ⋅⎛⎝ -ELus_soil ELwater⎞⎠ γsoil_m

|
|
||

if ≥ELwater ELus_soil
‖
‖pus_soil1_V

428.75 psf Soil Pressure at Water Elevation 

≔pus_soil3_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELwater ELTO.footing
‖
‖pus_soil2_V

|
|
||

if <<ELTO.footing ELwater ELus_soil
‖
‖ ⋅⎛⎝ -ELwater ELTO.footing⎞⎠ γsoil_b

|
|
||

if ≥ELwater ELus_soil
‖
‖ ⋅⎛⎝ -ELus_soil ELTO.footing⎞⎠ γsoil_b

912.08 psf Top Footing Soil Pressure 

≔Vus_soil_dry_V =⋅⋅pus_soil2_V ⎛⎝Lheel⎞⎠ b 6.75 kip Vertical Dry Soil Load on 
The Heel 

≔Vus_soil_sub_V =⋅⋅pus_soil3_V ⎛⎝Lheel⎞⎠ b 14.37 kip Vertical Submerged Soil 
Load on The Heel 

≔Vus_soil =+Vus_soil_dry_V Vus_soil_sub_V 21.12 kip Weight of soil on Upstream Face of 
Wall

≔xv1 =|
|
|
|
|
|
||

if

else

＝Vus_soil 0 kip
‖
‖ 0 ft

‖
‖
‖‖

-Lbase ――
Lheel

2

14.88 ft Moment Arm



≔xv1 =|
|
|
|
|
|
||

if

else

＝Vus_soil 0 kip
‖
‖ 0 ft

‖
‖
‖‖

-Lbase ――
Lheel

2

14.88 ft Moment Arm

(B) D/S Backfill on The Toe 

=hds_soil_TF 2 ft

≔hds_soil_dry_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELTW ELTO.footing
‖
‖ -ELds_soil ELTO.footing

|
|
||

if <<ELTO.footing ELTW ELds_soil
‖
‖ -ELds_soil ELTW

|
|
||

if ≤ELds_soil ELTW
‖
‖ 0 ft

0 ft Height of Dry Soil on Top of The 
Toe

≔hds_soil_sub_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELTW ELTO.footing
‖
‖ 0 ft

|
|
||

if <<ELTO.footing ELTW ELds_soil
‖
‖ -ELTW ELTO.footing

|
|
||

if ≤ELds_soil ELTW
‖
‖ -ELds_soil ELTO.footing

2 ft Height of Submerged Soil on Top the Toe

≔pds_soil1_V 0 psf Top soil Pressure 

≔pds_soil2_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELTW ELTO.footing
‖
‖ ⋅⎛⎝ -ELds_soil ELTO.footing⎞⎠ γsoil_m

|
|
||

if <<ELTO.footing ELTW ELds_soil
‖
‖ ⋅⎛⎝ -ELds_soil ELTW⎞⎠ γsoil_m

|
|
||

if ≥ELTW ELds_soil
‖
‖pds_soil1_V

0 psf Soil Pressure at Water Elevation 

≔pds_soil3_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELTW ELTO.footing
‖
‖pds_soil2_V

|
|
||

if <<ELTO.footing ELTW ELds_soil
‖
‖ ⋅⎛⎝ -ELTW ELTO.footing⎞⎠ γsoil_b

|
|
||

if ≥ELTW ELds_soil
‖
‖ ⋅⎛⎝ -ELds_soil ELTO.footing⎞⎠ γsoil_b

125.2 psf Top Footing Soil Pressure 

≔Vds_soil_dry_V =⋅⋅pds_soil2_V ⎛⎝Ltoe⎞⎠ b 0 kip Vertical Dry Soil Load on The Toe



≔Vds_soil_dry_V =⋅⋅pds_soil2_V ⎛⎝Ltoe⎞⎠ b 0 kip Vertical Dry Soil Load on The Toe

≔Vds_soil_sub_V =⋅⋅pds_soil3_V ⎛⎝Ltoe⎞⎠ b 0.56 kip Vertical Submerged Soil Load on 
The Toe

≔Vds_soil =+Vds_soil_dry_V Vds_soil_sub_V 0.56 kip Weight of soil on Upstream Face 
of Wall

≔xv2 =|
|
|
|
|
|
||

if

else

＝Vds_soil 0 kip
‖
‖ 0 ft

‖
‖
‖‖

――
Ltoe

2

2.25 ft Moment Arm

(C) Vertical Surcharge on Heel

≔Vsurcharge =⋅⋅Wsurcharge Lheel b 0 kip

≔xVsurcharge =-Lbase ――
Lheel

2
14.88 ft

(D) Uplift Force at Foundation/Concrete Interface

Line of Creep Method per USACE EM 1110-2-2502

Total head difference
≔Δh =-ELwater ELTW 12.57 ft

Seepage Path Segment Lengths

≔LAB 0 ft (assume no head 
loss U/S of key)

≔LBC =tkey 2 ft

≔LCD =-ELBO.footing ELkey 3 ft

≔LDE =-Lbase tkey 20.75 ft

≔LEF =-ELTW ELBO.footing 4 ft
Case 1 - Seepage Path for Overturning Analysis

≔LCG =-Lbase tkey 20.75 ft

≔LGE =-ELBO.footing ELkey 3 ft

≔LGF =-ELTW ELkey 7 ft



Case 2 - Seepage Path for Sliding Analysis

Case 1 - Uplift for Overturning Analysis

≔ub =⋅⎛⎝ -ELwater ELkey⎞⎠ γwater 1221.17 psf

≔uc =⋅
⎛
⎜
⎝

-⎛⎝ -ELwater ELkey⎞⎠ ⋅Δh ――――――
⎛⎝LBC⎞⎠

⎛⎝ ++LBC LCD LDE⎞⎠

⎞
⎟
⎠

γwater 1160.25 psf

≔ud =⋅
⎛
⎜
⎝

-⎛⎝ -ELwater ELkey⎞⎠ ⋅Δh ――――――
⎛⎝ +LBC LCD⎞⎠

⎛⎝ ++LBC LCD LDE⎞⎠

⎞
⎟
⎠

γwater 1068.86 psf

≔ue =⋅
⎛
⎜
⎝

-⎛⎝ -ELwater ELkey⎞⎠ ⋅Δh ―――――――
⎛⎝ ++LBC LCD LDE⎞⎠

⎛⎝ +++LBC LCD LDE LEF⎞⎠

⎞
⎟
⎠

γwater 542.26 psf

≔Uoverturning =⋅⋅⋅-―
1

2
⎛⎝ +ub ue⎞⎠ Lbase b -20.06 kip

≔xUot =―――――
⋅Lbase ⎛⎝ +⋅2 ub ue⎞⎠
⋅3 ⎛⎝ +ub ue⎞⎠

12.83 ft

Case 2 - Uplift for Sliding Analysis

=ub 1221.17 psf

≔ug =⋅
⎛
⎜
⎝

-⎛⎝ -ELwater ELkey⎞⎠ ⋅Δh ――――――
⎛⎝ +LBC LCG⎞⎠

⎛⎝ ++LBC LCG LGF⎞⎠

⎞
⎟
⎠

γwater 621.36 psf

≔Usliding =⋅⋅⋅-―
1

2
⎛⎝ +ub ug⎞⎠ Lbase b -20.96 kip

≔xUsliding =―――――
⋅Lbase ⎛⎝ +⋅2 ub ug⎞⎠
⋅3 ⎛⎝ +ub ug⎞⎠

12.61 ft

Overturning Analysis



Overturning Analysis

For retaining walls with shear keys, the overturning analysis considers the point of rotation at the D/S Toe 
@ BO Footing. U/S headwater and soil loads computed to the bottom of shear key. The D/S soil force is 
not calculated explicitly. Rather, the required D/S soil force is assumed to be equal to the force to maintain 
horizontal sliding equilibrium, ignoring frictional resistance along bottom of footing. Force is assumed to 
act at mid-height of key. Soil above the key (e.g. above the footing bearing elevation) is ignored in the 
lateral force calculation [3].

Calculate the Horizontal Load 

(A) Driving Hydrostatic Load

≔HHW.ot =⋅⋅⋅-―
1

2
ub ⎛⎝ -ELwater ELkey⎞⎠ b -11.95 kip Headwater  Load 

≔yHW =―――――
-ELwater ELkey
3

6.52 ft Moment Arm to B.O. Key

≔yHW.ot =-yHW hkey 3.52 ft Moment Arm (note: above 
ELBO.footing)(CW moment)

≔MHhw.ot =⋅HHW.ot yHW.ot -42.1 ⋅kip ft Moment about D/S Toe

(B) Resisting Hydrostatic Load

≔HTW1 =⋅⋅⋅―
1

2
ue ⎛⎝ -ELTW ELBO.footing⎞⎠ b 1.08 kip Tailwater Load above Shear 

Key

≔yTW1 =+――――――
-ELTW ELBO.footing

3
hkey 4.33 ft Moment Arm 

≔HTW2 =⋅⋅⋅―
1

2
⎛⎝ +uc ud⎞⎠ ⎛⎝ -ELBO.footing ELkey⎞⎠ b 3.34 kip Tailwater Load on Shear Key

≔yTW2 =―――――
⋅hkey ⎛⎝ +⋅2 ud uc⎞⎠
⋅3 ⎛⎝ +uc ud⎞⎠

1.48 ft Moment Arm 

≔HTW.ot =+HTW1 HTW2 4.43 kip Tailwater  Load 

≔yTW.ot =―――――――
+⋅HTW1 yTW1 ⋅HTW2 yTW2

HTW.ot

2.18 ft Moment Arm (note: below 
ELBO.footing)(CW moment)

≔MHtw.ot =⋅-HTW.ot yTW.ot -9.65 ⋅kip ft Moment about D/S Toe



(C) Upstream Backfill 

=hus_soil 23 ft Total Height of U/S Backfill

≔hus_soil_dry =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELwater ELkey
‖
‖ -ELus_soil ELkey

|
|
||

if <<ELkey ELwater ELus_soil
‖
‖ -ELus_soil ELwater

|
|
||

if ≤ELus_soil ELwater
‖
‖ 0 ft

3.43 ft Height of Dry U/S Backfill

≔hus_soil_sub =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELwater ELkey
‖
‖ 0 ft

|
|
||

if <<ELkey ELwater ELus_soil
‖
‖ -ELwater ELkey

|
|
||

if ≤ELus_soil ELwater
‖
‖ -ELus_soil ELkey

19.57 ft Height of Submerged U/S Backfill

≔pus_soil1 =⋅Wsurcharge Ka 0 psf Top U/S Backfill Pressure 

≔pus_soil2 =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELwater ELkey
‖
‖ +⋅⋅⎛⎝ -ELus_soil ELkey⎞⎠ γsoil_m Ka pus_soil1

|
|
||

if <<ELkey ELwater ELus_soil
‖
‖ +⋅⋅⎛⎝ -ELus_soil ELwater⎞⎠ γsoil_m Ka pus_soil1

|
|
||

if ≥ELwater ELus_soil
‖
‖pus_soil1

126.4 psf U/S Backfill  Pressure at Water 
Elevation 

≔pus_soil3 =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELwater ELkey
‖
‖pus_soil2

|
|
||

if <<ELkey ELwater ELus_soil
‖
‖ +⋅⋅⎛⎝ -ELwater ELkey⎞⎠ γsoil_b Ka pus_soil2

|
|
||

if ≥ELwater ELus_soil
‖
‖ +⋅⋅⎛⎝ -ELus_soil ELkey⎞⎠ γsoil_b Ka pus_soil2

487.55 psf Bottom  Footing U/S Backfill  
Pressure 

≔Hus_soil_dry =⋅⋅-―
1

2
⎛⎝ +pus_soil1 pus_soil2⎞⎠ ⎛⎝hus_soil_dry⎞⎠ b -0.22 kip Dry U/S Backfill Load 

≔Hus_soil_sub =⋅⋅-―
1

2
⎛⎝ +pus_soil2 pus_soil3⎞⎠ ⎛⎝hus_soil_sub⎞⎠ b -6.01 kip Submerged U/S  Backfill 

Load 

≔Hus_soil.ot =+Hus_soil_dry Hus_soil_sub -6.22 kip Total Lateral U/S  Backfill 
Load 



≔yus_soil_dry =‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|

if

else

＝Hus_soil_dry 0 kip
‖
‖ 0 ft

‖
‖
‖‖

+―――――――――
⋅hus_soil_dry ⎛⎝ +⋅2 pus_soil1 pus_soil2⎞⎠

⋅3 ⎛⎝ +pus_soil1 pus_soil2⎞⎠
hus_soil_sub

20.71 ft Moment Arm for Dry Soil to 
B.O Key

≔yus_soil_sub =‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|

if

else

＝Hus_soil_sub 0 kip
‖
‖ 0 ft

‖
‖
‖‖

―――――――――
⋅hus_soil_sub ⎛⎝ +⋅2 pus_soil2 pus_soil3⎞⎠

⋅3 ⎛⎝ +pus_soil2 pus_soil3⎞⎠

7.87 ft Moment Arm for Submerged 
Soil to B.O. Key

≔yus_soil =―――――――――――――
+⋅Hus_soil_dry yus_soil_dry ⋅Hus_soil_sub yus_soil_sub

Hus_soil.ot

8.31 ft Total Moment Arm to B.O. Key

≔yus_soil.ot =-yus_soil hkey 5.31 ft Total Moment Arm to D/S Toe 
(note: above ELBO.footing)(CW 
moment)

≔MHus_soil.ot =⋅Hus_soil.ot yus_soil.ot -33.07 ⋅kip ft Moment about D/S Toe

(C) Downstream Backfill 

≔Hds_soil.ot =|| ++Hus_soil.ot HHW.ot HTW.ot
|| 13.75 kip Total D/S Backfill Load 

≔yHds_soil.ot =――
hkey
2

1.5 ft Total Moment Arm to D/S Toe 
(note: above ELBO.footing)(CCW 
moment)

≔MHds_soil.ot =⋅-Hds_soil.ot yHds_soil.ot -20.62 ⋅kip ft Moment about D/S Toe

Overturning Stability

≔Mtoe =

++++
 ↲+++

 ↲+++⋅Wtotal xw ⋅Vus_soil xv1 ⋅Vds_soil xv2 ⋅VHW xvhw

⋅VTW xvtw ⋅Uoverturning xUot ⋅Vsurcharge xVsurcharge
MHhw.ot MHtw.ot MHus_soil.ot MHds_soil.ot

309.3 ⋅ft kip Total Moment about D/S Toe

≔FN =
+++

 ↲+++Wtotal Vus_soil Vds_soil Vsurcharge

VHW VTW Uoverturning

32.1 kip Total Vertical Load Resisting 
Overturning



≔X =――
Mtoe

FN

9.63 ft Resultant Location from D/S Toe

≔e =-――
Lbase

2
X 1.74 ft Resultant Eccentricity to Center 

of Base

=――
Lbase

6
3.79 ft Limit for Base Being in 

Compression Only

≔Resultant_Location
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else if

else if

else

≤||e|| ――
Lbase

6
‖
‖ “100% of Base in Compression”

≤<――
Lbase

6
||e|| ――

Lbase
4

‖
‖ “75% of Base in Compression”

≤<――
Lbase

4
||e|| ――

Lbase
3

‖
‖ “50% of Base in Compression”

≤<――
Lbase

4
||e|| ――

Lbase
2

‖
‖ “Resultant Within Base”

‖
‖ “Unstable-Resultant Outside Base”

=Resultant_Location “100% of Base in Compression”

The requirements for overturning in a Unusual 
loading condition is "75% of Base in 
Compression". (USACE [6])

Foundation Bearing Stresses

≔qtoe =⋅―――
FN

⋅Lbase b

⎛
⎜
⎝

+1 ――
⋅6 e

Lbase

⎞
⎟
⎠

2059.3 psf

≔qheel =⋅―――
FN

⋅Lbase b

⎛
⎜
⎝

-1 ――
⋅6 e

Lbase

⎞
⎟
⎠

762.9 psf

≔qmax =max ⎛⎝ ,qtoe qheel⎞⎠ 2059.3 psf ≔qmin =min ⎛⎝ ,qtoe qheel⎞⎠ 762.9 psf

=qmax 14.3 psi =qmin 5.3 psi

≔Checkbearing
|
|
|
|
|
|

if

else

>σallow qmax
‖
‖ “OK”

‖
‖ “NO GOOD”

=Checkbearing “OK”



Sliding Analysis

For retaining walls with shear keys, sliding evaluated at horizontal plane through the soil foundation at 
ELkey , corresponding to plane C-F. Upon inspection of the wall, the loads, and the foundation soils, 
this is assumed to be the critical slip plane. D/S soil forces based on passive wedge resistance using 
the full depth of the D/S soil. Frictional resistance is calculated on plane C-F using the internal friction of 
the soil foundation. Uplift pressures calculated on plane C-F as well. [3]

(A) Downstream Backfill 

=hds_soil 7 ft Total Height of D/S Backfill

≔hds_soil_dry =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELTW ELkey
‖
‖ -ELds_soil ELkey

|
|
||

if <<ELkey ELTW ELds_soil
‖
‖ -ELds_soil ELTW

|
|
||

if ≤ELds_soil ELTW
‖
‖ 0 ft

0 ft Height of Dry D/S Backfill

≔hds_soil_sub =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELTW ELkey
‖
‖ 0 ft

|
|
||

if <<ELkey ELTW ELds_soil
‖
‖ -ELTW ELkey

|
|
||

if ≤ELds_soil ELTW
‖
‖ -ELds_soil ELkey

7 ft Height of Submerged D/S Backfill

≔pds_soil1 0 psf Top D/S Backfill Pressure 

≔pds_soil2 =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELTW ELkey
‖
‖ ⋅⋅⎛⎝ -ELds_soil ELkey⎞⎠ γsoil_m Kp

|
|
||

if <<ELkey ELTW ELds_soil
‖
‖ ⋅⋅⎛⎝ -ELds_soil ELTW⎞⎠ γsoil_m Kp

|
|
||

if ≥ELTW ELds_soil
‖
‖pds_soil1

0 psf D/S Backfill  Pressure at Water 
Elevation 

≔pds_soil3 =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELTW ELkey
‖
‖pds_soil2

|
|
||

if <<ELkey ELTW ELds_soil
‖
‖ +⋅⋅⎛⎝ -ELTW ELkey⎞⎠ γsoil_b Kp pds_soil2

|
|
||

if ≥ELTW ELds_soil
‖
‖ +⋅⋅⎛⎝ -ELds_soil ELkey⎞⎠ γsoil_b Kp pds_soil2

743.21 psf Bottom Footing D/S Backfill  
Pressure 



≔Hds_soil_dry =⋅⋅―
1

2
⎛⎝ +pds_soil1 pds_soil2⎞⎠ ⎛⎝hds_soil_dry⎞⎠ b 0 kip Dry D/S Backfill Load 

≔Hds_soil_sub =⋅⋅―
1

2
⎛⎝ +pds_soil2 pds_soil3⎞⎠ ⎛⎝hds_soil_sub⎞⎠ b 2.6 kip Submerged D/S Backfill 

Load 

≔Hds_soil =+Hds_soil_dry Hds_soil_sub 2.6 kip Total Lateral D/S  Backfill 
Load 

(B) Soil Under the Footing

Total weight of the soil between the base of the footing and bottom of the shear key contributes to the 
resultant normal force acting on the slip plane.

