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1.0 Executive Summary

Under authorization from Northern States Power Company, d/b/a Xcel Energy Company (Xcel), Barr
Engineering Company (Barr) performed a structural assessment of the existing foundations at the Nobles
Wind Energy Facility in Minnesota. Xcel proposes to replace the existing turbines with new turbines. The
objectives of the structural assessment are as follows:

e Determine if the existing foundation could accommodate the design loads provided by GE for the
GE1.6-91 and GE1.6-97 wind turbine using 2021 industry design standards or variations as further
specified,

e Identify those foundation elements that do not meet standards, if any, and

e Make recommendations as to the course of action to be undertaken, if necessary.

The foundations passed all design checks. One item of note is that industry design practices for the
anchorage of the tower to the foundation are different today than they were when the original designs
were completed. Current design practice is to include vertical reinforcing steel bars surrounding the
embedment ring and anchor bolt assembly to resist the entire pullout force exerted on the foundation. In
the early and mid-2000's the anchorage was often designed to rely on the strength of a presumed shear
failure surface within the concrete. This type of anchorage is generally allowed by Standard 1, although
specific design measures are not provided and an explicit method to evaluate the fatigue resistance of
this connection is not prescribed by any design code. For this evaluation, Barr developed a calculation
procedure based on a design fatigue strength for this type of anchorage based on an analogous design
formula and Barr's knowledge of historical connection performance. This alternative assessment
procedure determined that the ultimate and fatigue pull-out strength met design requirements.

To validate the structural assessment, Barr performed instrumentation, monitoring, and visual condition
inspection within a sample size of the existing foundations to verify that the pedestal, foundation, and
connection are in good condition.

The Wind Turbine Foundation Visual and Coring Inspection Summary Report is included in Appendix B.

The report summarizes the evaluation of 28 wind turbine foundations via the retrieval of cores extending
from the surface of the footing towards the embedment plate under the pedestal. Some level of potential
shear cracking or regions of poor consolidation were observed in cores within the following foundations:

e 16 (both cores),
e 39 (one core), and
e 47 (one core).

This type of cracking could be expected from the development of a pullout cone failure mechanism if the
cracking plane crosses the axis of the core. No cracks were observed in the cores obtained from within the
other 25 foundations.



A Foundation Structural Health Monitoring Summary Report is also included in Appendix C. The
monitoring efforts identified the following:

e 13 of the 14 foundations monitored (5, 6, 13, 25, 35, 40, 47, 58, 75, 77, 84, 99, and 104) appear to
be functioning above the GE 1.6-91 repower turbine minimum rotational stiffness value of 30 GN-
m/rad.

e All but two foundations monitored (6 and 73) appear to be functioning above the GE 1.6-97
repower turbine minimum rotational stiffness value of 50 GN-m/rad.

Barr's opinion is that the foundations in their current configuration are adequate to support the new GE
turbines with 20 years of fatigue cycles/time given the following recommendations:

(1) Perform structural health monitoring within 1 year on the three foundations (16, 39 and 47) with
some level of cracking or poor consolidation identified within the cores.

(2) Perform structural health monitoring again in 1 year on the two foundations (6 and 73) with
measured average rotational stiffness values below 50 GN-m/rad.

The assessment described herein is based on the complete load documents provided by GE. Barr's
analysis and calculations rely on the foundation loading provided by GE and are dependent on the load
data being correct. The load data cannot be independently confirmed. The actual loads experienced by
the foundation will likely vary depending on weather conditions and equipment performance.



2.0 Infroduction

Xcel is considering the repowering of the existing wind turbines at the Nobles Facility. Table 2-1 below
lists the project name, project location, original foundation designer, the existing wind turbine, and the
repower wind turbine model. The existing foundation design was based on a fatigue spectrum with a 20
year design life and Xcel would like to utilize the existing foundations for an additional 20 year life
following the repowering.

Table 2-1 Project, Location, Original Designer, Original Turbine, and Repower Turbine

GE 1.6-97

December January Barr GE 1.55LE- Bogr]‘:H

Nobles | Minnesota 5009 2021 Engineering | 1.5MW 80m GE 1.6-91
Co. HH

80m HH

Foundation design drawings and assessment calculations for the Nobles Wind Energy Facility are included
in Appendix A.




3.0 References, Codes and Standards

3.1 Project Documents

Several project related documents were used to help with structural assessment of the foundations. These
documents include Barr design drawing and GE foundation load document. The original geotechnical
report is not referenced in this report but can be found on the Barr design drawing.

3.2 Codes, Standards, and Technical References

A detailed list of key codes, standards, and technical references is provided in Section 8.2 of this report.
These documents were used as a basis for this assessment and as a whole are called the “2021 standards".
A visual summary of these documents is shown on Figure 3-1 below.

“Qverarching” ASCE/AWEA RP2011, Recommended Practice for Compliance of
industry Large Land-Based Wind Turbine Support Structures, December 2011.
document
GL Wind IEC, Wind Turbine ICC Council Inc., DNV-05-C502,
Industry codes Guidelines, Generator Systems — Part International Offshore Concrete

and standards Edition 1: Safety Requirements, Building Code, Structures, February
2010. 3rd edition, 2005. 2018. 2018.

) 1) ACI318-14, Building Code Requirements for Structural Concrete, 2014.
Technical 2) ACI 318-19, Building Code Requirements for Structural Concrete (footing shear
References provisions), 2019,
(specific 3) ACI 336R.4-XX, Guide/Analysis of Footings by Strength Design Method”, Draft 2008.
components) 4) AISC, Steel Construction Manual, 2016.
5) Arya, S. O'Neill, M., Pincus, G., Structures,/Foundations for Vibrating Machines, 1984,

6) ASCE 7-16, Minimum Design Loads for Buildings and Other Structures, 2016.

7) DNV, Riso National Lab., Guidelines for Design of Wind Turbines, 2nd Edition, 2002.
8) Fahey M., “Soil stiffness values for foundation settlement analysis”, 1999.

9) Potyondy, J.G., “Skin Friction between Soils and Concrete”, Geotechnique, Dec. 1961.
10) Precast/Prestressed Concrete Institute, PCl Design Handbook, 5th Edition, 1999.

Figure 3-1 Organization of Codes, Standards, and Technical References

Wind turbines are somewhat unique structures with specialized concerns of highly eccentric loads and
dynamic loading induced from rotating machinery. Often, structural design codes are typically intended
for buildings or bridges and designers must be aware of areas where structural codes are not adequate.
The result of this fact is that towers and foundations are designed using a combination of building codes
and other standards:

e ASCE/AWEA joint committee produced a recommended practice document for design of wind
energy structures that provides an overall framework for the design of wind turbine support
structures, directing the designer to other design codes for specific elements of structural design.

e The GL Wind Guidelines provide guidance on the load cases to be considered and general
guidance on design criteria for wind turbine support structures.

e |EC 61400 and ASCE 7 provide the basis for load development.




e International Building Code (and incorporated ACI documents) is utilized for reinforced concrete
design capacities, but does not address fatigue strength of reinforced concrete.

e DNV's standard for offshore concrete structures is used for fatigue strength of reinforced
concrete members.

e Specific technical standards are incorporated for other design considerations.

Section 8.2.1 lists documents referenced by building codes in the United States for the structural design
of reinforced concrete foundations. Section 8.2.2 lists industry standards which, while not referenced by
building codes, were written specifically to apply to the design of wind turbine support structures. Section
8.2.3 lists technical references that prescribe methods or approaches which were used in Barr’s
assessment.



4.0 Design Loads

4.1 Wind Turbine Loads

4.1.1 GE 1.6-91 80m HH and GE 1.6-97 80m HH

Wind turbine loads were calculated by GE in accordance with IEC 61400-1 (Standard 4) and presented in
the foundation load documents (Project Documents 1 and 2).

4.1.2 Wind Turbine Accidents and Abnormal Operation

Barr's analysis and calculations rely on the foundation loading provided by GE and are dependent on the
GE load data being correct. The GE load data cannot be independently confirmed. The actual loads
experienced by the foundation will likely vary depending on weather conditions and equipment
performance.

4.2 Seismic Loads

The seismicity for the project site is low with the USGS seismic design maps indicating the unadjusted S;
and Sq values are 0.069 and 0.033 respectively (approximate location of the Nobles Wind Project). The
seismic plus operating load is not a critical design load case.

4.3 Buoyancy Loads

A groundwater table within the foundation depth is 3 feet below grade at the wind turbine locations as
indicated by the design foundation drawing.

A total of 14 piezometers were installed in November and December 2020. The groundwater data
collected between December 2020 and January 2021 appears to represent deeper water levels relative to
the original geotechnical field investigation. The Piezometer Results Summary Letter is included as
Appendix E.




4.4 Soil Backfill Loads

Construction test records were reviewed and the histogram on Figure 4-1 below was developed that
shows the average soil density at each turbine location with the average moisture content of all locations.

An average backfill density of 121 pounds per cubic foot (pcf) and densities between 110 and 145 pcf
were used, including load factors of 0.9 for minimum loadings and 1.2 for maximum loadings to bracket
the data from the construction test records.
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Figure 4-1 Histogram of Average Soil Density at Each Turbine with Average Site Moisture
Content

Also included in the 2021 design procedures and in accordance with ACI 336R.4 (Technical Reference 1),
an additional effect due to soil edge friction was idealized as a “soil wedge” when performing stability and
ultimate strength checks. The soil wedge is not considered for fatigue strength checks.




5.0 Structural Assessment

Barr conducted a structural assessment of the existing foundations in accordance with 2021 standards.
The assessment considered loads for the GE 1.5SLE and GE 1.6-91/GE 1.6-97 as outlined in Project
Documents 1 and 2, respectively.

5.1 Global Stability, Bearing Capacity and Stiffness

5.1.1

Foundation Summary

The foundations passed most of the global checks as summarized in the Table 5-1 below.

Table 5-1 Summary of Global Stability, Bearing Capacity and Stiffness Assessment
Paragraph Nobles Nobles Acceptance
Number Design Item (GE 1.6-97) | (GE 1.6-91) Criteria
512 Factor of Safety Against Sliding 7.6 7.4 >1.5
5.1.2 Factor of Safety Against Overturning — Check #1 1.9 1.8 >1.5
5.1.2 Factor of Safety Against Overturning — Check #2 1.1 1.1 >1.0
5.1.3 Normal Load Bearing Contact Length 97% A 99% A >100%
513 Extreme Load Bearing Contact Length 60% 56% >50%
5.1.4 Normal Load Bearing Capacity Utilization Ratio 0.50 0.48 <1.00
5.14 Extreme Load Bearing Capacity Utilization Ratio 0.55 0.52 <1.00
5.14 Abnormal Load Bearing Capacity Utilization Ratio 0.53 0.59 <1.00
514 Seismic Load Bearing Capacity Utilization Ratio 0.31 0.30 <1.00
>50 GN-m/rad
5.1.5 Rotational Stiffness 85 GN-m/rad | 90 GN-m/rad >(;3(§(13£—?n7/?;)d
(GE 1.6-91m)
5.1.6 Translational Stiffness 1.5 GN/m 1.6 GN/m >1.0 GN/m

AValue less than the 100% is acceptable based on cyclic degradation testing performed (see Section 5.1.3)

5.1.2

Overturning and Sliding Stability

Barr computed a factor of safety against overturning on service level extreme loads in accordance with
Standards 1 and 4.

513

Foundation Base Soil Bearing Contact Length

Barr computed the bearing contact length with the soils beneath the foundation under normal and

extreme loads in accordance with Technical Reference 4. The bearing contact length under normal

loadings was found to be insufficient. Barr calculated a contact area of 97% and 99%, which are less than

the requirement of 100%.




In response to this, a geotechnical investigation was completed to evaluate the potential for foundation
“gapping"” to have detrimental cyclic degradation impacts on the supporting soils. For a number of
loading cycles calculated to be equivalent to 31 years of turbine operation (11 years baseline turbine plus
20 years of repower turbine), the soil samples were found to not be susceptible to degradation. The Cyclic
Degradation Geotechnical Evaluation Letter is included as Appendix E.

5.1.4 Foundation Bearing Capacity

Based on the original geotechnical investigation, an allowable bearing capacity of 3,300 psf was used in
the evaluation for normal loads on the foundation. Bearing capacity utilization factors for normal
operating loads, normal extreme loads, abnormal extreme loads, and seismic plus operating loads were
calculated in accordance with Standard 1. The bearing capacity utilization factor is defined as the applied
bearing pressure divided by the allowable bearing pressure.

5.1.5 Foundation Stiffness

Foundation stiffness requirements are included in the repower turbine load documents, Project
Documents 1 and 2. It lists the minimum required foundation rotational stiffness as either 30 or 50
GigaNewton meters per radian (GN-m/rad) and a minimum foundation lateral stiffness of 1.0
GigaNewtons per meter (GN/m).

The stiffness properties of the soil were the same as assumed in the original foundation design. A strain
reduction factor in accordance with Fahey (Technical Reference 5) was applied to be consistent with
2021 design procedures. Additionally, the area of the foundation used within the stiffness calculation was
reduced based on the contact area discussed in Section 5.1.3.



5.2 Tower/Foundation Connection Ultimate Strength

In the following sections, the “strength utilization ratio” is defined as the effect of the design load divided
by the design strength. The strength utilization ratio must be less than 1.0 for the design element to pass.

5.2.1 Foundation Summary

The tower/foundation connection passed all strength design checks as summarized in Table 5-2 below.

Table 5-2 Summary of Tower/Foundation Connection Ultimate Strength Assessment
Paragraph Nobles Nobles | Acceptance
Number Design Item (GE 1.6-97) | (GE 1.6-91) | Criteria
5.2.2 Anchor Bolt Strength Utilization Ratio 0.70 0.69 <1.00
553 Bottom Flange Bearing on Pedestal Concrete Strength 0.81 0.80 <100

Utilization Ratio

524 Grout Strength Utilization Ratio 0.91 0.90 <1.00

Embedment Plate/Anchor Bolt Pull-out Strength

225 Utilization Ratio (concrete only)

0.73 0.71 <1.00

5.2.6 Embedment Plate Strength Utilization Ratio 0.79 0.79 <1.00

5.2.2 Anchor Bolt Strength
The anchor bolt strength was checked in accordance with AISC (Code 1b).

The tension in the anchor bolts is also critical to ensuring that the anchor bolts have the capacity to resist
fatigue due to the oscillating nature of the tension applied by the wind turbine tower to the bolts. A
common maintenance practice is for 10% or so of the anchor bolts on each foundation to be checked for
adequate tension at an annual or some other interval and for all bolts to be re-tightened if any bolts fail
the tension check.

5.2.3 Bottom Flange Bearing on Concrete Pedestal Strength

Bottom flange bearing on the concrete pedestal was checked in accordance with ACI 318 (Code 1a).

5.2.4 Grout Strength

Bottom flange bearing on the grout was checked in accordance with ACI 318 (Code 1a).

5.2.5 Embedment Plate/Anchor Bolt Pull-out Strength

The original design considered the pull-out strength of the embedment plate/anchor bolt connection to
be provided by the shear strength of a presumed concrete failure cone and the exterior vertical bars.
While current design procedures rely only on vertical reinforcing steel surrounding the embedment plate
to provide strength, ignoring the strength of concrete, AWEA/ASCE (Standard 1) also states that
procedures which use only concrete resistance to design the connection can also be used.

10



For this 2021 assessment, the 2009 procedure was modified, considering two known connection failures
that have occurred in foundations designed according to these older procedures. In these failures, only an
outside failure cone around the outside circumference of the embedment plate formed, rather than the
originally assumed outside and inside failure cone about the inner and outer width of the embedment
plate. Since the extreme design load was not known to occur in these failure instances and the failures
were thought to have occurred due to fatigue, an ultimate design strength in accordance with PCI
(Technical Reference 7), was used for this assessment, which was consistent with that used in some mid-
2000s design practices. The strength provided by the vertical bars to the connection was conservatively

ignored.

5.2.6 Embedment Plate Strength
The embedment plate strength was checked in accordance with AISC (Code 1b).

11



5.3 Reinforced Concrete Ultimate Strength

Reinforced concrete ultimate strength design checks were performed in accordance with the requirements
of ACl 318 (Code 1a). Size effects in concrete shear strength were also considered (Technical Reference
3). The design check procedures also used Technical Reference 1 and 4 for calculation of soil bearing
and friction resistances. Characteristic design loads were factored in accordance with ACI 318 (Code 1a),
AWEA/ASCE (Standard 1), and IEC (Standard 4).

5.3.1 Foundation Summary

The foundation passed the ultimate strength design checks as summarized in Table 5-3.

Table 5-3 Summary of Reinforced Concrete Ultimate Strength Assessment
Paragraph Nobles Nobles Acceptance
Number Design Item (GE 1.6-97) | (GE 1.6-91) Criteria
532 Fo_o.tlng_] Concrgte One-Way Shear ACI Strength 0.54 051 <1.00
Utilization Ratio

532 Fo.o.tlng Concrgte One-Way Shear ACI 318-19 Strength 0.94 0.88 <1.00
Utilization Ratio

533 Fo.o.tlng Bottom Reinforcing Moment Strength 0.66 0.63 <100
Utilization Ratio

533 Foqtlng Top Reinforcing Moment Strength Utilization 1.04 A 1.04 A <100
Ratio

5.34 Footing Two-Way Shear Strength Utilization Ratio 0.34 034 <1.00

A Small exceedance of criteria is considered acceptable for this parameter of top reinforcing moment

5.3.2 Footing Concrete One-Way Shear Strength

Barr calculated the footing concrete one-way shear strength in accordance with the requirements of ACI
318 (Code 1a). Barr also checked the one-way shear strength in accordance with Technical Reference 3
to further account for size effects associated with the thickness of the footing.

5.3.3 Footing Moment Strength

The top and bottom reinforcing bars were checked in accordance with ACI 318 (Code 1a) in orthogonal
directions (east-west, north-south), at 45 degrees to the orthogonal, and at the cut-off locations. Moment
strength was checked across the entire foundation width at the critical section as specified in section 15.4
of ACI 318 (Code 1a).

5.3.4 Footing Two-Way Shear Strength

The two-way shear strength of the footing was checked in accordance with ACI 318 (Code 1a). The
fraction of the unbalanced moment that could be carried by the flexural reinforcing steel was calculated,
with the remainder carried by concrete shear.

12



5.4 Reinforced Concrete Fatigue Strength

Reinforced concrete fatigue strength was checked in accordance with provisions contained in the DNV
Offshore Standard (Standard 2), thus meeting the requirements of AWEA/ASCE (Standard 1). A duration
of 20 years is the standard design life prescribed by IEC (Standard 4), and that which GE assumed when
forming the fatigue loading. The fatigue strength assessment described herein added additional
cycles/time equal to 11 years for the GE 1.5SLE to the 20 years for GE 1.6-91/GE 1.6-97 fatigue
cycles/time.

5.4.1 Foundation Summary

The foundation passed the fatigue strength design checks as summarized in Table 5-4.

Table 5-4 Summary of Reinforced Concrete Fatigue Strength Assessment
Paragraph Nobles Nobles | Acceptance
Number Design Item (GE 1.6-97) | (GE 1.6-91) | Criteria®
N/A Evaluated Duration 31 Years N/A
54.2 Footing Concrete Compression Cumulative Damage 0.00 0.00 <1.00
543 Footing Concrete One-Way Shear Cumulative Damage 0.00 0.00 <1.00
544 Grout Bearing Cumulative Damage 0.00 0.00 <1.00
545 Pedestal Concrete Bearing Cumulative Damage 0.41 0.07 <1.00
54.5 Pedestal Bursting Steel Cumulative Damage NA NA <0.50
546 EDr:r:i](;r:c(acn(;an’clfetfe//;\;:;or Bolt Pull-out Cumulative 0.00 0.00 <1.00
547 Bottom Reinforcing Cumulative Damage 0.00 0.00 <0.50
5438 Top Reinforcing Cumulative Damage 0.48 0.48 <1.00

AValues based on categorization of “Above splash zone" region within DNV-0OS-C502

5.4.2 Footing Concrete Fatigue Strength in Beam Compression

Footing concrete in beam compression was checked in accordance with DNV (Standard 2).

5.4.3 Footing Concrete Fatigue Strength in One-Way Shear

Footing concrete fatigue strength in one-way shear was checked using provisions contained in DNV
(Standard 2). One-way shear across the entire foundation width was checked at the critical section for
shear as specified in section 11.1.3.1 of ACI 318 (Code 1a). It is industry standard to assume that a portion
of the cross section carries the load from the entire cross section because the outer portions of the
foundation have reduced stiffness and redistribution of load is generally not assumed for fatigue loading.
Barr assumed an effective foundation width of the embedment ring diameter plus three times the footing
thickness for this check to resist all one-way shear required for static equilibrium. Barr is not aware of any
standard that specifically prescribes an effective foundation width to be used in this calculation. The width
selected by Barr is specified in ACI 318 (Code 1a) for an analogous application related to reinforced
concrete ultimate strength design.

13




5.4.4 Grout Fatigue Strength in Bearing

Grout fatigue strength in bearing was checked using the provisions contained in DNV (Standard 2).

5.4.5 Pedestal Concrete and Bursting Reinforcement Fatigue Strength in Bearing

Pedestal concrete fatigue strength in bearing was checked using the provisions contained in DNV
(Standard 2).

5.4.6 Fatigue Strength in Embedment Plate/Anchor Bolt Pull-Out

Pull-out fatigue strength was calculated using a fatigue design strength of 130 psi calculated by Barr and
applying the provisions contained in DNV, Standard 2, and found to be acceptable. The source for the
fatigue design strength value is described below. The vertical bars connecting the footing to the pedestal
were conservatively ignored and were assumed to not contribute to the fatigue strength of the
connection, as stipulated by Standard 1.

Barr derived the design fatigue pull-out strength for the pullout cone using data related to two known
failure cases. In both these cases the embedment plate anchor bolt pulled out a cone of failure from the
middle of the footing and the tower collapsed. One case happened after 8 years of operation and the
other after 12 years of operation.

Using the fatigue rain flow spectrum for the wind turbine and 8 years of load cycles, a fatigue pull-out
strength was derived which produced a cumulative damage of 1 and the presumed failure. The value
calculated was 175 psi. For the fatigue check, this fatigue pull-out strength was further divided by a
material coefficient of 1.35 to produce a design fatigue pull-out strength of 130 psi. The value of 130 psi
correlates well with the 133 psi design shear strength of concrete as prescribed by DNV (Standard 2), and
142 psi design ultimate shear strength of concrete as prescribed by ACI 318, (Code 1a).

5.4.7 Bottom Reinforcing Fatigue Strength in Tension

Bottom reinforcing fatigue strength was checked using provisions contained in DNV (Standard 2).
Moment strength was checked across the entire foundation width at the critical section as specified in
section 15.4 of ACI 318 (Code 1a). The effective foundation width resisting all bending moment required
for static equilibrium in this check was the same width that was used for shear (embedment ring diameter
plus three times the footing thickness).

5.4.8 Top Reinforcing Fatigue Strength in Tension

Top reinforcing fatigue strength was checked using provisions contained in DNV (Standard 2). Moment
strength was checked across the entire foundation width at the critical section as specified in section 15.4
of ACl 318 (Code 1a) as well as the location of bending in the reinforcement. The effective foundation
width resisting all bending moment required for static equilibrium in this check was the same width that
was used for shear (embedment ring diameter plus three times the footing thickness).
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6.0 Recommendations

The foundations passed all design checks. One item of note is that industry design practices for the
anchorage of the tower to the foundation are different today than they were when the original designs
were completed. Current design practice is to include vertical reinforcing steel bars surrounding the
embedment ring and anchor bolt assembly to resist the entire pullout force exerted on the foundation. In
the early and mid-2000's the anchorage was often designed to rely on the strength of a presumed shear
failure surface within the concrete. This type of anchorage is generally allowed by Standard 1, although
specific design measures are not provided and an explicit method to evaluate the fatigue resistance of
this connection is not prescribed by any design code. For this evaluation, Barr developed a calculation
procedure based on a design fatigue strength for this type of anchorage based on an analogous design
formula and Barr's knowledge of historical connection performance. This alternative assessment
procedure determined that the ultimate and fatigue pull-out strength met design requirements.

To validate the structural assessment, Barr performed instrumentation, monitoring, and visual condition
inspection within a sample size of the existing foundations to verify that the pedestal, foundation, and
connection are in good condition.

The Wind Turbine Foundation Visual and Coring Inspection Summary Report is included in Appendix B.

The report summarizes the evaluation of 28 wind turbine foundations via the retrieval of cores extending
from the surface of the footing towards the embedment plate under the pedestal. Some level of potential
shear cracking or regions of poor consolidation were observed in cores within the following foundations:

e 16 (both cores),
e 39 (one core), and
e 47 (one core).

This type of cracking could be expected from the development of a pullout cone failure mechanism if the
cracking plane crosses the axis of the core. No cracks were observed in the cores obtained from within the
other 25 foundations.

A Foundation Structural Health Monitoring Summary Report is also included in Appendix C. The
monitoring efforts identified the following:

e 13 of the 14 foundations monitored (5, 6, 13, 25, 35, 40, 47, 58, 75, 77, 84, 99, and 104) appear to
be functioning above the GE 1.6-91 repower turbine minimum rotational stiffness value of 30 GN-
m/rad.

e All but two foundations monitored (6 and 73) appear to be functioning above the GE 1.6-97
repower turbine minimum rotational stiffness value of 50 GN-m/rad.

Barr's opinion is that the foundations in their current configuration are adequate to support the new GE
turbines with 20 years of fatigue cycles/time given the following recommendations:
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(1) Perform structural health monitoring within 1 year on the three foundations (16, 39 and 47) with
some level of cracking or poor consolidation identified within the cores.

(2) Perform structural health monitoring again in 1 year on the two foundations (6 and 73) with
measured average rotational stiffness values below 50 GN-m/rad.

The assessment described herein is based on the complete load documents provided by GE. Barr's
analysis and calculations rely on the foundation loading provided by GE and are dependent on the load
data being correct. The load data cannot be independently confirmed. The actual loads experienced by
the foundation will likely vary depending on weather conditions and equipment performance.

The tension in the anchor bolts is also critical to ensuring that the anchor bolts have the capacity to resist
fatigue due to the oscillating nature of the tension applied by the wind turbine tower to the bolts. A
common maintenance practice is for 10% or so of the anchor bolts on each foundation to be checked for
adequate tension at an annual or some other interval and for all bolts to be re-tightened if any bolts fail
the tension check.
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7.0 Limitations of Analysis

This report contains opinions made by Barr, using its professional judgement and reasonable care. Use or
reliance upon this report is subject to the following conditions:

1. The report being read in the context of and subject to the terms of the agreement between Barr
and Xcel, including the methodologies, procedures, techniques, assumptions, and other relevant
terms or conditions that were specified or agreed therein.

2. The report being read as a whole, with sections or parts hereof read or relied upon in context.

3. The report is based on information made available to Barr by Xcel or by third parties and, unless
stated otherwise in this report, Barr has not verified the accuracy, completeness, or validity of such
information, makes no representations regarding its accuracy and assumes no liability in
connection therewith.

4. GE has provided a complete load document that was used for the evaluation. Barr’s analysis and
calculations rely on the foundation loading provided by GE and are dependent on the GE load
data being correct. The GE load data cannot be independently confirmed. The actual loads
experienced by the foundation most likely were and will be different from those contained in the
loading document, depending on weather conditions, equipment performance, and the
occurrence of events not considered in the loads provided by GE.

5. The conclusions and opinions expressed in this report are based on a review of the documents
listed in Section 8.2, as well as our education, training, and experience as licensed professional
engineers. These conclusions and opinions are based on the information that has been provided
to us at this time and may be modified or supplemented if new information becomes available.
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OR A PERSON DESIGNATED AND UNDER THE DIRECT SUPERVISION OF THIS ENGINEER TO INSPECT THE b PEDESTAL HEIGHT: MINUS 1 INCH. PLUS O INGHES D. EXECUTION
SUBGRADE CONDITIONS AND RECORD THE SOIL TYPE ENCOUNTERED, GROUNDWATER CONDITIONS OR OTHER | " peDESTAL GENTERED TO WITHIN 2. INGHES RELATIVE TO FOOTING 1. NO [TEMS.
. 3 .
SUBSURFACE CONDITIONS. CONFIRM UNIFORM BEARING CONDITIONS ARE PROVIDED BY USE OF HAND 1 T:ECE%LRLO%E%_D‘MENS‘ONAL TOLERANCES SHALL BE ADHERED TO FOR PLACEMENT OF | . . 0 mon
PENETROMETER TESTS. PERFORM A MINIMUM OF 33 TESTS. SHOULD TESTS VARY BY MORE THAN PLUS OR | 5 plACE REINFORCING AT SPACING SPECIFIED MEETING THE REQUIRED DIMENSIONAL : e
MINUS 0.5 TSF IMMEDIATELY REPORT THE RESULTS TO THE FOUNDATION ENGINEER. CHECK THAT TOLERANCES. .. ANCHOR BOLT PLAN LOGATION — PLUS OR MINUS 1/16 INCH 1. VERIFY THE LOCATION OF MISCELLANEOUS CONCRETE EMBEDMENTS AND CONDUIT SO AS NOT
OBSERVATIONS TAKEN ARE CONSISTENT WITH THE OBSERVATIONS CONTAINED IN THE REFERENCE : : ;
b, ANCHOR BOLT PLUMBNESS — LESS THAN 1/4 DEGREE. TO INTERFERE WITH THE FOUNDATION'S STRUCTURAL REINFORCING STEEL.
GEOTECHNICAL DOCUMENTS. SUBMIT A SUBGRADE INSPECTION REPORT COMPLETED BY THE GEOTECHNICAL 3. PROVIDE NECESSARY CHAIRS AND STANDEES T SUPPORT REBAR AND PREVENT MOVEMENT

c. TEMPLATE AND EMBEDMENT RING PLAN DIMENSION — PLUS OR MINUS 3/32 INCH.

ENGINEER. .

OR DISPLACEMENT OF THE MATS DURING PLACING OF CONCRETE. & EMBEDMENT RING LEVEL — PLUS OR MINUS 1/4 INCH. 2 EDNUSF:J‘E(E; E}—({)AJCQASEEEL&NCE%%ET.EMBEDMENTS ARE PROPERLY SECURED TO PREVENT MOVEMENT
. EMBEDMENT RING ELEVATION — PLUS OR MINUS 1/2 INCH.

5. IF SOIL CONDITIONS ARE ENCOUNTERED THAT ARE NOT CONSISTENT WITH THE REFERENCED GEOTECHNICAL 4. REINFORCEMENT SHALL BE FREE OF LOOSE RUST, MILL SCALE, EARTH, ICE, CONCRETE, OR / 5 TOP OF CONDUIT SHALL BE LOGATED A MINIMUM OF 24 INGHES FROM TOP OF PEDESTAL
DOCUMENTS. OBTAIN WRITTEN INSTRUCTIONS FROM THE FOUNDATION ENGINEER AS TO THE MEANS OF OTHER MATERIALS WHICH COULD PREVENT BONDING TO NEW CONCRETE. 2. USE A TEMPLATE RING TO SET ANCHOR BOLT PLUMBNESS AND POSITION. ENSURE THE | ~ i
CORRECTION TO BE UNDERTAKEN. OBTAIN WRITTEN CONFIRMATION FROM THE GEOTECHNICAL ENGINEER THAT TEMPLATE RING IS SET IN ACCORDANCE WITH THE SPEGIFIED CONSTRUCTION
THE SPECIFIED ACTIONS WERE COMPLETED. 5. SET FORMWORK IN ACCORDANCE WITH SPECIFIED DIMENSIONS AND TOLERANCES. PREVENT TOLERANCES. 6.0 SUBMITTALS

6. FOR PROTECTION OF THE SUBGRADE AND ESTABLISHMENT OF A WORKING SURFACE, PLACE LEAN CONCRETE FORMMWORK FROM DEFLECIING GREATER THAN 1 INCH DURING PLACEMENT OF CONCRETE. 3. PLACE AND LEVEL THE EMBEDMENT RING IN ACCORDANCE WITH THE SPECIFIED

. . FORMWORK MUST BE REMOVED AFTER CONCRETE WORK IS COMPLETED. .
FILL AS INDICATED ON THE DRAWING. IT IS RECOMMENDED THAT THE LEAN CONCRETE FILL BE PLACED AS TOLERANCES. ENSURE THE EMBEDMENT RING IS PROPERLY ANCHORED TO PREVENT A. SUBMIT ONE ELECTRONIC COPY OF THE SUBMITIALS SPECIFIED TO THE FOUNDATION ENGINEER
OF RECORD. SUBMITTALS SHALL BE MADE A MINIMUM OF ONE WEEK PRIOR TO ITS
LEVEL AS PRACTICAL TO FACILITATE PLACEMENT OF THE REINFORCING STEEL AND EMBEDMENT RING. THE | g plACE CONCRETE IN ACCORDANCE WITH ACl 318. PLACE SUCCESSIVE LIFTS OF CONCRETE MOVEMENT. 1T IS ACCEPTABLE TO WELD SUPPLEMENTAL STEEL BRACING TO THE INCORPORATION INTO THE WORK.
LEAN CONCRETE FILL MUST BE THICK ENOUGH TO SUPPORT THE REINFORCING STEEL AND THE ANCHOR TO ENSURE PROPER AMALGAMATION OF CONCRETE BETWEEN SUCCESSIVE LIFTS. EMBEDMENT RING OR TEMPLATE RING TO PREVENT MOVEMENT.
BOLT CAGE.
4. AFTER PLACEMENT OF CONCRETE PEDESTAL, PREVENT WATER FROM ENTERING THE B. Tg&;ﬁm%’g‘%}f'ﬁgEDERRAV%FNG@E%%DSVP”ELCHFTCEXT‘%QSTHE SUBMITTAL FOR CONFORMANCE AND
7. CONSOLIDATE CONCRETE IN ACCORDANCE WITH ACI 318 PREVENTING THE FORMATION OF SLEEVE ANNULUS FROM THE TOP SURFACE PRIOR TO SETTING OF TOWER AND .
7. BACKFILL AND COMPACTION: PLACE AND COMPACT COMMON FILL MATERIALS TO THE LIMITS, DEPTH AND DRY JOINTS, VOIDS, HONEYCOMBING OR SEGREGATION OF AGGREGATE. GROUTING OF BASEPLATE.
DENSITY INDICATED ON DRAWINGS S—01 AND S—03. PLACE FILL IN MAXIMUM LOOSE LIFTS OF 12 INCHES OR] C. TEHREROR%/\E‘LV ggﬁ;g‘ggﬂgiu%\/;TLFEEWC(?RNKST&JECT\T%N E%%TRRSACCTSETATE%A \Eéigg‘?%g&g&is
biﬁ ;%AQCHHE‘DEV/E ggapﬁi@%‘sgg%gﬁc‘% gécsg‘éé “PAQ‘Y BE PLACED WHEN THE FOOTING AND PEDESTAL 8. ROUGH TROWEL FINISH TOP OF CONCRETE FOOTING USING A ROLLER SCREED. 5. AFTER SETTING OF THE LOWER TOWER SECTION(S) AND GROUTING OF THE BASEPLATE '
. AND USING AN APPROVED TENSIONING PROCEDURE, APPLY A LOCK—OFF FORCE TO
9. PRIOR TO PLACING PEDESTAL CONCRETE, REMOVE CONCRETE SURFACE LAITANCE AND OTHER EACH ANCHOR BOLT WHICH IS GREATER THAN 72 KIPS AND LESS THAN 77 KIPS IN 7.0 TESTING AND INSPECTION REQUIREMENTS

8. GRADE THE SITE IN ACCORDANCE WITH DRAWINGS TO PREVENT WATER FROM PONDING OVER THE FOUNDATION DEBRIS FROM TOP OF FOOTING. ORDER TO ACHIEVE A MINIMUM TENSION FORCE OF 72 KIPS IN THE ANCHOR. THE
WHILE MAINTAINING AT _LEAST THE MINIMUM DEPTH OF FILL SPECIFIED ON THE DRAWINGS. RESTORE THE LOCK—OFF FORCE SELECTED BY THE CONTRACTOR SHOULD ACCOUNT FOR TENSION A S;EBR@SRQAﬁEE %FF TTHEETEESSTP‘ESWCE%MF’AN‘ES THAT WILL BE UTILIZED ON THE PROJECT FOR
SITE IN ACCORDANCE WITH OWNER REQUIREMENTS. LOSSES DUE TO THE TENSIONING PROCEDURE TO ENSURE THE SPECIFIED TENSION TEST .

10. TROWEL AND BROOM FINISH TOP OF PEDESTAL. VALUE IS ACHIEVED. THE TENSIONING EQUIPMENT FOR THE ANCHOR BOLTS SHOULD BE
£ TESTING AND INSPECTION CALIBRATED IN ACCORDANCE WITH THE APPROVED PROCEDURE ON A REGULAR BASIS. B. SUBMIT NAME AND QUALIFICATIONS OF THE GEOTECHNICAL ENGINEER.
- LEsliNe AND NSPECTION 11. CURE CONCRETE FOOTING AND PEDESTAL IN ACCORDANCE WITH ACI 318. IF A CURING
MEMBRANE IS USED, APPLY CURING MEMBRANE AS SOON AS BLEEDING HAS STOPPED AND [E. TESTING AND INSPECTION C. SUBMIT ONE ELECTRONIC COPY OF TESTING AND INSPECTION RECORDS SPECIFIED TO THE
1. FOR EVERY 2500 CUBIC YARDS OF PLACED COMMON FILL, OBTAIN SAMPLES OF COMMON FILL MATERIALS FREE WATER HAS DISAPPEARED FROM THE SURFACE. R FOUNDATION ENGINEER OF RECORD.
AND PERFORM GRAIN SIZE ANALYSIS, MOISTURE CONTENT, PROCTOR AND/OR RELATIVE DENSITY TESTS. 1. SUBMIT 5 LABORATORY TENSION TESTS ON PROJECT ANCHORS, COMPLETE WITH
12. ALL METAL DEVICES USED TO SUPPORT FORMWORK OR TEMPORARY BRACING THAT ARE THREADS, PERFORMED BY AN INDEPENDENT TESTING LABORATORY. PERFORM TEST IN D. THE FOUNDATION ENGINEER WILL REVIEW THE TESTING AND INSPECTION RECORDS TO CHECK
2. FOR PLACED AND COMPACTED COMMON FILLS, PROVIDE ONE DENSITY TEST PER LIFT INDICATING TEST EMBEDED IN THE FOOTING OR PEDESTAL SHALL BE REMOVED TO A DEPTH OF ONE INCH ACCORDANCE WITH ASTM A370 AND AT A TEMPERATURE OF —20 °F. CONFORMANCE WITH THE DRAWINGS AND SPECIFICATIONS.
LOCATION, DRY DENSITY AND MOISTURE CONTENT.
FROM THE SURFACE OF THE CONCRETE AND FILLED WITH GROUT. >, AFTER ALL BOLTS HAVE BEEN TENSIONED, A MINIMUM OF 10% OF THE TOTAL BOLTS E. EACH FOUNDATION CONSTRUCTED IS SUBJECT TO THE STIPULATED TESTING REQUIREMENTS.
3. PROVIDE A SUBGRADE INSPECTION REPORT TO BE COMPLETED BY A GEOTECHNICAL ENGINEER. INSTALLED PER FOUNDATION SHALL BE RANDOMLY TESTED TO VERIFY THAT A 72 KIP
E. TESTING AND INSPECTION TENSION LOAD HAS BEEN ACHIEVED BY USE OF AN APPROVED TENSION TESTING 8.0 TOWER ERECTION AND ANCHOR TENSIONING REQUIREMENTS
PROCEDURE. IF ANY OF THE BOLTS DO NOT MEET THE REQUIRED TENSION TEST VALUE,
1. FOR EACH FOOTING PLACED, CAST A MINIMUM OF 8 CONCRETE CYLINDERS FOR LABORATORY THEN ALL BOLTS OF THE TOWER MUST BE RETENSIONED AND THE TENSION TEST MUST| A Up TO THREE TOWER SECTIONS MAY BE ERECTED. LEVELED AND GROUTED WHEN CONCRETE
STRENGTH TESTING (2 CYLINDERS IN EACH OF 4 RANDOMLY SELECTED INTERVALS BE REPEATED. REPEAT THE PROCEDURE UNTIL ALL THE TENSION TESTS PASS. STRENGTH OF THE FOOTING AND PEDESTAL HAS REACHED 4000 PSI.
THROUGHOUT THE POUR) WITH TWO TESTS AT 28 DAYS (AVERAGE OF TWO CYLINDER
FOR CONSTHUCT'ON BREAKS FOR EACH STRENGTH TEST) AND IF NECESSARY ONE AT 56 DAYS. IF 4 INCH BY 8 B. THE NACELLE AND BLADES MAY BE ERECTED WHEN THE CONCRETE STRENGTH OF THE FOOTING
INCH CONCRETE CYLINDERS ARE USED, CAST A MINIMUM OF 12 CONCRETE CYLINDERS FOR [4.0 TOWER BASE GROUT AND PEDESTAL HAS REACHED THE SPECIFIED 28 DAY STRENGTH.
EACH FOOTING PLACED AND USE THE AVERAGE OF THREE CYLINDER BREAKS FOR EACH
STRENGTH TEST. CAST ADDITIONAL CYLINDERS AS REQUIRED TO DETERMINE CONCRETE A. GENERAL G R B TN O N T O R T o OF THE FOOTING AND
STRENGTH AT OTHER TIMES. :
2. FOR EACH PEDESTAL, CAST A MINIMUM OF 4 CONCRETE CYLINDERS FOR LABORATORY 1. NO ITEMS. D. ANCHORS MAY BE TENSIONED WHEN THE GROUT STRENGTH HAS REACHED 5000 PSI.
CONFIDENT'AL STRENGTH TESTING WITH ONE TEST AT 28 DAYS (AVERAGE OF TWO CYLINDER BREAKS FOR | 0 o
EACH STRENGTH TEST) AND IF NECESSARY ONE AT 56 DAYS. CAST ADDITIONAL CYLINDERS L IEMARS E. THE NACELLE AND BLADES MAY BE ERECTED WHEN THE GROUT STRENGTH HAS REACHED THE
SPECIFIED 28 DAY STRENGTH.
THIS DRAWING IS THE PROPERTY OF BARR ENGINEERING COMPANY (BARR) AND M.A. AS REQUIRED TO DETERMINE CONCRETE STRENGTH AT OTHER TIMES. 1. SUBMIT MANUFACTURER'S PRODUCT DATA FOR GROUT.
MORTENSON COMPANY (MORTENSON). NO OTHER USE IS PERMITIED WITHOUT THE 3. PERFORM A MINIMUM OF ONE AIR TEST AND A MINIMUM OF ONE SLUMP TEST PER SET OF F THE NACELLE AND BLADES MAY BE ERECTED UPON COMPLETION OF THE ANCHOR BOLT
WRITTEN PERMISSION OF BARR AND MORTENSON. ALL RIGHTS OF DESIGN OR B .
INVENTION ARE RESERVED. CYLINDERS CAST. RECORD AMBIENT AIR TEMPERATURE AND CONCRETE TEMPERATURE. 2. SUBMIT MANUFACTURER'S APPROVED MIXING, PLACING AND CURING INSTRUCTIONS FOR TENSIONING AND TESTING AS FOUND IN_ SECTION 3.E.2 VERIFYING THAT THE REQUIRED
GROUT TO BE PLACED. TENSION VALUE HAS BEEN ACHIEVED.
READ THIS DRAWING IN CONJUNCTION 3. SUBMIT GROUT CUBE STRENGTH TEST RESULTS.
WITH DRAWINGS S-01 AND S-03 4. SUBMIT CONTRACTOR'S TOWER BASE SETTING/GROUTING PLAN.
A caKk | — CAK | 11-NOV—09 JINITIAL RELEASE | HEREBY CERTIFY THAT THIS PLAN, SPECIFICATION, | CLIENT 11/11/09f 12/18/00 |1/11/10 | 2/15/10 | 5/21/10 Project Office: Scale AS SHOWN BARR PROJECT No.
OR REPORT WAS PREPARED BY ME OR UNDER MY
o J cax | ey | cak ] 16-pec_os |ror consTRucTIoN DIRECT SUPERVISION AND THAT | AM A DULY | BID _ BARR ENGINEERING CO. Date 11—NOV—09 NOBLES WIND PROJECT 23/53—1002
12 z:; MBJ | cak | 11-JAN-10 JREMOVED BOLT V—NOTCH CHARPY TEST. ADDED TEMPERATURE REQUIREMENT. UCENSL%EVSP?)(;F‘E@E‘DSNT&#ED\(‘)?NME\ENRNEUS’\(‘)%E? THE | CONSTRUCTION B RR 4700 WEST 77TH STREET [5rowm AR M.A. MORTENSON COMPANY NOBLES COUNTY’ MlNNESOTA SIENT EROJECT No.
ca | cak | 15-FEB—10 |REVISED 4.E.1 GROUT TESTING A MINNEAPOLIS, MN.
Checked
5 | cope | cak | cak | 27-mAv—10 |REVISED LEAN CONCRETE AND EMBED RING TOLERANCE SPEC. V] 55435-4803 MBJ -
SIGNATURE A1 01 11213145 [corporate Headquorters:  Ph: 1-800-632-2277 Designed CAK MINNEAPOLIS, MINNESOTA SPREAD FOOTING FOUNDATION DWG. No REV. No
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1.0 SUBGRADE SOIL CORRECTION

A. GENERAL

1. ENSURE FOUNDATION SITE IS EXCAVATED, BACKFILLED AND GRADED IN ACCORDANCE
WITH SECTION 1 OF THIS DRAWING.

2. PERFORM ENGINEERED FILL SUBGRADE CORRECTION AT TURBINE SITES NOTED IN
TABLE 1. ALL OTHER SITES DO NOT REQUIRE SOIL CORRECTION.

B. SUBMITTALS
1. SUBMIT GRAIN SIZE ANALYSIS, NATURAL MOISTURE CONTENT AND RELATIVE DENSITY
TEST DATA FOR ENGINEERED FILL SOIL MATERIALS.

2. SUBMIT COMPACTION TEST RESULTS FOR ENGINEERED FILL PLACED BENEATH THE
FOUNDATION INDICATING LOCATION OF TEST, DRY DENSITY AND MOISTURE CONTENT OF
PLACED ENGINEERED FILL.

3. SUBMIT SUBGRADE INSPECTION REPORT FOR EACH FOUNDATION COMPLETED BY A
QUALIFIED GEOTECHNICAL ENGINEER.

C. PRODUCTS

1. ENGINEERED FILL: GRANULAR SOIL CONSISTING OF GRAVEL, SAND OR CRUSHED STONE
AND COMPLYING WITH MINNESOTA DEPARTMENT OF TRANSPORTATION SPECIFICATION 3138,
CLASS 5 AGGREGATE BASE WITH NO GREATER THAN 10% PASSING THE No. 200 SIEVE.

D. EXECUTION

1. SCRAPE TOPSOIL FROM THE PLAN AREA AND STORE IN AN OWNER DESIGNATED AREA.
THE TOPSOIL WILL BE RE-USED FOR SITE RESTORATION.

2. EXCAVATE SOILS TO THE LIMITS SHOWN IN SECTION 1 AND TABLE 1 WHERE
APPROVED BY A GEOTECHNICAL ENGINEER, AS NOTED BELOW.

3. WHERE NOTED IN TABLE 1, PERFORM SUBGRADE CORRECTION BY SUBCUTTING
DEFICIENT SOILS AND BACKFILLING AND COMPACTING WITH ENGINEERED FILL.

4. ENGINEERED FILL SOIL CORRECTION IS SUITABLE FOR THE TURBINE SITES LISTED IN
TABLE 1

5. FOR EACH TURBINE SITE IDENTIFIED, SUBCUT TO THE DEPTH NOTED IN TABLE 1 AND
LIMITS SHOWN IN SECTION 1. HAVE THE PROJECT GEOTECHNICAL ENGINEER VERIFY THE
DEPTH OF SUBCUT AT THE TIME OF EXCAVATION AND PREPARE A LETTER REPORT
INDICATING THE APPROVED DEPTH OF SUBCUT.

6. CONTROL SURFACE WATER OR GROUNDWATER FLOWS INTO THE EXCAVATION USING
MEANS DETERMINED BY THE CONTRACTOR. IF SUCH MEANS ARE EMPLOYED, RECORD THE
MEANS UNDERTAKEN, SOURCE OF WATER (GROUND OR SURFACE), AND VOLUME OF
WATER CONTROLLED. SUBMIT A DEWATERING RECORD TO THE FOUNDATION ENGINEER.

7. ENGINEERING FILL BACKFILL AND COMPACTION. PLACE AND COMPACT ENGINEERED FILL
MATERIALS TO THE LIMITS, DEPTH AND RELATIVE DENSITY INDICATED IN SECTION 1.
PLACE AN INITIAL LIFT OF ENGINEERED FILL IMMEDIATELY AFTER COMPLETION OF THE
EXCAVATION AND APPROVAL BY THE GEOTECHNICAL ENGINEER. PLACE ENGINEERED FILL
IN MAXIMUM LOOSE LIFTS OF 9 INCHES [230 MM] OR LESS TO ACHIEVE THE SPECIFIED
RELATIVE DENSITY. PLACE ENGINEERED FILL AT THE DENSITY NOTED ON THE DRAWING.

D. EXECUTION — CONTINUED

8. GRADE THE SITE IN ACCORDANCE WITH DRAWINGS TO PREVENT WATER FROM PONDING OVER
THE FOUNDATION WHILE MAINTAINING AT LEAST THE MINIMUM DEPTH OF FILL SPECIFIED ON THE
DRAWINGS.

9. RESTORE THE SITE IN ACCORDANCE WITH OWNER REQUIREMENTS.

E. TESTING AND INSPECTION

1. FOR EVERY 1000 CUBIC YARDS OF PLACED ENGINEERED FILL, OBTAIN SAMPLES OF
ENGINEERED FILL MATERIALS AND PERFORM GRAIN SIZE ANALYSIS, MOISTURE CONTENT, AND
RELATIVE DENSITY TESTS.

2. FOR PLACED AND COMPACTED ENGINEERED FILL PROVIDE TWO DENSITY TESTS PER LIFT
INDICATING TEST LOCATION, DRY DENSITY AND MOISTURE CONTENT. IN THE EVENT THAT THE
RELATIVE DENSITY REQUIREMENT IS NOT ACHIEVED, RECOMPACT AND RETEST THE ENGINEERED
FILL.