≔Asoil.ftg =⋅hkey ⎛⎝ -Lbase tkey⎞⎠ 62.25 ft2 Soil area under footing

≔Vsoil.ftg =⋅⋅γsoil_m Asoil.ftg b 7.78 kip Weight of soil under footing

Sliding Stability

≔FN =
+++

 ↲++++Wtotal Vus_soil Vds_soil Vsoil.ftg Vsurcharge

VHW VTW Usliding

38.99 kip Total Vertical Loads Resisting Sliding

≔FH =+++HHW.ot HTW.ot Hus_soil.ot Hds_soil -11.14 kip Sum of Sliding Forces

≔FSsliding =――
⋅FN μf

||FH
||

1.4 Sliding Factor of Safety (Cohesion 
Conservatively Ignored)

≔FSreq 1.3 The requirements for sliding in an 
Unusual loading condition is a factor of 
safety of 1.3 (USACE [6])

≔Checksliding
|
|
|
|
|
|

if

else

≥FSsliding FSreq
‖
‖ “OK”

‖
‖ “NOT OK”

=Checksliding “OK”



Calculating Factor of Safety for Flotation 

＝FSflotation ――――
++WS WC S

-U WG

≔WS =++++Wtotal Vus_soil Vds_soil VHW VTW 52.16 kip Weight of the structure 

≔WC 0 kip Weight of the water Contained on within the 
structure 

≔S =Vsurcharge 0 kip Surcharge Load 

≔U =Uoverturning -20.059 kip Uplift Force 

≔WG 0 kip Weight of The Water Above Top Surface of The 
Structure 

≔FSflotation =――――
++WS WC S

-||U|| WG

2.6

≔FSreq_flotation 1.2 Minimum Required Flotation Factor of Safety 
(USACE [6])

≔Checkflotation |
|
|
|
|
|

if

else

≥FSflotation FSreq_flotation
‖
‖ “ OK”

‖
‖ “NOT OK”

=Checkflotation “ OK”

Calculate Shear/Moment:

≔ϕH 1.6 Soil Load Factor Per ACI 350-20 
Section 9.2.1 (Equation 9-2)

≔ϕF 1.2 Fluid Load Factor Per ACI 350-20 
Section 9.2.1 (Equation 9-2)

≔ϕD 1.2 Dead Load Factor Per ACI 350-20 
Section 9.2.1 (Equation 9-2)

a) Calculate Load on Stem 

U/S Hydrostatic Load 

≔F1_stem =⋅⋅―
1

2
hHW_Top

2 γwater b 6.62 kip

≔y1_stem =―――
hHW_Top

3
4.86 ft



U/S Backfill load

≔hus_soil_TF =-ELus_soil ELTO.footing 18 ft

≔pus_soil1 =⋅Wsurcharge Ka 0 psf Top U/S Backfill Pressure 

≔pus_soil2 =+⋅⋅⎛⎝ -ELus_soil ELwater⎞⎠ γsoil_m Ka pus_soil1 126.4 psf U/S Backfill  Pressure at Water 
Elevation 

≔pus_soil3 =+⋅⋅⎛⎝ -ELwater ELTO.footing⎞⎠ γsoil_b Ka pus_soil2 395.28 psf Bottom  Footing U/S Backfill  
Pressure 

≔Hus_soil_dry =⋅⋅―
1

2
⎛⎝ +pus_soil1 pus_soil2⎞⎠ ⎛⎝hus_soil_dry⎞⎠ b 0.22 kip Dry U/S Backfill Load 

≔Hus_soil_sub =⋅⋅―
1

2
⎛⎝ +pus_soil2 pus_soil3⎞⎠ ⎛⎝hus_soil_sub⎞⎠ b 5.1 kip Submerged U/S  Backfill 

Load 

≔F2_stem =+Hus_soil_dry Hus_soil_sub 5.32 kip Total Lateral U/S  Backfill 
Load 

≔yus_soil_dry =‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|

if

else

＝Hus_soil_dry 0 kip
‖
‖ 0 ft

‖
‖
‖‖

+―――――――――
⋅hus_soil_dry ⎛⎝ +⋅2 pus_soil1 pus_soil2⎞⎠

⋅3 ⎛⎝ +pus_soil1 pus_soil2⎞⎠
hus_soil_sub

20.71 ft Moment Arm for Dry Soil to 
B.O Key

≔yus_soil_sub =‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|

if

else

＝Hus_soil_sub 0 kip
‖
‖ 0 ft

‖
‖
‖‖

―――――――――
⋅hus_soil_sub ⎛⎝ +⋅2 pus_soil2 pus_soil3⎞⎠

⋅3 ⎛⎝ +pus_soil2 pus_soil3⎞⎠

8.1 ft Moment Arm for Submerged 
Soil to B.O. Key

≔y2_stem =―――――――――――――
+⋅Hus_soil_dry yus_soil_dry ⋅Hus_soil_sub yus_soil_sub

F2_stem

8.62 ft Total Moment Arm Top Foundation

≔Ms =+⋅F1_stem y1_stem ⋅F2_stem y2_stem 78.02 ⋅kip ft Service Moment

≔Vs =+F1_stem F2_stem 11.94 kip Service Shear Force

≔Mu =+⋅⋅ϕF F1_stem y1_stem ⋅⋅ϕH F2_stem y2_stem 111.97 ⋅kip ft Factored Moment (LRFD)

≔Vu =+⋅ϕF F1_stem ⋅ϕH F2_stem 16.46 kip Factored Shear Force (LRFD)



Concrete Reinforcement Design Per ACI 350-20

Rectangular Section in 
Flexure:

≔b 12 in ≔c 2 in

≔ReinfBar Bar: #8 ≔s Spacing: 6 ≔db Bar: #8

≔h =tw 2.5 ft Depth of Section

≔d =--h c ―
db
2

27.5 in Depth to 
Reinforcement

≔As_prov =―――
⋅⋅π db

2 b

⋅4 s
1.57 in2 Total Area of Reinforcement 

Provided

≔a =――――
⋅As_prov fy
⋅⋅0.85 f'c b

1.85 in Depth of Equivalent Stress Block

Calculate Net Tensile Strain:

≔β1 =-0.85 ⋅⋅.00005 ――
in2

lbf
⎛⎝ -f'c 4000 psi⎞⎠ 0.8 Equivalent Depth Factor

≔εt =―――――
⋅0.003 ⎛⎝ -⋅β1 d a⎞⎠

a
0.03 Net Tensile Strain

≔ϕRF =|
|
|
|
|
|

if

else

≥εt 0.005
‖
‖ 0.9

‖
‖ 0.65

0.9 Strength Reduction Factor

≥εt 0.005 Tension-Controlled Section

Calculate Environmental Durability Factor:

≔β =|
|
|
|
|
|

if

else

≥h 16 in
‖
‖ 1.2

‖
‖ 1.35

1.2 Strain Gradient Factor

≔γ =――
Mu

Ms

1.44 Combined Load Factor (Section 9.2.6)



≔fsmax =――――――――
320 ――

kip

in

⋅β
‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+s2 ⋅4
⎛
⎜
⎝

+2 in ―
db
2

⎞
⎟
⎠

2
34.143 ksi Permissible Stress in Reinforcement for 

Normal Environmental Exposure (Section 
10.6.4.5)

≔Sd =max
⎛
⎜
⎝

,―――
⋅ϕRF fy

⋅γ fsmax

1.0
⎞
⎟
⎠

1.1 Environmental Durability Factor (Section 
9.2.6)

≔Mu1 =⋅Sd Mu 123.4 ⋅kip ft Required Moment Strength

Check Flexural Strength:

≔Mn =⋅⋅As_prov fy
⎛
⎜⎝

-d ―
a

2

⎞
⎟⎠

208.73 ⋅kip ft Nominal Flexural Strength

=⋅ϕRF Mn 187.85 ⋅kip ft Design Flexural Strength

=―――
Mu1

⋅ϕRF Mn

0.66 Demand Capacity Ratio

≔CheckFlex
|
|
|
|
|
|

if

else

≤Mu1 ⋅ϕRF Mn
‖
‖ “PASS”

‖
‖ “FAIL”

=CheckFlex “PASS”

Check Minimum Area of Reinforcement Required:

=As_prov 1.57 in2 Area of Reinforcement Provided

≔Asmin =max

⎛
⎜
⎜
⎜⎝

,⋅⋅――――
⋅⋅3

‾‾‾
―
f'c
psi

psi

fy
b d ――――

⋅⋅200 psi b d

fy

⎞
⎟
⎟
⎟⎠

1.17 in2 Minimum Area of Reinforcement Required 
(Section 10.5.1)

≔CheckReinforcement
|
|
|
|
|
|

if

else

≤Asmin As_prov
‖
‖ “PASS”

‖
‖ “FAIL”

=CheckReinforcement “PASS”



Rectangular Section in Shear (Per ACI 350-20 Section 11.1):

≔λ 1 Modification Factor for Normal Weight Concrete

≔ϕs 0.75 Shear Reduction Factor 

=Vu 16.46 kip Factored Shear Force

≔Vc =⋅⋅⋅⋅2 psi λ
‾‾‾
―
f'c
psi

b d 46.67 kip Nominal Shear Strength Provided by 
Concrete

=――
||Vu

||
⋅ϕs Vc

0.47 Demand Capacity Ratio

≔CheckShear
|
|
|
|
|
|

if

else

≤Vu ⋅ϕs Vc
‖
‖ “PASS”

‖
‖ “FAIL”

=CheckShear “PASS”

Shrinkage steel calculation for horizontal steel

≔ρts 0.0025 Assume reduced restraint, per ACI 350-20 
Table 12.13.2.1

≔As.ts.req =⋅⋅ρts hwall.stem tw 18.9 in2 Total required area of T&S reinforcement

≔Ab Bar: #5 ≔s Spacing: 12

=Ab 0.31

≔nb.req =―――
As.ts.req

⋅Ab in2
60.97 Number of bars required are 48 bars, 24 at 

each face 

≔sprov =――――
-hwall.stem c

4
62.5 in greater than 12" (max), reduce 

spacing

24" thick wall stem with #8 @ 6" E.F. vertical & #5 @ 12" E.F. horizontal is OK



Design Footing 

Calculate the Moment/Shear of Each Applied Load 

Structure Self Weight load 

≔Wtotal =+W1 W2 14.7 kip Total Weight Stem and Foundation

≔xw =―――――
+⋅W1 xw1 ⋅W2 xw2

Wtotal

8.36 ft Total x Centroid 

≔P Wtotal Wall structure Load 

≔Xw =―――
⋅Wtotal xw

Wtotal

8.36 ft Moment Arm

≔ew =-――
Lbase

2
Xw 3.01 ft Eccentricity about the resultant  

Location.

≔P1 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

+1 ――
⋅6 ew

Lbase

⎞
⎟
⎠

8.05 psi Pressure at end the heel

≔P4 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

-1 ――
⋅6 ew

Lbase

⎞
⎟
⎠

0.92 psi Pressure at the end of the toe

≔P2 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
Lheel

⎞
⎟
⎠

3.12 psi Pressure at the beginning the heel

≔P3 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
⎛⎝ +Lheel tw⎞⎠

⎞
⎟
⎠

2.33 psi Pressure at the beginning of the toe

Total Centroid X

≔xheel =―――――
⋅Lheel ⎛⎝ +P1 2 P2⎞⎠
⋅3 ⎛⎝ +P1 P2⎞⎠

6.71 ft

≔xtoe =―――――
⋅Ltoe ⎛⎝ +P3 2 P4⎞⎠
⋅3 ⎛⎝ +P3 P4⎞⎠

1.92 ft

Calculate Moment/Shear at Heel/Toe

≔Mheel_w =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel b

⎞
⎟⎠
xheel 85.04 ⋅ft kip

≔Mtoe_w =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe b

⎞
⎟⎠
xheel 7.08 ⋅ft kip

≔Vheel_w =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel

⎞
⎟⎠
b 12.67 kip



≔Vheel_w =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel

⎞
⎟⎠
b 12.67 kip

≔Vtoe_w =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe

⎞
⎟⎠
b 1.05 kip

Vertical U/S Soil Load

=Vus_soil 21.12 kip U/S Vertical Load 

≔Xus_soil =――――
⋅Vus_soil xv1

Vus_soil

14.88 ft Total x Centroid 

≔eus_soil =-――
Lbase

2
Xus_soil -3.5 ft Eccentricity about the resultant  

Location.

≔P Vus_soil

≔P1 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

+1 ―――
⋅6 eus_soil
Lbase

⎞
⎟
⎠

0.5 psi Pressure at end the heel

≔P4 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

-1 ―――
⋅6 eus_soil
Lbase

⎞
⎟
⎠

12.4 psi Pressure at the end of the toe

≔P2 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
Lheel

⎞
⎟
⎠

8.73 psi Pressure at the beginning the heel

≔P3 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
⎛⎝ +Lheel tw⎞⎠

⎞
⎟
⎠

10.04 psi Pressure at the beginning of the toe

Total Centroid X  

≔xheel =―――――
⋅Lheel ⎛⎝ +P1 2 P2⎞⎠
⋅3 ⎛⎝ +P1 P2⎞⎠

10.22 ft

≔xtoe =―――――
⋅Ltoe ⎛⎝ +P3 2 P4⎞⎠
⋅3 ⎛⎝ +P3 P4⎞⎠

2.33 ft

Calculate Moment/Shear at Heel/Toe

≔Mheel_VUS =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel b

⎞
⎟⎠
xheel 106.96 ⋅ft kip

≔Mtoe_VUS =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe b

⎞
⎟⎠
xtoe 16.93 ⋅ft kip

≔Vheel_VUS =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel

⎞
⎟⎠
b 10.47 kip

≔Vtoe_VUS =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe

⎞
⎟⎠
b 7.27 kip



Vertical D/S Soil

=Vds_soil 0.56 kip D/S Vertical Load 

≔Xds_soil =――――
⋅Vds_soil xv2

Vds_soil

2.25 ft Total x Centroid 

≔eds_soil =-――
Lbase

2
Xds_soil 9.13 ft Eccentricity about the resultant  

Location.

≔P =Vds_soil 0.56 kip

≔P1 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

+1 ―――
⋅6 eds_soil
Lbase

⎞
⎟
⎠

0.59 psi

≔P4 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

-1 ―――
⋅6 eds_soil
Lbase

⎞
⎟
⎠

-0.24 psi

≔P2 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
Lheel

⎞
⎟
⎠

0.01 psi

≔P3 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
⎛⎝ +Lheel tw⎞⎠

⎞
⎟
⎠

-0.08 psi

Total Centroid X  

≔xheel =―――――
⋅Lheel ⎛⎝ +P1 2 P2⎞⎠
⋅3 ⎛⎝ +P1 P2⎞⎠

5.36 ft

≔xtoe =―――――
⋅Ltoe ⎛⎝ +P3 2 P4⎞⎠
⋅3 ⎛⎝ +P3 P4⎞⎠

2.63 ft

Calculate Moment/Shear at Heel/Toe

≔Mheel_VDS =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel b

⎞
⎟⎠
xheel 3.64 ⋅ft kip

≔Mtoe_VDS =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe b

⎞
⎟⎠
xtoe -0.27 ⋅ft kip

≔Vheel_VDS =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel

⎞
⎟⎠
b 0.68 kip

≔Vtoe_VDS =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe

⎞
⎟⎠
b -0.1 kip



Vertical Headwater water  Load

=VHW 14.32 kip Vertical Headwater Load 

≔XHW =―――
⋅VHW xvhw

VHW

14.88 ft Total x Centroid 

≔ev.HW =-――
Lbase

2
XHW -3.5 ft Eccentricity about the resultant  

Location.

≔P VHW

≔P1 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

+1 ―――
⋅6 ev.HW
Lbase

⎞
⎟
⎠

0.34 psi

≔P4 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

-1 ―――
⋅6 ev.HW
Lbase

⎞
⎟
⎠

8.41 psi

≔P2 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
Lheel

⎞
⎟
⎠

5.92 psi

≔P3 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
⎛⎝ +Lheel tw⎞⎠

⎞
⎟
⎠

6.81 psi

Total Centroid X  

≔xheel =―――――
⋅Lheel ⎛⎝ +P1 2 P2⎞⎠
⋅3 ⎛⎝ +P1 P2⎞⎠

10.22 ft

≔xtoe =―――――
⋅Ltoe ⎛⎝ +P3 2 P4⎞⎠
⋅3 ⎛⎝ +P3 P4⎞⎠

2.33 ft

Calculate Moment/Shear at Heel/Toe

≔Mheel_VHW =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel b

⎞
⎟⎠
xheel 72.52 ⋅ft kip

≔Mtoe_VHW =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe b

⎞
⎟⎠
xtoe 11.48 ⋅ft kip

≔Vheel_VHW =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel

⎞
⎟⎠
b 7.1 kip

≔Vtoe_VHW =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe

⎞
⎟⎠
b 4.93 kip



Vertical Tailwater water  Load

=VTW 0.56 kip Vertical Tailwater  Load 

≔XTW =―――
⋅VTW xvtw

VTW

2.25 ft Total x Centroid 

≔ev.TW =-――
Lbase

2
XTW 9.13 ft Eccentricity about the resultant  

Location.

≔P VTW

≔P1 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

+1 ―――
⋅6 ev.TW
Lbase

⎞
⎟
⎠

0.58 psi

≔P4 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

-1 ―――
⋅6 ev.TW
Lbase

⎞
⎟
⎠

-0.24 psi

≔P2 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
Lheel

⎞
⎟
⎠

0.01 psi

≔P3 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
⎛⎝ +Lheel tw⎞⎠

⎞
⎟
⎠

-0.08 psi

Total Centroid X  

≔xheel =―――――
⋅Lheel ⎛⎝ +P1 2 P2⎞⎠
⋅3 ⎛⎝ +P1 P2⎞⎠

5.36 ft

≔xtoe =―――――
⋅Ltoe ⎛⎝ +P3 2 P4⎞⎠
⋅3 ⎛⎝ +P3 P4⎞⎠

2.63 ft

Calculate Moment/Shear at Heel/Toe

≔Mheel_VTW =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel b

⎞
⎟⎠
xheel 3.63 ⋅ft kip

≔Mtoe_VTW =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe b

⎞
⎟⎠
xtoe -0.27 ⋅ft kip

≔Vheel_VTW =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel

⎞
⎟⎠
b 0.68 kip

≔Vtoe_VTW =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe

⎞
⎟⎠
b -0.1 kip



Horizontal  Headwater water  Load

≔HHW =⋅⋅⋅-―
1

2
ub ⎛⎝ -ELwater ELBO.footing⎞⎠ b -10.12 kip Horizontal Headwater  Load 

≔XHW =――――――
-ELwater ELBO.footing

3
5.52 ft Total x Centroid 

≔eHW =-――
Lbase

2
XHW 5.85 ft Eccentricity about the resultant  

Location.