3. PROVIDE A SUBGRADE INSPECTION REPORT TO BE COMPLETED BY A GEOTECHNICAL ENGINEER.

READ DRAWING IN CONJUNCTION WITH
DRAWINGS S-01 AND S-02
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Nobles Wind Project
Project No. 23/53-1012

GE 1.6-91 80m HH RePower Foundation
Evaluation

Barr Engineering Company
Prepared by: SWS
Checked by: PFB/BKT

lll. Foundation, Tower and Design Information

A. Unit Definitions and Foundation Dimensions k = 1000-Ibf ~ meter = m
Foundation width: D := 50-ft Pedestal C:= 17-ft Average b e 6 0.25in) (D-C
diameter: extension of pe 1= 0In + & )\ 4
. . pedestal above
Height of base: hy, ;= 28-in Height of center:  h := 34-in ground surface: h,. = 8.06-in
(above base)
Height of soil: hg := 7.5ft — h,,, Heightof hy, == hg —hy, — he + hy,
(from foundation . pedestal: .
bottom) hg = 81.94-in h,, = 28.00-in
[~]
Height of embedment
ring above bottom of h.:= 10-in A
footing:
Minimum depth
of groundwater dgwr = 3-ft
below grade: i
Minimum depth of
groundwater below dgwtr == 3-ft
grade (fatigue): A ~
, ]
Top width: B:= D ]l.
1+ \/5
B =20.71ft o
Side width: a- DB T
2
|ql:‘
a=14.64 ft
1 ‘ he
h, ' ' L
Edge slope: = — ue Wﬁ\l s
ge slope £ atan(a] c \{q///d/ 7 w}\ |
£ = 1095-deg 1 I n
c | 2h,
Ormier S1ope: §:= atan ? GroundwaterLocation := |if dgwr < hq
¢, = 1530-deg Within the Base" if dgwt = hg — hy
if dGWT < hs - hb
Bottom cover: CChot = 3-in
"Within the Center" if dgwr = hg — hy — h,
Top cover: CCrop = 2-In "Within the Pedestal" otherwise
"Below the Foundation" otherwise
GroundwaterLocation = "Within the Center"
P:\Mpls\23 MN\53\23531012 Nobles Repower 1 3/29/2021
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Nobles Wind Project
Project No. 23/53-1012

GE 1.6-91 80m HH RePower Foundation

Evaluation

Barr Engineering Company
Prepared by: SWS
Checked by: PFB/BKT

B. Tower Bottom Flange Dimensions

Flange outside diameter: OD := 4556-mm OD = 14.95ft
Flange inside diameter: ID := 4000-mm ID = 13.12 ft
Total number of bolts (2 circles): N:=2-70
Inner bolt circle diameter: D; := 4130-mm D; = 13.55ft
Outer bolt circle diameter: D, = 4426-mm D, = 14.52 ft
Average tower diameter: diower = 4300-mm — 26mm digwer = 14.02 ft
Thickness of tower flange: tfiange == 75-mm tfange = 2.95-In
Average bolt circle diameter: D; + D, .
Daygi= — Dyyg = 168.43-in
OD - ID
Width of flange: Wilange ‘= T Wiiange = 10.94-in
C. Stability Safety Factors
Minimum factor of safety: FSpin = 1.5 (Reference 1)
Minimum factor of safety: FSpminz := 1.0 (Reference 1)
D. Stiffness Requirements
3. 107-kN-m
Required dynamic rotational stiffness: Kyreq = ————
rad
Required dynamic translational _1.010°%kN
stiffness: Kyreq = -
E. ACI Reinforcing Information (Reference 1a)
"notused" 0.0001 O 0
3 0.375 0.11 0.376
4 0.500 0.20 0.668
5 0.625 0.31 1.043
6 0.750 0.44 1.502
Bar nominal size, diameter (in), 7 0.875 0.60 2.044
- . ACI bar _table :=
area (in?), and weight (Ibf/ft): 8 1.000 0.79 2.670
9 1.128 1.00 3.400
10 1.270 1.27 4.303
11 1.410 1.56 5.313
14 1.693 2.25 7.650
18 2.257 4.00 13.600
P:\Mpls\23 MN\53\23531012 Nobles Repower 2 3/29/2021
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Nobles Wind Project
Project No. 23/53-1012

GE 1.6-91 80m HH RePower Foundation
Evaluation

Barr Engineering Company
Prepared by: SWS
Checked by: PFB/BKT

F. Material Properties

Friction factor:
Concrete strength:
Steel yield strength (bottom
mat):
Steel yield strength (top mat):
Steel verts yield strength:
Steel modulus of elasticity:
Density of concrete:
Density of water:
Dry density of soil:
Design density of soil above

groundwater table:

Specific gravity of soil solids:

Design density of soil below
groundwater table:

Soil wedge angle from vertical:

Soil wedge angle from vertical
(fatigue):

Concrete modulus of elasticity:

Modulus reduction factor:

Conversion factor for concrete and
grout strength fatigue calculations:

pe = 0.4

f, := 5000-psi
fg := 75000psi
fyr := 75000psi
£,y == 60000-psi

E, := 29000ksi

Yo = 150pcf
V= 62.4pcf
Nq:= 105pcf

Nsdbot = Ya'(1 + 15.5%)

Vsdtop ‘= Vsdbot

G, = 2.70

1
Vssbot = (1 - aj'ﬁd + Vw
Vsstop = min(lzopCfaﬂfssbot)
1
0 := atan| —
2
0
Opy = atan(z)

fC
E.:= 57000psi- |—
psi

P:= 0.8

fcck_conversion = (1 -5%)

Nsdbot = 121-pef

Nssbot = 129-pef

0 = 26.6-deg

Ot = 0.00-deg

E. = 4031-ksi

(Reference 7)

f;

cck_conversion — 0.95

. ES
Modular ratio: Nyod = D E. Npog = 9.0
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G. Extreme Loading Conditions (Reference 3)
Misalignment Loading
Base moment: Mjign := 940kN-m Misalignment
angle (relative to
Mijign = 693-ftk A := 45deg
Normal Extreme
Normal extreme load factor:
o= 1.35
Base moment: Base shear: Tower & turbine dead weight:
39515.8 527.6 2762.4
M, := kN-m H, = kN Wi = kN
G'C G'C G'C
M, = 21589-ft-k H, = 88k W, = 460-k
Abnormal Extreme
Abnormal extreme load factor:
o, = 1.10
Base moment: Base shear: Tower & turbine dead weight:
40528.7kN-m 544 .6kN 2234.5kN
L= i Hy=——— Wi, =
Qy Qy Qy
M, = 27175-k-ft H,= 111k W,, = 457k
H. Normal Loading Conditions - DLC 1.0
Base moment: Base shear: Tower & turbine dead weight:
My = 17849.4-kKN-m Hy := 254.6-kN Wy = 2050.4-kN
My = 13165-ft-k Hy = 57k Wy = 461-k
I. Normal Loading Conditions - DLC 1.1
Base moment: Base shear: Tower & turbine dead weight:
M, ; := 17849.4-kN-m H; | := 254.6 kN Wi 1 := 2050.4-kN
Ml.l = 13165ftk Hl.l = 57k Wl.l = 4611(
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J. Earthquake Loading Conditions

Seismic Design Criteria:

Sitecyyes = "D"

- Building Occupancy Category: I

- Seismic Design Category: A

0.2 Second spectral response: Sg := 0.069

1.0 Second spectral response: S; = 0.033
Table 11.4-1 Site Coefficient, Fa

(Reference 1)

(Non-Essential Power Facility, Non Hazardous)

(Determination of Seismic Design Category)

Table 11.4-2 Site Coefficient, F,

Mapped Maximum Considered Earthquake Spectral Mapped Maximum Considered Earthquake Spectral
Response Acceleration parameter at Short Period Response Acceleration parameter at 1-s Period
Site Class | Ss<=0.25 [ Ss=0.50 | Ss=0.75 | ss=1.00 [ ss>=1.25 Site Class | S1<=0.10| $1=0.20 | S1=0.30 | s1=0.40 |S1>=0.50
A 0.8 0.8 0.8 0.8 0.8 A 0.8 0.8 0.8 0.8 0.8
B 1 1 1 1 1 B 1 1 1 1 1
C 1.2 1.2 1.1 1 C 1.7 1.6 1.5 1.4 1.3
D 1.6 1.4 1.2 1.1 1 D 2.4 2 1.8 1.6 1.5
E 2.5 1.7 1.2 . 0.9 E 3.5 3.2 2.8 2.4
F See Section 11.4.7 F See Section 11.4.7
4  #N/A #N/A 4 #N/A #N/A
1.6 1.4 1.2 1.1 1 2.4 2 1.8 1.6 1.5
F,=1.60 F, =2.40
Importance factor: I:=1.00
Adjusted 0.2s response: Sus = Fa'Sg Sms = 0.11
Adjusted 1.0s response: Swvi = Fv'Sy Smi = 0.08
. 2
Design response: Spg := E.SMS Sps = 0.07
2
SDl = ;SMI SDl = 005
Vertical seismic load effect: E, = if(Spg < 0.125,0,0.2:Spg)  E, = 0.00
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Seismic Design Requirements for Nonbuilding/Building Structures:

Response modification coefficient:

Long period transition period:

Period coefficients:

Height of structure:

Approximate fundamental period

of structure:

Value of Cu is calculated based on

ASCE 7-05 Table 12.8-1
C,=1.70

Maximum approximate period:

Design period:

Seismic response coefficients:

Non-Building structure:

R:=15
Ty = 12
C, = 0.02
XEQ = 0.75
h, := 80-m

X
hy) 2
T, = Cy E ‘S

Tal =13s
Table 12.8-1 COEFFICIENT FOR UPPER LIMIT ON
CALCULATED PERIOD
Design Spectral Response Acceleration Coefficient
Parameter at 1 s,SD1 Cu
>=0.4 1.4
0.3 1.4
0.2 1.5
0.15 1.6
<=01 1.7
Taz = Cu'Tal Taz = 222 S
T := min(T,y, Ty) T=13s
Sps
sl = R Csl = 0.049
I
T Spbi SprrTL
C82 = lf —X< TL’ = 0027

Cg = 0.03

08-S,

@!
2
|

= if| S, > 0.6,

,0

I

© PO e

Cyy = 0.00

C = max(min(Cy;,Cy), C3, Cg) Cs = 0.03

Minimum base shear: V= C¢ Wy V = 14-kip
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Structure Weights and Centers of Gravity:

Total weight of structure:

Tower bottom section::

Tower lower mid section:

Tower upper mid section:

Tower top section:

Wind turbine nacelle and rotor:

Total tower weight:

Wind turbine nacelle and rotor:

Summary:

Wl.l = 461klp
Weight of Component
W1 = 1215001bf
W2 = 1122401bf
W3 = 1040901bf
W 4= 0-1bf

Wiwr = W1 +W2+W3+W4

Woi= Wi = Wiy

122
112
104

123

-kip

(Reference 3)

Approximate Center of Gravity

b 21925mm
1 2
b 25912mm
2

b 29463 mm
3

h4 = 0-mm

h5 = 80-m

Woyr = 338-kip

W = 123-kip

0.0
11.0
34.9
62.6 |
0.0
80.0

+ 21925mm

+ 25912mm + 21925mm
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Determine Design Base Shear:

25— —
Exponent related to AT T sec
period of structure: ko :=if ;SO.S,I,If;ZZS,Z,z—
ko= 14
Number of tower components: ntc:=1.5
Vertical Distribution Factor: Lateral Seismic Force at Each Level:
(h jko
ntc
w | —
ntc ft
C, = =C, 'V
ntc ko ntc ntc
5 h.
w.| —
LA ft
i=1
Cvntc - nte
0.031 0.4| K
0.146 2.0
0.308 4.3
0.000 0.0
0.514 7.1
Total lateral seismic >
fOI'CGZ HEQ = z (Fl) HEQ = 14k1p
i =
5
Earthquake overturning Mgq = Z (Fi'h) Mgq = 2988 ft-kip
moment: :
1=
’ 2 2
Base moment: MOE = Ml.l + MEQ MOE = 13500ftk
B hear: . 2 2
ase snear: HOE = Hl.l + HEQ HOE = 59k
Tower & turbine dead weight: Wop = Wy | Wog = 461-k
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K. Fatigue Loading Conditions

Mean shear:

Mean overturning moment:

Turbine & tower mean weight:

Fatigue Loading (Markov Matrix):

baseline :=

Years of operation on baseline turbine:

Years of fatigue assumed baseline
turbine:

Years of operation on repower turbine:

Years of fatigue assumed repower

turbine:

Minimum Bins s .
MinBin_baseline :
MinBin_repower :

Maximum Bins

MaxBin_baseline

MaxBin_repower

\Markov_Matrices_1228754_Nobief[RePPjier_1.6-91_80mHH_r01_baseline.

(Reference 3)

H, =y 212.6% + 3.4°kN
2 2
Miypean = \ 158907 + 13107 kN-m

Wonean = 1920.3kN

input raw Markov Matrix data - width/range, mean, cycles

repower :=

markov_baseline := augmen'[(baseline<0> , baseline<1> , baseline<2>>

( (o Y <2>>
markov_repower := augment\repower = ,repower ,repower

Yearpageine = 11

Yearfat_baseline =11

Yearre]mer =20

Yearfat_repower =20

RS) baseline<0>
= baseline = — T

(o
(1) repower
= repower = — -

(o

2

2

\Markov_Matries_1228754_Nobief[RePPjier_1.6-91_80mHH_101_repower.s

i
= baseline<1> + M

(o
(1) repower
:= repower  + ————

Hpean = 213-kN
M pean = 15944-kN-m

Winean = 432-kip

rows(repower) = 41696

rows(baseline) + rows(repower) = 81691

. Y earpaseline O
Niat baseline = | = |-baseline
Yearfat_baseline

Nfat_baselineso = 424000

Year,

. repower <2>
Nfat_repower = ‘repower

Yearfat_repower

Nfat_repowerlo5 = 490000

Niye = StaCk(Nfat_baselinwNfat_repower) rOWS(I\Ifat) = 81691

N = 417000
fat509

MinBin_total := stack(MinBin_baseline, MinBin_repower)
rows(MinBin_total) = 81691

MaxBin_total := stack(MaxBin_baseline, MaxBin_repower)

rows(MaxBin_total) = 81691
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Bin counters:

b= length(Ng,) — 1 = 81690 Doublegr = 0,1..2-qt + 1
/9}\'/\:: O, 1.. qt

North Bins South Bins
MinBin = if (MinBin total < 0,0,MinBin_total ) MinBin = if (MaxBin_total >0,0,—1-MaxBin_total )l
qr - qr - qr qr qr qr,
MaxBin = if (MaxBin total < 0,0,MaxBin_total ) MaxBin = if (MinBin_total >0,0,-1-MinBin_total )l
qr - qr - qr, qr qr qr
Minimum Moment (for Miner's Rule): Maximum Moment (for Miner's Rule):
Méiminnorth = MinBin_-kN-m Meimaxnorth = MaxBin_-kN-m
qr qr qr qr

Mfatminnorth Mfatmaxnorth
Hpinorth = max| ————H,can, 0.01kN Hpaxnorth = max| ———Hean, 0.01kN
ar Mmean ar mean
Mminnorthqr = N[fatminnorthqr + Hminnorthqr'(hp +he+ hb) Mmaxnorthqr = Mfatmaxnorthqr + Hmaxnorthqr'(hp +he+ hb)

Maximum Moments:

Mmaxfatigue = maX(Mmaxnorth) Mmaxfatigue = 24010-kN-m

Mminfatigue = maX(Mminnorth)

Mminfatigue = 22980-kN-m

Fatigue moments are plotted below:

M

maxnorth
qr

kN-m

M

minnorth
qr

kKN-m 10000
o o

0 16360 32720 49080 65440 81800
qr
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L. Stack Min and Max Fatique Matrices and Sort

ascending order:
Sortouh = sort(Mnorth)

M
nOrthDoubleqr
kN-m
e o o

So
I'tnorthDoubleqr

kN-m 10000

Stack min and max Morth = | Mmninnorth if Doubleqr < qt
fatgiue matrices Doubleqr Doubleqr
and sort in M haxnorth if Doubleqr > qt

Doubleqr—qt—1

0 32700 65400 98100
Doubleqr

130800 163500
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M. Develop Unique Fatigue Matrix and Parse Zero Values

Develop matrix
containing only the
unique fatigue
values:

Unique =
q nOrthDoubleqr

Remove all "zero"
entires leaving
only "non-zero"
entries in the
MUnique matrix:

Determine the
quantity of
"non-zero" entries
in the MUnique
matrix to use as

Arnvntarc.

Oa L. qtnorth

QThorth

20000¢

Unique
nOrthDoubleqr

kN-m

100007

MUnique,,orh
Atnorth

kN-m

Sortnorth 0

Sort
nox‘shD0

0 if Doubleqr # 0 A Sort,yh

if Doubleqr = 0

ubleqr

if Doubleqr # 0 A SortnmﬂlD

Qtoorn = length(MUnique, o) — 1 = 448

Doubleqr

Unique, o, if min(Uniquemnh) >0

oubleqr

ort,
1101mDoubleqr— 1

Oty orth

Doubleqr—1

MUnique, g, := trim(UniquenOnh,match(O,Uniquenorth)) if min(Uniquenonh) =0

0 32700 65400 98100 130800 163500
- 10000
Doubleqr, qryorh
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IV. Stability Analysis and Bearing Length Evaluation
A. Foundation Volume and Weight Calculations

> _(D-B)’ 2
Foundation plan A=D - 2( j A =2071-ft
area:
1'r~C2 3
Volume of pedestal: Vp = T-hp v, =20-yd
Weight of pedestal: Wy = VYo W, =79-k
. 2 11 2 1 3
Volume of footing: vi:= A-hy + B™h. + 4 ;?hc-a + E-B-hc-a ve=303-yd
Weight of footing: We = Ve W = 1226k
Total volume ] 3
of concrete: Ve = Vit Vp Ve = 322:yd
7T-C2 3
Total volume of soil: vgi= Ahg — vg — T~(hS —hy — hc) vg = 238-yd
8-B-tan(0) 2
3BEn®) )
2
2
I volume of soil (fati LRS - 3
Total volume of soil (fatigue) Vet := Arhg — vy — T-(hs - hy hc) Vegar = 207-yd
8 B-tan(efat) 2
+ (hy = hy)
2
Equivalent buoyant force: Fp = vy |if dgwr < hg
A(hy ~ dwr) if dgwr 2 hy— hy
8-B-tan(0
A(hs - dGWT) + %()(hs - hb - dGWT)2 otherwise
0 otherwise
F, = 501-kip
Equivalent buoyant force Fpfat == Yw |1f dgwtr < hg
(fatigue):

A'(hs - dGWTF) + 5

0 otherwise

A'(hs - dGWTF) if dgwrr = hg — hy,
8-B- tan( Gfat)

( s — hp — dGWTF)2 otherwise

beat = 495k1p

P:\Mpls\23 MN\53\23531012 Nobles Repower
Project\WorkFiles\3-12_Nobles RePower 1.6-91

13

3/29/2021
Version 5.2b




Nobles Wind Project
Project No. 23/53-1012

GE 1.6-91 80m HH RePower Foundation Barr Engineering Company
Evaluation Prepared by: SWS
Checked by: PFB/BKT

Total weight of soil:
WS = if dGWT < hS — hb
) 2

Ysdvotr' dgwt| A — u
+f\{SSb0t'|:A.(hb + hC) - V{l

F Yssbot® J 4'B'|: - (h_
c

dgwt
8-B-tan(0
. ;n( )

Vs Vsdbot Otherwise

4

2
C -C .
J + Yssbot' (hs = hp = hg = dGWT)-(A - —] if dgwr <hy— hy = h,

8-B- 0
+ —tzan( )'[’Yssbot (hg = hy - dC,WT)2 + ’stbot[(hs - hb)2 — (hg— hy - dGWT)zﬂ
.2
’stbot'(hs —hy - hc)' A - ﬂT otherwise
[‘dGWT
a 2 a 2
+ Ysdbot” | 4.Bja—|— -(y —h,+ hpe) +2]a —||— ~(y —hy+ hpe) dy ...
| . z
he—hy—h,
rhs—hb

2 j.(y ~hy+ hpe)} +2{a’ - Khij(y ~hy+ hpe)}2 dy| ..

'[Wssbot (hg - hy - dGWT>2 + ’stbot[(hs - hb)z — (hg—hy - dGWT>2I|

W, = 786-k
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Total weight of soil (fatigue):

Wigae:= [ 1f dgwr < hg = hy,
2 2
T-C -C .
Ysdbot dGwTE | A — + “{ssbot'(hs —hy —h - dGWTF)'(A - Tj if dgwrr <hs —hy, — h,
+’\{SSbOt.|:A(*'(hb) + hc) = Vgl ...
8-B-tanl Gfat 2 2 2
+ f'[ﬁ{ssbot (hs —hy — dGWTF) + Afsdb0t|:(hs - hb) - (hs — hy, - dGWTF) :|:|
2
-C
’stbot'(hs —hy - hc)(A - ﬂT) otherwise
(‘dGWTF ;
a 2 a
ﬂSdbOt'J 4-B-|: - (—j-(y ~h,+ hpe)} +2a" - K—j-(y ~hy+ hpe)} dy ...
hC hC
hy—hy—h,
hs_hb
( a 2 a 2
+~Nssbot| | 4.Bla—-|— -(y —h,+ hpe) +2|a —||— -(y —h,+ hpe) dy| ...
J h, h,
(dGW)TF
8-B-tanl Gfat 2 2 2
+ f'[ﬁ{ssbot (hs —hy — dGWTF) + Afsdb0t|:(hs - hb) - (hs — hy, - dGWTF) :|:|
Vstat' Ysdbot otherwise

Wy = 683744-1bf

Total dead weight seismic load: Wgq = W, + W+ Wog + W - Fy Wgq = 2052-k
Total dead weight fatigue load: Wiy = Wp + We+ Whean + Wigat — Fofar Wi = 1926-k
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B. Stability Calculations - Extreme Loading

Determine controlling
extreme load case:

Extreme Tower Base Moment:
Extreme Tower Base Shear:
Extreme Tower Weight:

Total dead weight wind load:

Overturning wind moment:

Wind load friction
resistance at base:

Factor of safety
against sliding:
Seismic load friction

resistance at base:

Factor of safety
against sliding:

Determine controlling load case:

Resisting moment:

Factor of safety against
overturning:

Overturning seismic moment:

|if (Me > M,, "Normal Controls" ,"Abnormal Controls") = "Abnormal Controls"

M= J (if (Mg > My, Mg, My) + Myjgyrc0s(A))” + (Mg sin(A))” = 27670-k-ft
H = if (M, > M,, H., H,) H=111k

W, = if (Mg > My, Wi, Wy,) W, = 457k

Wy = Wy + We+ Wi+ Wy — Fy Wy = 2047-k

Mgw = M + (hy + he + hy)-H M,w = 28504-k-ft

Hew = (W) Hgw = 819k
Hpw
FSyyi= — FSyw = 7.36
H
Hpgg = pe(Wro)-(1 - Ey) Hgpq = 821-k
Hpg
FSpg = —> FSpq = 13.94
Hog
FS, := min(FSy, FSepq) FS, = 7.36
[if (ES; 2 FS iy, "OK" ,"No Good" ) = "OK" |
D D-
M,y = Wyy-min| —, —— M,y = 51181-ftk
2 |2
MrW
FSow = FSow = 1.80
MOW

2 . 2
Mgpq = \/ (Mog + Myjignc08(A))” + (Myjignsin(A))” + (hy, + he + hy)-Hop = 14440-k-ft

Project\WorkFiles\3-12_Nobles RePower 1.6-91

.. D D-
Resisting moment: Mgq = (1 = Ey)- Wygemin| —, —— Mpo = 51288-ft-k
2 4\
) Mgq
Factor of safety against FSopq = FSopq = 3.55
overturning: Mgkq
Minimum factor of safety: FShin = 1.50
Determine controlling load case: FS, = min(FS ow,FS OEQ) FS, = 1.80
[if(FS, 2 FSpyin, "OK" ,"No Good" ) = "OK" |
P:\Mpls\23 MN\53\23531012 Nobles Repower 16 3/29/2021

Version 5.2b




Nobles Wind Project
Project No. 23/53-1012

GE 1.6-91 80m HH RePower Foundation
Evaluation

Barr Engineering Company
Prepared by: SWS
Checked by: PFB/BKT

Resisting moment (reduced):

Factor of safety against
overturning (alternate):

Overturning seismic moment (reduced):

Resisting moment (reduced):

Factor of safety against
overturning (alternate):

Minimum factor of safety:

Determine controlling load case:

M 0.6Wyy-mi (D D- a)
W red == Y- w-minj —,
_ 2 !2

Merred
MOW

FS oW _alt -~

MgEqQ att:= 0.7-Mgq

.[D D-a
Mi£Q red = 0.6(1 — E,)-Wgq min| >

MrEQ red
FSOEQ_alt =
oEQ alt

FSpina = 1.00

FSq = min(FS oW _alt» FS OEQ_alt)

[if(FS2 2 FSpyiny, "OK" ,"No Good" ) = "OK" |

C. Soil Pressure Calculations - Extreme Loading

Side length of square inscribed
inside of foundation octagon:

"Major" width of octagon along
widest section:

Distance from widest section of
octagon to edge of square:

Moment of inertia for octagon about
any axis through centroid:

Section modulus of foundation for
normal orientation:

Section modulus of foundation for
orientation rotated by 22.5 degrees:

S¢ = \/2a2 +2-a-B + B2

Hy:= B> + D

He - S¢
W, = 5
8-B4 2.1 2.7 2
Iggp:= ——cotl — || 3cot| — | + 1
192 16 16
24,
Snormal = D
S 2T
rotated * Hf

My req = 30709-ft-k

FSow ai = 1.08
Mogq ait = 10108-k-ft

Mk rea = 30773 ftk

FSOEQ_alt = 3.04

FS,, = 1.08

Sp =383 ft
Hp = 54.1ft
W, = 7.93 ft
4
Iy = 342112t
3
Spormal = 13684-ft

Sotated = 12643

|if (Snormal > Siotateds ' Rotated Controls" ,"Normal Controls") = "Rotated Controls"
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1) Assumed Soil Pressure Case 1

Assume triangular distribution with length of bearing (Ly,) greater than W, but less than or equal to half the major

octagon width (H;/2).
Set F=Wy, and M=M,,, and solve for L, and f .«
B2 + D2
F:= Wy F = 2047k Mqe = FT - Myw M, = 26894-ft-k
2We + Hf
Guess: L:= T finax = 5000-psf
Given

fy

o e D)8 J[ e 2 [22b,
I [ AN (T J[ i s - [k,

Ly
( J = Find(L, 5, ) Ly = 3021t f, = 4173-psf

If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil

pressure is set to zero.

. . Hy
Soil Beamlg Lﬂngth Lb4 = lf(L4 > \Kle AN L4 < ? ,L4,0'ft] Lb4 = 0.0-ft
. . . Hy
Maximum Soil Bearing Pressure: fraxa = if| Ly 2 W A Ly < ?,f4,0-psf £ 1axa = 0-psf
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2) Assumed Soil Pressure Case 2

Assume triangular distribution with length of bearing (L)) greater than half the major octagon width (H;/2) but
less than or equal to difference between the full octagon width (Hy) and W...

Set F=Wy, and M=M,,, and solve for L, and f .«

B2 + D2
F:= Wy F = 2047-k M, = F.T - Myw M, = 26894-ft-k
3H; - 2W,
Guess: L:= % finax = 5000-psf
Given
Hg
W, B
2-We(y - W)
Y\ (Y y ¢ e
F= fomcl 1= = || =—Sel|ldy + | £l 1 == ||Sp+ 2| ———=||dy ...
|:max( Lj (We fj:| y max( L)|: f |: S, Yy
0 W,
L
Hy
2Wely - —
| y 2
+| £ ax 1—I A Se+ 2| W, — s dy
JH;
2
Hg
W, B
2-We(y - W)
Y\ (Y y ¢ e
M foacl 1= = || =S¢ llydy + | foax| 1 == || S¢+ 2- d
toe |:max( L) (We fjj|y y max( L)|: f |: S, ydy
0 We
L
Hy
2Wely - —
I O SRR P 22|y dy
| max L € Sf
JH;
2
Ls
(f J = Find(L, 5, ) Ls = 3021t fy = 4171-psf
5

If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil
pressure is set to zero.

S He
Soil bearing length: Lys = if(LS <Hf— WA Ls> 7,L5,O-ftj Lys = 30.2-ft
: L He
Maximum soil bearing pressure: fnaxs = if| Ls <Hf — W A L > 7 ,15,0-psf fnaxs = 4171-psf
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3) Assumed Soil Pressure Case 3

Assume triangular distribution with length of bearing (Ly,) greater than the difference between the full octagon
width (Hy) and W, but less than the full octagon width (Hy).

Set F=Wy, and M=M,,, and solve for L, and f .«

B2+D2
Fi= Wy F = 2047k Mige = FA———= M Moo = 26894-ft-k
2H; - W,
Guess: L:= T finax = 4986-psf
Given
He
v, B
2-We(y - W)
Yy Yy Yy € €
F= foac| 1= = || =-S¢||dy + |  foae| 1 == || Sp+ 2| ————||dy ...
|:max( Lj (We fj:| y J max( L)|: f |: S, Yy
0 W,
rWe+Sf
Hy
2Woly - — L
A e fo0lsalw sz“f c oL syeseow
| max L f e Sf Yy J max L 5 5 We Yy
_JHf We+Sf
2
He
W, 2
2-We(y - W)
y y e €
My fmax'(1 _) —S¢||ydy + | fmax'(1 __)' Sg+ 2- y dy
L . £
0 We
rWe+Sf
Hy
2Woly - — L
A e fo0salw sz vl e i\ LfE Syesowg)
| max L f e Sf ydy | max L 2 2 We ydy
_JHf We+Sf
2
Lg .
= Minerr(L, ) Lg = 34.7ft f, = 2706-psf
6

If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil
pressure is set to zero.

Soil bearing length: Lyg == if(Lg < Hp A Lg > Hp — W, L, 0-ft) Lyg = 0.0-ft
Maximum soil bearing pressure: fax6 = if(L6 <Hf A Lg>Hp - We,f6,0~psf) fax6 = 0-psf
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4) Assumed Soil Pressure Case 4
Assume trapezoidal distribution with length of bearing (L)) equal to the the full octagon width (Hy).

Set F=Wy, and M=M,,, and solve for f,,, and the difference in maximum and minimum bearing pressures (df).

F-\' B2 + D2
2

Fi= Wy F = 2047k Moo = - Myw Moo = 26894-ft-k
Guess:
s £ i= 4611-psf df := 6072-psf
Given
Hy
We 7 B
aty (v df-y 2-We(y - W)
F= frax — — || =S¢ ||dy + | foax — — || Sp + 2| ———— || dy ...
|:( max H, j (We fjj| y J (max H, ] f S; Yy
0 We
We+Sf -
r 2w E Hy
+‘ LA | PP U e) d+( o 40y S Sy Sem Wl
| max Hf f e Sf Y J max Hf 5 5 We Yy
_J Hf We+Sf
2
Hy
W 2
aty) [y df 2 We(y - W)
Mioe = |:(fmax - H, j'(ﬁ'sfj}y dy + | (fmax . j |:Sf +2 |: S; ydy ..
0 We
W, +Sf
r ’ Hy H
2Wly — — £
+‘ LA | PP I ) d+[ g A0y S Sy o Sem Well
| max Hf f e Sf ydy J max Hf > > We ydy
_J Hf We+Sf
2
df
= Find(df , £,y ) foax = 3243-psf df = 4509-psf
max
If the solution does not converge to the assumed pressure distribution, then the value of bearing length and soil pressure is set to zero.
Maximum soil bearing pressure: fnax7 == if (fmax — df < 0-psf,0-psf ,fmax) fnax7 = 0-psf
Minimum soil bearing pressure: foin7 = if (fmax7 >0, a7 — df,0-psf ) finin7 = 0-psf
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D. Bearing Length Check - Extreme Loading

Select Bearing Length and Pressure Distribution

Bearing length:

Maximum soil bearing pressure:

Minimum soil bearing pressure:

Determine controlling load case:
Maximum soil bearing pressure:

Minimum soil bearing pressure:

Percent of base by length in
compression under extreme loading:

Low = if (fnax7 > 0, Hp, Lpg + Lps + Lyg)

f

f

Ly = Low
fmax = Imaxw
fmin = fminW
Ly

— =0.56
Hy

minW = if(LbW < Hfao'pSfafmirﬁ)

Hy

Ly
if| — >0.5,"0OK" , "No Good"

] — "OK"

Lyw = 30.2-t

Hy
maxW = lf(LbW < ? > fmax4’ lf(LbW <Hf - W, fmaxS’ lf(LbW < Hy, fmax6z fmaﬂ)))

fnaxw = 4171-pst

fiinw = 0-psf

L, =30.2ft
fnax = 4171-psf

finin = 0-psf

(Reference 10)
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E. Foundation Volume and Weight Calculations - Normal Loading

Wity = Wp + We+ W+ Wy - Fy Wionn = 2052k

Total dead weight:

Overturning morment: Moy = J (My + Myjgnrcos(A))” + (Myggnrsin(A))” + (hy + b + ho)-Hy = 14093-k-ft

F. Soil Pressure Calculations - Normal Loading

1) Assumed Soil Pressure Case 1

Assume triangular distribution with length of bearing (Ly,) greater than W, but less than or equal to half the major
octagon width (H;/2).
Set F=W oy and M=M,,. and solve for L, and f

B+ D2
Fi= W F = 2052k Mige = F-A———— = Moy Moo = 41421-ft-k
2We + Hf
Guess: L:= T finax .= 3036-psf
Given
W, [L
2 We(y - W)
Yy Yy Yy € €
F= focl 1= Z=Selldy + | |12 ||Sp+ 2| ———||d
|:max ( Lj (We fj:| y J max ( Lj |: f |: S; y
0 W,

€

I [ AN (T J[ R (5] ARSI TR

Ly
( J = Find(L, 5, )
fy

If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil
pressure is set to zero.

L, = 47.7ft fy = 2156-psf

S Hy
Soil bearlng 1ength Lb4 = lf(L4 > \Kle AN L4 < ? ,L4,0'ft] Lb4 = 0.0-ft

: S Hy
Maximum soil bearing pressure: faxa = if(L4 >W ALy < ? , f4’().psfj faxa = 0-psf

3/29/2021
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2) Assumed Soil Pressure Case 2

Assume triangular distribution with length of bearing (L)) greater than half the major octagon width (H;/2) but
less than or equal to difference between the full octagon width (Hy) and W...

Set F=W oy and M=M,,. and solve for L, and f

B2 + D2
Fi= Wy F = 2052-k M, = F.T — Myn M, = 41421 -ft-k
3H; - 2W,
Guess: L:= % fnax .= 2964-psf
Given
Hg
W, B
2-We(y - W)
Y\ (Y y ¢ e
F= fomcl 1= = || =—Sel|ldy + | £l 1 == ||Sp+ 2| ———=||dy ...
|:max( Lj (We fj:| y max( L)|: f |: S, Yy
0 W,
L
Hy
2Wely - —
| y 2
+| £ ax 1—I A Se+ 2| W, — s dy
JH;
2
Hg
W, B
2-We(y - W)
Y\ (Y y ¢ e
M foacl 1= = || =S¢ llydy + | foax| 1 == || S¢+ 2- d
toe |:max( L) (We fjj|y y max( L)|: f |: S, ydy
0 We
L
Hy
2Wely - —
I O SRR P 22|y dy
| max L € Sf
JH;
2
Ls
(f J = Find(L, 5, ) Ls = 50.9ft fy = 2111-psf
5

If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil
pressure is set to zero.

S Hy
Soil bearlng length LbS = lf(Ls < Hf - WC AN LS > 7 ,Ls,O'ftj LbS = 0.0-ft
. o Hy
Maximum soil bearing pressure: faxs = if| Ls < Hg — Wo A Ls > 7 ,f5,0-psf faxs = 0-psf
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3) Assumed Soil Pressure Case 3

Assume triangular distribution with length of bearing (Ly,) greater than the difference between the full octagon
width (Hy) and W, but less than the full octagon width (Hy).

Set F=W oy and M=M,,. and solve for L, and f

B2+D2
F:= W F = 2052k Mige i= F-2—— = Moy Mo = 41421-ft-k
2H; - W,
Guess: L:= T finax .= 2892-psf
Given
Hg
W _
) y)(y E 2-We(y - W)
F= froacl 1= = || =-S¢||dy + |  foae| 1 == || S¢+ 2- dy
L . £
0 W,
rWe+Sf
Hy
Wl v — — L
N A R M“f (5 sy s W
| max L f e Sf y J max L 5 5 We Yy
_JHf We+Sf
2
Hg
We 2
2-We(y - W)
Yy Yy Yy € €
Mo = foacl 1= = || =—"S¢|lydy + |  foa| 1 == [{ S+ 2| ————||ydy ...
toe |:max( L) (We fjj|y Yy J max( L)|: f |: S, yay
0 W,
rWe+Sf q
£
W v - — L
N A R M wol e i\ sy s
| max L f e Sf ydy | max L 2 2 We ydy
_JHf We+Sf
2
L
(f J = Minerr(L, fipqy ) L= 51.1ft fy = 2107-psf
6

If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil pressure
is set to zero.

Soil bearing length: Lyg == if(Lg < Hp A Lg > Hp — W, L, 0-ft) Lyg = 51.1-ft
Maximum soil bearing pressure: finaxs = if (Lg < Hp A Lg > Hy = W, fs, 0-psf) fraxe = 2107-psf
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4) Assumed Soil Pressure Case 4
Assume trapezoidal distribution with length of bearing (L)) equal to the the full octagon width (Hy).

Set F=W, oy and M=M,,. and solve for f,,, and the difference in maximum and minimum bearing pressures (df).

F-\' B2 + D2
2

Fi= W F = 2052k Moo = - Mgy Moo = 41421-ft-k
Guess:
s £ .= 2904-psf df := 2657-psf
Given
Hy
v, B
df df 2-Wely =W
F= frax — —2 || =S |dy + | [ = —2 || Sp+ 2 - W) dy
Hg e J £ ) £
0 We
We+Sf -
r 2w E Hy
+‘ LA | PP U e) d+( o 40y S Sy Sem Wl
| max Hf f e Sf Y J max Hf 5 5 We Yy
JH; WtSs
2
Hy
W 2
df y y df 2 We (y We)
Mioe = fnax — —-S¢||lydy + | fnax — —— || S¢ + 2 ydy
He e £ £
0 We
We+Sf
r 2. W E He
+‘ LA | PP I ) d+[ g A0y S Sy o Sem Wel
| max Hf f e Sf ydy J max Hf > > We ydy
_J Hf We+Sf
2
df
= Find(df , £,y ) foax = 2105-psf df = 2229-psf
max
If the solution does not converge to the assumed pressure distribution, then the value of bearing length and soil pressure is set to zero.
Maximum soil bearing pressure: fnax7 == if (fmax — df < 0-psf,0-psf ,fmax) fnax7 = 0-psf
Minimum soil bearing pressure: foin7 = if (fmax7 >0, a7 — df,0-psf ) finin7 = 0-psf
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G. Bearing Length Check - Normal Loading

Select Bearing Length and Pressure Distribution

Bearing length:

Maximum soil bearing pressure:

Minimum soil bearing pressure:

Area of base in compression under

Lix = if (fnax7 > 0, Hp, Lys + Lys + L) Loy = 51.1-ft

f

f

m

2 3
Ayi=S¢ + E-sf-we + (Lyx — S - We){sf -

Hy
max - lf[LbN < ? > fmax49 lf(LbN <Hf- W, fmaxS) lf(LbN < Hg, fmax6z fmaﬂ))j

fnax = 2107-psf

in = if (Lo < H, 0-psf, fyin7) £ = 0-psf

Sf'(LbN - S¢— We):|

normal loading: 2-We
2
Ay = 2048-ft
Percent of base by area in compression AN a o
under normal loading: A 98.9-%
Ay
if ~ >0.994,"OK" ,"No Good" | = "No Good" | (Reference 10)
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V. Bearing Capacity Evaluation

(Reference 8)

A. Design Soil Bearing Pressure - Normal Loading

Design overturning moment:

Design vertical load:

Design load eccentricity:

Circular radius of octagon:

Effective soil area in bearing:

Ellipse soil width in bearing:

Ellipse soil length in bearing:

Effective soil length in bearing:

Effective soil width in bearing:

Design bearing pressure:

Man == Mon
Van = Wienn
Mgn
egN = T
Van
D
R:=—
2

CaN ,
AcpN = 2-|:(R2)-acos£?j — e4N' R2 - esz}

legn = [Aetn—

beN
effN
beffN = 'beN
1eN
Vi
aNE T
Aefin

B. Bearing Capacity Check - Normal Loading

Mgy = 14093-ft-k

Van = 2052-k

eqn = 6.87 ft

R =25.00 ft

2

Aggy = 1285 ft

ben = 36.3 fit

leN = 481 ft

legy = 41.3 ft

by = 31.1ft

fun = 1596-pst

Allowable bearing pressure: £1 N := 3300psf (Reference 2)
Ratio of design bearing pressure to fan
. . — =048
allowable bearing pressure: £
all N
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C. Design Soil Bearing Pressure - Extreme Normal Loading

Design overturning moment: My = J (Me + Maygign'008(A))” + (Mygign'sin(A))” + (hy + hg + hy)-H, = 22744 k-ft
Design vertical load: Vaw = Wy + W+ Wi + Wy = Fy Vaw = 2051-k
. . Maw
Design load eccentricity: eqw = —— eqw = 11.09 ft
Vaw
Circular radius of octagon: R =25.00 ft
. . . . Caw ,
Effective soil area in bearing: Actrw = 2.[(R2).acos(?j - eqw R2 —e dW2:| Acprw = 892 ft2
Ellipse soil width in bearing: bew = 2+(R — eqw) bew = 27.8 ft
Ellipse soil length in bearing: Lo = 44.8 i
. . . . 1eW
Effective soil length in bearing: lesrw == | Aeprw . logrw = 37.91t
eW
. g . . effW
Effective soil width in bearing: besrwy = —bew beprw = 23.51t
1eW
. . Vaw
Design bearing pressure: faw = faw = 2299-psf
Acfiw

D. Bearing Capacity Check - Extreme Normal Loading

Allowable bearing pressure: faw = fan N(ij = 4400-psf (Reference 2)
- \3
Ratio of design bearing pressure to faw
: . — =0.52
allowable bearing pressure: £
allW
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E. Design Soil Bearing Pressure - Extreme Abnormal Loading

Design overturning moment:

Design vertical load:

Design load eccentricity:

Circular radius of octagon:

Effective soil area in bearing:

Ellipse soil width in bearing:

Ellipse soil length in bearing:

Effective soil length in bearing:

Effective soil width in bearing:

Design bearing pressure:

My, = J (M, + Myjignc05(A)) + (Myjignsin(A)) + (hy + he + h,)-H, = 28504-k-ft

VdA = Wp + Wf + Wta + VVS — Fb VdA =2047-k
Mga
€4a = —— eqa = 13.92 1t
Vaa
R =25.00 ft
€dA
Acgra = 2-|:(R2)-acos(?j - edA-,’ R2 - edAz} Agprp = 647 ft2
bea = 2(R — egp) bea = 22.21t
leA = 2R leA: 415 ft
lefta = | Aefia— lopra = 34.8 ft
beA
Lefra
beffA = _'beA beffA =18.6 ft
1eA
Via
= fya = 3165-psf
dA dA p
Acfra

F. Bearing Capacity Check - Extreme Abnormal Loading

Allowable bearing pressure:

Ratio of design bearing pressure to
allowable bearing pressure:

f,

4)
alla = fan N Pl i 5400-psf (Reference 2)

a

faa

— =0.59

fana
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G. Design Soil Bearing Pressure - Earthquake Loading

Design Over‘tuming moment: MdEQ = MOEQ MdEQ = 14440-ft-k
Design vertical load: Vigq = (1 + EV)-WEQ Vg = 2052-k
. . Mgrq
Design load eccentricity: CdEQ = eqpQ = 7.04 ft
Vieq
Circular radius of octagon: R =25.00 ft
. . . . CdE
Effective soil area in bearing: AcfrpqQ = 2{(R2)-acos( RQj ~ e4EQ’ /Rz - edEQz} Acfrpg = 1269 ft2
Ellipse soil width in bearing; berg = 2(R - egrq) bepq = 35.9 ft
Ellipse soil length in bearin besg )’
: E
ipse soillength in bearing lepg = 2R [1 - 1 - == lepo = 48.0 fi
2-R
. . . . lE:EQ
Effective soil length in bearing: leftpQ = |Aetq— lefrpq = 41.2 1t
berq
. . lefrEQ
Effective soil width in bearing: befrpq = ‘berg betpg = 30.8 1t
eEQ
. . Vaeq
Design bearing pressure: farq = fapq = 1617-psf

ActtEQ

H. Bearing Capacity Check - Earthquake Loading

Q,
Allowable bearing pressure: faieq = fan N (i) —_ 5400-psf (Reference 2)
Ratio of design bearing pressure to fiEQ
. . =0.30
allowable bearing pressure:
allEQ
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VI. Foundation Stiffness Evaluation - Single Layer Native Soil Sites

Depth of embedment 1 .
(half of foundation embedment): h = ?hC + hy, h = 45.00-in
Area of the footing: A = 2071 ft2
Area of footing in compression: Ay = 2048 ft2
Equivalent circular _ AN 3
radius of footing: Rgfri= | — Rygr = 25.5-ft
= 125 E (Reference 2)
Subsoil density: P-= B
ft

w:=pg w = 125-pcf
Design shear wave velocity _ ft
for interval from 8 to 50 feet: Vsi= 637 (Reference 2)
Poisson ratio: v:= 047 (Reference 2)
Initial shear modulus: G, = P'Vs2 G, = 1576-ksf

E,:=2-(1 + v)-G, E, = 4635-ksf
Initial elastic modulus:

N 0.3
Shear modulus ratio: ~:=1-(1.0) - N =047 (Reference 9)
3 mm(fallA> fauw)
Shear modulus: G =G, G = 740-ksf
Elastic modulus: E:=2-(1 +v)G E = 2176-ksf
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Rotational embedment ' h 3 (Reference 5)
stff stff
Embedment coefficient: Ny =1+ 0.55(2 — v)- Ny = 1.12 (Reference 5)
Rgr
8-GRygp GN (Ref 5)
Rotational stiffness of soil: = e LU = 9. m clerence
Koayn = 77— 7 Kyayn rad
7 kN-m
K¢req =3.00x 10 '—rad (Reference 3)
d
Design check: S =3.07
req
32:(1 = v)-G-R
Translational stiffness xdyn = ( ) st My Kydyn = 1622.k—N (Reference 8)
of foundation: 7 - 8w mm
Kyeq = 1.00 106 kN
Required dynamic translational xreq = 10 XA m (Reference 3)
stiffness:
K
Design check: L 1.62
Xreq
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Nobles Wind Project
Project No. 23/53-1012

GE 1.6-91 80m HH RePower Foundation
Evaluation

Barr Engineering Company
Prepared by: SWS
Checked by: PFB/BKT

VII. Anchor Bolt Design

A. Strength Reduction and Load Factors

Normal extreme load factor:

Abnormal extreme load factor:

Determine controlling
extreme load case:

Beneficial dead load factor:
Anchor tension load factor:
Non-Beneficial dead load factor:
Earthquake load factor:

Alignment load factor:

Beneficial EQ dead load factor:

Non-Beneficial EQ dead load factor:

o= 1.35
o, = 1.10

Oy = if(OLe'Me > cxa-Ma,ae,cxa)
M = if (o M, > 0y My, M, M)
H = if (0 M > 0y My, He, H,)

W, = if (0 M > 0 My, Wi, Wi )

oy == 0.9 Bearing Factor:
o= 1.2 Fastener Factor:
o= 1.2 Shear Factor:
ogg = 1.0 Flexure Factor:
oy3 = 1.0

ogipq = 0.9 - E,

OLdZEQ =12+ EV

(Reference 1a and Reference 3)

M = 27175-k-ft
H=111k

W, = 457-k

by = 0.65
b= 0.75 (Reference 1c)
b, = 0.75

dp = 0.90

OLdlEQ =0.90 (Reference 1)

OLdZEQ =1.20 (Reference 1)

Sagging side load case: o, Wind + oy Dead where Dead is dead load of soil, concrete, turbine, and tower

Hogging side load case: oy Dead where Dead is dead load of soil and concrete and uplift edge resistance of soil
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B. Embedment Ring Dimensions

Flange width: Wilange = 10.94-in Wilange = 278 -mm
Embedment ring width: W = Wilange w < 10.94-in
Embedment ring thickness: t:= 1.0-in

C. Anchor Bolt Dimensions and Data

ASTM A615 Grade 75

Nominal anchor bolt diameter: dp = 1.25-in
Bolt area through minimum . .2
diameter of threads: yi= L
Washer diameter.: d, = 3-in
Outside diameter of PVC bolt sleeve: dgpr := 1.660in
Yield strength: Fyp = 75-ksi
Tensile strength: F; := 100-ksi

D. Material Properties

Concrete strength of pedestal: fep := 5000-psi
Embedment ring yield strength: Fy := 36000-psi
Embedment ring tensile strength: F, := 58000-psi
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Checked by: PFB/BKT

E. Anchor Bolt Design

Design loss:
Maximum unfactored moment on bolts:
Maximum factored moment on bolts:

Maximum factored seismic moment
on bolts:

Minimum pre-tension
for wind loading (if
used):

Minimum pre-tension

for fatigue loading:

Set to T

Wind load maximum factored
tension load in anchor:

Seismic load maximum factored
tension load in anchor:

Fatigue load maximum tension

b= 20-%

My = J (max(Mg, M,) + Myjign-c0s(A))” + (Myjignsin(A))” = 27670-k-ft

2 . 2
M ypolt = J (oM + Otz Myjign€08(A)) ™ + (03 Myign'sin(A))” = 30387 k-ft

2 . 2
Y \/ (0pQ"MoE + Otz Mylign €08(A)) ™ + (03 Myign'sin(A))” = 13999-k-ft

Ty om |2 Moo We 1+ T, o = 63.7-k
preW - N'Davg N P preW .
4 maX(Mmaxnorth) Wmean
T = - (1 + T =39.6-k
preFAT ( N- Davg N ( |-L) preFAT
Tpre = 72:k
Yyield = —— %yield = 76-%
Fyb'Ab
. Tore .
%ultimate := %ultimate = 57-%
Fi Ay
4-M bol OLdl'W
Ty = —— o — : Ty = 59-k
N-Dyyq N
4Mygbolt  a1EQ' WoOE
TLIEQ = usbolt — Q TUEQ = 261(
N-D N

avg

4 maX(Mmaxnorth) Wmean

i : T FAT = - T FAT = 33.k
load in anchor: u N-Dyyq N u
Determine controlling load case: T, = max(TuW, Turq» Tur AT) T, = 59-kip
Design tension strength: &T, := min(dpgFy-Ay, by FypAp) ¢T, = 86-k (Reference 1c)
Design check: = 0.69 | Shear stress in bolt is negligible and, therefore, is not
T, included.
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Vill. Bottom Flange Bearing, Grout, and Embedment Plate Connection Design

A. Material Properties

3-day grout strength:

28-day grout strength:

f 3 := 4500-psi

f.og := 8000-psi

Grout thickness: tyr:= Oin
. T-dspr
Bearing area of Ay = E-(OD2 - IDz) - N—— App = 5488-in2
base flange: 4 4
S = — (OD4 - ID4)
32.0D _ _—
Section modulus N
of base flange: ) A 5 4 D. 5 2
T 1 *TC
+——{N-—-d +—-d —-co§ —-(2:X -1
D, | ga SR 7 dsor Z [2 {N ):H
A=1 D 2
2.
+]=cod == 20 - 1)
— — — 2 N L1l
.3

S| = 217587-in
Area at bottom of grout: A| = Wilange Ay =10.9-in
Area of limiting bearing within Aj = Wiiange + 2ty Ay =10.9-in
grout:

Ay
A:=min [—,2
A A=1.00
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B. Check 3 Day Grout Strength

Design bearing strength: dbys = bpr0.85-F5- A (Reference 1a)
Ultimate self weight _ Wi Tpre'N
bearing stress: busp = | agy: Ao + Ot Aot
T T
Ultimate seismic ) Wok Tpre'N
bearing stress: Puseq = | azeq Agyp "o Apri
T T

dbys = 2.5-ksi

bu3D = 2.3-ksi

bu3EQ = 2.3-ksi

Determine controlling load .
case and check capacity: by := max(bysp, buskq) by3 = 2.3:ksi o 0.93
bn3
C. Check 28 Day Grout Strength
Design bearlng Strength: d)bnzg = ¢br'0.85'f028'A (Reference d)bnzg = 44kSI
la)
W, M T, N
Ultimate wind bearing stress: busw = ocdz-—t + ubol Qe ik bysw = 3.98-ksi
Apyi Sy Aprl
W M Toe'N
Ultimate seismic bearlng stress: bu28EQ = OLdZEQ'ﬂ + OLEQ' usbolt t° ke bu28EQ = 3.1-ksi
Apr Sy Aprl
Determine controlling load .
case and check capacity: bug = max(buzgw’bungQ) buzg = 4.0-ksi Duzs =0.90
bnog
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D. Check Bottom Flange Bearing on Concrete

Grout thickness: ty:= 0-in
. 4Mubolt Wt
Pullout force due to wind: P,w = - oy — P.w= 118k
N-Dyq N
4-M W
Pullout force due to seismic: Pupq = usbolt. O4IEQ _oF Pupg = 51k
N-Dyye
Determine controlling load case: P,:= max(PuW, PuEQ) P, =118k
T-d 2
. "dspr
Bearing area at bottom of grout: Ay = g-[(OD + 2-'[g)2 - (ID - 2-tg)2] - N-T App = 5488-in2
. _ I 4 4
Section modulus at bottom of grout: Syi= —/——— (OD + 2~tg) - (ID - 2-tg)
32:(0D + 2-t,)
A _ N —
4 2
2 T 4 T 2 D; 2-m
+A————(N—-d + —-d . —-co§ —(2:X— 1
(0D +2.t,) | 64 0% T o PR 2 [2 s[ N )ﬂ
=1 D 2
2.
] =cod == 20— 1)
. — 2 N L1
.3
S, =217939-in
M W ToeN
Ultimate wind stress: byw = ubol + agy Ly Oy e b,w = 4.0-ksi
Sy Apra Apra
M W ToeN
Ultimate seismic stress: bugg = usbol + OgEQ o + oy e bygq = 3.1-ksi
Abr2 Abr2
Determine controlling load case: b, = max(buw,buEQ) b, = 4.0-ksi
Check Bearing Plate Stresses on Concrete Due to Pre-tension and Extreme Wind Force:
Compute Areas being loaded: (Reference 1a)
Area at bottom of grout: Aj = Wignge + 2+t A; =10.9-in
Area of limiting bearing within Ayi= Ay +[C = (OD + 2:t,] A, = 35.6-in
concrete:
([ A2
A = min :1,2 A= 180
Design bearing strength: Pby == P 0.85-f A (Reference 1a) Pb, = 5.0-ksi ~ —0.80
n
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E. Check Pullout Strength of Embedment Ring/Anchor Bolt Connection

Conservativey ignored

E2. Check Pullout Strength of Embedment Ring/Anchor Bolt Connection (concrete only)

Due to Wind: P.w= 11784k
4.1
Angle of subtended arc: Q= — oy = 5.14-deg
N
1
hy + hy— hy = (B = Dyyg — w)~;
Depth of Outer Shear Cone: leo = loo = 49.2-in
h
=41
a
1
+(B = Dy — W)=
2
Area of Outer Shear 4
Cone Segment: A= 360~deg.ﬂ'le°'\/§.(OD + 160) A, = 713.33»~in2
Area of A &) ID2 A 278.26-1 2
= ST —— = . -1n
Botiom T 360-deg 4 bt
Plane:
Total Acone = Ag + Apor Acone = 991.59-in”
Areas:
Pullout Strength of 1
Outer Shear Cone 2 .
Segment: OV, p = Oy Ay2.8psi \/?c $V, , = 164.95-kip
1
2
+¢V'Abot'4‘p51 \/?c
Puw
— =071
q)vn_p
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Checked by: PFB/BKT

F. Check Bending Strength of Embedment Plate

Nut to nut circumferential distance: d;

Nut to nut radial distance: dy:

2-Dy
N

(DO - Di] L
2

n

. oD -D,\ d,
Edge distance: y=|——|-—
2 2
M W
Ultimate wind stress: byplatew = wbot _ Qqp° :
Si Apri
M W
Ultimate seismic stress: byplateEQ = usholt _ O41EQ =
Sy Apri

Determine controlling load case:

Tpre N
buplate ‘= max buplatewabuplateEQ»OLpt'
Abrl

d1 = 4.82-in
d, = 2.83-in
ds = 1.06-in

byplaew = 1.6-ksi

buplateEQ = 0.7-ksi

buplate = 2.2-ksi

2 .
Plastic section modulus per inch: Z., = v Z,= 0.25-IL
4 in
t2 in
Section modulus per inch: S, = — Sy=0.17—
6 in
Check circumferential nut to nut bending
d 2 in-k ink M
1 n- n- u.el
M,.;:=b — =427 — M, := ¢p-min|F,-Z,,1.6-F,-S,) = 8.10-—— (Reference 1c) =0.53
u.el uplate 12 in d) n b ( y' &y y y) in d)Mn
Check circumferential nut to nut bending at splice
d in-k M, 2
Mye2 = buplate = = 6~40'—H,1 (Reference 1c) 4 0.79
8 in oM,
Check radial nut to nut bending
2
d2 in-k M .e3
Mye3 = byplae—— = 1.4 '—H,l (Reference 1c) v 0.18
12 in oM,
Check nut to edge bending
b in. M
M, o e e g 2y 5y ink (Reference 1¢) vt 015
in oM,
Check shear rupture of washer through plate
P .
Vi = max(ozprpre,?uj = 8640k ¢V, = b, md, t-0.6F, = 245.99-k (Reference 1c) —V‘” =0.35
n
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IX-a. Concrete Design - Extreme Loads
A. Design Functions

Function describing the volume of concrete for each slice of the moment/shear calculations.
ConcreteVolume(y) := |hy (B + 2-y) + %-hc-(B +y) if y<a
hy- (D) + he(B + a) otherwise
Functions describing the weight of the soil wedge pieces acting on each slice of the moment/shear calculations.