≔P HHW

≔P1 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

+1 ――
⋅6 eHW
Lbase

⎞
⎟
⎠

-7.85 psi

≔P4 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

-1 ――
⋅6 eHW
Lbase

⎞
⎟
⎠

1.68 psi

≔P2 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
Lheel

⎞
⎟
⎠

-1.26 psi

≔P3 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
⎛⎝ +Lheel tw⎞⎠

⎞
⎟
⎠

-0.21 psi

Total Centroid X  

≔xheel =―――――
⋅Lheel ⎛⎝ +P1 2 P2⎞⎠
⋅3 ⎛⎝ +P1 P2⎞⎠

5.97 ft

≔xtoe =―――――
⋅Ltoe ⎛⎝ +P3 2 P4⎞⎠
⋅3 ⎛⎝ +P3 P4⎞⎠

3.21 ft

Calculate Moment/Shear at Heel/Toe

≔Mheel_HW =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel b

⎞
⎟⎠
xheel -61.71 ⋅ft kip

≔Mtoe_HW =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe b

⎞
⎟⎠
xtoe 1.53 ⋅ft kip

≔Vheel_HW =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel

⎞
⎟⎠
b -10.33 kip

≔Vtoe_HW =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe

⎞
⎟⎠
b 0.48 kip



Horizontal  Tailwater water  Load

=HTW1 1.08 kip Horizontal Tailwater  Load 

≔XTW =yTW1 4.33 ft
Total x Centroid 

≔eTW =-――
Lbase

2
XTW 7.04 ft

≔P HTW1 Eccentricity about the resultant  
Location.

≔P1 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

+1 ――
⋅6 eTW
Lbase

⎞
⎟
⎠

0.95 psi

≔P4 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

-1 ――
⋅6 eTW
Lbase

⎞
⎟
⎠

-0.28 psi

≔P2 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
Lheel

⎞
⎟
⎠

0.09 psi

≔P3 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
⎛⎝ +Lheel tw⎞⎠

⎞
⎟
⎠

-0.04 psi

Total Centroid X  

≔xheel =―――――
⋅Lheel ⎛⎝ +P1 2 P2⎞⎠
⋅3 ⎛⎝ +P1 P2⎞⎠

5.73 ft

≔xtoe =―――――
⋅Ltoe ⎛⎝ +P3 2 P4⎞⎠
⋅3 ⎛⎝ +P3 P4⎞⎠

2.81 ft

Calculate Moment/Shear at Heel/Toe

≔Mheel_TW =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel b

⎞
⎟⎠
xheel 6.76 ⋅ft kip

≔Mtoe_TW =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe b

⎞
⎟⎠
xtoe -0.3 ⋅ft kip

≔Vheel_TW =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel

⎞
⎟⎠
b 1.18 kip

≔Vtoe_TW =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe

⎞
⎟⎠
b -0.11 kip



Horizontal U/S Soil  Load

≔hus_soil_dry =-ELus_soil ELwater 3.43 ft U/S Soil Load 

≔hus_soil_sub =-ELwater ELBO.footing 16.57 ft

≔pus_soil1 =⋅Wsurcharge Ka 0 psf

≔pus_soil2 =+⋅⋅⎛⎝ -ELus_soil ELwater⎞⎠ γsoil_m Ka pus_soil1 126.4 psf

≔pus_soil3 =+⋅⋅⎛⎝ -ELwater ELBO.footing⎞⎠ γsoil_b Ka pus_soil2 432.19 psf

≔Hus_soil_dry =⋅⋅-―
1

2
⎛⎝ +pus_soil1 pus_soil2⎞⎠ ⎛⎝hus_soil_dry⎞⎠ b -0.22 kip Dry U/S Backfill Load 

≔Hus_soil_sub =⋅⋅-―
1

2
⎛⎝ +pus_soil2 pus_soil3⎞⎠ ⎛⎝hus_soil_sub⎞⎠ b -4.63 kip Submerged U/S  Backfill 

Load 

≔Hus_soil =+Hus_soil_dry Hus_soil_sub -4.84 kip Total Lateral U/S  Backfill 
Load 

≔yus_soil_dry +―――――――――
⋅hus_soil_dry ⎛⎝ +⋅2 pus_soil1 pus_soil2⎞⎠

⋅3 ⎛⎝ +pus_soil1 pus_soil2⎞⎠
hus_soil_sub Moment Arm for Dry Soil to 

T.O Key

≔yus_soil_sub ―――――――――
⋅hus_soil_sub ⎛⎝ +⋅2 pus_soil2 pus_soil3⎞⎠

⋅3 ⎛⎝ +pus_soil2 pus_soil3⎞⎠
Moment Arm for Submerged 
Soil to T.O. Key

≔yus_soil =―――――――――――――
+⋅Hus_soil_dry yus_soil_dry ⋅Hus_soil_sub yus_soil_sub

Hus_soil.ot

5.65 ft Total Moment Arm to T.O. Key

≔P Hus_soil

≔Xus_soil yus_soil Total x Centroid 

≔eus_soil.ot =-――
Lbase

2
Xus_soil 5.72 ft Eccentricity about the resultant  

Location.

≔P1 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

+1 ―――
⋅6 eus_soil
Lbase

⎞
⎟
⎠

-0.11 psi

≔P4 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

-1 ―――
⋅6 eus_soil
Lbase

⎞
⎟
⎠

-2.84 psi

≔P2 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
Lheel

⎞
⎟
⎠

-2 psi

≔P3 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
⎛⎝ +Lheel tw⎞⎠

⎞
⎟
⎠

-2.3 psi



Total Centroid X  

≔xheel =―――――
⋅Lheel ⎛⎝ +P1 2 P2⎞⎠
⋅3 ⎛⎝ +P1 P2⎞⎠

10.22 ft

≔xtoe =―――――
⋅Ltoe ⎛⎝ +P3 2 P4⎞⎠
⋅3 ⎛⎝ +P3 P4⎞⎠

2.33 ft

Calculate Moment/Shear at Heel/Toe

≔Mheel_us_soil =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel b

⎞
⎟⎠
xheel -24.54 ⋅ft kip

≔Mtoe_us_soil =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe b

⎞
⎟⎠
xtoe -3.88 ⋅ft kip

≔Vheel_us_soil =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel

⎞
⎟⎠
b -2.4 kip

≔Vtoe_us_soil =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe

⎞
⎟⎠
b -1.67 kip

Horizontal D/S  Soil Load

≔hds_soil_sub =-ELTW ELBO.footing 4 ft

≔pds_soil1 0 psf

≔pds_soil2 =+⋅⋅⎛⎝ -ELds_soil ELTW⎞⎠ γsoil_m Kp pds_soil1 0 psf

≔pus_soil3 =+⋅⋅⎛⎝ -ELTW ELBO.footing⎞⎠ γsoil_b Kp pds_soil2 424.69 psf

≔Hds_soil_dry =⋅⋅―
1

2
⎛⎝ +pds_soil1 pds_soil2⎞⎠ ⎛⎝hds_soil_dry⎞⎠ b 0 kip Dry U/S Backfill Load 

≔Hds_soil_sub =⋅⋅―
1

2
⎛⎝ +pds_soil2 pds_soil3⎞⎠ ⎛⎝hds_soil_sub⎞⎠ b 1.49 kip Submerged U/S  Backfill 

Load 

≔Hds_soil =+Hds_soil_dry Hds_soil_sub 1.49 kip Total Lateral U/S  Backfill 
Load 

≔yds_soil =―――――――――
⋅hds_soil_sub ⎛⎝ +⋅2 pus_soil2 pds_soil3⎞⎠

⋅3 ⎛⎝ +pus_soil2 pus_soil3⎞⎠
2.41 ft Moment Arm for Submerged 

Soil to T.O. Key

≔P =Hds_soil 1.49 kip

≔Xds_soil yds_soil



≔eds_soil.ot =-――
Lbase

2
Xds_soil 8.97 ft

≔P1 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

-1 ――――
⋅6 eds_soil.ot
Lbase

⎞
⎟
⎠

-0.62 psi

≔P4 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

+1 ――――
⋅6 eds_soil.ot
Lbase

⎞
⎟
⎠

1.53 psi

≔P2 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
Lheel

⎞
⎟
⎠

0.87 psi

≔P3 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
⎛⎝ +Lheel tw⎞⎠

⎞
⎟
⎠

1.1 psi

Total Centroid X  

≔xheel =―――――
⋅Lheel ⎛⎝ +P1 2 P2⎞⎠
⋅3 ⎛⎝ +P1 P2⎞⎠

23.64 ft

≔xtoe =―――――
⋅Ltoe ⎛⎝ +P3 2 P4⎞⎠
⋅3 ⎛⎝ +P3 P4⎞⎠

2.37 ft

Calculate Moment/Shear at Heel/Toe

≔Mheel_ds_soil =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel b

⎞
⎟⎠
xheel 6.63 ⋅ft kip

≔Mtoe_ds_soil =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe b

⎞
⎟⎠
xtoe 2.02 ⋅ft kip

≔Vheel_ds_soil =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel

⎞
⎟⎠
b 0.28 kip

≔Vtoe_ds_soil =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe

⎞
⎟⎠
b 0.85 kip

Uplift Pressure

≔hHW -ELwater ELBO.footing

≔hTW -ELTW ELBO.footing

≔U =⋅⋅⋅-―
1

2
⎛⎝ +hHW hTW⎞⎠ Lbase γwater b -14.6 kip

≔xu =――――――
⋅Lbase ⎛⎝ +⋅2 hHW hTW⎞⎠
⋅3 ⎛⎝ +hHW hTW⎞⎠

13.69 ft



≔P U

≔XU xu

≔eu =-――
Lbase

2
XU -2.32 ft

≔P1 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

+1 ――
⋅6 eu

Lbase

⎞
⎟
⎠

-1.73 psi

≔P4 =⋅―――
P

⋅Lbase b

⎛
⎜
⎝

-1 ――
⋅6 eu

Lbase

⎞
⎟
⎠

-7.18 psi

≔P2 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
Lheel

⎞
⎟
⎠

-5.5 psi

≔P3 =-P1

⎛
⎜
⎝

⋅―――
-P1 P4

Lbase
⎛⎝ +Lheel tw⎞⎠

⎞
⎟
⎠

-6.1 psi

Total Centroid X  

≔xheel =―――――
⋅Lheel ⎛⎝ +P1 2 P2⎞⎠
⋅3 ⎛⎝ +P1 P2⎞⎠

9.24 ft

≔xtoe =―――――
⋅Ltoe ⎛⎝ +P3 2 P4⎞⎠
⋅3 ⎛⎝ +P3 P4⎞⎠

2.31 ft

Calculate Moment/Shear at Heel/Toe

≔Mheel_u =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel b

⎞
⎟⎠
xheel -75.86 ⋅ft kip

≔Mtoe_u =⋅
⎛
⎜⎝

⋅⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe b

⎞
⎟⎠
xtoe -9.95 ⋅ft kip

≔Vheel_u =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P1 P2⎞⎠ Lheel

⎞
⎟⎠
b -8.21 kip

≔Vtoe_u =⋅
⎛
⎜⎝

⋅⋅―
1

2
⎛⎝ +P3 P4⎞⎠ Ltoe

⎞
⎟⎠
b -4.3 kip

≔Mheel =
+++

 ↲++++++Mheel_w Mheel_VUS Mheel_VDS Mheel_VHW Mheel_VTW Mheel_HW Mheel_TW

Mheel_us_soil Mheel_ds_soil Mheel_u

123.08 ⋅ft kip

≔Mtoe =
+++

 ↲++++++Mtoe_w Mtoe_VUS Mtoe_VDS Mtoe_VHW Mtoe_VTW Mtoe_HW Mtoe_TW

Mtoe_us_soil Mtoe_ds_soil Mtoe_u

24.37 ⋅ft kip

≔Vheel =
+++

 ↲++++++Vheel_w Vheel_VUS Vheel_VDS Vheel_VHW Vheel_VTW Vheel_HW Vheel_TW

Vheel_us_soil Vheel_ds_soil Vheel_u

12.11 kip



≔Vtoe =
+++

 ↲++++++Vtoe_w Vtoe_VUS Vtoe_VDS Vtoe_VHW Vtoe_VTW Vtoe_HW Vtoe_TW

Vtoe_us_soil Vtoe_ds_soil Vtoe_u

8.3 kip

≔Ms =Mheel 123.08 ⋅kip ft Service Moment 

≔Vs =Vheel 12.11 kip Service Shear 

≔Mu =
+

 ↲+⋅ϕD ⎛⎝ ++Mheel_w Mheel_VUS Mheel_VDS⎞⎠ ⋅ϕH ⎛⎝ +Mheel_us_soil Mheel_ds_soil⎞⎠
⋅ϕF ⎛⎝ ++++Mheel_VHW Mheel_VTW Mheel_HW Mheel_TW Mheel_u⎞⎠

140.53 ⋅kip ft

Factored Moment 

≔Vs =
+

 ↲+⋅ϕD ⎛⎝ ++Vheel_w Vheel_VUS Vheel_VDS⎞⎠ ⋅ϕH ⎛⎝ +Vheel_us_soil Vheel_ds_soil⎞⎠
⋅ϕF ⎛⎝ ++++Vheel_VHW Vheel_VTW Vheel_HW Vheel_TW Vheel_u⎞⎠

13.68 kip

Factored Shear 

Rectangular Section in 
Flexure:

≔b 12 in ≔c 3 in

≔ReinfBar Bar: #10 ≔s Spacing: 6 ≔db Bar: #10

≔h =tbase 2 ft Depth of Section

≔d =--h c ―
db
2

20.37 in Depth to 
Reinforcement

≔As_prov =―――
⋅⋅π db

2 b

⋅4 s
2.53 in2 Total Area of Reinforcement 

Provided

≔a =――――
⋅As_prov fy
⋅⋅0.85 f'c b

2.98 in Depth of Equivalent Stress Block

Calculate Net Tensile Strain:

≔β1 =-0.85 ⋅⋅.00005 ――
in2

lbf
⎛⎝ -f'c 4000 psi⎞⎠ 0.8 Equivalent Depth Factor

≔εt =―――――
⋅0.003 ⎛⎝ -⋅β1 d a⎞⎠

a
0.01 Net Tensile Strain

≔ϕRF =|
|
|
|
|
|

if

else

≥εt 0.005
‖
‖ 0.9

‖
‖ 0.65

0.9 Strength Reduction Factor



≥εt 0.005 Tension-Controlled Section

Calculate Environmental Durability Factor:

≔β =|
|
|
|
|
|

if

else

≥h 16 in
‖
‖ 1.2

‖
‖ 1.35

1.2 Strain Gradient Factor

≔γ =――
Mu

Ms

1.14 Combined Load Factor (Section 9.2.6)

≔fsmax =――――――――
320 ――

kip

in

⋅β
‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+s2 ⋅4
⎛
⎜
⎝

+2 in ―
db
2

⎞
⎟
⎠

2
33.393 ksi Permissible Stress in Reinforcement for 

Normal Environmental Exposure (Section 
10.6.4.5)

≔Sd =max
⎛
⎜
⎝

,―――
⋅ϕRF fy

⋅γ fsmax

1.0
⎞
⎟
⎠

1.42 Environmental Durability Factor (Section 
9.2.6)

≔Mu1 =⋅Sd Mu 199.03 ⋅kip ft Required Moment Strength

Check Flexural Strength:

≔Mn =⋅⋅As_prov fy
⎛
⎜⎝

-d ―
a

2

⎞
⎟⎠

239.1 ⋅kip ft Nominal Flexural Strength

=⋅ϕRF Mn 215.19 ⋅kip ft Design Flexural Strength

=―――
Mu1

⋅ϕRF Mn

0.92 Demand Capacity Ratio

≔CheckFlex
|
|
|
|
|
|

if

else

≤Mu1 ⋅ϕRF Mn
‖
‖ “PASS”

‖
‖ “FAIL”

=CheckFlex “PASS”



Check Minimum Area of Reinforcement Required:

=As_prov 2.53 in2 Area of Reinforcement Provided

≔Asmin =max

⎛
⎜
⎜
⎜⎝

,⋅⋅――――
⋅⋅3

‾‾‾
―
f'c
psi

psi

fy
b d ――――

⋅⋅200 psi b d

fy

⎞
⎟
⎟
⎟⎠

0.86 in2 Minimum Area of Reinforcement Required 
(Section 10.5.1)

≔CheckReinforcement
|
|
|
|
|
|

if

else

≤Asmin As_prov
‖
‖ “PASS”

‖
‖ “FAIL”

=CheckReinforcement “PASS”

Rectangular Section in Shear (Per ACI 350-20 Section 11.1):

≔λ 1 Modification Factor for Normal Weight Concrete

≔ϕs 0.75 Shear Reduction Factor 

=Vu 16.46 kip Factored Shear Force

≔Vc =⋅⋅⋅⋅2 psi λ
‾‾‾
―
f'c
psi

b d 34.56 kip Nominal Shear Strength Provided by 
Concrete

=――
||Vu

||
⋅ϕs Vc

0.64 Demand Capacity Ratio

≔CheckShear
|
|
|
|
|
|

if

else

≤Vu ⋅ϕs Vc
‖
‖ “PASS”

‖
‖ “FAIL”

=CheckShear “PASS”

Shrinkage steel calculation for horizontal steel

≔ρts 0.0025 Assume reduced restraint, per ACI 350-20 
Table 12.13.2.1

≔As.ts.req =⋅⋅ρts hwall.stem tw 18.9 in2 Total required area of T&S reinforcement

≔Ab Bar: #5 ≔s Spacing: 12

=Ab 0.31

≔nb.req =―――
As.ts.req

⋅Ab in2
60.97 Number of bars required are 48 bars, 24  at 

each face 

≔sprov =――――
-hwall.stem c

4
62.25 in greater than 12" (max), reduce 

spacing



24" thick footing with #10 @ 6" E.F. vertical & #5 @ 12" E.F. horizontal is OK

Calculate Load on Shear Key

U/S Hydrostatic Load  

≔Pwater_top_key =⋅⎛⎝ -hwater hkey⎞⎠ γwater 7.18 psi

≔Pwater_Bottom_Key =⋅hkey γwater 1.3 psi

≔F1_SK_HW =⋅⋅―
1

2
⎛⎝ +Pwater_top_key Pwater_Bottom_Key⎞⎠ hkey b 1.83 kip

≔y1_SK_HW =―――――――――――
⋅hkey ⎛⎝ +⋅2 Pwater_top_key Pwater_Bottom_Key⎞⎠
⋅3 ⎛⎝ +Pwater_top_key Pwater_Bottom_Key⎞⎠