StaticSoilWedgeWeight(ﬁfSd,'YSS) = |V

B
-taTn(e)-(hs — hp)® if dgwr > by — hy

B-tan(0) _

; [qss (ng — by — dgwr)” + ﬂ{sd[(hs ~hy)* = (hy— hy - dGWT)zﬂ otherwise

VariableSoilWedgeWeight(y,H(Sd,'\{ss) = |0 if dgwr =hg— hy

otherwise
VE-tan(8)| s (1~ deer)” + (1~ ) — (1~ by~ deer)’]] i y <

tan(e)-|:’\{ss (hg — hy — dgywr)” + f\{sdli(hs ~hy)* = (hy— hy - dGWT)Qﬂ otherwise

P:\Mpls\23 MN\53\23531012 Nobles Repower 42 3/29/2021
Project\WorkFiles\3-12_Nobles RePower 1.6-91 Version 5.2b




Nobles Wind Project
Project No. 23/53-1012

GE 1.6-91 80m HH RePower Foundation
Evaluation

Barr Engineering Company
Prepared by: SWS
Checked by: PFB/BKT

DrySoilVolume(hj,y) := |if dgwrt = hg — hy,

(=) -2

if dgwr < hs — hj

otherwise

a2
hC

BuoyancyWeight(y) := |0 if dgwr 2 hy

if dGWT < hs

} y
‘he |- (B +2-y) +

(=) - 2
[D-(hs ~ hy— hy) + {hc-a ~ 2 (= hy- dGWT)zﬂ otherwise

y Yy
(B +2-y)| hy—hy - ;hc —dgwr | +

Function describing the volume of dry soil over each slice of the moment/shear calculations.

2

¢+ J2-tan(0)-(hg— hy)” if y <a

DJ(h, — hp) - he] + hea + tan(8)-(h, — hy)” otherwise

dGWT'(B + 2y) if y <a

D-dgwt otherwise

2
y -he a

hC}(B +2-y) + - h—-(hs —hy - dGWT)2 if y<a
a

C

h

C

Function describing the volume of saturated soil over each slice of the moment/ shear calculations.

SaturatedSoilVolume(hj,y) := |0 if dgwr = hs — hy

if dgwr < h, — hj

2-h

S ify<a

(hS —hy—h,- dGWT)-D + h,a otherwise

-(hs — hy, - dGWT)2 otherwise

Function describing the effect of groundwater on the material weights over each slice of the moment/ shear calculations.

(B + 2-y)-(hy — dgwr) if y<a
(hS - dGWT)D otherwise
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B. Design Soil Bearing Pressure Wind Loading (Reference 8)
Design overturning moment: Mgw = \/(OLWM + OLd3-Malign-COS(A))2 + (OLCB-Mahgn- sin(A))2 + %'(hb +h, + hp)-H
Mgw = 31305-k-ft
. . Fy
Design vertical load: Vaw = agqi| Wp + W+ Wy — — + W, Vaw = 1792k
Q41
. . Maw
Design load eccentricity: eqw = —— eqw = 17.46 ft
Vaw
. . D
Circular radius of octagon: R:=— R =25.00 ft
2
. . . . Cdw
Effective soil area in bearing: Actrw = 2.[(R2).acos(?j - eqw ’Rz —e dW2:| Aty = 372.&2
Ellipse soil width in bearing: bew = 15.11t
Ellipse soil | in bearing:
ipse soil length in bearing o = 35.8 ft
Effective soil length in bearing: logrw = 29.7 1t
Design bearing pressure: faw = fyw = 4820-psf
Acttw
R Lesrw
Effective soil width in bearing: besrwy = —bew beprw = 12.51t
1eW
D befrw
XstartW = 3 — Caw — > Xstartw = 1.28 ft
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C. Design Soil Bearing Pressure Seismic Loading

(Reference 8)

. . 2 . 2
Des1gn overturning moment: MdEQ = \/(OLEQ'MOE + OLd3'Malign'COS(A)) + (OLCB'Malign' SIH(A)) + OLEQ'(hb + hC + hp)'HOE

. . Fp
Design vertical load: VieQ = Oqipg| Wp + We+ Wy — + Wog
Q41EQ
M
Design load eccentricity: CdEQ = dEQ
VieQ

. . . . CdE ,
Effective soil area in bearing: AcfrpqQ = 2{(R2)-acos( RQj — CdRQ’ R2 - edEQZ}

Mggq = 14440-ft-k

Vago = 1796-kip

edEQ = 8.04 ft

Avtimg = 1174

Ellipse soil width in bearing; berg = 2(R - egrq) bepq = 33.9ft
Ellipse soil length in bearin berg )
€ : E
ipse soil length in g lepg = 2R+ |1 - (1 - ;;j lepq = 47.3 ft
. . . leg
Effective soil length in bearing: legrq = | A effEQ'be_Q lefrrq = 40.5 ft
eEQ
Desi . _ Vg
esign bearing pressure: farq = ~ fapq = 1530-psf
ffEQ
Effective soil width in bearing: b = S betiro = 2
g: offEQ = —DeEQ effEQ = 29.0ft
eEQ
D betrEQ
XstartEQ -~ 3 — €dEQ — ) XstartEQ = 246 1t
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D. Structural Calculations

Area of pedestal:

Equivalent square dimension:

Distance to critical section:

Number of section slices to be taken
within "a":

Number of section slices to be taken
beyond "a'":
Sloped portion of footing:

From a to the critical section (Xg,):

Array counter for all slices:

Plan location of section:

Height of section:
Depth, d, as a function of distance

along the sloped portion of the
foundation is:

Equivalent square dimension of
embedment ring:

Alternate distance to critical section
based on edge of embedment ring:

Plan location (alternate) of section:

2
C
Aped =T
Sped = Aped
D- Sped
Xface = >

J=n+1,n+2.n+n;

q:=1,2.n+ n

ft

i
X, = —-
12
xj = max(x) + (Xface - max(x))-

X.
h, = hy + —h, h, = hy+ h,
i a J

X.
d.:= hy + —-h, — 3.75-in
1 a

dj = hy+ h, - 3.75in

2
OD
Sembedring =T 4
D - Sembedring
Xface alt == >
i ft
Xalt, I= =
alti 5

A = 2271

P!

Speq = 15.1 ft

Xface = 17.5ft

n=29
nj:S.OO
j—n
n:

]

Sembedring = 1321t

Xface_alt = 18.4ft

j—n

Xalt, -= maX(Xalt) + (Xface_alt - max(xalt))'J_

J

1;
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Vuwi = |0 if X, < XgtartW

min(xi > XstartW+befﬂV)

XstartW

Design Shear from a to X,
min(xj » XstartW T Defrw )

]
XstartW

K‘Xj

+ —0Oy1

—

Design Shear from edge of footing to just before bgy

Vuw, = fawlegrw dy +

ConcreteVolume(y) -~ ...

fyw logrw dy  otherwise

ra

+ DrySoilVolume(hj ,y) Ysdbot -
+ SaturatedSoilVolume(hj s Y)'“{ssbot

+ VariableSoilWedgeWeight(y , Yudbot» Yssbot) -
—VariableSoilWedgeWeight(y ,0pcf, '\{W)

—Oyr-

The exact solution for the factored shear force under wind loading due to soil bearing
pressure along the sloped portion of the foundation is:

+—(xdl-StaticSoilWedgeWeight(ﬂfSdbot,’Yssbot) + StaticSoilWedgeWeight(Opcf ,ﬂ(w)

Xi
+ —0yy;-( ConcreteVolume(y)-7y, ... dy ...
+ DrySoilVolume(hi,y) Nsdbot -+
+ SaturatedSoilVolume(hi,y)-ﬁ{ssbot
+ VariableSoilWedgeWeight(y , Yadpots Vssbot) -
—VariableSoilWedgeWeight(y, Opcf ,’\{W)
+
Q41
—BuoyancyWeight(y)
+ “Nw
Q4]
70
ConcreteVolume(y)- v, -.. dy ...

+ DrySoilVolume(hj , y) Ysdbot -
+ SaturatedSoilVolume(hj s Y>"Yssbot

+ VariableSoilWedgeWeight(y »Ysdbot s “(ssbot)
—VariableSoilWedgeWeight(y, Opcf, A{W)

+
Q41

-B Weight
N uoyancy Weight(y) ~

w
Ay

+

Q1

Ay

-B Weight
N uoyancyWeig (Y)"Y

w

dy + —ocdl-StaticSoilWedgeWeight(A{Sdbot,ﬁ(ssbot)
+ StaticSoilWedgeWeight(Opcf ,'\(w)
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The exact solution for the factored shear force under seismic loading due to soil bearing pressure along the sloped portion of the

foundation is:

Design Shear from edge of footing to just before beggq

Xi
Vugg = [0 if X, < XsartEQ + —0q1gq ( ConcreteVolume(y)-~c ... dy ...
i ' ( . ) + DrySoiIVolume(hi,y) Ysdbot ++-
min( X;, X +
e sEnEQEEEHEQ . + SaturatedSoilVolume(h.,y)-’YSSbOt
fapqlerredy  otherwise ] 1
XetartE +VariableSo1lWedgeWe1ght(y,ﬂ{sdbot,ﬂfssbot)
tart.
arthQ ~VariableSoilWedgeWeight(y, 0pef ,v,,)
+
Qld1EQ
—BuoyancyWeight(y)
+ “NYw
Q41EQ
<0
+—0y1EQ StaticSoilWedgeWeight(ﬂfSdbot,'yssbot) + StaticSoilWedgeWeight(Opcf ,’YW)
Design Shear from a to X,
min(xj > XstartEQ+beffEQ) ra
Vugq, = faeqletredy + | —wipq( ConcreteVolume(y)-~ ... dy ...
j .
XstartEQ + DrySoﬂVolume(hj , y) Nsdbot -+
+ SaturatedSoilVolume(hj ,y)-’YSSbOt
+ VariableSoilWedgeWeight(y »Ysdbot » ”{ssbot)
—VariableSoilWedgeWeight(y, Opcf, A{W)
+
Q41EQ
—BuoyancyWeight(y)
+ Nw
Q1EQ
<0
r-Xj
+ —0y1gq  ConcreteVolume(y)-~ ... dy + —0yiEQ: StaticSoilWedgeWeight(’stbot,ﬁ{ssbot)
+ DrySoilVolume(hj , y) Ysdbot -
+ SamratedSOilVolume(hj , Y)'“{ssbot
+ VariableSoil WedgeWeight(y , Ysanot» Vssbor) --
—VariableSoilWedgeWeight(y ,0pcf, '\(W)
+
Q41EQ
—BuoyancyWeight(y)
+ “Nw
Qld1EQ
“a
+ StaticSoilWedgeWeight(Opcf ,H(W)
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Bottom Reinforcing Design Moments
Solution for the design bending moment due to soil bearing pressure under wind loading is:

NIubothi =10 if Xi < Xstartw + —ocdl-StaticSoilWedgeWeight(’\{sdbot, FYsstt)'Xi

min(Xi 5 XstartW+befﬂV)
fywr legw (Xi _ y) dy otherwise

XstartW
+ StaticSoilWedgeWeight(Opcf ,'\(W)-xi

Xi
+ —0y-( ConcreteVolume(y) v, ... '(Xi - y) dy
+ DrySoilVolume(hi, y) Ysdbot -+
+ SaturatedSoilVolume(hi, y)~'\{ssbot
+ VariableSoilWedgeWeight(y,'\(Sdbot, “{ssbot)
—VariableSoilWedgeWeight(y ,0pcf, 'Yw)
+
Q41
—BuoyancyWeight(y)
+ “NYw
Q1
[‘min(xj > XstanW+befﬂV) ra
Mubothj = fdw-leﬁw-(xj - y) dy + —0yy;-( ConcreteVolume(y)-e ... -(xj - y) dy ...
XetartW + DrySoﬂVolume(hj aY>"stbot
+ Satura‘[edSoilVolume(hj , Y)'”(ssbot
+ VariableSoilWedgeWeight(y , Yadot» Vssbot) -
—VariableSoilWedgeWeight(y ,0pcf, ’Yw)
+
Qq1
—BuoyancyWeight(y)
+ Nw
Qqj
70
+—ad1~StaticSoilWedgeWeight(ﬂfSdbot,'Yssbot)xj + StaticSoilWedgeWeight(Opcf ,ﬂ{w)-xj
r-Xj
+ —0y-( ConcreteVolume(y) -7, .- '(Xj - y) dy
+ DrySoilVolume(hj , Y)'“{sdbot
+ SaturatedSoilVolume(hj , Y)"Yssbot
+ VariableSoilWedgeWeight(y »Ysdbot » ”{ssbot)
—VariableS011WedgeWeight(y, Opcf, A{W)
+
Q41
—BuoyancyWeight(y)
+ Nw
Qq)
“a
AMpls obles Repower
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Solution for the design bending moment due to soil bearing pressure under seismic loading is:

MubotlEQi = [0 if X, < Xgangq

,.rnin(xi R XstanEQ+beffEQ)

deQ'leffEQ'(Xi - y) dy otherwise
/ XstartEQ

rXi

+ —0gQ ( ConcreteVolume(y) - ...

+ DrySoilVolume(hi, y) Vsdbot -

+ SaturatedSoilVolume(hi, y)-‘(ssbot

—VariableSoilWedgeWeight(y ,0pcf, ’Yw)

+
Q41EQ

-B Weight
N uoyancyWeight(y) ~

w

Q41EQ
70

+ —OL1 - StaticSoilWedge Weight( Ve« Veahnr ) X . <..

(min(xj > XstartEQ+beffEQ)
MubotlEQj = deQ'lefﬂEQ'(Xj - Y) dy ...
XstartEQ
a
+ | —ogipg( ConcreteVolume(y) -~ ...

+ DrySoilVolume(hj , y)'“(sdbot
+ SamratedSOilVolume(hj R y)"\{ssbot

—VariableSoilWedgeWeight(y ,0pcf, '\(W)

+
Q41EQ

-B Weight
N uoyancyWeig (Y)"Y

w

Q41EQ

J
0
+—0YIEQ" StaticSoilWedgeWeight(’\{Sdbot, ’Yssbot)-xj

+ StaticSoilWedgeWeight(Opcf ,’\{W)-xj

(‘Xj

+-| oagipg [ ConcreteVolume(y)-~, ...

+ DrySoilVolume(hj , y)“\{sdbot

+ SaturatedSoilVolume(hj s Y>"Yssbot

—VariableSoilWedgeWeight(y, Opcf, A{W)

+
QdIEQ
-B Weight
N uoyancy Weight(y) ~

Determine controlling load case for CMypot1 = max(Mubmlw »Mybot1EQ )
q q q

bottom moments:

-(xi - y) dy ...

+ VariableSoilWedgeWeight(y »Vsdbot» 'Yssbot)

+ VariableSoilWedgeWeight(y »Ysdbot s ’Yssbot)

+ VariableSoilWedgeWeight(y »Ysdbot s “(ssbot)
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Top Reinforcing Design Moments

The solution for the design bending moment due to the weight of concrete and soil above the footing and soil
resistance along edge of footing is:

(‘Xalti

Mumpli = max(adz,adZEQ)~ ConcreteVolume(y)- v ... -(xalti - y) dy ...

+ DrySoilVolume(hi,y)ﬂ{sde

+ SaturatedSoilVolume(hi,y)-ﬁ{ssmp

+ VariableSoil WedgeWeight(y , Ysgiop» Ysstop)

J
0

+ max(adz , OLdZEQ)~ StaticSoilWedgeWeight(’Ysdmp , '\{SSmp) Xaly

ra

Mytopt, = max(cxdz,cdeEQ)- ConcreteVolume(y)-v, ... -(xalt. - y) dy ...

! + DrySoilVolume(hj , y) Ysdtop -+

+ Satura‘[edSoilVolume(hj , y)-ﬁ(sstop
+ VariableSoilWedgeWeight(y , Ysarops Ysstop)

/-Xaltj

+ max(ocdz,OLdZEQ)- ConcreteVolume(y)-v, --- '(Xalt. - Y) dy ...
+ DrySoilVolurne(hj , y) Ysdtop -+

+ SaturatedSoilVolume(hj , y)-“{sstop

+ VariableSoilWedgeWeight(y »Vsdtop> ’\{Sstop)

14 N Ty \
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E. Top and Bottom Reinforcing Selection

Top middle bars: Sizey,, == 6 Stopm ‘= 8-in

Top outside bars: Sizeyp, = 6 Stopo °= 8-In

Bottom middle bars: Sizeymp = 11 Sbotm = 9-in

Bottom outside bars: Sizeyyy, = 7 Shoto = 91N

Distance from centerline that defines _C 15-(he + h 1625
middle/outside boundary: Wini= =+ 5:(hy + bo) Wi = 16.25 1t

F. Bar Cutoff Locations

Distance of top bar cutoff from cdop i= 5-ft
edge of footing:
Distance of bottom bar cutoff from cdpyy := 0-ft
edge of footing:
[+
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Assign properties using lookup function, depending on bar size.
ditgpm 1= viookup(Sizeyyp, ACI bar_table, 1)o-in ditopm = 0.750-in
diggpo == Vlookup(SizetOb,ACI_bar_table, l)o-in digypo = 0.750-in
dipopm = Vlookup(Sizebmb,ACI_bar_table, l)o-in dipotm = 1.410-in
dipyio == Vlookup(SizebOb,ACI_bar_table, l)o-in dipei, = 0.875-in
. .2 .2
Agopm = Vlookup(Slzetmb,ACI_bar_table,Z)o-m Agopm = 0.44-in
. .2 .2
Agopo = Vlookup(SlzetOb,ACI_bar_table,2)0-1n Aopo = 0.44-in
. .2 .2
Apotm = Vlookup(Slzebmb,ACI_bar_table,Z)o-ln Apotm = 1.56-in
. .2 .2
Apoo = Vlookup(SlzebOb,ACI_bar_table,Z)o-ln Apoto = 0.60-in
. Ibf
Wiopm = Vlookup(Sizeyp, ACI_bar_table,3)o-Ibf + ft Wiopm = 1.502-?
. Ibf
Wiopo == viookup(Size,, ACI_bar _table,3)o-Ibf + ft Wiopo = 1.502-?
. Ibf
Wiotm = Vlookup(Slzebmb,ACI_bar_table,3)0-1bf + ft Wiotm = 5.313-?
. Ibf
Wioto := Vlookup(Slzebob,ACI_bar_table,3)0~lbf + ft Wioto = 2.044-T
t
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G. Bottom Reinforcing Development Length Past Critical Section
1) Middle Bars

Rebar yield strength: fyg = 75000-psi
28 day concrete strength: f, = 5000-psi
Bottom middle layer bar spacing: Sbotm = 9.00-in
Bottom middle layer bar diameter: diporm = 1.410-in
Reinforcement location factor: a:=1.0 <12 inches of concrete cast below (Reference 1a)
Coating factor: =1.0 uncoated
Reinforcement size factor: ~ 1= if (dipotm < 0.875:in,0.8,1.0) ~ = 1.0
Lightweight concrete factor: A:=1.0 normal weight concrete

. Shotm dibotm

min| T,ccbot + —
Spacing factor: ¢ := min - ,2.5 c=25
dlbotm

Tension development length past labotm = —————"dipotm lgbotm = 45-in (Reference 1a)
critical section: 40-X-c J f.-psi
2) Outside Bars
Bottom outside layer bar spacing: Shoto = 9-00-in
Bottom outside layer bar diameter: diporo = 0.875-in
Reinforcement size factor: N = if(diboto < 0.875-in,0.8, 1.0) ~y=10

. (Sboto dibotoj

min| ,CChot +
. . 2 2
Spacing factor: ¢ := min - ,2.5 c=25
dlboto
Tension development length past lgboto = ——————"dlipo1o lgboto = 28-in (Reference 1a)
critical section: 40- XCJ f.-psi
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H. Top Reinforcing Development Length Past Critical Section

1) Middle Bars

Top middle layer bar spacing: Stopm = 8:00-in
Top middle layer bar size: digopm = 0.750-in
Reinforcement location factor: a=13 >12 inches of concrete cast below (Reference 1a)
Coating factor: B:=10 uncoated
Reinforcement size factor: ~ 1= if (dijopm < 0.875:in,0.8,1.0) ~ = 0.8
Lightweight concrete factor: A:=1.0 normal weight concrete
. [ Stopm ditopm
Soacin fict min - »CCop + -
or:
pacing fae ¢ := min : 2.5 ¢=25
dltopm
Tension development length 3froafBy .
past critical section: Lytopm = —4o.x.cm -digopm lgopm = 25-in  (Reference la)
2) Outside Bars
Top outside layer bar spacing: Stopo = 8.00-in
Top outside layer bar size: dijopo = 0.750-in
Reinforcement size factor: ~ 1= if (diopo < 0.875in,0.8,1.0) ~ = 0.8
. | Stopo ditopo
Soacin fict min - »CCop + -
or:
pacing 18 ¢ := min : 2.5 ¢=25
dltopo
Tension development length i _ 3-fyro- By di 1 _ 95
past critical section: dtopo -~ 40 %e \/fc_pm ltopo dtopo = 25°1n
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l. Calculate Actual Bottom Moment Capacity
Width of footing at section: Wbotq = if(q <n,B+ 2-xq,D)
Wbot
-4/ 2-cc
Number of bars within , Woot, W, top
middle section: Npotm = if Wm < ,tI'unC N trunc
q 2 Sbotm Sbotm
H Wbot
Spacing of first bar beyond the . .
middle/outside boundary line: Sblbarq =if| Wy <——, Sbotm'nbotmq + Shoto = W, 0.0in
Number of bars across bottom of O'S(Wb"tq B 2Wm) B Sblbarq ~ “Crop . Whar
footing at section: Nyt = |Npoem  + | trunc + 1] if W<
q q Sboto
Ny Otherwise
q
Bar counter: ib:=1,2..1np
n+l’1j

Distance of bars from centerline
across bottom of footing:

Depth of footing for bottom
middle steel at point:

Depth of footing for bottom
outside steel at point:

Depth of each bar at
section:

Area of steel provided across section

at middle section:

Area of steel provided across section

Zpot,, = if| ib < Npotm .aib'sbotmasbotm'nbotm . + Spoto ib — Dpotm
ib n+n; n+n;j n+nj

X.
i .
dbotmi = hb + ;'hc — CCpot — dlbotm

dbotmj = 1'lb + hc — CCpot — dibotm

X.
i .
dbotoi = hb + ;'hc — CCpot — dlboto

dbotoj = hb + hc — CCpot — diboto

B
d = |if ibs > —
barbq’ ib botm 5

B he L
dbotm | Zoot, — < |'" if ib < Npotm
q ib 2/ a q

B) he .
dioto — | Zbot. — — |-— otherwise
q ib 2/ a

dpotm  Otherwise
q

. 1
Asbotmq = lf(xq 2 Cdbotz Ilbotmq'ZAbotmz E'nbotmq'ZAbotm) + Abotm

. 1
at outside section: Asbotoq = 1f|:xq 2 cdpor (nbotq - nbotmq)'Z'Abotoz E'(nbotq - nbotmq)'z'Abotoj|
Applying ACI minimum 0.0018-60000-psi
rein_forcing requirements' pB.min = max 000149 - . pB.min = 000144
. fyB
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Minimum area of steel
required at section:

Factored moment considering
minimum reinforcing
requirements at section:
Footing is separated into strips

containing one bar each. depth of Apotm =
compression block for each strip:

Depth of compression block for _
each outside strip: boto -=
Distance from section to end of bar

for continuous bars: Tpot1 @ib
Distance from section to end of bar ]
for cutoff bars: lboth’ b

Selection of appropriate bar end
distance for bar in question:

Factored moment capacity at section:

Agminb = pB.min~ConcreteVolume(xq)
q

Abotm ’ fyB
0.85- £, Sporm

Aboto' fyB
0.85-F.Sporo

. B B
1f|:zb0tib > 3 ,max[xq - (zbotib - ?) - ﬁ-cctop,0:|,max(xq - ccmp,Oﬂ

max(xq — cdpet, 0)

o B ib ib
lbth,ib = lf(lb'sbotm - E < Cdpor A ; * tmnc(?j :lbotzq’ibzlboth’ib)

Iy nbotmq I
ot a; ot a
. . q,1 botm . q, kk botm
OM ot = Py Abotm'fyB'rnln )1 '(dbotm - j + 2 Z Abotm'fyB'mln )1 '(dbarb & )
a 1dbotm a 2 K= 1 ldbotm 9 2
nbth lb
ot .. ay,
: Q.Jj oto
+2 Z Aboto'fyB'rnln 1 dbarb .
K 1db0t0 q,]] 2
n= (nbotm )+1
L q
Mubot
Check of factored moment vs. heck. . q
moment capacity at each section: chee bot,

nbot
q

(Reference 1a)

Mypot = if(Asbmm + Agoto < Agninb »"NG - BOTTOM R/F RATIO" ,max(Mubotl ,o))
q q q q q
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J. Calculate Actual Top Moment Capacity

: . 0.5 .
Applying ACI minimum 3-psi '\/?c 200-psi
reinforcing requirements: PT.min = Max ) PT.min = 0.0028
' fyT fyT
Width of footing at section: Wtopq = if(q <n,B + 2'Xaltan)
Wtop \/_
-4/ 2-cc
Number of bars within , Wiop, Wi top
middle section: Niopm = if| Wi < »trunc , trunc
q 2 Stopm Stopm
Spacing of first bar beyond the . meq .
middie/outside boundary line: Stibar_ = 1| Win < === StopmDiopm_+ Stopo = W, 0.0in
q 2 q
Number of bars across top of 0.5 (Wtopq - 2Wm) ™ Stlbar, ~ Ctop . Wiop a
footing at section: Ngop = | Ngopm + | trunc + 1] if W<
4 4 Stopo 2
Nyopy  Otherwise
q
Bar counter: it:=1,2.. nmpmn.
Distance of bars from centerline Zip, = if[it < Niopm_ 1 Stopm> Stopm Diopm__ + Stopo'(it ~ Nyopm )}
across top of footing: it D nenj n+n
Depth of footing for top middle Xalt, .
steel at point: dtopmi = hy + *he = ccop — ditopm
dtopmj = hy + h - CCtop — ditopm
Depth of footing for top outside Xalt, .
steel at point: Gltopoi = hy + ‘he = ceyop = ditopo
dtopoj =hy + h - CCtop — ditopo
B
Depth of each bar at dpare = |if it-Spm > =
section: q, it

dtom_
pq

NN

Z —— |'— 1 itsn
topit 7 a topmq

B he
d -z — — |-— otherwise
topoq ( topit 2) a

dtopmq otherwise

Area of steel provided across section .
at middle section: Astopmq = if Xaltq 2 Cdtopantopmq'zAtopma E'ntopmq'ZAtOpm + Atopm
Area of steel provided across section ) 1
at outside section: Astopo = if] Xalg 2 cdtop > (ntop ~ Diopm )'Z'Atopo s (ntop ~ Dtopm )'Z'Atopo
q q q q 2 q q
Minimum area of steel f
required at section: Asmimq = pT.min-ConcreteVolume(xq) (Reference 1a)
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Factored moment considering