1.85 ft

D/S Hydrostatic Load  

≔PTW_top_key =⋅⎛⎝ -hTW hkey⎞⎠ γwater 0.43 psi

≔PTW_Bottom_Key =⋅hkey γwater 1.3 psi

≔F2_SK_TW =⋅⋅―
1

2
⎛⎝ +PTW_top_key PTW_Bottom_Key⎞⎠ hkey b 0.37 kip

≔y2_SK_TW =――――――――――
⋅hkey ⎛⎝ +⋅2 PTW_top_key PTW_Bottom_Key⎞⎠
⋅3 ⎛⎝ +PTW_top_key PTW_Bottom_Key⎞⎠

1.25 ft

U/S Backfill load

≔pus_soil1_K =⋅Wsurcharge Ka 0 psf Top U/S Backfill Pressure 

≔pus_soil2_K =
++
 ↲⎛⎝ ⋅⋅⎛⎝ -ELus_soil ELwater⎞⎠ γsoil_m Ka⎞⎠

⎛⎝ ⋅⋅⎛⎝ -ELwater ELkey⎞⎠ γsoil_b Ka⎞⎠ pus_soil1

487.55 psf U/S Backfill  Pressure at Water 
Elevation 

≔pus_soil3_K =+⋅⋅⎛⎝ -ELus_soil ELkey⎞⎠ γsoil_b Ka pus_soil2 550.85 psf Bottom  Footing U/S Backfill  
Pressure 

≔F3_SK_soil =⋅⋅―
1

2
⎛⎝ +pus_soil2_K pus_soil3_K⎞⎠ hkey b 1.56 kip

≔y3_SK_soil =―――――――――
⋅hkey ⎛⎝ +⋅2 pus_soil2_K pus_soil3_K⎞⎠
⋅3 ⎛⎝ +pus_soil2_K pus_soil3_K⎞⎠

1.47 ft



D/S Backfill load

≔pds_soil1_K =⋅Wsurcharge Ka 0 psf Top U/S Backfill Pressure 

≔pds_soil2_K =
++
 ↲⎛⎝ ⋅⋅⎛⎝ -ELds_soil ELTW⎞⎠ γsoil_m Ka⎞⎠

⎛⎝ ⋅⋅⎛⎝ -ELTW ELkey⎞⎠ γsoil_b Ka⎞⎠ pus_soil1

129.18 psf U/S Backfill  Pressure at Water 
Elevation 

≔pds_soil3_K =+⋅⋅⎛⎝ -ELds_soil ELkey⎞⎠ γsoil_b Ka pds_soil2 129.18 psf Bottom  Footing U/S Backfill  
Pressure 

≔F4_SK_soil =⋅⋅―
1

2
⎛⎝ +pds_soil2_K pds_soil3_K⎞⎠ hkey b 0.39 kip

≔y4_SK_soil =―――――――――
⋅hkey ⎛⎝ +⋅2 pds_soil2_K pds_soil3_K⎞⎠
⋅3 ⎛⎝ +pds_soil2_K pds_soil3_K⎞⎠

1.5 ft

≔Ms =
+

 ↲++⋅F1_SK_HW y1_SK_HW ⋅F2_SK_TW y2_SK_TW ⋅F3_SK_soil y3_SK_soil

⋅F3_SK_soil y3_SK_soil

8.43 ⋅kip ft Service Moment

≔Vs =+++F1_SK_HW F2_SK_TW F3_SK_soil F3_SK_soil 5.32 kip Service Shear Force

≔Mu =
+

 ↲⋅ϕH ⎛⎝ +⋅F3_SK_soil y3_SK_soil ⋅F3_SK_soil y3_SK_soil⎞⎠
⋅ϕF ⎛⎝ +⋅F1_SK_HW y1_SK_HW ⋅F2_SK_TW y2_SK_TW⎞⎠

11.95 ⋅ft kip
Factored Moment (LRFD)

≔Vu =+⋅ϕH ⎛⎝ +F3_SK_soil F3_SK_soil⎞⎠ ⋅ϕF ⎛⎝ +F1_SK_HW F2_SK_TW⎞⎠ 7.63 kip Factored Shear Force (LRFD)

Concrete Reinforcement Design Per ACI 350-20

Rectangular Section in 
Flexure:

≔b 12 in ≔c 2 in

≔ReinfBar Bar: #8 ≔s Spacing: 6 ≔db Bar: #8

≔h =tkey 2 ft Depth of Section

≔d =--h c ―
db
2

21.5 in Depth to 
Reinforcement

≔As_prov =―――
⋅⋅π db

2 b

⋅4 s
1.57 in2 Total Area of Reinforcement 

Provided

≔a =――――
⋅As_prov fy
⋅⋅0.85 f'c b

1.85 in Depth of Equivalent Stress Block



Calculate Net Tensile Strain:

≔β1 =-0.85 ⋅⋅.00005 ――
in2

lbf
⎛⎝ -f'c 4000 psi⎞⎠ 0.8 Equivalent Depth Factor

≔εt =―――――
⋅0.003 ⎛⎝ -⋅β1 d a⎞⎠

a
0.02 Net Tensile Strain

≔ϕRF =|
|
|
|
|
|

if

else

≥εt 0.005
‖
‖ 0.9

‖
‖ 0.65

0.9 Strength Reduction Factor

≥εt 0.005 Tension-Controlled Section

Calculate Environmental Durability Factor:

≔β =|
|
|
|
|
|

if

else

≥h 16 in
‖
‖ 1.2

‖
‖ 1.35

1.2 Strain Gradient Factor

≔γ =――
Mu

Ms

1.42 Combined Load Factor (Section 9.2.6)

≔fsmax =――――――――
320 ――

kip

in

⋅β
‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+s2 ⋅4
⎛
⎜
⎝

+2 in ―
db
2

⎞
⎟
⎠

2
34.143 ksi Permissible Stress in Reinforcement for 

Normal Environmental Exposure (Section 
10.6.4.5)

≔Sd =max
⎛
⎜
⎝

,―――
⋅ϕRF fy

⋅γ fsmax

1.0
⎞
⎟
⎠

1.12 Environmental Durability Factor (Section 
9.2.6)

≔Mu1 =⋅Sd Mu 13.33 ⋅kip ft Required Moment Strength

Check Flexural Strength:

≔Mn =⋅⋅As_prov fy
⎛
⎜⎝

-d ―
a

2

⎞
⎟⎠

161.6 ⋅kip ft Nominal Flexural Strength

=⋅ϕRF Mn 145.44 ⋅kip ft Design Flexural Strength

=―――
Mu1

⋅ϕRF Mn

0.09 Demand Capacity Ratio



≔CheckFlex
|
|
|
|
|
|

if

else

≤Mu1 ⋅ϕRF Mn
‖
‖ “PASS”

‖
‖ “FAIL”

=CheckFlex “PASS”

Check Minimum Area of Reinforcement Required:

=As_prov 1.57 in2 Area of Reinforcement Provided

≔Asmin =max

⎛
⎜
⎜
⎜⎝

,⋅⋅――――
⋅⋅3

‾‾‾
―
f'c
psi

psi

fy
b d ――――

⋅⋅200 psi b d

fy

⎞
⎟
⎟
⎟⎠

0.91 in2 Minimum Area of Reinforcement Required 
(Section 10.5.1)

≔CheckReinforcement
|
|
|
|
|
|

if

else

≤Asmin As_prov
‖
‖ “PASS”

‖
‖ “FAIL”

=CheckReinforcement “PASS”

Rectangular Section in Shear (Per ACI 350-20 Section 11.1):

≔λ 1 Modification Factor for Normal Weight Concrete

≔ϕs 0.75 Shear Reduction Factor 

=Vu 7.63 kip Factored Shear Force

≔Vc =⋅⋅⋅⋅2 psi λ
‾‾‾
―
f'c
psi

b d 36.49 kip Nominal Shear Strength Provided by 
Concrete

=――
||Vu

||
⋅ϕs Vc

0.28 Demand Capacity Ratio

≔CheckShear
|
|
|
|
|
|

if

else

≤Vu ⋅ϕs Vc
‖
‖ “PASS”

‖
‖ “FAIL”

=CheckShear “PASS”

Shrinkage steel calculation for horizontal steel

≔ρts 0.0025 Assume reduced restraint, per ACI 350-20 
Table 12.13.2.1

≔As.ts.req =⋅⋅ρts hwall.stem tw 18.9 in2 Total required area of T&S reinforcement

≔Ab Bar: #5 ≔s Spacing: 12

=Ab 0.31



=Ab 0.31

≔nb.req =―――
As.ts.req

⋅Ab in2
60.97 Number of bars required are 48 bars, 24 at 

each face 

≔sprov =――――
-hwall.stem c

4
62.5 in greater than 12" (max), reduce 

spacing

24" thick shear key with #8 @ 6" E.F. vertical & #5 @ 12" E.F. horizontal is OK



625 Ridge Pike
Conshohocken, PA
Telephone: (610) 
832-3500
www.aecom.com

Calculated By:  KA/MAD
Date: 1/21/2026
Checked By: NP

Project: Yankee Date: 3/6/2026
Task: Retaining Wall Design for 

Load Case 3 - Extreme (Seismic)
Job Number: 60586008

Purpose: 
These calculations are for the purpose of checking the structural stability and strength of the retaining 
wall at the maximum section of  SMP 11. As an appurtenant structure to the dam, this stability analysis 
was performed in general accordance with USACE EM 1110-2-2100, Stability Analysis of Concrete 
Structures.

Assumptions:

1.
2.
3.

4.
5.

6.

Surcharge loads were adopted based on Jacob’s assumptions.
Wall  elevations were taken from Jacob’s  calculations.
Soil properties were obtained from Jacob’s analysis File and AECOM  based on the 
geotechnical assumption.
The case studied corresponds to the 2,475-year design event.
Backfill behind wall is placed at EL. 395 ft  and to finished grade in front of the wall, as 
soil excavation is not anticipated to be performed during the design seismic event.
Wall can be evaluated as a retaining wall based on unit strip.

References:

[1]- ACI 318-19, Building Code Requirements for Structural Concrete.
[2]- USACE EM 1110-2-2502, Retaining and Flood Walls (2022).
[3]- DRB-04 Site Retaining Wall Structural Calculation Report by Jacobs Solutions, Inc., Revision 1 
dated 11/06/2025.
[4]- New York State Department of Environmental Conservation (NYSDEC) Guidelines for Design of 
Dams (1989).
[5]- USACE EM 1110-2-2100, Stability Analysis of Concrete Structures (2005).
[6] - USACE EM 1110-2-6053, Earthquake Design and Evaluation of Concrete Hydraulic Structures 
(20007)

NYSDEC Load Cases:

Load Case 3: Extreme (Seismic)
Normal Pool Elevation = 379 feet, Uplift, Dead, Surcharge Load, Seismic (PGA = 0.12g), Soil 

to finished grades



Figure 1: General Location Plan 
Material Properties 

≔γconc 150 pcf Unit Weight of Concrete

≔γwater 62.4 pcf Unit Weight of Water

≔σallow 3000 psf Allowable Foundation Bearing Capacity,[3]

≔γsoil_m 125 pcf Moist Unit Weight of The Soil, [3]

≔γsoil_b =-γsoil_m γwater 62.6 pcf Submerged Unit Weight of the Soil

≔ϕfill 33 deg Coefficient of Internal Friction of The Soil

≔fy 60 ksi Reinforcement Yield Strength, [3]

≔f'c 5 ksi Concrete Compressive Strength (28 day), [3]

≔μf 0.4 Friction Coefficient for Sliding within the Foundation 
(higher end of assumed range) [4]

≔c 0 psf Conservatively, Neglect Cohesion at Concrete/
Foundation Interface, [5]

Seismic Soil Coefficients:



Seismic Soil Coefficients:

≔Kh =⋅0.118 ―
2

3
0.08 Peak Horizontal Ground Acceleration in G's (USGS 

Hazard Tool) - Reduced by 2/3 per EM 1110-2-6053

≔Kv 0.0 Vertical Acceleration in G's

Mononobe-Okabe Seismic Analysis Lateral Soil Pressure Coefficients [5]:

≔ψ =atan
⎛
⎜
⎝
――
Kh

-1 Kv

⎞
⎟
⎠

4.5 deg Seismic Inertia Angle

≔β =atan ((0)) 0 deg Inclination of Soil Surface

≔c1 =――――――
⋅2 ⎛⎝ -tan ⎛⎝ϕfill⎞⎠ Kh⎞⎠
+1 ⋅Kh tan ⎛⎝ϕfill⎞⎠

1.086

≔c2 =―――――――――――――――
⋅tan ⎛⎝ϕfill⎞⎠ ⎛⎝ +--1 ⋅tan ⎛⎝ϕfill⎞⎠ ((tan ((β)))) ((tan ((β)))) Kh⎞⎠

⋅tan ⎛⎝ϕfill⎞⎠ ⎛⎝ +1 ⋅Kh tan ⎛⎝ϕfill⎞⎠⎞⎠
1.026

≔αactive =atan
⎛
⎜
⎜⎝
――――――

+c1
‾‾‾‾‾‾‾‾‾⎛⎝ +c1

2 ⋅4 c2⎞⎠

2

⎞
⎟
⎟⎠

1.037

≔αpassive =atan
⎛
⎜
⎜⎝
―――――――

+-c1
‾‾‾‾‾‾‾‾‾⎛⎝ +c1

2 ⋅4 c2⎞⎠

2

⎞
⎟
⎟⎠

0.545

≔KA =
‖
‖
‖

⋅
⎛
⎜
⎝
―――――――

-1 ⋅tan ⎛⎝ϕfill⎞⎠ cot ⎛⎝αactive⎞⎠
+1 ⋅tan ⎛⎝ϕfill⎞⎠ tan ⎛⎝αactive⎞⎠

⎞
⎟
⎠

⎛
⎜
⎝
――――――

tan ⎛⎝αactive⎞⎠
-tan ⎛⎝αactive⎞⎠ tan ((β))

⎞
⎟
⎠

‖
‖
‖

0.29 Active Wedge Lateral 
Pressure Coefficient

≔KP =
‖
‖
‖

⋅
⎛
⎜
⎝
――――――――

+1 ⋅tan ⎛⎝ϕfill⎞⎠ cot ⎛⎝αpassive⎞⎠
-1 ⋅tan ⎛⎝ϕfill⎞⎠ tan ⎛⎝αpassive⎞⎠

⎞
⎟
⎠

⎛
⎜
⎝
――――――

tan ⎛⎝αpassive⎞⎠
-tan ⎛⎝αpassive⎞⎠ tan ((β))

⎞
⎟
⎠

‖
‖
‖

3.42 Passive Wedge Lateral 
Pressure Coefficient

≔Kb_a =
‖
‖
‖

⋅
⎛
⎜
⎝
―――――――

-1 ⋅tan ⎛⎝ϕfill⎞⎠ cot ⎛⎝αactive⎞⎠
+1 ⋅tan ⎛⎝ϕfill⎞⎠ tan ⎛⎝αactive⎞⎠

⎞
⎟
⎠

⎛
⎜
⎝

+1 ⋅
⎛
⎜
⎝

-――――――
tan ⎛⎝αactive⎞⎠

-tan ⎛⎝αactive⎞⎠ tan ((β))
1

⎞
⎟
⎠

――
γsoil_m
γsoil_b

⎞
⎟
⎠

‖
‖
‖

0.29 Buoyant Lateral Pressure 
Coefficients in Active & 
Passive Wedges

≔Kb_p =
‖
‖
‖

⋅
⎛
⎜
⎝
――――――――

+1 ⋅tan ⎛⎝ϕfill⎞⎠ cot ⎛⎝αpassive⎞⎠
-1 ⋅tan ⎛⎝ϕfill⎞⎠ tan ⎛⎝αpassive⎞⎠

⎞
⎟
⎠

⎛
⎜
⎝

+1 ⋅
⎛
⎜
⎝

-――――――
tan ⎛⎝αpassive⎞⎠

-tan ⎛⎝αpassive⎞⎠ tan ((β))
1

⎞
⎟
⎠

――
γsoil_m
γsoil_b

⎞
⎟
⎠

‖
‖
‖

3.42



Wall Properties 

≔ELTO.wall 398 ft Top of Wall

≔ELBO.footing 375 ft Bottom of wall footing

≔tbase 24 in Base Thickness

≔ELTO.footing =+ELBO.footing tbase 377 ft Top of Wall Footing

≔ELkey 372 ft Bottom of Shear Key

≔tkey 2 ft Shear Key Thickness

≔hkey =-ELBO.footing ELkey 3 ft Depth of Shear Key

≔ELus_soil 395 ft U/S Backfill soil Elevation

≔ELds_soil 379 ft D/S Backfill soil Elevation

≔ELwater 379 ft Normal Pool Headwall Elevation

≔ELTW 379 ft Normal Pool Tailwater Elevation 

≔hwall =-ELTO.wall ELBO.footing 23 ft Height of The Wall

≔hwall.stem =-ELTO.wall ELTO.footing 21 ft Height of the Wall stem

≔tw 24 in Wall Thickness 

≔hsoil =-ELus_soil ELBO.footing 20 ft Soil Height 

≔hds_soil =-ELds_soil ELBO.footing 4 ft D/S Soil Height 

≔hsoil_TF =-ELus_soil ELTO.footing 18 ft Soil Height on Top of The Heel

≔hds_soil_TF =-ELds_soil ELTO.footing 2 ft D/S Soil Height on Top of The Toe

≔hwater =-ELwater ELBO.footing 4 ft Headwater Height

≔hTW =-ELTW ELBO.footing 4 ft Tailwater Height

≔hHW_Top =-ELwater ELTO.footing 2 ft Water Height on Top The Heel 

≔hTW_Top =-ELTW ELTO.footing 2 ft Water Height on Top The Toe

≔Lbase 22.75 ft Footing Length



≔Ltoe 4.5 ft Length of Wall Toe

≔Lheel =--Lbase Ltoe tw 16.25 ft Length of Wall Heel

≔Wsurcharge 0 psf Surcharge Load 

≔b 1 ft Unit Width

Figure 2 : Typical section of the retaining wall 

Figure 3: Section Free Body Diagram 



Calculate the vertical load 

Calculate the area of the section 

≔A1 =⋅hwall.stem tw 42 ft2 Area of the Wall Stem 

≔A2 =⋅Lbase tbase 45.5 ft2 Area of Footing 

(A) Gravity Load of Section

≔W1 =⋅⋅γconc b A1 6.3 kip Wall Stem Load Section

≔xw1 =+―
tw
2

Ltoe 5.5 ft

Moment Arm
≔yw1 =+―――

hwall.stem
2

tbase 12.5 ft

≔W2 ⋅⋅γconc b A2 Foundation Load Section

≔xw2 =――
Lbase

2
11.38 ft

Moment Arm
≔yw2 =――

tbase

2
1 ft

≔W3 =⋅⋅⋅hkey tkey γconc b 0.9 kip Shear Key Section

≔xw3 =-Lbase ――
tkey
2

21.75 ft Moment Arm (key at U/S heel)