" . ) ) 4
mnnmumremforcmg Mutop = lf(Astopm + Astopo < Asmint amax(_'Mutopl zoj amaX(Mutopl 70))
requirements at section: a a q a 3 d q
Distance from section to end of bar ) B B
for continuous bars: ltOplq,it = if Ziop,, > z,ma xahq = | Zop, — 3 - \/E-ccmp,o ,max(xaltq - cctop,O)
Distance from section to end of bar 1 _ d
of bar for cut off bars: P2y G max(xaltq = “Cop> 0)
Selection of appropriate bar end . B it it
distance for bar in question: ltopq’it = iff itStopm — 5 cdiop A 57 trunc 5 s liop2 q’itﬂltOpl Wit
Force developed in each middle bar liop .
including development length of fim = if| it <nyp , Aggpm fyrmin it 110
individual bars: q,it q Litopm
Force developed in each outside bar liop .
including development length of fo = if] it <nygy , Agpo-fyr-min =.1/,0
individual bars: a.it a Litopo
f,
e — — 4000
ta factor:
e Tactor B, = if| £, > 4000psi, max| 0.85 — 0.05.| = ,0.65(,0.85| B; = 0.80
1000
Xaltq ~ CCyop ntopmq ntopq
Dt?pth of nfeutral Atopm’fyr-min dtopm Tz z fsmq,kk 2 Z fsoq,jj
axis at section: kk=1 i= (ntopm )+1
Xop = 4
4 \Vtopq Bl'-gs'fc
Factored moment capacity at section:
i Xaltq — CCtop xo0p B3 |
d)Mmopq = Op| Agopm’ fyrmin| ————, 1 -(dbartq’1 - xopq) + meq~0.85-61-fc~x0pq- xop — T
dtopm
ntopmq ntopq
+2- f, -(d - + 2 f, -(d -
2 [Bmg (G iy~ 0P £ 2 2 [fiog (4o, =~ %P
kk=1 = (ntopmq)+1
Check of factored moment vs. Mutop
moment capacity at each checkio, = —1
section: q MntOPq
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Factored moment capacity in middle section at critical section:

) 1 . nbOtmn+nj lbot( ) " . -
n+nj), botm n+nj), botm
M = dp| Apgiy Fp-mi 1] d - +2 Aoy Fop-mi 1|4 -
¢ nbotmn+nj Op'| Apotm yB ml oo ( bOtmn+nj ) j Z botm " 'yB ldbotm |: barb(n+nj),kk 2
kk=1
dMpporm = 20250-kip-ft
n+nj
Factored moment capacity in middle section at critical section:
) g Ctop xop n+nj'Bl
¢Mnt0pmn+nj = Py Atopm'fyT'mln ldtopm )1 .(dbann+nj,l - Xopm—nj) + Wm'0.85-61'fC'X0pn+nj- Xopn+nj - )
ntopmm_nj
+2 f; -(d -
Z |:Smn+nj,kk( banmnj,kk XOpn+nj)j|
kk=1 _
OMpopm = 6774-kip-ft
n+nj
Unbalanced wind moment on joint: Munbalancedw = Maw Munbatanceaw = 31305-kip-ft
q)Mnbotmn_m' + ¢Mm0pmn+n'
Fra(.:tion of wind moment New = L ! Yew = 0.86
carried by flexure: Munbalancedw
Unbalanced seismic moment on joint: MunbalancedEQ ‘= MdgQ Munbalancedeq = 14440-kip-ft
M + oM
Fraction of seismic moment _ ¢ “bormnmj ¢ POy .
carried by flexure: fEQ = M “Eq = 1.87
unbalancedEQ
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K. Bottom Moment Capacity Results
= Wiot = Asboto *+ ASbOtmq B Asmian B Mypot = OMpot = checkpy =
q= q q 5 5 q q
1 05|ft | 21.7|ft 45.2| -in 10.9| -in 0| kft 648 | k-t 0.00
2 1.0 22.7 45.2 11.9 0 1546 0.00
3 1.5 23.7 48.4 12.8 0 2507 0.00
4 2.0 24.7 51.5 13.8 0 3581 0.00
5 2.5 25.7 51.5 14.8 35 4838 0.01
6 3.0 26.7 54.6 15.8 114 6170 0.02
7 3.5 27.7 57.7 16.8 225 7625 0.03
8 4.0 28.7 57.7 17.9 367 8903 0.04
9 4.5 29.7 60.8 18.9 541 9537 0.06
10 5.0 30.7 64.0 20.0 745 10188 0.07
11 5.5 31.7 64.0 21.1 980 10908 0.09
12 6.0 32.7 68.3 22.3 1246 11556 0.11
13 6.5 33.7 68.3 23.4 1543 12262 0.13
14 7.0 34.7 68.3 24.6 1870 12967 0.14
15 7.5 35.7 69.5 25.8 2227 13665 0.16
16 8.0 36.7 70.7 27.0 2618 14368 0.18
17 8.5 37.7 70.7 28.2 3035 15064 0.20
18 9.0 38.7 71.9 29.5 3483 15725 0.22
19 9.5 39.7 73.1 30.7 3960 16360 0.24
20 10.0 40.7 73.1 32.0 4466 16942 0.26
21 10.5 41.7 74.3 33.3 5002 17534 0.29
22 11.0 42.7 75.5 34.7 5566 18133 0.31
23 11.5 43.7 75.5 36.0 6160 18730 0.33
24 12.0 44.7 76.7 37.4 6782 19337 0.35
25 12.5 45.7 77.9 38.8 7433 19952 0.37
26 13.0 46.7 77.9 40.2 8113 20565 0.39
27 13.5 47.7 79.1 41.6 8821 21188 0.42
28 14.0 48.7 80.3 43.1 9553 21818 0.44
29 14.5 49.7 80.3 44.5 10284 22446 0.46
30 15.1 50.0 81.5 45.0 11141 22737 0.49
31 15.7 50.0 81.5 45.0 11987 22852 0.52
32 16.3 50.0 81.5 45.0 12822 22932 0.56
33 16.9 50.0 81.5 45.0 13645 22974 0.59
34 17.5 50.0 81.5 45.0 14457 22979 0.63
checkbothrnj =0.63
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L. Top Moment Capacity Results
q= Xaltq = Wtopq AStOpoq * Asmpmq - Asmimq - Mutopq = ¢)Mntopq = Chethopq =
1 0.50 | ft 21.7 |ft 7.0] -in’ 215 in’ 14| -frk 158 | -ftk 0.09
2 1.00 22.7 7.5 23.3 37 469 0.08
3 1.50 23.7 7.9 25.2 69 748 0.09
4 2.00 24.7 8.4 27.1 109 1093 0.10
5 2.50 25.7 8.4 29.0 160 1365 0.12
6 3.00 26.7 8.8 31.0 220 1418 0.16
7 3.50 27.7 9.2 33.0 291 1541 0.19
8 4.00 28.7 9.7 35.1 373 1643 0.23
9 4.50 29.7 9.7 37.2 466 1734 0.27
10 5.00 30.7 19.8 39.3 570 1885 0.30
11 5.50 31.7 20.7 41.5 686 2508 0.27
12 6.00 32.7 22.4 43.7 815 3119 0.26
13 6.50 33.7 22.4 46.0 957 3821 0.25
14 7.00 34.7 22.4 48.3 1111 4560 0.24
15 7.50 35.7 23.3 50.6 1279 4861 0.26
16 8.00 36.7 24.2 53.0 1462 5110 0.29
17 8.50 37.7 25.1 55.4 1659 5359 0.31
18 9.00 38.7 25.1 57.9 1870 5616 0.33
19 9.50 39.7 26.0 60.4 2097 5878 0.36
20 10.00 40.7 26.8 62.9 2339 6145 0.38
21 10.50 41.7 27.7 65.5 2596 6411 0.40
22 11.00 42.7 27.7 68.1 2871 6686 0.43
23 11.50 43.7 28.6 70.7 3162 6965 0.45
24 12.00 44.7 29.5 73.4 3470 7249 0.48
25 12.50 45.7 30.4 76.2 3796 7533 0.50
26 13.00 46.7 30.4 78.9 4139 7825 0.53
27 13.50 47.7 31.2 81.7 4501 8121 0.55
28 14.00 48.7 32.1 84.6 4882 8422 0.58
29 14.50 49.7 33.0 87.5 5282 8723 0.61
30 15.28 50.0 33.0 88.3 5941 8936 0.66
31 16.05 50.0 33.0 88.3 6647 9026 0.74
32 16.83 50.0 33.0 88.3 7400 9060 0.82
33 17.60 50.0 33.0 88.3 8200 9060 0.91
34 18.38 50.0 33.0 88.3 9047 9060 1.00
checkmanrnj = 1.00
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M. Check Cutoff Locations (Reference 1a)
Distance to top bar cutoff location from edge of footing: cdip = 5.0-ft
. . cdtop
Counter corresponding to cutoff location: =
Xalt
1
Distance to cutoff location from edge of footing: Xar = 5.0ft

Factored moment capacity at cutoff location:

Footing effective depth at cutoff location:

Distance equal to effective depth from cutoff location:

Counter corresponding to bin below distance equal to
effective depth from cutoff location:

OMyop, = 1885k-ft

diopm, = 3.1ft

cdop + max(dmpmb, 1 2.dit0pm) =8.1ft

cdop + max(dtopmb, 1 2.dit0pm)
bunder := trunc| 2- bunder = 16

ft
Xalt =8.0 ft
under
Moment at distance equal to Mytopeutd = Muto Py
effective depth from cut: under
|:Mutop(b d +1) - N[utopb d }
. under under
+ (Cdtop + max(dtopmba 12'dltopm) - xaltb d ) 0.5f1
under, .
Mtopeutd = 1490-k-ft
Check factored moment at distance equal to effective Mytopeutd 079
depth from cutoff location: OM,, -
ntop,
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Distance to bottom bar cutoff location from edge of

footing:

Counter corresponding to cutoff location:
Distance to cutoff location from edge of footing:
Factored moment capacity at cutoff location:

Footing effective depth at cutoff location:

Distance equal to effective depth from cutoff location:

Counter corresponding to bin below distance equal to

effective depth from cutoff location:

cdpor = 0.0-ft
a Cdpor
*
Xy = 0.0t

¢Mnbotb = 0-k-ft

dooim, = 0.0ft

Cdbot + max(dbotmba dibotm) =0.11t

Cdbot + max(dbotmba dibotm)
bunderZ = trunc| 2- bunderZ =0

ft
X = 0.0ft
bunder2
Moment at distance equal to Mboteutd = Mubot
effective depth from cut: bunder2
|:Mub0t - Mubot :|
+(cd + max(d d&i x _ (bunder2+1) bunder2
( bot ( botmb’ botm) bun der2) 0.5ft
Mypoteutd = 0-k-ft
Check factored moment at distance equal to effective Mybotcutd a
depth from cutoff location: &M =0.00
nbotb
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IX-b. Moment Capacity of Bottom Reinforcement at 45 degree angle

Distance to critical section from _ \/; C _ .
centerline of foundation: Xo = 4 Xo = 90.4-in
Slant distance on critical section | D-B 2
from foundation edge to slope a, = (—) 2-( — j - X, a, = 33.9-in
transition point: 2 2
Geometric distance to transition point: C,:= \/5 a, Cy=479n
. oo . hC
Height of transition point: h:=hy+|—|-C h =37.3-in
a
Number of bars between centerline Xo
and critical section: Nbarsdown = trunc \/E— Nbarsdown = 7
*Sbotm
Spacing to first bar on critical section: X, = V2 Sbotm — (Xo - \/E'Sbotm'Nbarsdown) x, = 11.43-in
Number of middle section bars: Nbarbm = Dpotm — Nparsdown Nbarbm = 14
n+n;
Distance to last middle bar: dyp = \/E'(Nbarbm - 1)~sb0tm +X, dyp=177-in
— — CCop — dtp
Number of outside section bars: Nparbo = trunc| ————— Nbarbo = 9
2-5
Number of bars crossing the boto
critical section in diagonal
direction 1: Nbars1 = Noarbm * Nbarbo Nboars1 = 23
Bar counter for diagonal bars in by = 1,2.. Npasi
diagonal direction 1:
D_iStance frpm @nterline of bars in Xb = if|:bl > NbarbmaXN + \/E'Sboto'(bl - Nbarbm) X, + ﬁ'sbotm'(bl - 1)i|
diagonal direction 1: 1 barbm
. . . D .
Development lengths provided for Ly, = m1n|:100~1n,\/§-(— — CCiop ~ Xy, j:| Loyt := 100-in
individual bars: b1 2 ! b1
o . . . D

Depth of individual bars in d, = |hy + he = cCpor = dibom if X, <= = (ap + 2%,)
diagonal direction 1: 1 L2

h, —h D D

1%, —|— —a,||+h—(ccpy + di if x, >——-a
a, |: b, ( 5 p)j| ( bot botm) b, 5 p
h-(h,+h D
%{xbl - [; - (ap + 2~X0):|:| + he+ hy - (ccbOt + dibotm) otherwise
)
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Number of bars crossing the
critical section in diagonal
direction 2:

Average width of tributary.
area for individual bars:

Developed stress for individual bars
for diagonal direction 1:

Depth of compression block for
bars in diagonal direction 1:

Bar counter for bars in diagonal
direction 2:

Distance from centerline for bars
in diagonal direction 2:

Bar number crossing critical section
corresponding to the center line bar:

Type of bar that center bar is:

Types of bars that other bars are:

Type of bars that all diagonal
direction 2 bars are:

Development lengths provided for

D
(_ - CCtop) - (\/E'Sbotm - Xl)
2
\/5 Sbotm

Npars2 = trunc

D
2
b=———"7—
Nbarsl + NbarsZ
min{L;, ,L
\/E'fyB'Aboto ( "oy Ombl)
ol, = -min|

bl 2 ldboto

min(L;, ,L
\/5 . fyB' Apoim ( mbl 0mb1)
-min|

+ 1| Nparer = 24

b = 6.38-in

,1 if bl > Nbarbm

2 1dbotm

Glbl
al, =——
b1" 0.85-f.b

b2 = 132"Nbar52
>\b2 =X+

Centerbar := Np,rsdown + 1

2. Sbotm* (bZ) -2x 1

.. Centerbar
CLypy == | "cutoff" if ————
"noncutoff" otherwise

Othery,, == | "cutoff" if CL,, = "noncutoff"

"noncutoff" otherwise

. by b,
Cbarb2 := | Othery,,, if 7 > trunc 7
CLy, otherwise

L, := 100in
b2

,1| otherwise

Centerbar = 8

Centerbar
n¢| ————
2

Othery,,, = "cutoff"

individual bars:
Lowz = |if Cpy = "noncutoff”
b2 b2
. _ D .. D V2
mm[loom,\/i-(E — CCygp — >‘b2ﬂ if 3 Ny, < T~(D - B) - x,
2 2D 2
mi..[wo.in,\/i-[ (D-B) - X0:| — COyop + %B N, [%-(D -B) - xom otherwise
2
2 2| D 2
maxI:Oin,min|:100~in,\/§-|:§~(D -B) - x0j| — CCyop + g[z - >\b - |:§~(D -B) - x{H - (cdbOt - cctop)ﬂ otherwise
2
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Depth of individual bars in diagonal direction 2:

. . D
hy + h¢ — ccpor — dipgyn I >\b2 < 5 - (ap + 2~x0)

hy —h D . : D
.|:)\b2 - (5 - apﬂ +h- (chot + dlbotm) if >\b2 > E - a,

b (Zh: b -[xbz - B ~ (ay + 2-xo)ﬂ + g+ hy — (copor + dipoyn) Otherwise
Developed stress for individual bars V2 fyB*Apotm min(Linzbz ’ Louabz)
in diagonal direction 2: 0-21)2 = T, min ldbotm 1
Depth of compression block for szz
bars in diagonal direction 2: a2b2 = chb

Factored moment capacity at section:

Npars2 azkk ' |
+2 Z 02, 42, - >
| kk=1 B

|

Nbarsl al
Kk
PMppor = Piy| 2- z e G ™ o My = 23730-k-ft

Ultimate moment in bottom Mupot = 14457 -k-ft
reinforcement at critical section: n+nj
. Mubot .
Check of factored moment against heck. . - D0 v —
moment capacity at critical section: CECKpor == oM
nbot
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IX-c. Moment Capacity of Top Reinforcement at 45 degree angle

Distance to alternate critical
section from centerline of
foundation:

Slant distance on alternate critical
section from foundation edge to
slope transition point:

Geometric distance to transition point:

Height of transition point:

Vertical distance to the centerline
of top bars in outer section:

Vertical distance to the centerline of
top bars in middle section:

Number of bars between centerline
and critical section:

Spacing to first bar on critical section:

Number of middle section bars:

Distance to last middle bar:

Number of outside section bars:

Number of bars crossing the
critical section in diagonal
direction 1:

Bar counter for diagonal bars in
diagonal direction 1:

Distance from centerline of bars in
diagonal direction 1:

Development lengths provided for
individual bars:

_Jmop

Xalt.o -~ 4

1 D-B 2
Altp = E 2 > — Xalto

Ca1 = \/E 4altp

hC
hgje = hy, + " “Cale1

CCop + dltopm

Kl =
hyye — by
cos| tan| —
Aalt.p
CCop * disopm
K2 =
hb + hc - halt
cos| tan| ——
2'Xalt.o

Xalt.o
Nparsdown = trunc
\/E' Stopm

Xl = \/E'Stopm - (Xalt.o - ﬁ'stopm'Nbarsdown)
Npartm = Diopm  — Nparsdown
n+nj

dtp = \/E'(Nbartm - 1)'Stopm + Xl

— 7 CCtop — dtp

Nparto = trunc
2. Stopo

Nparst = Npartm + Nbarto

bl = 1,2 "Nbarsl

x, = if|b; > N ,X
b, |:l bartm Nbartm

D
Li, = min| 100-in,y/2:| = — -
iny, m1n|: in ( 5 CCiop — Xy, lj:|

Xalto = 79.5+in

aalt.p = 44.8-in
Cyiq = 63.3+in

hyy = 40.3-in

K, = 2.86-in

K, = 2.78-in

Noarsdown = 7
X1 = 11.03-in
Npartm = 17

dp = 192-in

Nparto = 9

Npars1 = 26

LOutbl := 100-in

+ 2'St0po'(b1 - Nbartm)axl + 2'St0pm'(bl - 1)i|
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dDifgcﬂt}(?IfiI'ldwldual bars in diagonal dbl = |hy + he - CCtop — dltopm if Xbl = 5 - (aalt.p + 2'Xalt.o)
hy, — hyye D b K i oD
—x, - |—-—a - if x ——a
Baicp by P alt.p alt 1 by P alt.p
h It — hb +h D
%'[Xbl - |:E - (aalt.p + 2~xalt'0):|:| + h¢ + hy — K, otherwise
“Aalt.o
D
Number of bars crossing the ; — CCtop | — (\ﬁ'stopm - X 1)
critical section in diagonal Npare = trunc + 1| Npars2 = 27
direction 2: \/5 Stopm
min(L;, ,L
Developed stress for individual bars = \/E'fyT'Atopo ( "y Ombl) i
for diagonal direction 1: Glbl = ) “min 1 1| if by > Niarm
dtopo
in(L;, ,L
\/E'fyT'Atopm ) mm( mbl outbl) .
-min ,1 | otherwise
2 ldtopm
Bar counter for bars in diagonal
direction 2: by = 1,2.. Nyars2
Distance from ce{lterlu.le for bars >\b2 =X, \/E.stopm.(bz) - 2%,
in diagonal direction 2:
Bar number crossing critical section Centerbar := Ny, rsdown + 1 Centerbar = 8

corresponding to the center line bar:

CLpy = | "cutoff" if

Centerbar ‘ Centerbar
Type of bar that center bar is: > trunc

"noncutoff" otherwise

Types of bars that other bars are: Othery,, == | "cutoff" if CL,, = "noncutoff" Othery,,, = "cutoff"
"noncutoff" otherwise
: b, b,
Type of bars that all diagonal Cpar = |Othery,, if — > trunc| —
direction 2 bars are: b2 2 2
CLy, otherwise
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individual bars:

Lout2 if Cbarb2 = "noncutoff”

b2 o

4

maxI:Oin,min|:100~in,\/§'|:£

4

Depth of individual bars in diagonal
direction 2:

Developed stress for individual bars in

Development lengths provided for L

:= 100in

1n2b2

. . D .. D V2
m1n|:100~1n,\/2-(5 — CCiop — )\bzﬂ if E - >\b2 < T~(D - B) — X0
. . V2
mi 100~1n,\/2- —-(D-

2|D 2
B) - xalt_o} = CCp + %[— - >\b - |:£-(D -B) - Xalt'o:m otherwise
2

2 4

2| D 2 .
(D-B) - xalt.oj| — CCp + £|:E - >\b2 - [%-(D - B) - xah‘oiﬂ - (cdtop - cctop)ﬂ otherwi

2

by = | Mo+ e = cCup = digpm if N <= - (2itp + 2-Xaito)

D D
AN, —|——a +hy —Ky if A\ >——-a
Baicp |: b, (2 alt.p):| alt 1 b, P alt.p

hae = (hy +he) [ D _
T. >\b2 - |:E - (aalt.p + Z.Xalt'()):ﬂ + h, + hy — K, otherwise

Sllw}

hy, — gy

alt.o

. \/E fyT' Atopm mln(LiHsz s Lout2b2)

Project\WorkFiles\3-12_Nobles RePower 1.6-91

. A, g2, min ,1
diagonal direction 2: by 2 Latopm
Nbars1 Npars2
Z crlii + Z o2..

Footing is separated into strips — — .
containing one bar each. Depth of Agop = n= J= ayp = 0.90-in
compression block for each strip: D

0.85-f,—

2
Factored moment capacity at critical section:
Nbars1 1
3top
PMyyiop = bp| 2- z ol | dy - - OM,yqp = 8662-k-ft
kk=1
Npars2 a
top
+2. Z Iozkk(dzkk - Tm
Ultimate moment in top Myop = 9047 k-ft
reinforcement: e+
. Mutop
Check of factored moment against heck.  m n+n; S —
moment capacity at critical section: ChecKop -= M.,
ntop
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IX-d. One-Way Shear Capacity Check

Plan location of section:

Depth, d, as a function of distance
along the sloped portion of the
foundation is:

Determine controlling load case:
Location of critical section from
edge of footing:

Array counter for all slices up to the
critical section:

Shear capacity between edge and a:

Shear capacity between a and X!

i i
X, = —-ft X. = max(Xx) + (Xface - max(x))-J
L2 J n;
X. dlb .
d.:=hy+ —l-hC — CChot — —=
i a >
dibotm
dj = hy, + he = cCpot — T
Vy = lf(|VuW | 2 |VuEQ | »Vaw aVuEQ)
q q q q q
Xeritical *= Xface ~ dn +n; Xeritical = 12.6 ft (Reference 1a)
X eritical
qcs:= 1,2 .. trunc eritica +1
0.5ft

1

h
.2 c
OV = by 2:psi e B-d. + 2-xi-(di - Xlﬂﬂ (Reference 1a)

1

h i 1
OV, = by 2:psi” [T B-d, + 2~a-(d. - —"ﬂ (Reference 1a)
i j j

L 2
Asbotoi + Asbotmi
Reinforcing ratio at section rtho, :=
between edge and a: ! h,
B-d.+2x.-d —x.-
i il i1 i9.a
Reinforcing ratio at section — Asboto, + ASbOtmj
between a and edge: o = h
B-d. + 2-a-[d. - —Cj
J J 2
1 1
: 2 3 he
Capacity between edge and a: OV = byl 8-psi \/?C (rhox) | B-d. + 2-xd. - x-—
i i i il i i9.a
, 1 1
Capacity between a and Xg,. 3 3 he
¢Vn2j = ¢, 8-psi \/?C (rhoxj) . B~dj + 2-a dj - ?
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Shear Design Results Vu Vu
qes  _ Qs _
qcs = Xges T dqcs - qucs - d)ancs - ¢Vn2qcs - ¢ancs ¢Vn2qcs
1 0.5 [ft 25.5| -in -18| k 703| °k 533| k -0.03 -0.03
2 1.0 26.6 -25 766 565 -0.03 -0.04
3 1.5 27.8 -32 832 610 -0.04 -0.05
4 2.0 28.9 63 898 656 0.07 0.10
5 2.5 30.1 127 967 689 0.13 0.18
6 3.0 31.3 190 1036 736 0.18 0.26
7 3.5 32.4 253 1107 783 0.23 0.32
8 4.0 33.6 316 1180 817 0.27 0.39
9 4.5 34.7 378 1254 866 0.30 0.44
10 5.0 35.9 440 1330 916 0.33 0.48
11 5.5 37.1 501 1407 951 0.36 0.53
12 6.0 38.2 563 1485 1007 0.38 0.56
13 6.5 39.4 624 1565 1043 0.40 0.60
14 7.0 40.5 684 1647 1079 0.42 0.63
15 7.5 41.7 745 1729 1122 0.43 0.66
16 8.0 42.9 805 1814 1164 0.44 0.69
17 8.5 44.0 865 1900 1201 0.46 0.72
18 9.0 45.2 924 1987 1244 0.47 0.74
19 9.5 46.4 983 2076 1288 0.47 0.76
20 10.0 47.5 1042 2166 1325 0.48 0.79
21 10.5 48.7 1100 2258 1370 0.49 0.80
22 11.0 49.8 1158 2351 1415 0.49 0.82
23 11.5 51.0 1216 2446 1453 0.50 0.84
24 12.0 52.2 1273 2542 1498 0.50 0.85
25 12.5 53.3 1330 2640 1545 0.50 0.86
26 13.0 54.5 1387 2739 1583 0.51 0.88
Xeriti
ii:= 1..trunc( : tcalj + 1
0.5ft
Vu. Vuii
vals.. := - Valsii . oV,
oV, i
1
|CheckShear1 := max(vals) = 0.51 | |CheckShear2 := max(vals) = 0.51 |
\A o \'A i
(Xcrmcalj (Xcrmcalj
trunc| ——— |+1 trunc| ——— |+1
0.5t 0.5ft
OutputghearcriticalSection] *= OutputghearcriticalSection? *=
A . GV y
(Xcrmcalj (Xcrmcalj
trunc +1 trunc +1
0.5ft 0.5ft
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4000,
3550
3100
v
Uges 2650
Factored Shear vs. k 2200
Shear Capacity - vV,
qcs
1750
Xeritical = 12.6 ft k

dVyy 1300
qes

ko g5

400

- 50

- 500
0 093 186 2.79 3.71 464 557 65 743 836 929 1021 11.14 12.07 13

Xqcs

ft
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IX-e. Pedestal Two-Way Shear Capacity Check

Effective depth at face of pedestal

Effective depth at face of pedestal

Area of critical section:

Polar moment of inertia
of critical section:

Perimeter of critical section:

Half critical section width:

Weight of pedestal:

Unfactored vertical wind
load on critical section:

dmid = hb + hc — CCpot — dibotm

dmid = 57.6-in

D (C dmid
—_— — + —
2 2 2

dface = if] E + T < E,dmid,hb +

C+ dfacej

Ac = 27T'dface'( )

a

dppee = 56.3-in

A, = 46066-in>

3

Jo= Tr'dface'( )

2

C+d
2

C+d
c:i= - e (interior column)

W, = 79-kip

Pyi= Wi+ W, + (hC + hb)- ﬂ-( 5

3 3
C+ dfacej + dface (C + dfacej

2
C+ dface)

by = 818-in

¢ = 130-in

Ve oo

2 2
C+d C
e T | e R

'hc — CCpot — dibotm

J,=3.98 x 10%-in”

Py = 851k
. . . 2
Unfactored vertical seismic _ C + dpee
load on critical section: Ppq = Wop + W, + (hc - hb). b 2 e
2 2
C+ dface C
+’sttop'|:hs - (hc + hb)]' N(T - ﬁ(;)
PEQ = 8561(
Unbalanced wind moment on joint: M nbalancedw = 31305-kip-ft
Fraction of wind moment that can ~New = 0.86
be carried by flexure:
Fraction of wind moment carried Now = max(0.4, 1 - 'wa) Nyw = 0.40
by shear:
Factored shear stress due to _ o Pw  YywMunbatancedw ¢ — Tlpsi
wind load at critical section: Vuw -= A, + j Vaw = 71-psi
c
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Unbalanced seismic moment on joint:

Fraction of seismic moment that can
be carried by flexure:

Fraction of seismic moment carried by
shear:

Factored shear stress due to

MunbalancedEQ = 14440-kip-ft

Vg = max(0.4,1 - Ypq) Vi = 0.40

ageqQ PEQ . VvEQ  MunbalancedEQ*€

seismic load at critical section: VuEQ = A, ] VugQ = 45-psi
C
Determine controlling load case: V= max(qu,VuEQ) v, = 71psi
Be=1
oy = 40
b, =0.75
Shear stress capacity: = in | 2 + 4 O dice +21,4 ,,f i
P: : ¢V, = dymi . 5 b ,4 |- £ psi b, = 212-psi (Reference 12)
Check of factored shear stress vs. Vu 4
shear stress capacity: v. 0.3
C
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X. Concrete Design - Fatique Loads

A. Design Functions

Function describing the volume of concrete for each slice of the moment/shear calculations.