≔yw3 =-hkey -3 ft

≔Wtotal =++W1 W2 W3 14.03 kip Total Weight 

≔xw =――――――――
++⋅W1 xw1 ⋅W2 xw2 ⋅W3 xw3

Wtotal

9.4 ft Total x Centroid 

≔yw =――――――――
++⋅W1 yw1 ⋅W2 yw2 ⋅W3 yw3

Wtotal

5.91 ft Total y Centroid 



Vertical load 

(A) U/S Hydrostatic Load on top heel 

≔VHW =⋅⋅⋅γwater Lheel hHW_Top b 2.03 kip Head Water  Load 

≔xvhw =-Lbase ――
Lheel

2
14.63 ft Moment Arm 

(B) D/S Hydrostatic Load on top heel 

≔VTW =⋅⋅⋅γwater Ltoe hTW_Top b 0.56 kip Head Water  Load 

≔xvtw =――
Ltoe

2
2.25 ft Moment Arm 

(C) U/S Backfill on The Heel 

=hsoil_TF 18 ft

≔hsoil_dry_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELwater ELTO.footing
‖
‖ -ELus_soil ELTO.footing

|
|
||

if <<ELTO.footing ELwater ELus_soil
‖
‖ -ELus_soil ELwater

|
|
||

if ≤ELus_soil ELwater
‖
‖ 0 ft

16 ft Height of Dry Soil on Top of The 
Heel 

≔hsoil_sub_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELwater ELTO.footing
‖
‖ 0 ft

|
|
||

if <<ELTO.footing ELwater ELus_soil
‖
‖ -ELwater ELTO.footing

|
|
||

if ≤ELus_soil ELwater
‖
‖ -ELus_soil ELTO.footing

2 ft Height of Submerged Soil on Top the 
Heel

≔pus_soil1_V 0 psf Top soil Pressure 

≔pus_soil2_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELwater ELTO.footing
‖
‖ ⋅⎛⎝ -ELus_soil ELTO.footing⎞⎠ γsoil_m

|
|
||

if <<ELTO.footing ELwater ELus_soil
‖
‖ ⋅⎛⎝ -ELus_soil ELwater⎞⎠ γsoil_m

|
|
||

if ≥ELwater ELus_soil
‖
‖ pus_soil1_V

2000 psf Soil Pressure at Water Elevation 



≔pus_soil3_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELwater ELTO.footing
‖
‖ pus_soil2_V

|
|
||

if <<ELTO.footing ELwater ELus_soil
‖
‖ ⋅⎛⎝ -ELwater ELTO.footing⎞⎠ γsoil_b

|
|
||

if ≥ELwater ELus_soil
‖
‖ ⋅⎛⎝ -ELus_soil ELTO.footing⎞⎠ γsoil_b

125.2 psf Top Footing Soil Pressure 

≔Vsoil_dry_V =⋅⋅pus_soil2_V ⎛⎝Lheel⎞⎠ b 32.5 kip Vertical Dry Soil Load on 
The Heel 

≔Vsoil_sub_V =⋅⋅pus_soil3_V ⎛⎝Lheel⎞⎠ b 2.03 kip Vertical Submerged Soil 
Load on The Heel 

≔Vsoil =+Vsoil_dry_V Vsoil_sub_V 34.53 kip Weight of soil on Upstream Face of 
Wall

≔xv1 =|
|
|
|
|
|
||

if

else

＝Vsoil 0 kip
‖
‖ 0 ft

‖
‖
‖‖

-Lbase ⋅―
1

2
Lheel

14.63 ft Moment Arm

(D) D/S Backfill on The Toe 

=hds_soil_TF 2 ft

≔hds_soil_dry_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELTW ELTO.footing
‖
‖ -ELds_soil ELTO.footing

|
|
||

if <<ELTO.footing ELTW ELds_soil
‖
‖ -ELds_soil ELTW

|
|
||

if ≤ELds_soil ELTW
‖
‖ 0 ft

0 ft Height of Dry Soil on Top of The 
Toe

≔hds_soil_sub_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELTW ELTO.footing
‖
‖ 0 ft

|
|
||

if <<ELTO.footing ELTW ELds_soil
‖
‖ -ELTW ELTO.footing

|
|
||

if ≤ELds_soil ELTW
‖
‖ -ELds_soil ELTO.footing

2 ft Height of Submerged Soil on Top the Toe



≔psoil1_V 0 psf Top soil Pressure 

≔psoil2_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELTW ELTO.footing
‖
‖ ⋅⎛⎝ -ELds_soil ELTO.footing⎞⎠ γsoil_m

|
|
||

if <<ELTO.footing ELTW ELds_soil
‖
‖ ⋅⎛⎝ -ELds_soil ELTW⎞⎠ γsoil_m

|
|
||

if ≥ELTW ELds_soil
‖
‖ psoil1_V

0 psf Soil Pressure at Water Elevation 

≔psoil3_V =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELTW ELTO.footing
‖
‖ psoil2_V

|
|
||

if <<ELTO.footing ELTW ELds_soil
‖
‖ ⋅⎛⎝ -ELTW ELTO.footing⎞⎠ γsoil_b

|
|
||

if ≥ELTW ELds_soil
‖
‖ ⋅⎛⎝ -ELds_soil ELTO.footing⎞⎠ γsoil_b

125.2 psf Top Tooting Soil Pressure 

≔Vsoil_dry_V =⋅⋅psoil2_V ⎛⎝Ltoe⎞⎠ b 0 kip Vertical Dry Soil Load on 
The Toe

≔Vsoil_sub_V =⋅⋅psoil3_V ⎛⎝Ltoe⎞⎠ b 0.56 kip Vertical Submerged Soil 
Load on The Toe

≔Vds_soil =+Vsoil_dry_V Vsoil_sub_V 0.56 kip Weight of soil on Upstream Face of 
Wall

≔xv2 =|
|
|
|
|
|
|
|

if

else

＝Vds_soil 0 kip
‖
‖ 0 ft

‖
‖
‖‖

――
Ltoe

2

2.25 ft Moment Arm



(D) Uplift Force at Foundation/Concrete Interface

Line of Creep Method per USACE EM 1110-2-2502

Total head difference
≔Δh =-ELwater ELTW 0 ft

Seepage Path Segment Lengths

≔LAB 0 ft (assume no head 
loss U/S of key)

≔LBC =tkey 2 ft

≔LCD =-ELBO.footing ELkey 3 ft

≔LDE =-Lbase tkey 20.75 ft

≔LEF =-ELTW ELBO.footing 4 ft

Case 1 - Seepage Path for Overturning Analysis
≔LCG =-Lbase tkey 20.75 ft

≔LGE =-ELBO.footing ELkey 3 ft

≔LGF =-ELTW ELkey 7 ft

Case 1 - Uplift for Overturning Analysis

≔ub =⋅⎛⎝ -ELwater ELkey⎞⎠ γwater 436.8 psf

≔uc =ub 436.8 psf

≔ud =⋅⎛⎝ -ELwater ELBO.footing⎞⎠ γwater 249.6 psf

≔ue =ud 249.6 psf

≔Uoverturning =⋅⋅⋅-―
1

2
⎛⎝ +ub ue⎞⎠ Lbase b -7.81 kip

≔xUot =――――――
⋅Lbase ⎛⎝ +⋅2 ub ue⎞⎠
⋅3 ⎛⎝ +ub ue⎞⎠

12.409 ft

Case 2 - Seepage Path for Sliding Analysis



Case 2 - Uplift for Sliding Analysis

=ub 436.8 psf

≔ug =ub 436.8 psf

≔Usliding =⋅⋅⋅-―
1

2
⎛⎝ +ub ug⎞⎠ Lbase b -9.94 kip

≔xUsliding =――――――
⋅Lbase ⎛⎝ +⋅2 ub ug⎞⎠
⋅3 ⎛⎝ +ub ug⎞⎠

11.375 ft

(F) Vertical Surcharge

≔Vsurcharge =⋅⋅Wsurcharge Lheel b 0 kip

≔xVsurcharge =-Lbase ――
Lheel

2
14.625 ft

Overturning Analysis

For retaining walls with shear keys, the overturning analysis considers the point of rotation at the D/S Toe 
@ BO Footing. U/S headwater and soil loads computed to the bottom of shear key. The D/S soil force is 
not calculated explicitly. Rather, the required D/S soil force is assumed to be equal to the force to maintain 
horizontal sliding equilibrium, ignoring frictional resistance along bottom of footing. Force is assumed to 
act at mid-height of key. Soil above the key (e.g. above the footing bearing elevation) is ignored in the 
lateral force calculation [3].

Horizontal Load 

(A) Driving Hydrostatic Load

≔HHW =⋅⋅⋅-―
1

2
γwater hwater

2 b -0.5 kip Headwater  Load 

≔yHW =――
hwater

3
1.33 ft Moment Arm 

(B) Resisting  Hydrostatic Load

≔HTW =⋅⋅⋅―
1

2
γwater hTW

2 b 0.5 kip Tailwater  Load 

≔yTW =――
hTW
3

1.33 ft Moment Arm 



(C) Upstream Backfill Heights

=hsoil 20 ft Total Height of Soil 

≔hsoil_dry =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELwater ELBO.footing
‖
‖ -ELus_soil ELBO.footing

|
|
||

if <<ELBO.footing ELwater ELus_soil
‖
‖ -ELus_soil ELwater

|
|
||

if ≤ELus_soil ELwater
‖
‖ 0 ft

16 ft

Height of Dry Soil on Top of The 
Heel 

≔hsoil_sub =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELwater ELBO.footing
‖
‖ 0 ft

|
|
||

if <<ELBO.footing ELwater ELus_soil
‖
‖ -ELwater ELBO.footing

|
|
||

if ≤ELus_soil ELwater
‖
‖ -ELus_soil ELBO.footing

4 ft Height of Submerged Soil on Top The 
Heel

(D) Downstream  Backfill Heights 

=hds_soil 4 ft Total Height of Soil 

≔hds_soil_dry =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELTW ELBO.footing
‖
‖ -ELds_soil ELBO.footing

|
|
||

if <<ELBO.footing ELTW ELds_soil
‖
‖ -ELds_soil ELTW

|
|
||

if ≤ELds_soil ELTW
‖
‖ 0 ft

0 ft

Height of Dry Soil 

≔hds_soil_sub =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
||

if ≤ELTW ELBO.footing
‖
‖ 0 ft

|
|
||

if <<ELBO.footing ELTW ELds_soil
‖
‖ -ELTW ELBO.footing

|
|
||

if ≤ELds_soil ELTW
‖
‖ -ELds_soil ELBO.footing

4 ft

Height of Submerged Soil 

(E) Downstream Soil Passive Load (Dynamic)

≔ΔPPE1 =⋅⋅-Kh

⎛
⎜
⎜⎝
――――――――

⋅γsoil_m hds_soil_dry
2

⋅2 ⎛⎝ -tan ⎛⎝αpassive⎞⎠ tan ((β))⎞⎠

⎞
⎟
⎟⎠
b 0 kip Dynamic Passive Soil Load Above 

Phreatic

≔ΔPPE2 =⋅⋅-Kh

⎛
⎜
⎜⎝
―――――

⋅γsoil_b hds_soil_sub
2

⋅2 tan ⎛⎝αpassive⎞⎠

⎞
⎟
⎟⎠
b -0.06 kip Dynamic Passive Soil Load Below 

Phreatic



≔ΔPPE =+ΔPPE1 ΔPPE2 -0.06 kip Total Dynamic Passive Soil Load

Moment Arm (Dynamic)

≔yΔPpe1 =⋅―
2

3
hds_soil 2.67 ft

≔yΔPpe2 =⋅―
2

3
hds_soil_sub 2.67 ft Dynamic Passive Load Moment 

Arms

≔yΔPpe =―――――――――
+⋅ΔPPE1 yΔPpe1 ⋅ΔPPE2 yΔPpe2

ΔPPE

2.67 ft

(F) Upstream Soil Active Load (Static) 

≔PA1 =⋅⋅⋅⋅-―
1

2
KA γsoil_m ⎛⎝hsoil_dry⎞⎠

2 b -4.7 kip Active Soil Load Above Phreatic

≔PA2 =⋅⋅⋅-―
1

2
hsoil_sub ⎛

⎜
⎝+

 ↲⋅⋅⋅2 KA γsoil_m ⎛⎝ -hsoil hsoil_sub⎞⎠
⋅⋅Kb_a γsoil_b hsoil_sub

⎞
⎟
⎠

b -2.5 kip Active Soil Load Below Phreatic

≔PAE =+PA1 PA2 -7.19 kip Total Active Soil Load

(G) U/S  Dynamic Active soil  

≔ΔPAE1 =⋅⋅-Kh

⎛
⎜
⎜⎝
―――――――

⋅γsoil_m hsoil_dry
2

⋅2 ⎛⎝ -tan ⎛⎝αactive⎞⎠ tan ((β))⎞⎠

⎞
⎟
⎟⎠
b -0.74 kip Dynamic Active Soil Load Above 

Phreatic

≔ΔPAE2 =⋅⋅-Kh

⎛
⎜
⎜⎝
―――――

⋅γsoil_b hsoil_sub
2

⋅2 tan ⎛⎝αactive⎞⎠

⎞
⎟
⎟⎠
b -0.02 kip Dynamic Active Soil Load Below 

Phreatic

≔ΔPAE =+ΔPAE1 ΔPAE2 -0.77 kip Total Dynamic Active Soil Load

Moment Arm (Static)

≔p1 0 psf Static Active Soil Pressure at 
Ground Surface

≔p2 =⋅⋅KA γsoil_m hsoil_dry 587.197 psf Static Active Soil Pressure at 
Phreatic Surface

≔p3 =
+

 ↲+p2 ⋅⋅⋅2 KA γsoil_m ⎛⎝ -hsoil hsoil_sub⎞⎠
⋅⋅Kb_a γsoil_b hsoil_sub

1835.107 psf Static Active Soil Pressure at 
Base

≔yPae1 =+――――――
⋅hsoil_dry ⎛⎝ +⋅2 p1 p2⎞⎠

3 ⎛⎝ +p1 p2⎞⎠
hsoil_sub 9.33 ft

≔yPae2 =――――――
⋅hsoil_sub ⎛⎝ +⋅2 p2 p3⎞⎠

3 ⎛⎝ +p2 p3⎞⎠
1.66 ft Static Active Load Moment Arms



≔yPae2 =――――――
⋅hsoil_sub ⎛⎝ +⋅2 p2 p3⎞⎠

3 ⎛⎝ +p2 p3⎞⎠
1.66 ft

≔yPae =―――――――
+⋅PA1 yPae1 ⋅PA2 yPae2
PAE

6.67 ft

Moment Arm (Dynamic)

≔yΔPae1 =⋅―
2

3
hsoil 13.33 ft

≔yΔPae2 =⋅―
2

3
hsoil_sub 2.67 ft Dynamic Active Load Moment 

Arms

≔yΔPae =―――――――――
+⋅ΔPAE1 yΔPae1 ⋅ΔPAE2 yΔPae2

ΔPAE

13.01 ft

(H) Inertial Loads 

≔Ww.e =-⎛⎝ ⋅Wtotal Kh⎞⎠ -1.1 kip Wall Weight Load

≔yW.w.e =yw 5.91 ft Moment Arm

≔Vus_soil_seismic =⋅-Kh Vsoil -2.72 kip U/S Soil Load 

≔yus_soil_seismic =+――
hsoil

2
tbase 12 ft Moment Arm

≔Vds_soil_seismic =⋅-Kh Vds_soil -0.04 kip D/S Soil Load 

≔yds_soil_seismic =+――
hds_soil

2
tbase 4 ft Moment Arm

≔VHW.e =-⎛⎝ ⋅VHW Kh⎞⎠ -0.16 kip HW Vertical Load 

≔yVhwe =+―――
hHW_Top

2
tbase 3 ft Moment Arm

≔VTW.e =-⎛⎝ ⋅VTW Kh⎞⎠ -0.044 kip TW Vertical Load 

≔yVtwe =+―――
hTW_Top

2
tbase 3 ft Moment Arm

(I) Downstream Backfill 

≔Hds_soil.ot =|
|
| +++++

 ↲++++HHW HTW PAE ΔPAE ΔPPE

Ww.e Vus_soil_seismic Vds_soil_seismic VHW.e VTW.e

|
|
|

12.093 kip Total D/S Backfill Load 

≔yHds_soil.ot =――
hkey
2

1.5 ft Total Moment Arm to D/S Toe 
(note: above ELBO.footing)(CCW 
moment)



Total Moment Arm to D/S Toe 
(note: above ELBO.footing)(CCW 
moment)

≔MHds_soil.ot =⋅-Hds_soil.ot yHds_soil.ot -18.14 ⋅kip ft Moment about D/S Toe

Overturning Stability

≔Mtoe =

++
 ↲+++

 ↲++++
 ↲++++⋅Wtotal xw ⋅Vsoil xv1 ⋅Vds_soil xv2 ⋅VHW xvhw ⋅VTW xvtw

⋅Uoverturning xUot ⋅PAE yPae ⋅ΔPAE yΔPae MHds_soil.ot

⋅Ww.e yW.w.e ⋅Vus_soil_seismic yus_soil_seismic ⋅Vds_soil_seismic yds_soil_seismic
⋅VHW.e yVhwe ⋅VTW.e yVtwe

456.22 ⋅ft kip

Total Moment about D/S Toe

≔FN =+++++Wtotal Vsoil Vds_soil VHW VTW Uoverturning 43.9 kip Total Vertical Load Resisting Overturning

≔X =――
Mtoe

FN

10.39 ft Resultant Location from D/S Toe

≔e =-――
Lbase

2
X 0.98 ft Resultant Eccentricity to Center of Base

=――
Lbase

6
3.79 ft Limit for Base Being in Compression Only

≔Resultant_Location
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

if

else if

else if

else if

else

≤||e|| ――
Lbase

6
‖
‖ “100% of Base in Compression”

≤<――
Lbase

6
||e|| ――

Lbase

4
‖
‖ “75% of Base in Compression”

≤<――
Lbase

4
||e|| ――

Lbase

3
‖
‖ “50% of Base in Compression”

≤<――
Lbase

4
||e|| ――

Lbase

2
‖
‖ “Resultant Within Base”

‖
‖ “Unstable-Resultant Outside Base”

=Resultant_Location “100% of Base in Compression”

The requirements for overturning in an Extreme 
loading condition is that the resultant is located 
within the base (USACE [5])

Foundation Bearing Stresses



Foundation Bearing Stresses

≔qtoe =⋅―――
FN

⋅Lbase 1 ft

⎛
⎜
⎝

+1 ――
⋅6 e

Lbase

⎞
⎟
⎠

2430.6 psf

≔qheel =⋅―――
FN

⋅Lbase 1 ft

⎛
⎜
⎝

-1 ――
⋅6 e

Lbase

⎞
⎟
⎠

1429.2 psf

≔qmax =max ⎛⎝ ,qtoe qheel⎞⎠ 2430.6 psf ≔qmin =min ⎛⎝ ,qtoe qheel⎞⎠ 1429.2 psf

=qmax 16.9 psi =qmin 9.9 psi

≔Checkbearing
|
|
|
|
|
||

if

else

>σallow qmax
‖
‖ “OK”

‖
‖ “NO GOOD”

=Checkbearing “OK”

Sliding Analysis

For retaining walls with shear keys, sliding evaluated at horizontal plane through the soil foundation at 
ELkey , corresponding to plane C-F. Upon inspection of the wall, the loads, and the foundation soils, this 
is assumed to be the critical slip plane. D/S soil forces based on passive wedge resistance using the 
full depth of the D/S soil. Frictional resistance is calculated on plane C-F using the internal friction of the 
soil foundation. Uplift pressures calculated on plane C-F as well. [3]

Horizontal Load 

(A) Downstream Soil Passive Load (Static)

≔Pp1 0 kip Passive Soil Load Above Phreatic

≔Pp2 =⋅⋅⋅⋅―
1

2
KP γsoil_b hds_soil_sub

2 b 1.71 kip Passive Soil Load Below Phreatic

≔PPE =+Pp1 Pp2 1.71 kip Total Passive Soil Load

Moment Arm (Static)
≔p1 0 psf Static Passive Soil Pressure 

at Ground Surface

≔p2 =⋅⋅KP γsoil_m hds_soil_dry 0 psf Static Passive Soil Pressure at 
Phreatic Surface

≔p3 =
+

 ↲+p2 ⋅⋅⋅2 KP γsoil_m ⎛⎝ -hds_soil hds_soil_sub⎞⎠
⋅⋅Kb_p γsoil_b hds_soil_sub

855.424 psf Static Passive Soil Pressure at 
Base

≔yPpe1 =0 ft 0 ft

≔yPpe2 =―――――――
⋅hds_soil_sub ⎛⎝ +⋅2 p2 p3⎞⎠

3 ⎛⎝ +p2 p3⎞⎠
1.33 ft Static Passive Load Moment 

Arms



≔yPpe =―――――――
+⋅Pp1 yPpe1 ⋅Pp2 yPpe2
PPE

1.33 ft

(B) Soil Under the Footing

Total weight of the soil between the base of the footing and bottom of the shear key contributes to the 
resultant normal force acting on the slip plane.