ConcreteVolumeFat(y) := |hy,-(B + 2-y) + X-hc-(B +y) ify<a
a

hy- (D) + he(B + a) otherwise

Functions describing the weight of the soil wedge pieces acting on each slice of the moment/shear calculations.

StaticSoilWedgeWeightFat(wsd,ﬁ{ss) = |Vsa

B- tan( efat)

VariableSoilWedgeWeightFat(y, ”fsda”fss) =

B- tan( efat)

(hy - hb)2 if dgwrr 2 hs = hy,

5 [ ss (hs —hy - dGWTF)2 + ‘fsd[(hs - hb>2 - (hs = hy - dGWTF)z:H otherwise

0 if dgwtr = hg — hy
otherwise

2 2 20 .
\2-tan(64,)- —hy — - — (hy— hy - <
2 tan(e t) |:’\{SS (hS hy, dGWTF) + ’st|:(hs hb) (hS hy, dGWTF) ﬂ if y<a

tan(efat)'[’Yss (hs - hy, - dGWTF)2 9 sdI:(hs - hb)2 - (hs —hy - dGWTF)zﬂ otherwise
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Function describing the volume of dry soil over each slice of the moment/shear calculations.

DrySoilVolumeFat(hj,y) := |if

if

dgwTtr 2 hg — hy
2

[(hs ~ hy) - %-hc}(B AN AL 2-tan(0g)-(ng — hy)” if y <a

a
DJ(hy — hp) = he] + hea + tan(Bg,,)-(h — hy) otherwise
dgwrtr < hg — hj

dGWTF'(B + 2y) if y <a

D-dgwtr otherwise

otherwise

2

h, a 2| .
_h_'<hs_hb_dGWTF) if y<a

C

[(hs — hy) - fhc}(B +2.y) +

hC

[D-(hs ~ hy— hy) + {hc-a L I dGWTF)Zﬂ otherwise

Function describing the volume of saturated soil over each slice of the moemnt / shear calculations.

SaturatedSoilVolumeFat(hj,y) :=

0 if dgwre = hy — hy
if dgwtr <hs —hj

2-h

y
(B + 2-y)-(hs —hy— Loh, - dGWTF) + if y<a
a
(hs —hy—h,- dGWTF)'D + h.a otherwise

(hs — hy - dGWTF)2 otherwise

2
hC

Function describing the effect of groundwater on the material weights over each slice of the moment/ shear calculations.

BuoyancyWeightFat(y) := |0 if dgwtp = hg

if dGWTF < hs

(B + 2-y)-(hy - dgwrr) if y<a

(hS - dGWTF)-D otherwise
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B. Bottom Reinforcement

Depth to reinforcement at critical
section for flat portion of footing:

(Reference 7)

dfaceZ = hb + hc — CChot — I'Sdibotm — lin

dgcer = 55.9-in

w.
Width of Concrete Resisting Fatigue: wg:= OD + 3.(h ot hb) Bf =61-%
Cap width to be within "middle" strip: Wy = min(wf, 2'Wm) we = 30.45 ft
Area of steel across critical section: A= — A A, = 633-in
of steel across critical section: = Apotm s = 63.3-in
Sbotm
. . wr— B h¢
Footing Depth at Edge of Section: dedge = dface2 — -: = 44.58-in
- wi— B [ degge + dfacen
Concrete Area Resisting Shear: Agyee = Brdgeer + 2- > ( e > b Appee = 19758-in2
C. Fatigue Soil Bearing Pressure
MUnique, o
. - qrnorth
Service load eccentricity: fNorth = nor
Qtnorth Wiat
Circular radius of octagon: R := D R =25.00 ft
2
e
Effective soil area in bearing: ( 2) N rthqrnorth
ActNorth = 2-[\R"J-acos
qrnorth
2 2
+ ~€fNorth : J R™ - (efNorth )
qtnorth qnorth,
Ellipse soil width in bearing; DeNortn, = 2'(R - efNorthqrmh)
2
beNorthqr Lh
no:
Ellipse soil length in bearing: leNO“hqrnorth = 2R =11 - 2.R
leNorth
. . . . 1 — [A . qrnorth
Effective soil length in bearing; effNorth i’ L — DeNorth
drfnorth
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lefNorth
b grnorth
Effective soil width in bearing; effNorth n leNorth eNorth - b
qrnorth
£ . Wfat
Maximum fatigue bearing pressure: fNort Gfnorth AttNorth
north
D beﬁNorthqr "
nor
xstartNorth =_-=¢ rth -
qrnorth 2 qrnorth 2
> _(D-B)? 2
Foundation plan Appe = D7 — 2-( ) Apase = 2071 ft
area: 2
Section modulus of foundation for 2lg4n 3
normal orientation: Snormal = Snormal = 13684-ft

D

Wiy = 1926-kip

Wr,
L = 930-psf
base
. . Wfat
Moment at which the foundation M axift ©= = *Spormal = 12725-k-ft
lifts: Abase
Maximum soil pressure at point _ Wht  Muaife a ¢
when the foundation lifts: Omaxlift = A + S = 1860-ps
base normal
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Min and Max soil bearing pressure for each fatigue range:

Maximum soil pressure at point when the foundation lifts defined for each individual
fatigue load:

MUnique
- ‘ _ Wfat d nOrthqrnorth
north_max_soﬂtrapqrnorth = Apsse Snormal
MUnique MUnique
o . . ._ Wiat _ 1 northqrnorth i Wiat _ d northqrnorth 50
north.min.soil morth ‘ Abase Snormal Abase Snormal
"LIFT" otherwise
Guess for solver of soil bearing length: L, = %-D L, =37.50ft
Guess for solver of max soil pressure: fax = Omaxlift
The fqllowing function§ solve for FyaLs = Wy
the soil pressure assuming the dfnorth
pressure distribution is triangular D )
and lift-off has occurred on the MTOEVALSqr " = Wfat'; - MUmquenorthqr "
minimum pressure side of the e e
foundation: Given
a
- y
F= (B +2-y) |:max finax (_jj|
Ly
0
ra+B
y
+ D '|:fmax fiax (_ji| dy ..
Ly
J
a
L
+ [D - 2(3' +B - y)] fmax max( jj| dy
b
“a+B
a
- y
Mo = (B +2-y) |:max fmax'(_jj|y dy ...
Ly
0
ra+B
y
+ D'|:fmax — fax (—ﬂy dy ...
Ly
Y a
Lo
y
+ [D 2(3 +B - y)] |: max fmax'(L_jj|y dy
b
“a+B
Ly f
FUNCTION(F, M) := Find —,——
ft psf
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Solve the loop for the "LIFT" condition:

MapL, = FUNCTION(FVALS sMt0EVALS )O'ft if Oorth min_ soil = "LIFT"
Arnorth qrnorth Arnorth Arnorth
0 if Ohorth_min_soil # "LIFT"
Arnorth
Onorth_max_soiltri = 1:UNCTION(FVALS »MT1oEVALS )l'pSf if Onorth_min_soil = "LIFT"
qrnorth Atnorth Arnorth Atnorth

0 if Ohorth_min_soil # "LIFT"
~ 7 (dmorth

Select the actual pressure depending on if the soil pressure at each fatigue load depending on if "lift" has
occurred (triangular soil pressure distribution) or not:

— 1 -— "
Ohorth_max_soil = lf(o-north min_soil ="LIFT >Onorth_max_soiltri >Onorth_max_soiltrap
~ 7 drorth ~ 7 Amorth - qrnorth - qrnorth

Soil pressure output for each fatigue load (shown in partial tabular form and graphically):

Qlnorth = MUnique, o, = Onorth_min_soil = Onorth_max_soiltrap = Trnorth_max_soiltri = Onorth max_soil =
0 of kit 930 "Psf 930 "Psf 0| st 930 | Psf
1 38 927 933 0 933
2 76 924 935 0 935
3 114 922 938 0 938
4 ) 919 941 0 941
5 190 916 944 0 944
6 913 947 0 947
7 228 910 949 0 949
8 266 908 952 0 952
9 304 905 955 0 955
10 342 902 958 0 958
11 380 899 960 0 960
12 418 897 963 0 963
13 456 894 966 0 966
14 494 891 969 0 969
15 532 888 972 0 972
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D. Map Unique Matrix Loop Results back to full Minimum Markov or Rain Flow Matrix

Qthorth

Lomin = Z MapL, if Mpinnorth = MUnique, o,

qr qrnorth qr qrnorth

T, =0 . .
north 0 if Mminnorth # MUmquenorth
qr qrnorth
Qtnorth
Ominnorth_max_soil ‘= Z Onorth_max_soil if Mminnorth = MUniquenorth
qr qrnorth qr qrnorth
r, =0 . .
@north 0 if Mminnorth # MUmquenorth
qr qrnorth
Qthorth
Mapo—minnorth_min_soil = Z 0 if Onorth_min_soil = "LIFT"
qr qfnorth
Alyorth = 0 .
otherwise
Ohorth_min_soil if Mminnor‘[h = MUniquenonh
qrnorth qr qfnorth
0 if Mminnorth # MUniquenorth
qr qrnorth
0-minnorth_min_soilqr = |"LIFT" if N[apO-minnorth_min_soilqr =0
N[apO—minnorthiminisoilqr if Mapo—minnorthfminﬁsoilqr #=0
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E. Map Unique Matrix Loop Results back to full Maximum Markov or Rain Flow Matrix

Qthorth
Ly, = Z MapL,, if Mipaxnorth = MUniquey oy
qr qrnorth qr qrnorth
Qrnorth = 0 . .
0 if Mmaxnorth # MUmquenorth
qr qrnorth
Qtnorth
Omaxnorth_max_soil = Z Ohorth_max_soil if Mmaxnorth = MUniquenorth
qr qrnorth qr qrnorth
Qrnorth = 0 . .
0 if Mmaxnorth # MUmquenorth
qr qrnorth
Qtnorth

Mapo—maxnorth_min_soil = Z 0 if Onorth_min_soil = "LIFT"

qr qrnorth

Qfporth = 0 .
otherwise
Onorth_min_soil if Mmaxnorth = MUniquenorth
qrnorth qr qrnorth
0 if Mmaxnorth # MUniquenonh
qr qfnorth
O-maxnorth_min_soilqr = |"LIFT" if N[ap'D-maxnorth_min_soilqr =0
N[apO-maxnorthiminisoilqr if N[apO-maxnorthiminisoilqlr # 0
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F. Fatigue Load Bottom Moments and Top Moments at Critical Section

a

. y
N[fminbotNorthqr = | |:O-minnorth_max_soi1q -

J

Xface
( — D-( )d
+ Ominnorth_max_soil '(O-minnonhimaxisoil ) D\ Xface — Y)AY -
J ar Lpmin qar

qr

+— ConcreteVolumeFat(y)-~, ... '(xface - y) dy ...
+ DrySoilVolumeFat(hb + hc,y) Ysdbot -+

+ SaturatedSoilVolumeFat(hb + hc»Y)'”(ssbot

+ VariableSoilWedgeWeightF at[y,wsdbot,('\{ssbot - ww)] .

+ —BuoyancyWeightFat(y)-~,

mein
qr
0

a

Xface

J
0
+ —StaticSoilWedgeWeightFat[ﬁ{Sdbm,(ﬁ{ssbot - ﬂ{w)}xface

a

0

Xface
L D d
+ O-minnorth_max_soilqr - D'(O-minnorth_max_soilqr - 0-minnorth_min_soilqr) D\ Xface —Y)dy ...

a
Xface

+- ConcreteVolumeFat(y)-~, ... '(Xface - y) dy ...
+ DrySoilVolumeFat(hb + hc,y) Nsdbot -+

+ SaturatedSoiIVolumeFat(h;3 + hc,y)"\(ssbot

+ VariableSoilWedgeWeightFat[y,ﬁ{sdbot,(ﬁ{ssbot - ’\{Wﬂ .

+ —BuoyancyWeightFat(y)-~,,

%
0
+ —StaticSoilWedoeWeiohtFatl ~_w . [~ o . — ~ Vexe

—'(O-minnorth_max_soilqr)j|'(B + 2'Y)'(Xface - Y) dy ... if O-minnorth_min_soilqr

y
J |:0-minn0rth_max_soi1qr - B'(O-minnorth_max_soilqr - O-minnorth_min_soilqr):|'(B + 2'y)'(xface - y) dy

= "LIFT"

otherwise
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MimaxbotNorth =
qr

t=3 t=3 L TSUoOt> " TSSDOU IW[J TdctT

a

Ly

| O-maxnorth_max_soilqr -
qr

J

Xface
[ L D-( )d
+ O—maxnorthimaxisoilqr - '(O—maxnorthimaxisoilqr) D\ Xface — Y) dY -

) B

qr
+— ConcreteVolumeFat(y)-~, ... -(xface - y) dy ...
+ DrySoilVolumeFat(hb + hc,y) Ysdbot -+
+ SaturatedSoilVolumeFat(hb + hc,y)-'YSSbOt
+ VariableSoilWedgeWeightFat[y,'\(Sdbot,('\(SS;Jot - '\{W)] .
+ —BuoyancyWeightFat(y) -7,

y T i n
_'(o'maxnorth_max_soilqr)j|'(B + 2'Y)'(Xface - Y) dy ... if Umaxnonh_min_soilqr = "LIFT

0

a

Xface

“0
+ —StaticSoilWedgeWeightFat[ﬂ(Sdbot,(ﬂ(ssbot - ﬁ{w) ‘X face

a
X B+ 2 d herwi
J (-)-maxnorth_max_soilqr - D'(O-maxnorth_max_soilqr - O-maxnorth_min_soilqr) ‘(B + 'Y)' Xface = ¥) dy ... otherwise

0

Xface
L D d
+ o-maxnorth_max_soilqr - D '(O-maxnorth_max_soilqr - O-maxnorth_min_soilqr) ‘D\Xface —Y) Ay ...

a
Xface

+- ConcreteVolumeFat(y)-~, ... '(Xface - y) dy ...
+ DrySoilVolumeF at(hb + hc,y) Nsdbot -+

+ SaturatedSoilVolumeFat(hb + hc,y)-'yssbot

+ VariableSoilWedgeWeightFat[y,ﬂ(sdbot,(ﬁ(ssbot - ﬁ{W)] .

+ —BuoyancyWeightFat(y) -,

<0
+ —StaticSoilWedgeWeightFat[ﬁ(Sdbm,(ﬁ(ssbot - '\{W) "X face
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[ i [D_Xface_alt Tl
y .
MfmintopNorth = | max Ok-ft, |:0-minnorth_max_soi1 - —'(O-minnorth_max_soil )j|'D'(D — Xface alt ~ Y) dy ... if o,
ar J T Lymin ar
a
a
( y
+J Ominnorth_max_soil —'(O-minnorthimaxisoil ) (B + 2'Y)'(D — Xface alt — Y) dy ...
a  Lbmin a
qr
0
rD—Xface alt
+— ConcreteVolumeFat(y)-~, ... ~(D — Xface alt — y) dy ..
+ DrySoilVolumeFat(hb + hc,y) Ysdbot -+
+ SaturatedSoilVolumeFat(hb + hc,y)"\{ssbot
+ VariableSoilWedgeWeightF at[y,wsdbot,(wssbot - ’Yw)] .
+ —BuoyancyWeightFat(y)-~,,
70
+ —StaticSoilWedgeWeightFat[’ysdbot,(ﬁ{ssbot - ’Yw)]'(D - Xfaceialt)
Sembedring
+Wpean——— -
2
™ 2 Sembedring
+~(vo)(hye) | =7 | ==
({57 =
™ 2 Sembedring
+ _(’Yc - Fstbot)(hp - hpe)'(Z'C ) T
+ ~Mminnorth
L L qr L
- M —_
y
max| Ok-ft, J |:0-mim1onhmaxsoilqr - B'((-J-mir1north7ma)(7soilqr - O-minnorthminsoilqr):|'(B + Z-y)'(D ~ Xface alt — y) dy
0
{‘D_Xfaceialt
y
+ |:O-minn0rth_max_soil - _'(Uminnonh_max_soil ~ Ominnorth min_soil ):|'D'(D — Xface alt — Y) dy -
J a D qr qr,
a
"D_Xface_alt
+- ConcreteVolumeFat(y)-~, ... ~(D ~ Xface alt ~ y) dy ...
+ DrySoilVolumeFat(hb + hc,y) Nsdbot -
+ SaturatedSoilVolumeFat(hb + hc,y)~'\{ssbot
+ VariableSoiIWedgeWeightFa‘[[y,’\{Sdbot,(’\{SsbOt - ’Yw)] .
+ —BuoyancyWeightFat(y)-~,,
70
+ —StaticSoilWedgeWeightF at[“{sdbots(“{ssbot - ’YW)]-(D - Xface_alt)
Sembedring
+ _Wmean'
2
™ 2 Sembedring
+—(~{C)(hpe)-(z-c jT .

™ 2 Sembedring
+_(’\{c - 'stbot)(hp - hpe)'(_'c ) - o -
4 2
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||

_ra
MfmaxtopNorth = |
qr J
0
[‘D_xface_alt

J

+

a

+ _Mmaxnorth
qr

|:Gmaxn0nh max_soil
max_sollor

rD—Xface alt

+— ConcreteVolumeFat(y) -7, ... ~(D — Xface alt — y) dy ..
+ DrySoilVolumeFat(hb + hc,y) Ysdbot -
+ SaturatedSoilVolumeFat(hb + hc,y)"\{ssbot
+ VariableSoilWedgeWeightF at[Y:’stbot»(”{ssbot - '\(W)] .
+ —BuoyancyWeightFat(y)-~,,
70
+ —StaticSoilWedgeWeightFat[’ysdbot,(’Yssbot - ’Yw)]'(D - Xfaceialt)
Sembedring
+—Wiean————— -
2
™ 2 Sembedring
+—(’\{C)(hpe)-(z-c jT

+ _(A{c - Hfsdbot)(hp - hpe).(g.czj

| F ~Mmninnorth
ar

b

y
'(O-maxnorth_max_soilqr)j|'(B + 2'Y)'(D ~ Xface alt ~ Y) dy
qr

y
Omaxnorth_max_soil _— '(O-maxnorthimaxisoil ) 'D'(D ~ Xface alt — Y) dy
au L qr,

qr

Sembedring

2

if Omaxnorth_min_so;

M -
y .
1 J |:O-maxnorthmaxsoilqr - B'(O-maxnorthimaxisoilqr - O-maxnorthminsoilqr)j|'(B + 2'}')'(D ~ Xface alt — Y) dy otherwise
0
D—Xface_alt
( y
+ O maxnorth_max_soil _— '(O-maxnorth_max_soil ~ Omaxnorth_min_soil ) 'D'(D — Xface alt — Y) dy &
J a D qr qr
a
"D_Xface_alt
+ - ConcreteVolumeFat(y)-~, ... -(D — Xface alt ~ y) dy ...
+ DrySoilVolumeFat(h;3 + hc,y) Nsdbot -+
+ SaturatedSoilVolumeFat(hb + hc,y)~'\{ssbot
+ VariableSoilWedgeWeightFat[y,’stbot,(’\{SsbOt - “fw)] .
+ —BuoyancyWeightFat(y)-~,,
70
+ —StaticSoilWedgeWeightF at[“{sdbot»(”{ssbot - ’Yw)]'(D - Xface_alt)
Sembedring
+ _Wmean'
2
S .
™ 2 embedring
+ (o) (hye) | —-C° | /=2
(167 =2
™ 2 Sembedring
+_(’Yc - '\fsdbot)(hp - hpe)' —C | .
4 2
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| L+ ~Mmaxnorth J
qr

G. Fatigue Load Shear at Critical Section

a

y 1 i n
—'(O-minnorth_max_soilqr)j|'(B +2-y)dy ... if o-minnorth_min_soilqr = "LIFT

VEdminNorth = max Okip, | Ominnorth_max_soil _ —
ar I mein
qr

J

Xface
[ — Dd
+ Ominnorth_max_soil '(O-minnonhimaxisoil ) ' Y ..
J ar Lipmin a

qr

+— ConcreteVolumeFat(y)-~, ... dy ...
+ DrySoilVolumeFat(hb + hc,y) Ysdbot -+

+ SaturatedSoilVolumeFat(hb + hc»Y)"Yssbot

+ VariableSoilWedgeWeightF at[y,'\{sdbot,('\(ssbot - ww)] .

+ —BuoyancyWeightFat(y)-~,,

0

a

Xface

J
0
+ —StaticSoilWedgeWeightFat[ﬁ{Sdbm,(ﬂ(ssbot - ﬂ{w)]

a
y .
J |:O-minn0rth_max_soilqr - B'(Gminnorth_max_soilqr - O-minnorth_min_soilqr):|'(B + 2'}’) dy ... otherwise

0

Xface
4 Y . _  \lpa
+ Ominnorth_max_soil [ Ominnorth_max_soil ~ 9minnorth_min_soil : Y ..
-~ a D - -

a
Xface
+- ConcreteVolumeFat(y)-~, ... dy ...
+ DrySoilVolumeFat(hb + hc,y) Nsdbot -+
+ SaturatedSoilVolumeFat(hb + hc,y)-'yssbot
+ VariableSoilWedgeWeightFat[y,ﬁ{sdbot,(ﬁ(ssbot - ’\{W)] .
+ —BuoyancyWeightFat(y)-~,,
70
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VEdmaxNorth =
qr

| | + —StaticSoilWedgeWeightFat] Ysqbots (Vssbot — Yw) |

a

b

| O-maxnorth_max_soilqr -
qr

J

Xface
[ = Dd
+ Omaxnorth_max_soil '(O—maxnorthimaxisoil ) : y ..
a Ly qr

J

+— ConcreteVolumeFat(y)-~, ... dy ...
+ DrySoilVolumeFat(hb + hc,y) Ysdbot -+

+ SaturatedSoilVolumeFat(hb + hc,y)-'YSSbOt

+ VariableSoilWedgeWeightFat[y,'\(Sdbot,('\(SS;Jot - '\{W)] .

+ —BuoyancyWeightFat(y) -7,

0

qr
a

Xface

“0
+ —StaticSoiIWedgeWeightFat[ﬂfSdbot,(ﬂ(ssbot - ﬁ{w)]

a
0

Xface
y
+ Omaxnorth_max_soil _( maxnorth max_soil — Omaxnorth min_soil ) 'Ddy
a D qr qr,
a
rXface
+— ConcreteVolumeFat(y)-~, ... dy ...
+ DrySoilVolumeF at(hb + hc,y) Nsdbot -+
+ SaturatedSoilVolumeFat(hb + hc,y)-'yssbot
+ VariableSoilWedgeWeightFat[y,ﬂ(sdbot,(ﬁ(ssbot - ﬁ{W)] .

+ —BuoyancyWeightFat(y)- .