≔Asoil.ftg =⋅hkey ⎛⎝ -Lbase tkey⎞⎠ 62.25 ft2 Soil area under footing

≔Vsoil.ftg =⋅⋅γsoil_m Asoil.ftg b 7.781 kip Weight of soil under footing

(B) Inertial Force of Soil Under the Footing

≔Vsoil.ftg.e =-⎛⎝ ⋅Vsoil.ftg Kh⎞⎠ -612.125 lbf

Sliding Stability

≔FN =+++++Wtotal Vsoil Vds_soil VHW VTW Usliding 41.78 kip Total Vertical Loads Resisting Sliding

≔FD =

+++
 ↲+++

 ↲+++PAE ΔPAE PPE ΔPPE

Ww.e Vus_soil_seismic Vds_soil_seismic

VHW.e VTW.e Vsoil.ftg.e

-10.99 kip Total Horizontal Loads

≔FSsliding =――
⋅FN μf

||FD
||

1.52 Sliding Factor of Safety (Cohesion 
conservatively neglected)

≔FSreq 1.1 Minimum Required Sliding Factor of Safety 
(Extreme Load Condition, USCE [5])

≔Checksliding
|
|
|
|
|
||

if

else

≥FSsliding FSreq
‖
‖ “OK”

‖
‖ “NOT OK”

=Checksliding “OK”
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Appendix B. Service Spillway Structural Calculations 



________________________________________________________________________________________________________________

12420 Milestone Ctr Drive Calculated By: NRP
Germantown, MD Date: 2/26/2026
Telephone: (301) 820-3000 Checked By: RW
www.aecom.com Date: 2/27/2026

Project Number: 60778293

Project: Project Yankee

Task: Service Spillway Intake Tower Design - Stability Analysis
________________________________________________________________________________________________________________

Description:

These structural design calculations evalute the proposed precast concrete intake tower that serves as the service spillway structure three 
stormwater pond embankment dams. The most critical riser configuration was selected for analysis based on governing hydraulic, 
geometric, and foundation conditions. The evaluation verifies structural stability under normal, flood, and extreme loading conditions, 
including overturning, sliding, bearing, and flotation. The analysis is performed in accordance with the NYSDEC Guidelines for Design of 
Dams and USACE EM 1110-2-2100 to confirm compliance with applicable stability requirements.

Codes, Standards, & References:

1. New York State Department of Environmental Conservation (NYSDEC) Guidelines for Design of Dams (1989)
2. USACE EM 1110-2-2400, Structural Design and Evaluation of Outlet Works
3. USACE EM 1110-2-2100, Stability and Analysis of Concrete Structures
4. Yankee, Design Phase 1, 000-Site-Civil Miscellaneous Site, 000_B000_C0_7600
5. ACI 350, Code Requirements for Environmental Concrete Structures
6. DRB-04 Site Retaining Wall Structural Calculation Report by Jacobs Solutions, Inc., Revision 1 (11/6/2025)
7. ASCE 7-22, Minimum Design Loads and Associated Criteria for Buildings and Other Structures
8. NAVAC Facility Engineering Command Publication Transmittal
9. Project Yankee SMP-11 and TEMP-SMP-01 Stormwater Management Pond Dams, Basis of Design Report (AECOM)

Assumptions:

�
�

�
�

�
�
�

�
�
�
�

Under normal load conditions the stormwater pond is dry or dewatered with only normal groundwater conditions.
This calculation applies to the following riser structures: SMP-01, SMP-11, and TEMP SMP-01. Calculations are based on SMP-11, 
as this was considered the most critical riser. By demonstrating SMP-11 meets stability criteria, all risers meet the criteria.
Design the design flood event, the riser is assumed to be fully dewatered.
Wind load is calculated based on ASCE 7-22 (Chapters 26 and 29) and is assumed to apply for only Load Combination 1 - Normal
Pool. A separate spreadsheet was used to calculate the wind loading (attached).
The point of rotation is calculated against the downstream toe of the footing.
Groundwater elevation is assumed to be EL 381.0 ft. Flood elevation is assumed to be EL 392.1 ft based on the H&H analysis [9].
For the Seismic load case, backfill is assume to be yielding and the Mononobe-Okabe method (Appendix G of EM 1110-2-2100) is
utilized.
The riser wall is assumed to have a fixed connection at the base slab.
Uplift pressure beneath the slab is assumed equal to full hydrostatic head.
Sliding resistance is calculated using friction only unless passive pressure in included. Cohesion is conservatively neglected.
If field conditions differ from the assumptions stated herein, the design shall be evaluated prior to construction.



Figure 1 - Typical Section of Riser Structure

Material Properties (* Provided by Geotechnical Engineer)

Geotechnical parameters for the embankment backfill and foundation are based on and supported by the project Geotechnical 
Engineering Report [9].

All other structural, material, and loading parameters not explicitly defined in the referenced documents are based on typical 
industry practice and values consistent with applicable codes, material specifications, exposure classifications, and durability 
requirements.

≔γc 150 pcf Unit Weight of Concrete (Normalweight Reinforced Concrete)

≔γw 62.4 pcf Unit Weight of Water

≔f'c 5000 psi Concrete Compressive Strength

≔γmoist_fill 125 pcf Moist Unit Weight of Backfill*

≔γsat_fill 130 pcf Saturated Unit Weight of Backfill*

≔σallow 4000 psf Allowable Foundation Bearing Capacity*

≔ϕf 17 deg Internal Friction Angle of Foundation*

≔ϕfill 33 deg Internal Friction Angle of Backfill*

≔μf =tan ⎛⎝ϕf⎞⎠ 0.306 Friction Coefficient for Sliding Concrete/Foundation Interface

≔c 0 psf Conservatively, Neglect Cohesion at Concrete/Foundation Interface

Lateral Soil Coefficients:

At-rest earth pressure conditions were assumed for normal and flood loading cases, reflecting limited lateral deformation of the 
intake tower under service conditions. Active and passive earth pressure conditions were only considered for the extreme (seismic) 
load case, where sufficient structural movement may occur to mobilize reduced or increased lateral soil pressures, respectively.



Lateral Soil Coefficients:

At-rest earth pressure conditions were assumed for normal and flood loading cases, reflecting limited lateral deformation of the 
intake tower under service conditions. Active and passive earth pressure conditions were only considered for the extreme (seismic) 
load case, where sufficient structural movement may occur to mobilize reduced or increased lateral soil pressures, respectively.

≔Ko =-1 sin ⎛⎝ϕfill⎞⎠ 0.455 At-Rest Earth Pressure Coefficient (Rankine)

≔Ka =tan
⎛
⎜
⎝

-45 deg
⎛
⎜
⎝
――
ϕfill

2

⎞
⎟
⎠

⎞
⎟
⎠

2

0.295 Active Earth Pressure Coefficient (Rankine)

≔Kp =―
1

2

⎛
⎜
⎜⎝
tan

⎛
⎜
⎝

+45 deg
⎛
⎜
⎝
――
ϕfill

2

⎞
⎟
⎠

⎞
⎟
⎠

2 ⎞
⎟
⎟⎠

1.696 Passive Earth Pressure Coefficient (Rankine). Conservatively 
reduced by 50%

Seismic Soil Coefficients:

Maximum Design Earthquake (MDE) is defined as the 2,500-year return period seismic event. Site-specific ground motion 
parameters were obtained from the USGS Seismic Hazard Analysis Tool and used to establish the seismic loading criteria for this 
evaluation.

Seismic Soil Coefficients are based on Mononobe-Okabe Theory.

≔kh 0.118 Peak Horizontal Ground Acceleration in G's (USGS Hazard Tool) 

≔kv 0.0 Vertical Acceleration in G's

≔ψ =atan
⎛
⎜
⎝
――

kh

-1 kv

⎞
⎟
⎠

6.73 deg Seismic Inertia Angle

≔β 0 deg Inclination of Soil Surface

≔KAE =――――――――――――――
cos ⎛⎝ -ϕfill ψ⎞⎠

2

⋅cos ((ψ))
2 ⎛

⎜
⎝

+1
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
――――――――

⋅sin ⎛⎝ϕfill⎞⎠ sin ⎛⎝ --ϕfill ψ β⎞⎠
⋅cos ((β)) cos ((ψ))

⎞
⎟
⎠

2
0.37 Dynamic Active Earth Pressure Coefficient (Equation 

G-2 of [3])

≔KPE =⋅――――――――――――――
cos ⎛⎝ -ϕfill ψ⎞⎠

2

⋅cos ((ψ))
2 ⎛

⎜
⎝

-1
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾
――――――――

⋅sin ⎛⎝ϕfill⎞⎠ sin ⎛⎝ +-ϕfill ψ β⎞⎠
⋅cos ((β)) cos ((ψ))

⎞
⎟
⎠

2
―
1

2
1.58 Dynamic Passive Earth Pressure. Coefficient. 

Conservatively reduced by 50% (Equation G-4 of [3])

Intake Tower Details & Geometry

Elevations for structure and civil grading are based on civil drawings. Normal pool and flood water surface elevations are defined by 
the approved Hydraulic and Hydrology (H&H) Analysis [9]. Groundwater elevations based on geotechnical slope stability and 
seepage analysis.



Intake Tower Details & Geometry

Elevations for structure and civil grading are based on civil drawings. Normal pool and flood water surface elevations are defined by 
the approved Hydraulic and Hydrology (H&H) Analysis [9]. Groundwater elevations based on geotechnical slope stability and 
seepage analysis.

≔ELfoundation 378.0 ft Elevation of Bottom of Foundation Slab

≔ELtop 390.0 ft Elevation of Top of Structure

≔ELds_soil 382.0 ft Elevation of Downstream Soil Elevation

≔ELus_soil 382.0 ft Elevation of Upstream Soil Elevation

≔li 5 ft Inside Diameter of Tower

≔twall 5 in Thickness of Tower Wall

≔lo =+li ⋅2 twall 5.833 ft Outside Diameter of Tower

≔tfoundation 1.5 ft Thickness of Base Foundation

≔lfoundation 10 ft Length of Base Foundation

≔wfoundation 10 ft Width of Base Foundation

≔ELHW_norm 381.0 ft Elevation of Headwater (Normal)

≔ELHW_flood 392.1 ft Elevation of Headwater (100-year Flood)

≔HHW_norm =-ELHW_norm ELfoundation 3 ft Height of Headwater (Normal)

≔HHW_flood =-ELHW_flood ELfoundation 14.1 ft Height of Headwater (100-year Flood)

≔Hus_soil =-ELus_soil ELfoundation 4 ft Height of Upstream Soil

≔Hds_soil =-ELds_soil ELfoundation 4 ft Height of Downstream Soil

≔Hwall =--ELtop ELfoundation tfoundation 10.5 ft Height of Walls

≔Dorifice1 11 in Diameter of Orifice 1

≔Vorifice1 =⋅⋅twall ―
π

4
Dorifice1

2 0.275 ft3 Volume of Orifice 1

≔Dorifice2 9 in Diameter of Orifice 2

≔Vorifice2 =⋅⋅twall ―
π

4
Dorifice2

2 0.184 ft3 Volume of Orifice 2

≔Worifice3 36 in ≔Horifice3 24 in Width and Height of Orifice 3

≔Vorifice3 =⋅⋅twall Worifice3 Horifice3 2.5 ft3 Volume of Orifice 3



≔Vorifice3 =⋅⋅twall Worifice3 Horifice3 2.5 ft3 Volume of Orifice 3

≔Doutlet 36 in Diameter of Outlet

≔Voutlet =⋅⋅twall ―
π

4
Doutlet

2 2.945 ft3 Volume of Outlet

Calculate Weight and Section Properties of Tower

≔Ffoundation =⋅⋅⋅lfoundation wfoundation tfoundation γc 22.5 kip Weight of Foundation Slab

≔xfoundation =―――
lfoundation

2
5 ft Centroid of Foundation Slab (x-bar)

≔yfoundation =―――
tfoundation

2
0.75 ft Centroid of Foundation Slab (y-bar)

≔Ftower =⋅
⎛
⎜
⎝

----⋅⋅―
π

4
⎛⎝ -lo

2 li
2 ⎞⎠ Hwall Vorifice1 Vorifice2 Vorifice3 Voutlet

⎞
⎟
⎠

γc 10.282 kip Weight of Tower Riser Walls

≔xtower =―――
lfoundation

2
5 ft Centroid of Tower Riser Walls (x-bar)

≔ytower =+――
Hwall

2
tfoundation 6.75 ft Centroid of Tower Riser Walls (y-bar)

≔WS =+Ffoundation Ftower 32.782 kip Total Weight of Structure (Trashrack weight 
conservatively ignored)

≔xws =――――――――――
+⋅Ffoundation xfoundation ⋅Ftower xtower

WS

5 ft Centroid of Structure (x-bar)

≔yws =――――――――――
+⋅Ffoundation yfoundation ⋅Ftower ytower

WS

2.632 ft Centroid of Structure (y-bar)

Loads and Loading Conditions:

Loading Conditions to be analyzed in accordance with NYSDEC Dam Guidelines and EM 1110-2-2400:

Case No. 1: Usual Loading Condition - U1
Normal Pool Elevation = 381.0 feet (groundwater, interior dry), Uplift, Dead, Water Surface Inside Structure at Normal 

Pool (empty), Soil, Wind

Case No. 2: Unusual Loading Condition (Flood) - UN1
Flood Pool Elevation = 392.1 feet (Flood), Dead, Uplift, Water Surface Inside Structure to Top Slab (critical bearing 

pressure load case)

Case No. 3: Unusual Loading Condition (Flood) - UN3
Flood Pool Elevation = 392.1 feet (Flood), Dead, Uplift, No Water Inside Structure (critical flotation load case)

Case No. : Extreme Loading Condition (Seismic) - E1
Load Combination U1 plus Maximum Design Earthquake

Case 1 - Usual Load Condition (Normal - U1)

Free Body Diagram:



Case 1 - Usual Load Condition (Normal - U1)

Free Body Diagram:

Figure 2: Free Body Diagram - Usual Loading Condition (U1)

Calculate Vertical Loads:



Calculate Vertical Loads:

(A) Gravity Load of Tower

=WS 32.782 kip Total Weight of Structure

=xws 5 ft Moment Arm

(B) Gravity Load of Soil Around Structure Foundation

Weight of Soil Around 
Tower Foundation≔Fv1 =⋅⋅

⎛
⎜
⎝

-⋅wfoundation lfoundation ⋅lo
2 ―

π

4

⎞
⎟
⎠

⎛⎝ -⋅⎛⎝ +Hus_soil Hds_soil⎞⎠ 0.5 tfoundation⎞⎠ γmoist_fill 22.898 kip

≔xv1 =―――
lfoundation

2
5 ft Moment Arm

(C) Uplift Force at Concrete/Foundation Interface

≔U =⋅⋅⋅HHW_norm lfoundation wfoundation γw 18.72 kip Uplift Force Under Tower

≔xu =―――
lfoundation

2
5 ft Moment Arm

Calculate Horizontal Loads:

(A) Lateral Soil Forces and Hydrostatic Forces

Due to symmetry around the tower foundation, lateral soil and hydrostatic forces are assumed to counteract each other

(B) Wind Load

≔Fh1 0.790 kip Wind Load on Tower

≔xh1 8 ft Moment Arm

Figure 4: Wind Load Calculation Assumptions

Overturning Stability Check



Overturning Stability Check

≔MOT =+⋅Fh1 xh1 ⋅U xu 99.92 ⋅kip ft Total Overturning Moment

≔MR =+⋅WS xws ⋅Fv1 xv1 278.4 ⋅kip ft Total Restoring Moment

≔FSOverturning =――
MR

MOT

2.786 Factor of Safety Against Overturning (Note overturning 
stability is evaluated based on location of resultant, see 
below)

Resultant Location:

≔FN =-+WS Fv1 U 36.96 kip Total Vertical Load Resisting Overturning

≔X =――――
-MR MOT

FN

4.829 ft Center of Total Weight from Edge of Toe

≔ecc =-―――
lfoundation

2
X 0.171 ft Eccentricity of the Resultant

=―――
lfoundation

6
1.667 ft Limit for Base Being in Compression Only

≔Resultant_Location
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else if

else

≤||ecc
|| ―――

lfoundation

6
‖
‖ “100% of Base in Compression”

≤<―――
lfoundation

6
||ecc

|| ―――
lfoundation

4
‖
‖ “75% of Base in Compression”

≤<―――
lfoundation

4
||ecc

|| ―――
lfoundation

2
‖
‖ “Resultant Within Base”

‖
‖ “Unstable-Resultant Outside Base”

=Resultant_Location “100% of Base in Compression”

The resultant location is within the middle third of 
the base and thus the base is 100% in compression. 
The requirement for overturning for Case 1 is the 
resultant force should be in the middle third of the 
base (NYSDEC). Meets the requirements.

Check Stresses at the Base



Check Stresses at the Base

≔qmax

‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
||

if

else

≤||ecc
|| ―――

lfoundation

6
‖
‖
‖‖

⋅――――――
FN

⋅wfoundation lfoundation

⎛
⎜
⎝

+1 ―――
⋅6 ecc

lfoundation

⎞
⎟
⎠

‖
‖
‖‖

―――――――――
⋅4 FN

⋅⋅3 wfoundation ⎛⎝ -lfoundation ⋅2 ecc⎞⎠

=qmax 2.83 psi =qmax 408 psf

Equations 3-1 and 3-2 from EM 1110-2-2502 [5]

≔qmin

‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
||

if

else

≤||ecc
|| ―――

lfoundation

6
‖
‖
‖‖

⋅――――――
FN

⋅wfoundation lfoundation

⎛
⎜
⎝

-1 ―――
⋅6 ecc

lfoundation

⎞
⎟
⎠

‖
‖ 0 psi

=qmin 2.303 psi =qmin 332 psf

=σallow 27.778 psi =σallow 4000 psf

≔Checkbearing
|
|
|
|
|
||

if

else

>σallow qmax
‖
‖ “PASS”

‖
‖ “FAIL”

=Checkbearing “PASS”

The allowable bearing capacity of the foundation is not exceeded. Additionally, the stresses are significantly less than the
assumed strength of concrete and as a result, concrete crushing is not considered to be a viable failure mechanism.

Sliding Stability Check

=FN 36.96 kip Total Vertical Loads Resisting Sliding

≔FD =||Fh1
|| 0.79 kip Sum of Sliding Force

≔FSsliding =―――――――――
+⋅⋅c wfoundation lfoundation ⋅FN μf

FD

14.304 Sliding Factor of Safety (Cohesion conservatively 
neglected)

≔FSreq_sliding_usual 1.5 Minimum Required Sliding Factor of Safety

≔Checksliding
|
|
|
|
|
||

if

else

>FSsliding FSreq_sliding_usual
‖
‖ “PASS”

‖
‖ “FAIL”

=Checksliding “PASS”

Case 2 - Unusual Load Condition (Flood With Water Inside Structure - UN1)

Free Body Diagram:



Case 2 - Unusual Load Condition (Flood With Water Inside Structure - UN1)

Free Body Diagram:

Figure 3: Free Body Diagram - Unusual (Flood) Loading Condition (UN1)

Calculate Vertical Loads:



Calculate Vertical Loads:

(A) Gravity Load of Tower

=WS 32.782 kip Total Weight of Structure

=xws 5 ft Moment Arm

(B) Gravity Load of Water Inside Tower

≔WC =⋅⋅⋅li
2 ―

π

4
⎛⎝ --ELtop ELfoundation tfoundation⎞⎠ γw 12.865 kip Weight of Water Inside Structure

≔xwc =―――
lfoundation

2
5 ft Moment Arm

(C) Gravity Load of Water Outside the Tower

≔WG_1 =⋅⋅
⎛
⎜
⎝

-⋅wfoundation lfoundation ⋅lo
2 ―

π

4

⎞
⎟
⎠

⎛⎝ --ELtop ELfoundation tfoundation⎞⎠ γw 48.01 kip Weight of Water Around Structure

≔WG_2 =⋅⋅⎛⎝ ⋅wfoundation lfoundation⎞⎠ ⎛⎝ -ELHW_flood ELtop⎞⎠ γw 13.104 kip Weight of Water Above Structure

≔WG =+WG_1 WG_2 61.114 kip Weight of Water Above Structure

≔xwg =―――
lfoundation

2
5 ft Moment Arm

(D) Uplift Force at Concrete/Foundation Interface

≔U =⋅⋅⋅HHW_flood lfoundation wfoundation γw 87.984 kip Uplift Force Under Tower

≔xu =―――
lfoundation

2
5 ft Moment Arm

(E) Gravity Load of Soil Around Structure Foundation

≔Fv1 =⋅⋅
⎛
⎜
⎝

-⋅wfoundation lfoundation ⋅lo
2 ―

π

4

⎞
⎟
⎠

⎛⎝ -⋅⎛⎝ +Hus_soil Hds_soil⎞⎠ 0.5 tfoundation⎞⎠ ⎛⎝ -γsat_fill γw⎞⎠ 12.383 kip Weight of Soil Around 
Tower Foundation

≔xv1 =―――
lfoundation

2
5 ft Moment Arm

Calculate Horizontal Loads:



Calculate Horizontal Loads:

(A) Lateral Soil Forces

Due to symmetry around the tower foundation, lateral soil forces are assumed to counteract each other

Overturning Stability Check

≔MOT =⋅U xu 439.92 ⋅kip ft Total Overturning Moment

≔MR =+++⋅WS xws ⋅WC xwc ⋅WG xwg ⋅Fv1 xv1 595.718 ⋅kip ft Total Restoring Moment

≔FSOverturning =――
MR

MOT

1.354 Factor of Safety Against Overturning (Note overturning 
stability is evaluated based on location of resultant, see 
below)

Resultant Location:

≔FN =+-++WS WC WG U Fv1 31.16 kip Total Vertical Load Resisting Overturning

≔X =――――
-MR MOT

FN

5 ft Center of Total Weight from Edge of Toe

≔ecc =-―――
lfoundation

2
X 0 ft Eccentricity of the Resultant

=―――
lfoundation

6
1.667 ft Limit for Base Being in Compression Only

≔Resultant_Location
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else if

else

≤||ecc
|| ―――

lfoundation

6
‖
‖ “100% of Base in Compression”

≤<―――
lfoundation

6
||ecc

|| ―――
lfoundation

4
‖
‖ “75% of Base in Compression”

≤<―――
lfoundation

4
||ecc

|| ―――
lfoundation

2
‖
‖ “Resultant Within Base”

‖
‖ “Unstable-Resultant Outside Base”

=Resultant_Location “100% of Base in Compression”

The resultant location is within the middle third of 
the base and thus the base is 100% in compression. 
The requirement for overturning for Case 2 is the 
resultant force should be within the middle 1/3 of the 
base (NYSDEC). Meets the requirements.

Check Stresses at the Base



Check Stresses at the Base

≔qmax

‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
||

if

else

≤||ecc
|| ―――

lfoundation

6
‖
‖
‖‖

⋅――――――
FN

⋅wfoundation lfoundation

⎛
⎜
⎝

+1 ―――
⋅6 ecc

lfoundation

⎞
⎟
⎠

‖
‖
‖‖

―――――――――
⋅4 FN

⋅⋅3 wfoundation ⎛⎝ -lfoundation ⋅2 ecc⎞⎠

=qmax 2.164 psi =qmax 312 psf

Equations 3-1 and 3-2 from EM 1110-2-2502

≔qmin

‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
||

if

else

≤||ecc
|| ―――

lfoundation

6
‖
‖
‖‖

⋅――――――
FN

⋅wfoundation lfoundation

⎛
⎜
⎝

-1 ―――
⋅6 ecc

lfoundation

⎞
⎟
⎠

‖
‖ 0 psi

=qmin 2.164 psi =qmin 312 psf

=σallow 27.778 psi =σallow 4000 psf

≔Checkbearing
|
|
|
|
|
||

if

else

>σallow qmax
‖
‖ “PASS”

‖
‖ “FAIL”

=Checkbearing “PASS”

The allowable bearing capacity of the foundation is not exceeded. Additionally, the stresses are significantly less than the
assumed strength of concrete and as a result, concrete crushing is not considered to be a viable failure mechanism.

Check Flotation Stability

≔FSflotation =――――――
+++WS WC WG Fv1

U
1.35 Factor of Safety for Flotation (Equation 

3-2 from EM 1110-2-2100)

≔FSunusual_flotation 1.2 Required Factor of Safety for Flotation 
(Table 3-4 from EM 1110-2-2100)

≔Checkflotation
|
|
|
|
|
||

if

else

≥FSflotation FSunusual_flotation
‖
‖ “PASS”

‖
‖ “FAIL”

=Checkflotation “PASS”

The requirements for flotation in an Unusual loading condition is a factor of safety of 1.2 (EM 1110-2-2100). The structure 
passes this condition.

Sliding Stability Check

Sliding stability is not applicable to this loading combination due to the absence of unbalance lateral loads.

Case 3 - Unusual Load Condition (Flood With No Water Inside Structure - UN4)

Free Body Diagram:



Sliding stability is not applicable to this loading combination due to the absence of unbalance lateral loads.

Case 3 - Unusual Load Condition (Flood With No Water Inside Structure - UN4)

Free Body Diagram:

Figure 4: Free Body Diagram - Unusual (Flood) Loading Condition (UN1)

Calculate Vertical Loads:



Calculate Vertical Loads:

(A) Gravity Load of Tower

=WS 32.782 kip Total Weight of Structure

=xws 5 ft Moment Arm

(B) Gravity Load of Water Inside Tower

≔WC 0 kip Weight of Water Inside Structure 
(Assumed Empty)

≔xwc =―――
lfoundation

2
5 ft Moment Arm

(C) Gravity Load of Water Outside the Tower

≔WG =⋅⋅
⎛
⎜
⎝

-⋅wfoundation lfoundation ⋅lo
2 ―

π

4

⎞
⎟
⎠

⎛⎝ --ELtop ELfoundation tfoundation⎞⎠ γw 48.01 kip Weight of Water Outside Structure

≔WG_2 =⋅⋅⎛⎝ ⋅wfoundation lfoundation⎞⎠ ⎛⎝ -ELHW_flood ELtop⎞⎠ γw 13.104 kip Weight of Water Above Structure

≔WG =+WG_1 WG_2 61.114 kip Weight of Water Above Structure

≔xwg =―――
lfoundation

2
5 ft Moment Arm

(D) Uplift Force at Concrete/Foundation Interface

≔U =⋅⋅⋅HHW_flood lfoundation wfoundation γw 87.984 kip Uplift Force Under Tower

≔xu =―――
lfoundation

2
5 ft Moment Arm

(E) Gravity Load of Soil Around Structure Foundation

≔Fv1 =⋅⋅
⎛
⎜
⎝

-⋅wfoundation lfoundation ⋅lo
2 ―

π

4

⎞
⎟
⎠

⎛⎝ -⋅⎛⎝ +Hus_soil Hds_soil⎞⎠ 0.5 tfoundation⎞⎠ ⎛⎝ -γsat_fill γw⎞⎠ 12.383 kip Weight of Soil Around 
Tower Foundation

≔xv1 =―――
lfoundation

2
5 ft Moment Arm

Calculate Horizontal Loads:



Calculate Horizontal Loads:

(A) Lateral Soil Forces

Due to symmetry around the tower foundation, lateral soil forces are assumed to counteract each other

Overturning Stability Check

≔MOT =⋅U xu 439.92 ⋅kip ft Total Overturning Moment

≔MR =+++⋅WS xws ⋅WC xwc ⋅WG xwg ⋅Fv1 xv1 531.393 ⋅kip ft Total Restoring Moment

≔FSOverturning =――
MR

MOT

1.208 Factor of Safety Against Overturning (Note overturning 
stability is evaluated based on location of resultant, see 
below)

Resultant Location:

≔FN =+-++WS WC WG U Fv1 18.295 kip Total Vertical Load Resisting Overturning

≔X =――――
-MR MOT

FN

5 ft Center of Total Weight from Edge of Toe

≔ecc =-―――
lfoundation

2
X 0 ft Eccentricity of the Resultant

=―――
lfoundation

6
1.667 ft Limit for Base Being in Compression Only

≔Resultant_Location
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else if

else

≤||ecc
|| ―――

lfoundation

6
‖
‖ “100% of Base in Compression”

≤<―――
lfoundation

6
||ecc

|| ―――
lfoundation

4
‖
‖ “75% of Base in Compression”

≤<―――
lfoundation

4
||ecc

|| ―――
lfoundation

2
‖
‖ “Resultant Within Base”

‖
‖ “Unstable-Resultant Outside Base”

=Resultant_Location “100% of Base in Compression”

The resultant location is within the middle third of 
the base and thus the base is 100% in compression. 
The requirement for overturning for Case 3 is the 
resultant force should be within the middle 1/3 of the 
base (NYSDEC). Meets the requirements.

Check Stresses at the Base



Check Stresses at the Base

≔qmax

‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
||

if

else

≤||ecc
|| ―――

lfoundation

6
‖
‖
‖‖

⋅――――――
FN

⋅wfoundation lfoundation

⎛
⎜
⎝

+1 ―――
⋅6 ecc

lfoundation

⎞
⎟
⎠

‖
‖
‖‖

―――――――――
⋅4 FN

⋅⋅3 wfoundation ⎛⎝ -lfoundation ⋅2 ecc⎞⎠

=qmax 1.27 psi =qmax 183 psf

Equations 3-1 and 3-2 from EM 1110-2-2502

≔qmin

‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
||

if

else

≤||ecc
|| ―――

lfoundation

6
‖
‖
‖‖

⋅――――――
FN

⋅wfoundation lfoundation

⎛
⎜
⎝

-1 ―――
⋅6 ecc

lfoundation

⎞
⎟
⎠

‖
‖ 0 psi

=qmin 1.27 psi =qmin 183 psf

=σallow 27.778 psi =σallow 4000 psf

≔Checkbearing
|
|
|
|
|
||

if

else

>σallow qmax
‖
‖ “PASS”

‖
‖ “FAIL”

=Checkbearing “PASS”

The allowable bearing capacity of the foundation is not exceeded. Additionally, the stresses are significantly less than the
assumed strength of concrete and as a result, concrete crushing is not considered to be a viable failure mechanism.

Check Flotation Stability

≔FSflotation =――――――
+++WS WC WG Fv1

U
1.21 Factor of Safety for Flotation (Equation 

3-2 from EM 1110-2-2100)

≔FSunusual_flotation 1.2 Required Factor of Safety for Flotation 
(Table 3-4 from EM 1110-2-2100)

≔Checkflotation
|
|
|
|
|
||

if

else

≥FSflotation FSunusual_flotation
‖
‖ “PASS”

‖
‖ “FAIL”

=Checkflotation “PASS”

The requirements for flotation in an Unusual loading condition is a factor of safety of 1.2 (EM 1110-2-2100). The structure 
passes this condition.

Sliding Stability Check

Sliding stability is not applicable to this loading combination due to the absence of unbalance lateral loads.

Case 4 - Extreme Load Condition (Load Condition U1 Plus Seismic - E1)

Free Body Diagram:



Sliding stability is not applicable to this loading combination due to the absence of unbalance lateral loads.

Case 4 - Extreme Load Condition (Load Condition U1 Plus Seismic - E1)

Free Body Diagram:

Figure 5: Free Body Diagram - Extreme (Seismic) Loading Condition (E1)

Calculate Vertical Loads:



Calculate Vertical Loads:

(A) Gravity Load of Tower

=WS 32.782 kip Total Weight of Structure

=xws 5 ft Moment Arm

(B) Gravity Load of Soil Around Structure Foundation

Weight of Soil Around 
Tower Foundation≔Fv1 =⋅⋅

⎛
⎜
⎝

-⋅wfoundation lfoundation ⋅lo
2 ―

π

4

⎞
⎟
⎠

⎛⎝ -⋅⎛⎝ +Hus_soil Hds_soil⎞⎠ 0.5 tfoundation⎞⎠ γmoist_fill 22.898 kip

≔xv1 =―――
lfoundation

2
5 ft Moment Arm

(C) Uplift Force at Concrete/Foundation Interface

≔U =⋅⋅⋅HHW_norm lfoundation wfoundation γw 18.72 kip Uplift Force Under Tower

≔xu =―――
lfoundation

2
5 ft Moment Arm

Calculate Horizontal Loads:

(A) Seismic Force (Inertia)

≔Fh1 =⋅WS kh 3.868 kip Seismic Inertial Force

=yws 2.632 ft Moment Arm

(B) Upstream Lateral Soil Forces (Static Active)

≔Fh2 =⋅⋅⋅⋅―
1

2
γmoist_fill Hus_soil

2 Ka wfoundation 2.948 kip Downstream Lateral Earth Pressure

≔xh2 =―――
Hus_soil

3
1.333 ft Moment Arm

(C) Upstream Lateral Soil Forces (Dynamic Active)

≔Fh4 =⋅⋅⋅⋅―
1

2
γmoist_fill Hus_soil

2 ⎛⎝ -KAE Ka⎞⎠ wfoundation 0.711 kip Downstream Lateral Earth Pressure

≔xh4 =―――
⋅2 Hus_soil

3
2.667 ft Moment Arm

(D) Downstream Lateral Soil Forces (Static Passive)



(D) Downstream Lateral Soil Forces (Static Passive)

≔Fh3 =min
⎛
⎜
⎝

,⋅⋅⋅⋅―
1

2
γmoist_fill Hds_soil

2 Kp wfoundation ++Fh1 Fh2 Fh4
⎞
⎟
⎠

7.527 kip Downstream Lateral Earth Pressure

≔xh3 =―――
Hds_soil

3
1.333 ft Moment Arm

Overturning Stability Check

≔MOT =+++⋅Fh1 yws ⋅Fh2 xh2 ⋅Fh4 xh4 ⋅U xu 109.608 ⋅kip ft Total Overturning Moment

≔MR =++⋅WS xws ⋅Fv1 xv1 ⋅Fh3 xh3 288.437 ⋅kip ft Total Restoring Moment

≔FSOverturning =――
MR

MOT

2.632 Factor of Safety Against Overturning (Note overturning 
stability is evaluated based on location of resultant, see 
below)

Resultant Location:

≔FN =-+WS Fv1 U 36.96 kip Total Vertical Load Resisting Overturning

≔X =――――
-MR MOT

FN

4.838 ft Center of Total Weight from Edge of Toe

≔ecc =-―――
lfoundation

2
X 0.162 ft Eccentricity of the Resultant

=―――
lfoundation

6
1.667 ft Limit for Base Being in Compression Only

≔Resultant_Location
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|

if

else if

else if

else

≤||ecc
|| ―――

lfoundation

6
‖
‖ “100% of Base in Compression”

≤<―――
lfoundation

6
||ecc

|| ―――
lfoundation

4
‖
‖ “75% of Base in Compression”

≤<―――
lfoundation

4
||ecc

|| ―――
lfoundation

2
‖
‖ “Resultant Within Base”

‖
‖ “Unstable-Resultant Outside Base”

=Resultant_Location “100% of Base in Compression”

The resultant location is within the middle third of 
the base and thus the base is 100% in compression. 
The requirement for overturning for Case 4 is the 
resultant force should be within the base (NYSDEC). 
Meets the requirements.

Check Stresses at the Base



Check Stresses at the Base

≔qmax

‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|
|
|
|
|
|

|
|
|
|
|
|
|
|
|
|
||

if

else

≤||ecc
|| ―――

lfoundation

6
‖
‖
‖‖

⋅――――――
FN

⋅wfoundation lfoundation

⎛
⎜
⎝

+1 ―――
⋅6 ecc

lfoundation

⎞
⎟
⎠

‖
‖
‖‖

―――――――――
⋅4 FN

⋅⋅3 wfoundation ⎛⎝ -lfoundation ⋅2 ecc⎞⎠

=qmax 2.815 psi =qmax 405 psf

Equations 3-1 and 3-2 from EM 1110-2-2502

≔qmin

‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
||

if

else

≤||ecc
|| ―――

lfoundation

6
‖
‖
‖‖

⋅――――――
FN

⋅wfoundation lfoundation

⎛
⎜
⎝

-1 ―――
⋅6 ecc

lfoundation

⎞
⎟
⎠

‖
‖ 0 psi

=qmin 2.318 psi =qmin 334 psf

=σallow 27.778 psi =σallow 4000 psf

≔Checkbearing
|
|
|
|
|
||

if

else

>σallow qmax
‖
‖ “PASS”

‖
‖ “FAIL”

=Checkbearing “PASS”

The allowable bearing capacity of the foundation is not exceeded. Additionally, the stresses are significantly less than the
assumed strength of concrete and as a result, concrete crushing is not considered to be a viable failure mechanism.

Sliding Stability Check

=FN 36.96 kip Total Vertical Loads Resisting Sliding

≔FD =|| -++Fh1 Fh2 Fh4 Fh3
|| 0 kip Sum of Sliding Force

≔FSsliding =‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|

if

else

＝||FD
|| 0 kip

‖
‖∞

‖
‖
‖‖

―――――――――
+⋅⋅c wfoundation lfoundation ⋅FN μf

FD

⋅1 10307 Sliding Factor of Safety (Cohesion conservatively 
neglected)

≔FSreq_sliding_extreme 1.25 Minimum Required Sliding Factor of Safety

≔Checksliding
|
|
|
|
|
||

if

else

>FSsliding FSreq_sliding_extreme
‖
‖ “PASS”

‖
‖ “FAIL”

=Checksliding “PASS”

The requirements for sliding in an Extreme loading condition is a factor of safety of 1.25 (NYSDEC). The structure passes 
this condition.
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Appendix C. Auxiliary Spillway Structural Calculations 

 

 

  

 

   

  



625 Ridge Pike
Conshohocken, PA
Telephone: (610) 
832-3500
www.aecom.com

Calculated By:  MM
Date: 3/13/2026

Project: Yankee Checked By: NRP
Task: Auxiliary Spillway Design

Case 3 - Spillway Design Flood
Date: 3/13/2026
Job Number: 60778293

Purpose: 
These calculations are for the purpose of checking the stability and designing reinforcement for the 
auxiliary spillway. This stability analysis was performed in general accordance with NYSDEC, Guidelines 
for the Design of Dams. Strength design was performed in general accordance with ACI 350-20, Code 
Requirements for Environmental Structures.
Assumptions:

1. The water level extends to the crest of the drop inlet (conservative).

References:

[1]- ACI 318-19, Building Code Requirements for Structural Concrete.
[2]- ACI 350-20, Code Requirements for Environment Concrete Structures.
[3]- DRB-04 Site Retaining Wall Structural Calculation Report by Jacobs Solutions, Inc., 
Revision 1 dated 11/06/2025.
[4]- New York State Department of Environmental Conservation (NYSDEC) Guidelines for 
Design of Dams (1989).

Material Properties 



Material Properties 

≔γconc 150 pcf Unit Weight of Concrete

≔γwater 62.4 pcf Unit Weight of Water

≔σallow 3000 psf Allowable Foundation Bearing Capacity,[3]

≔fy 60 ksi Reinforcement Yield Strength, [3]

≔f'c 5 ksi Concrete Compressive Strength (28 day), [3]

≔γsoil_m 125 pcf Moist Unit Weight of The Soil, [3]

≔γsoil_b =-γsoil_m γwater 62.6 pcf Submerged Unit Weight of the Soil

≔ϕfill 33 deg Coefficient of Internal Friction of The Soil

≔μf =tan ⎛⎝ϕfill⎞⎠ 0.65 At-rest Friction Coefficient

Spillway Properties 

≔ELTO.wall 392.3 ft Top of Wall

≔ELTO.footing ⋅380.5 ft Top of Wall Footing

≔tbase 18 in Base Thickness

≔ELBO.footing =-ELTO.footing tbase 379 ft Bottom of wall footing

≔ELwater 392.3 ft Headwater Elevation

≔hwall =-ELTO.wall ELBO.footing 13.3 ft Height of The Wall

≔hwall.stem =-ELTO.wall ELTO.footing 11.8 ft Height of the Wall stem

≔tw 18 in Wall Thickness 

≔hwater =-ELwater ELBO.footing 13.3 ft Headwater Height

≔Lbase 3 ft Base Length

≔Wsurcharge 0 psf Surcharge Load 

≔b 1 ft Unit Width



Vertical Load

≔A1 =⋅⋅⎛⎝ -ELTO.wall ELBO.footing⎞⎠ tw 2 39.9 ft2 Area of the Wall Stem 

≔A2 =⋅Lbase tbase 4.5 ft2 Area of Footing 

≔W1 =⋅⋅γconc b A1 5985 lbf Wall Stem Load Section

≔W2 =⋅⋅γconc b A2 675 lbf Foundation Load Section

≔Wtotal =+W1 W2 6.66 kip Total Weight 

Uplift Force

≔Δh =-ELwater ELBO.footing 13.3 ft Head

≔U =⋅⋅⋅Δh γwater ⎛⎝ +Lbase ⋅2 tw⎞⎠ b 4.98 kip Uplift Force

Calculating Factor of Safety for Flotation 

≔FSflotation =――
Wtotal

U
1.34

≔FSreq_flotation 1.2 Minimum Required Sliding Factor of Safety 
(USACE EM 1110-2-2100)

≔Checkflotation |
|
|
|
|
||

if

else

≥FSflotation FSreq_flotation
‖
‖ “ OK”

‖
‖ “NOT OK”

=Checkflotation “ OK”

Footing Thickness Check:

≔Vu =⋅1.2 Wtotal
⎛⎝ ⋅7.99 103 ⎞⎠ lbf Factored Shear on Slab

≔Dbar ⋅.75 in Base Bar Diameter (#6)

≔Cc_base ⋅3 in Ref 2: 12.7.1a Clear Cover in Base

≔d =--tbase Cc_base ――
Dbar

2
14.63 in Depth to Reinforcement 

Centroid

≔ϕVn =⋅⋅⋅⋅0.75 2 ‾‾‾‾‾⋅f'c psi b d ⎛⎝ ⋅1.86 104 ⎞⎠ lbf Ref 2: Eq 11-3 Shear Strength



≔Footingcheck_t =‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|

|
|
|
|
|
||

if

else

≥ϕVn Vu
‖
‖ “OK”

‖
‖ “Not OK”

“OK” Shear Check for Adequate 
Thickness

Base Flexural Reinforcement Check:

≔Mu =
⎛
⎜
⎜
⎜
⎜
⎝

--

 ↲⋅1.2
⎛
⎜
⎝

+⋅-W1 ―
tw
2

⋅W2

⎛
⎜
⎝

-――――
+⋅2 tw Lbase
2

tw
⎞
⎟
⎠

⎞
⎟
⎠

⋅⋅⋅1.6 γwater ―――
hwall.stem

3

6
b ⋅⋅⋅⋅μf 1.6 ⎛⎝γsoil_b⎞⎠ ―――

hwall.stem
3

6
b

⎞
⎟
⎟
⎟
⎟
⎠

⋅-4.93 104 ⋅lbf ft

Moment in Slab at Face of 
Stem (full water)

≔s ⋅6 in Reinforcement Spacing

≔As =⋅⋅―
π

4
Dbar

2 ―
b

s
0.88 in2 Area of Reinforcement

Yield Strength of 
Reinforcement≔fy ⋅60 ksi

≔a =――――
⋅As fy

⋅⋅0.85 f'c b
1.04 in Depth of Stress Block

≔β1 0.75 Ref 1: 22.2.2.4.3 

Permissible stress in concrete 
for Normal Environmental 
Exposure (Ref 1: 10.6.4.5)

≔fsmax =―――――――――

320 ――
kip

in

⋅β1
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+s2 ⋅4
⎛
⎜
⎝

+⋅2 in ――
Dbar

2

⎞
⎟
⎠

2

⎛⎝ ⋅5.58 104 ⎞⎠ psi

≔ϕMn =⋅⋅⋅0.9 As ⎛⎝min ⎛⎝ ,fy fsmax⎞⎠⎞⎠
⎛
⎜
⎝

-d ―
a

2

⎞
⎟
⎠

⎛⎝ ⋅5.21 104 ⎞⎠ ⋅lbf ft Flexural Strength

≔Footingcheck_reinf =‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|

|
|
|
|
|
||

if

else

≥ϕMn
||Mu

||
‖
‖ “OK”

‖
‖ “Not OK”

“OK” Flexure Check

Footing Minimum Reinforcement Check:

≔As_min =max
⎛
⎜
⎜
⎜
⎝

,―――――
⋅⋅⋅3 ‾‾‾‾‾⋅f'c psi b d

fy
―――

⋅⋅200 b d

――
fy
psi

⎞
⎟
⎟
⎟
⎠

0.62 in2 Ref 2: 13.5.2.1 Minimum Required 
Reinforcement



≔Footingcheck_min_reinf =‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|

|
|
|
|
|
||

if

else

≥As As_min
‖
‖ “OK”

‖
‖ “Not OK”

“OK” Minimum Reinforcement 
Check

Check Tension or Compression Controlled:

≔cfooting =―
a

β1
1.39 in Neutral Axis Depth

≔εt_footing =⋅0.003 ――――
⎛⎝ -d cfooting⎞⎠

cfooting
0.03 Ref 1: 21.2.2 Reinforcement Strain

≔Reinfcheck_tension =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|
|
|

if

else

≤εt_footing 0.002
‖
‖ “Compression Controlled”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

<<0.002 εt_footing 0.005
‖
‖ “Transition”

‖
‖
‖
‖

|
|
||

if ≥εt_footing 0.005
‖
‖ “Tension Controlled”

“Tension Controlled”

Use #6 at 6" longitudinal reinforcement

Footing Temperature and Shrinkage Reinforcement:

Ref 1: 24.4.3.2 Minimum Temperature and 
Shrinkage Reinforcement 
(each side top and bottom)

≔As_ts_footing =―――――

⋅⋅0.0018 b ――
tbase

ft

2
0.19 ――

in2

ft

≔Dbar_ts_footing ⋅0.5 in Temperature and Shrinkage 
Reinforcement  Bar Diameter 
(#4)

Max Temperature and 
Shrinkage Spacing≔stemp_max_footing =min ⎛⎝ ,⋅5 tbase ⋅18 in⎞⎠ 18 in Ref 1: 24.4.3.3

Temperature and Shrinkage 
Reinforcement Spacing≔stransverse_footing ⋅12 in

Design Temperature and 
Shrinkage Reinforcement≔As_transverse =⋅―

π

4
――――
Dbar_ts_footing

2

stransverse_footing
0.2 ――

in2

ft

≔Reinfcheck_temp_footing =‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|

|
|
|
|
|
||

if

else

≥As_transverse As_ts_footing
‖
‖ “OK”

‖
‖ “Not OK”

“OK”

Use #4 at 12" temp and shrinkage reinforcement 

Stem Shear Check:



Stem Shear Check:

≔Vu_stem =+⋅⋅1.6 ⎛⎝ ⋅⋅0.5 γwater hwall.stem
2 ⎞⎠ b ⋅⋅1.6 ⎛⎝ ⋅⋅⋅0.5 μf γsoil_b hwall.stem

2 ⎞⎠ b ⎛⎝ ⋅1.15 104 ⎞⎠ lbf Shear Force on Stem

≔Dbar_stem ⋅.75 in Stem Bar Diameter (#6)

≔sstem ⋅6 in Stem Reinforcement Spacing

≔Cc_stem ⋅3 in Ref 2: 12.7.1b Clear Cover in Stem

Depth to Centroid of Tension 
Steel≔dstem =--tw Cc_stem ―――

Dbar_stem

2
14.63 in

Shear Strength

≔ϕVn_stem =⋅⋅⋅⋅0.75 2 ‾‾‾‾‾⋅f'c psi ――
dstem
sstem

b2 ⎛⎝ ⋅3.72 104 ⎞⎠ lbf Ref 2: Eq 11-3

≔Stemcheck_shear =‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|

|
|
|
|
|
||

if

else

≥ϕVn_stem Vu_stem
‖
‖ “OK”

‖
‖ “Not OK”

“OK”

Stem Reinforcement Check:

Moment at Stem Intersection 
with Slab≔Mu_stem =

⎛
⎜
⎝

⋅-Vu_stem ―――
hwall.stem

3

⎞
⎟
⎠

⋅-4.52 104 ⋅lbf ft

≔As_stem =⋅⋅―
π

4
―――
Dbar_stem

2

sstem
b 0.88 in2 Area of Reinforcing Steel per 

Foot of Stem

Depth of Equivalent 
Rectangular Stress Block≔astem =――――

⋅As_stem fy
⋅⋅0.85 f'c b

1.04 in

Permissible stress in concrete 
for Normal Environmental 
Exposure (Ref 1: 10.6.4.5)

≔fsmax_stem =――――――――――

320 ――
kip

in

⋅β1
‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾‾

+sstem
2 ⋅4

⎛
⎜
⎝

+⋅2 in ――
Dbar

2

⎞
⎟
⎠

2

⎛⎝ ⋅5.58 104 ⎞⎠ psi

≔ϕMn_stem =⋅⋅⋅0.9 As_stem ⎛⎝min ⎛⎝ ,fy fsmax_stem⎞⎠⎞⎠
⎛
⎜
⎝

-dstem ――
astem

2

⎞
⎟
⎠

⎛⎝ ⋅5.21 104 ⎞⎠ ⋅lbf ft Flexural Strength

≔Stemcheck_flexure =‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|

|
|
|
|
|
||

if

else

≥ϕMn_stem
||Mu_stem

||
‖
‖ “OK”

‖
‖ “Not OK”

“OK”

Check Tension or Compression Controlled:



Check Tension or Compression Controlled:

≔cstem =――
astem
β1

1.39 in Ref 1: 22.2.2.4.3 Depth of Stem Neutral Axis

≔εt_stem =⋅0.003 ――――
-dstem cstem

cstem
0.03 Ref 1: 21.2.2 Strain in Stem Reinforcement

≔Stemcheck_control =‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|
|
|
|
|
||

|
|
|
|
|
|
|
|
|
|
|
|
|

if

else

≤εt_stem 0.002
‖
‖ “Compression Controlled”

‖
‖
‖
‖
‖
‖
‖
‖‖

|
|
|
|
|
|
|
|

if

else

<<0.002 εt_stem 0.005
‖
‖ “Transition”

‖
‖
‖
‖

|
|
||

if ≥εt_stem 0.005
‖
‖ “Tension Controlled”

“Tension Controlled”

Reinforcement Limit Check:

≔As_min_stem =min
⎛
⎜
⎜
⎜
⎝

,――――――
⋅⋅⋅3 ‾‾‾‾‾⋅f'c psi b dstem

fy
――――

⋅⋅200 b dstem

――
fy
psi

⎞
⎟
⎟
⎟
⎠

0.59 in2 Minimum Allowable 
Reinforcement in Stem

Ref 2: 13.5.2.1

≔Stemcheck_min_reinf =‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|

|
|
|
|
|
||

if

else

≥As_stem As_min_stem
‖
‖ “OK”

‖
‖ “Not OK”

“OK”

Use #6 at 6" longitudinal reinforcement

Stem Temperature and Shrinkage Reinforcement:

≔As_ts_stem =――――

⋅⋅0.0018 b ―
tw
ft

2
0.19 ――

in2

ft
Ref 1: 24.4.3.2 Required Temperature and Shrinkage 

Reinforcement (each side)

≔Dbar_ts_stem ⋅0.5 in Temperature and Shrinkage 
Reinforcement Diameter (#4)

Max Temperature and 
Shrinkage Spacing≔stemp_max_stem =min ⎛⎝ ,⋅5 tw ⋅18 in⎞⎠ 1.5 ft Ref 1: 24.4.3.3

≔stransverse_stem ⋅12 in Temperature and Shrinkage 
Reinforcement Spacing

Temperature and Shrinkage 
Reinforcement Provided≔As_transverse_stem =⋅―

π

4
――――
Dbar_ts_stem

2

stransverse_stem
0.2 ――

in2

ft



≔Reinfcheck_temp_stem =‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|

|
|
|
|
|
||

if

else

>As_transverse_stem As_ts_stem
‖
‖ “OK”

‖
‖ “Not OK”

“OK”

Use #4 at 12" temp and shrinkage reinforcement

Base Development Length Check Ref. 1 section 25.4.2.3

≔ψe 1.0 Epoxy Modification Factor

Casting Position Modification 
Factor≔ψt 1.0

Reinforcement Grade 
Modification Factor≔ψg 1.0

Concrete Weight Modification 
Factor≔λ 1.0

≔ldh =max
⎛
⎜
⎜⎝

,⋅―――――
⋅⋅⋅fy ψt ψe ψg

⋅⋅20 λ ‾‾‾‾‾⋅f'c psi
Dbar ⋅12 in

⎞
⎟
⎟⎠

31.82 in Minimum Development Length 

≔lavailable =---+Lbase ⋅tw 2 ⋅Cc_stem 2 ⋅Dbar 2 ⋅3 in 61.5 in Available Development Length

≔Footingcheck_ld =‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|

|
|
|
|
|
||

if

else

≥lavailable ldh
‖
‖ “OK”

‖
‖ “Not OK”

“OK”

Stem Development Length Check: Ref. 1 section 25.4.2.3

≔ld_stem =max
⎛
⎜
⎜⎝

,⋅―――――
⋅⋅⋅fy ψt ψe ψg

⋅⋅20 λ ‾‾‾‾‾⋅f'c psi
Dbar_stem ⋅12 in

⎞
⎟
⎟⎠

31.82 in Minimum Development Length

≔lavailable_stem =--+-hwall.stem ⋅3 in tbase Cc_base Dbar 152.85 in Available Development Length

≔Stemcheck_ld =‖
‖
‖
‖
‖
‖
‖

|
|
|
|
|
|
|

|
|
|
|
|
||

if

else

≥lavailable_stem ld_stem
‖
‖ “OK”

‖
‖ “Not OK”

“OK”
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