J
0
+ —StaticSoilWedseWeiohtFatl v . (~ o . — ~_ V1

'(o'maxnorth_max_soilqr)j|'(B +2y)dy .. if O-maxnorth_min_soilqr

= "LIFT"

y .
J |:O-maxnorth_max_soilqr - B'(O-maxnorth_max_soilqr - O-maxnorth_min_soilqr):|'(B + Z'y) dy ... otherwise

]
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I (=] t= L TSUoot> [ TSSDOT IW/J

H. Shear and Moment Summary

Results in partial tabular form:

qr = VEdminNorth = VEdmaxNorth = MfiminbotNorth = MfmaxbotNorth = MmintopNorth = M fimaxtopNorth =
0 153| ‘kip | 153 -kip 1191 | 1191| kit o kft | -1350| kit
1 153 153 1191 1191 0 -1350
2 153 153 1191| | 1191 0 -1350
3 Ei 153 1191 1191 0 -1350
4 =3 153 1191 1191 0 -1350
5 153 153 1191 1191 0 -1350
6 153 153 1191 1191 0 -1350
7 153 153 1191 1191 0 -1350
8 153 153 1191 1191 0 -1350
9 153 153 1191| | 1191 0 -1350
10 Ei 153 1191 1191 0 -1350
11 3 153 1191 1191 0 -1350
12 153 153 1191 1191 0 -1350
13 153 153 1191 1191 0 -1350
14 153 153 1191 1191 0 -1350
15 153 153 1191 1191 0 -1350
16 g 153 1191| | 1191 0 -1350
17 3 153 1191 1191 0 -1350
18 3 153 1191 1191 0 -1350
19 153 153 1191 1191 0 -1350
20 153 153 1191 1191 0 -1350
21 153 153 1191 1191 0 -1350
22 153 153 1191 1191 0 -1350
23 g 153 1191| | 1191 0 -1350
24 3 153 1191 1191 0 -1350
25 3 153 1191 1191 0 -1350
26 153 153 1191 1191 0 -1350
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I. Transformed Section Analysis at Critical Section

The neutral axis depth in the cracked
section is governed by the following
cubic equation:

Moment of intertia of transformed
section after the onset of cracking:

CUBIC:= 0
Given Xor o= 11.11-in
CUBIC = — C L B Ag(d )
- —n . . — X
3‘hc 5 mod"4¥s"\ Yface2 cr

Xer = Find(xcr) Xor = 12.92-in

xcr-a 3
3 2. Ker
B-x, h,
+
3

12

ICR =

ICR = 605 ft4

J. Compute Concrete and Steel Stresses

Elastic beam theory prediction of
minimum compressive stress in
concrete:

Elastic beam theory prediction of
minimum tensile stress in
reinforcement:

Elastic beam theory prediction of
compressive stress in concrete:

Elastic beam theory prediction of
tensile stress in reinforcement:

OstmaxNorth *=
qr

MfminbotNorthqr' Xer

OcminNorth = max| Opsi,
ar Icr

nmod'MfminbotNonhqr' (dfaceZ - Xcr)

+ nmod'As'(dfaceZ - Xcr)2

OgtminNorth = max| Opsi,
qr ICR

MfmaxbotNorthqr' Xer

OcmaxNorth ‘=
qr ICR

nmod'MfmaXbotNorthqr'(dfaceZ - Xcr)

Icr
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K. Compute Twisting Moments and Steel Stresses

Map results from unique

) Qthorth
matrices back to full b ° b M MUni
ices: effminNorth _+= Z effNorth 1 minnorth = Niqueyorth
matrices: qr qrnorth qr qrnorth
Qrporth = 0 . .
0 if Mminnorth # MUmquenorth
qr qfnorth
Qthorth
Xstart minNorth += Z XstartNorth if Mminnorth = MUniquenorth
qr dfnorth qr qfnorth
Alporth = 0 . .
0 if Mminnorth # MUmquenorth
qr qtnorth
Qthorth
ffminNorth = Z ffNorth if Myinnorth = MUniquey oy
qr dfnorth qr qtnorth
Arporth = 0 . .
0 if Mminnorth # MUmquenorth
qr dfnorth
Qthorth
leffminNorth = Z leftNorth if Myinnorth = MUniquey oy
qr dfnorth qr qtnorth
Arporth = 0 . .
0 if Mminnorth # MUmquenorth
qr dfnorth
. . . . 2

Minimum twisting moment leffminNorthqr -C
created by transfer of —2
b & strfesses to the Mtwist_min = min(beffminNorth >& — Xstart_minNorth )'ffminNorth :
pedestal width: qr qr qr qr 2

P:\Mpls\23 MN\53\23531012 Nobles Repower
Project\WorkFiles\3-12_Nobles RePower 1.6-91

3/29/2021
Version 5.2b

93




Nobles Wind Project

GE 1.6-91 80m HH RePower Foundation Barr Engineering Company

Project No. 23/53-1012 Evaluation Prepared by: SWS
Checked by: PFB/BKT
Map results from unique
. Atnorth
matrices back to full . 2 b M MUni
. . = 1 = nique
matrices: effmaxNorthqr z effNorthqrnonh maxnorthqr q nonhqrnorth
Qrnorth = 0 p p
0 if Mmaxnorth # MUmquenorth
qr qrnorth
Athorth
Xstart maxNorth -~ Z XstartNorth if Mmaxnorth = MUniquenorth
qr qrnorth qr qrnorth
Arnorth = 0 . p
0 if Mmaxnorth # MUmquenorth
qr qrnorth
Qtnorth
ffmaxNorth = Z ftNorth if Mppaxnorth = MUniquey, o,
qr qrnorth qr qrnorth
Qrnorth = 0 . .
0 if Mmaxnorth # MUmquenorth
qr qrnorth
Qtnorth
LeffmaxNorth == Z LeftNorth if Mppaxnorth = MUniquey, o,
qr qrnorth qr qrnorth
Qrnorth = 0 i .
01 Mmaxnorth # MUmquenorth
qr qrnorth
. . . 2
Maximum twisting moment leffmaxNonhqr -C
created by transfer of 5
b & strfesses to the Mtwist_max = min(beffmaxNorth >& = Xstart_maxNorth )'ffmaxNorth :
pedestal width: qr qr qr qr 2
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B D
Area of steel available in sloped Wn—— E - Wy )
foundation section to transfer N (Apotm) + (Apoto) = 19.3-in
twisting moments: - Sbotm Shoto

Depth to reinforcement at critical
section for flat portion of footing:

The neutral axis depth in the cracked
section is governed by the following
cubic equation:

Moment of intertia of transformed
section after the onset of cracking:

Elastic beam theory prediction of
minimum tensile stress in
reinforcement:

Elastic beam theory prediction of
tensile stress in reinforcement:

dface_twist = hy + he = cepop — dipgm

QUBIC = 0

Given Xer = 19.54-1n
2xcr2 Xer2 Xerz'@

QUBIC =
2 h,

~ Dmod- As_twist' dface_twist
Xepp 1= Find(xcrz) Xerp = 17.96-in

a 3
Xcr2'h_c Xer2

12

ICR_twist = + nmod'As_twist'(dface_twist

4
ICR_tWiSt = 1 5 3 . ft

Nimod- Mtwistiminqr' (dfaceitwist

dface_twist = 57.6-in

- X01'2)2

- Xcr2)

Ostmin_twist = Ma& Opst,
ar ICR_twist

Nmod- Mtwistﬁmaxqr' (dfaceitwist - Xcr2)

Ostmax_twist =
ar ICR_twist
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L. Concrete and Flexural Steel Stress Summary

Results in partial tabular form:

qr = OcminNorth = OcmaxNorth = OstminNorth = OstmaxNorth = Ostmin_twist = Ostmax_twist —
0 147 |psi 147 |Psi 4405 |Psi 4405 |Psi 14567 |Psi 14567 | Pst
1 147 147 4405 4405 14567 14567
2 147 147 4405 4405 14567 14567
3 147 147 4405 4405 14567 14567
4 147 147 4405 4405 14567 14567
5 147 147 4405 4405 14567 14567
6 147 147 4405 4405 14567 14567
7 147 147 4405 4405 14567 14567
8 147 147 4405 4405 14567 14567
9 147 147 4405 4405 14567 14567
10 147 147 4405 4405 14567 14567
11 147 147 4405 4405 14567 14567
12 147 147 4405 4405 14567 14567
13 147 147 4405 4405 14567 14567
14 147 147 4405 4405 14567 14567
15 147 147 4405 4405 14567 14567
16 147 147 4405 4405 14567 14567
17 147 147 4405 4405 14567 14567
18 147 147 4405 4405 14567 14567
19 147 147 4405 4405 14567 14567
20 147 147 4405 4405 14567 14567
21 147 147 4405 4405 14567 14567
22 147 147 4405 4405 14567 14567
23 147 147 4405 4405 14567 14567
24 147 147 4405 4405 14567 14567
25 147 147 4405 4405 14567 14567
26 147 147 4405 4405 14567 14567
27 147 147 4405 4405 14567 14567
28 147 147 4405 4405 14567 14567
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M. Check of Fatique in Concrete due to Compressive Stress

Material Coefficient for

Reinforced Concrete: Vedny = 135
Characteristic Compressive
Cylinder Strength: feek = fc:ck_c:onversion'fc feek = 32.8-MPa
Normalized Structural e —e [y foek o 31.0.MP
Compressive Strength: en = leek'| LT 00 Pa en = 31.0-MPa
Design Concrete fen
Compressive Strength: feq = f.q=22.9-MPa
Nedny
Ratio between smallest and largest i 3
stresses in compression zone: B=1i (Xcr >300mm, 1 90) 8= 100
Amplification factor to for linear stress o= max(1.0,1.3 - 0.3-8) o= 1.00
distribution in compression zone:
Compressive Strength
for Fatigue Check: fra = arfeq fra = 22.9-MPa
Exposure Factor: Ciany == 12
Fatigue Strength Parameter: Cs.:= 1.0
O ¢cmaxNorth
1 z
CSC'frd
Cidny
O cminNorth
- 4
. CSc'frd
Cycles Allowed: NeallowNorth  -= 10
qr
Cldnv
XdnvNorth =
ar O-cminNorthqr
] - ——+0.1:Cygnv
C5(:'frd
C2dnvN0rthnr = max|_1 + 0'2'(10g(ncallowNorthm\) - anvNorthm)a 1'O—|
O cmaxNorth .
1 q
CSC'frd
Cidnv' CodnvNorth -
ar O cminNorth
- 4
. CSc'frd
DeallowNorth  *= if] 1Og(ncallowNorth ) > anvNorth ,10 > DeallowNorth
qr L qr, qr qr]
Nfat "
Damage: Damagenoin = —
ncallowNonhqr
Accumulated Damage

(Section 6, M108):

Damage;otamNorth == ZDamageNorth

DamagegamNorth = 0.00 |

|if(Damaget0talN0rth < 0.33 , "OK" , HNGH) — "OK"
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N. Check of Fatigue in Concrete due to Shear
Concrete Area Resisting Shear: Apyee = 137 ft2
Characteristic Tensile Strength: fy = 0.48-(fcck~MPa)0'5 fy = 2.75-MPa
£ 0.6
Normalized Tensile Strength: fiy = fye| 1 — k fi, = 2.02-MPa
25-MPa
e o fig = 1.49-MP
Design Tensile Strength: @ i w = LAV
Design Constants: k, = 100-MPa
d; := 1000-mm
Anchored Reinforcement a2
on Tensile Side: As = 63:in

. dface2
Design Factor: k, := min(max(l.S - (:;lce , 1.0} 1.4) k, = 1.00
1
. kA'As
Deslgn Shear Strength: VCd := min| 0.3- ftd + 'Aface'k\n0'6'ftd'Aface'kv
Afcng'Aface
V.= 1488k
Design Shear Strength . ka-Ag
. . Vo4 .= minl 0.3:| f; + ——— |-k,,0.6-f -k .
Stated in Terms of Stress: ed "[ (td Nedmv-Apace | td" By Veq = 75psi
VEdmaxNorth
1 el
CSC'Vcd
Cldnv
EdminNorth
1 kil
Cs.V
Cycles Allowed: NycallowNorth = 10 T
qr
C1dnv
XdnvNorth =
ar VEdminNorthqr
] - —— 4+ 0.1-Ci gy
CSC'VCd
CodnyNorth = max[l + 0'2'(10g(nvcallowN0rth ) — XdnvNorth )7 I'O:I
qr qr, qr,
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VEdmaxNorth
1- El
CSC'Vcd
C 1dnv’ C2ngN0rth
ar VEdminNorth
1 z
. CSC‘Vcd
DycallowNorth  += if 1Og(nvc:allowNorth ) > anvNorth ,10 > DycallowNorth
qr L qr, qr qr}
Nfatqr
Damage: Damage norn =
ar NycallowNorth
qr
Accumulated Damage DamagevtotalNorth = ZDamageVNorth Damage rotalNorth = 0.00 |
vtotalNorth = V-

(Section 6, M108):

|if(Damagevmleh <0.33,"0OK","NG" ) = "OK"
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0. Check of Fatigue in Grout Bearing Stress

Material Coefficient for Plain Grout:
Exposure Factor:

Fatigue Strength Parameter:

Characteristic Compressive
Grout Strength:

Normalized Structural
Compressive Grout Strength:

Design Concrete
Compressive Grout

Strength:

Anchor Bolt Pretension Load:

Flange Outside Diameter:
Flange Inside Diameter:
Number of Bolts:

PVC outside diameter:

Bearing area at top of grout:

Section modulus at top of grout:

Ngdny = 1.35
Clgdnv =12
Csg:= 0.8
fgrtck = cck_conversion'f028
f
grtck

fon = fopter’| 1 —————
g Tk ( 600~MPaj

f

en
foq =

Ygdnv
Tore = 72-kip
OD = 4556-mm
ID = 4000-mm
N =140
dSDR = 1.660-in
T-dgpr

Agr = E-(OD2 - ID2) -N

4 4

7T 4 4
Syp = (OD - 1D )
#7 30D
2 T 4 2
+o| | N-—-dgpg + —-d
oD 64 SDR P SDR

£ = 52.4-MPa

g
fyn = 47.8-MPa
foq = 35.4-MPa

Ag = 5488-in”

N
t b . 2
Z [jcos[%-(})\—l)ﬂ

=1

2
D, .
+|:7'COS|:2?7T-(2->\ - 1):|:|

Sgrt = 217939-in°

) ' (Mfatminnorthqr) . Wiean  Tpre'N
Minimum grout fatigue stress due to fat_grt_minnorth -~
wind: ¢ & @ Sert Agrt Agrt
Maximum grout fatigue stress due to b . (Mfatmaxnonhqr) + Wiean  Tpre'N
ind: fat_grt maxnorth =
wind: - ar Sgrt Agrt Agrt
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bfatigrtimaxnorth
1 4
Csg fed
Clgdnv
bfat_grt_minnorth
1- T
Csqfoq
Cycles Allowed: Do grt allowNorth = 10 £e
_grt_ ar
C1 gdnv
Xbrg_grt_dnvNorth =
ar bfat_gn_minnorth .
1-— T 1 0.1.C
gdnv
Csgfoq

CZbrg_grt_dnvNorthqr = max[l + 0'2'(IOg(nbrg_grt_allowNorthqr) - Xbrg_grt_dnvNorthqr)z 1'0j|
bfatﬁgnﬁmaxnorth
qr

1
CSg'fgd

G gdnv’ C2brg7grt7dnvNorth
a bfat_grt_minnorthqr

1

n = if| log(n > X 10 Cse'lea n
brg_grt_allowNorthqr = 0g brg_grt_adlowNorthqr brg_grt_dnvNorthqra > brg_grt_allowNorthqr
Nfa’[qr
Damage: Damagey,g gt North =
ar nbrg_grt_alloWNorthqr
Accumulated Damage Damagebrg_grt_totalNorth = zDamagebrg_grt_North

(Section 6, M108):
Damagebrg_grt_totalNorth = 0.00 |

|if(Damagebrg_grt_totamonh < 1.0,"OK","NG" ) = "OK" |

3/29/2021
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P. Check of Fatique in Pedestal Bearing Stress

Characteristic Compressive
Cylinder Strength: fcckp = cck_conversion'fcp fcckp = 32.8-MPa
Normalized Structural cckp
Compressive Strength: fonp = fcckp'(l - 600-MPaj fonp = 31.0-MPa
Design Concrete fcnp
Compressive Strength: foap = foap = 22.9-MPa

Nednv
Grout thickness: ty = 0.00-in

m-d 2
. “dspr
Bearing area at bottom of grout: A= g-[(OD + tg)2 - (ID - tg)z} - N-T A= 5488-in2
. i 4 4

Section modulus at bottom of grout: S;:= —|:(OD + tg) - (ID - tg) }

32:(0D + ty)

A _ N —
4 2
2 T 4 T 2 D; 2.1t
+H————|N-—d +—-d . —-co§ —(2:Xx -1
(OD+1t,) | 64 0% 7 2 PR 2 [2 {N ( )ﬂ

Minimum fatigue stress due to wind:

Maximum fatigue stress due to wind:

Bearing strip (radial) at bottom of grout:

=1

M .
b ' ( fatmmnorthqr) N Wmean Tpre'N
fatminnorth =
qr Sl Al Al
M
. . ( fatmaxnorthqr) . Winean Tpre'N
fatmaxnorth =
* qr Sl Al Al

(0D +tg) - (ID - t,)
2

Astrip_l =

2
D .
{T‘J-CO{%-@»\ - 1)ﬂ I

S, = 217939-in°

Agrip 1 = 10.9+in

P:\Mpls\23 MN\53\23531012 Nobles Repower

102

Project\WorkFiles\3-12_Nobles RePower 1.6-91

3/29/2021
Version 5.2b




Nobles Wind Project GE 1.6-91 80m HH RePower Foundation

Barr Engineering Company

Project No. 23/53-1012 Evaluation Prepared by: SWS
Checked by: PFB/BKT
Angle of bearing within concrete: apny = Odeg opny = 0.0-deg
C—(0D+t,)
Critical bearing angle within concrete . 2 1
that defines the pedestal bottom edge: Qritical = MINY atan h -atan 5 Otcritical = 23.7-deg
P
Bearing strip (radial) within concrete at ) .
base ofpedestal: Astrip_Z = mm(Astrip_l + 2'hp'tan(mm(o‘DNVaOécritical))74'Astrip_lestrip_l + hp)

1

Agrip 2 = 10.9+in

3
Design Bearing Capacity ([ Astrip 2 .
Stated in Terms of Stress: Feq = fogymi P 1.3 Fea= 3326-psi
rp_
bfatmaxnorth
1- 4
CSC'F cd
Cldnv
bfatminnorth
1 4
. CscFed
Cycles Allowed: NyrgallowNorth = 10
qr
Cldnv
XbrgdnvNorth =
ar bfatminnorth .
| - ———L 4 0.1-C gy
CSc'ch

C2brgdnvNorthqr = max 1 + 0~2'(IOg(nbrgallowNorthqr) - XbrgdnvNorthqr)z 1'0i|

nbrgallowNorthqr = if] 1Og(nbrgallowNorthqr) > XbrgdnvNorthqra 10
Nfatqr
Damage: DamagebrgNorth =
ar NprgallowNorth
qr
Accumulated Damage Damagey,giotalNorth *= ZDamagebrgNorth

(Section 6, M108):

1

bfatmaxnorth
qr

CSC' Feq

Cianv' C2brgngN0rthqlr

1

bfatminnorth
qr

CSc‘ ch

> DprgallowNorth
qr]

DamagebrgtotalNorth = 0.07 |

|if(Damagebrgt0talN0rth < 0'33’ "OK" , NNGH) — "OK"
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R. Check of Fatigue in Bottom Steel due to Tensile Stress - Primary Direction

Design factors: C3;=19.60
C4=6.00
Tensile stress range in steel: AT sNorth = max| 1-p Si’(o'stmaxNorth ~ OstminNorth )]
qr qr qr,
Characteristic strength fo = fB
of reinforcement:
Material coefficient for reinforcement: s = 1.00

Check maximum tensile

fox
stress in steel: CheckStressyorthmaxa == if (max(ostmaxNonh) > Ni ,"No Good" ,"Okay”j = "Okay"

S
ACgNorth
Cy-Cylog —— &
10 MPa

Cycles Allowed: NgallowNorth =
qr
. 8 . 307
DgallowNorth  += lfKnsallowNorth >2-107,107 ", ngjiowNorth )
qr qr a
Nfatq1r
Damage: Damagegyoy = ———————
ar DgallowNorth
qr
Accumulated Damage DamagegiotaiNorth = zDamageSNonh DamagegotaiNorth = 000 |
stotalNorth = V-

(Section 6, M108):

|if(Damagest0talN0rth <0.33,"0OK","NG" ) = "OK" |
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S. Check of Fatigue in Bottom Steel due to Tensile Stress - Normal Direction

Design factors: C3;=19.60
C4=6.00
Tensile stress range in steel: Ao'stNorth_normalqr = max|:1 “psi, (O-stmax_twistqr - 0-stmin_twistqr)j|
Characteristic strength fo = fB
of reinforcement:
Material coefficient for reinforcement: s = 1.00
Check maximum tensile

. fsk
stress in steel: ChGCkStreSSNOI‘thmax:i = lf(max(o-stmax_twist) >, "No Good" s "Okay"j = "Okay“

S

( ACystN()l*t}Lnormal ar
C3—Cylog ——+
10 MPa

Cycles Allowed: NeallowNorth =
qr
. 8 307
DgallowNorth  += lfKnsallowNorth >2-107,107 ", ngjiowNorth )
ar qr qr,
Nfat .
Damage: Damagegoin = —
ar NgallowNorth
qr
Accumulated Damage
(Section 6, M108): DamagestotalNorth_normal = ZDamagesNorth
DamagestotalNorth_normal =0.00 |
|if(DamagestotalNorth_normal <0.33,"0K", "NG") = "OK"
P:\Mpls\23 MN\53\23531012 Nobles Repower 105 3/29/2021

Project\WorkFiles\3-12_Nobles RePower 1.6-91 Version 5.2b




Nobles Wind Project
Project No. 23/53-1012

GE 1.6-91 80m HH RePower Foundation
Evaluation

Barr Engineering Company
Prepared by: SWS
Checked by: PFB/BKT

T. Check of Fatigue in Top Steel due to Tensile Stress

Depth to reinforcement at critical
section for flat portion of footing:

Depth to reinforcement at critical

dfaceZ = hb + hc — CCtop — I'Sditopm — lin

dedge + dface2

section for sloped portion of footing: dface3 = P
The neutral axis depth in the cracked Given Xor = 11.49-in
section is governed by the following
cubic equation:
Wt Xer
CUBIC =

-B
+_nmod'|:M'Atopm '(dface3 - Xcr)

Stopm

Xop 1= Find(xcr) Xor = 6.95-in

Moment of intertia of transformed L e Wi Xer B A d 2
section after the onset of cracking: CR -~ + Omog- s, ““ltopm ( face2 — Xcr)
opm
(we - B) 2
+ Npod- 'Atopm '(dface3 - Xcr)
Stopm
4
ICR = 228ft
Elfis.tic beam theory predidion of 04" MfinintopNorth . (dfaceZ - Xcr)
minimum tensile stress in OgtmintopNorth 1= 4
reinforcement: ar Icr
Elastic beam theory prediction of 704" MimaxtopNorth -(dfacez - xcr)
maximum tensile stress in OtmaxtopNorth 1= qar
reinforcement: ar Ier

).

B
— Nipod- 'Atopm '(dfaceZ - X
topm

dgeer = 57.9-in

dpaees = 51.23-in
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Design factors:

Tensile stress range in steel:

Characteristic strength of

reinfarcament:

Material coefficient for reinforcement:

Check maximum tensile
stress in steel:

Cycles Allowed:

Damage:

Accumulated Damage
(Section 6, M107):

C; = 19.60
C4 = 6.00

Ao'sttopNorthqr = l’naXI:l ‘pst, (O-stmaxtopNorthqr - o-stmintopNorthqr)j|

fsk = fyT
v = 1.00

fi
CheckStressyorthmaxa = if (max(ostmaxtopNonh) > = ,"No Good" , "Okay") = "Okay"
A

S
AO-sttopNorth "
C3—C4' 10g Tq
10 ‘

307

DgallowNorth -~
qr

. 8
nsallowNorthqr = lf(nsallowNorthqr >2-107,100 ", nsallowNol‘thqr)

Nfat
._ ar
Damagegoin =
ar nsallowNorthqr

DamagestoptotalNorth =048 |

|if(Damagest0pt0talN0rth <0.33,"0K" ,"NG" ) = "NG"

DamagestoptotalNorth = ZDamagesNorth
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U. Check Fatigue Pullout Strength of Concrete (concrete only)

Minimum fatigue force due to wind:

Maximum fatigue force due to wind:

Area of Cone

Maximum stress
in concrete shear cone:

Minimum stress in
concrete shear cone:

4 (Mminnorthqr) W.

+ W,

Pfat_cone_mjnqr = max| Opsi, meanN P
;'Davg 7
4-(M
Ptat cone_max = ( maxnmhqr) ~ Winean + Wy
_cone_max E.D v
5 Pave ;

.2
Acone = 991.59-in
Pfatﬁconeﬁmax

ACOIIC

Ocone max ‘=
_max,

Pfaticoneimin
qr

Ocone min ‘=
_min,

max(crcone_max) = 65.35 psi

Acone maX(ccone_min) =62.23 pSi
Characteristic Tensile Strength: fy = 0.48-(fcck~MPa)0'5 fy = 2.75-MPa
£ 0.6
. . k
Normalized Tensile Strength: fiy = fye| 1 — : = 292.51 psi fi, = 2.02-MPa
25-MPa
e o fig = 1.49-MP
: : . td -~ td = 1.57-Mla
Design Tensile Strength: Nediv
Design Constants: k, = 100-MPa
d; := 1000-mm
Calibration Factor: U:=0.79 U-fq = 171 psi
Additional Reduction factor: Yef := 1.35
Design Shear Strength _ Ufigky
Stated in Terms of Stress: Ved_cone = et Ved cone = 127 psi
O'coneimax
1 z
Cser Ved cone
Cldnv
Ocone_min
_min,,
1
Ce.
Cycles Allowed: Neone allow = 10 S¢"Ved_cone
_allow,
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Cldnv

ar O-cone_minqr
- ——— 4 0.1-C iy
CSc'Vcdicone

€2dnvnr = max|_1 + 0'2'(10g(ncone_allownr) - anvm)a 1'0—‘

Ocone_max

A 0

1

Cse: Ved cone

Cldnv’CZdnv :
ar Ocone_min

ming,

1

Csc'Ved cone

Deone allow = if] 1Og(ncone allow ) > anv ,10 - >Dcone allow

- qr - qr, qr - L]

Nfa’cqr

Damage: Damage . =
ar Neone allow

x ar

Accumulated Damage Damagecone total = ZDamagecone

(Section 6, M108): Damagecope fotal = 0-00 |

|if(Damageme_mtal < 1.0,"0K","NG" ) = "OK" |
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lll. Foundation, Tower and Design Information

A. Unit Definitions and Foundation Dimensions k = 1000-Ibf ~ meter = m
Foundation width: D := 50-ft Pedestal C:= 17-ft Average b e 6 0.25in) (D-C
diameter: extension of pe 1= 0In + & )\ 4
. . pedestal above
Height of base: hy, ;= 28-in Height of center:  h := 34-in ground surface: h,. = 8.06-in
(above base)
Height of soil: hg := 7.5ft — h,,, Heightof hy, == hg —hy, — he + hy,
(from foundation . pedestal: .
bottom) hg = 81.94-in h,, = 28.00-in
=]
Height of embedment
ring above bottom of h.:= 10-in A
footing:
Minimum depth
of groundwater dgwr = 3-ft
below grade: i
Minimum depth of
groundwater below dgwtr == 3-ft
grade (fatigue): A ~
, ]
Top width: B:= D ]l.
1+ \/5
B =20.71ft J
Side width: a- DB Y ot
2
hF‘
a=14.64ft
1 ‘ he
h, ' ' L
Edge slope: e s Wﬁ 2 2
ge slope 3 atan(a] iw <{/9//// W —SNAS '
£ = 1095-deg 1 I n
c | 2h,
Ormier S1ope: §:= atan ? GroundwaterLocation := |if dgwr < hq
¢, = 1530-deg Within the Base" if dgwt = hg — hy
if dGWT < hs - hb
Bottom cover: CChot = 3-in
"Within the Center" if dgwr = hg — hy — h,
Top cover: CCrop = 2-In "Within the Pedestal" otherwise
"Below the Foundation" otherwise
GroundwaterLocation = "Within the Center"
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B. Tower Bottom Flange Dimensions

Flange outside diameter: OD := 4556-mm OD = 14.95ft
Flange inside diameter: ID := 4000-mm ID = 13.12 ft
Total number of bolts (2 circles): N:=2-70
Inner bolt circle diameter: D; := 4130-mm D; = 13.55ft
Outer bolt circle diameter: D, = 4426-mm D, = 14.52 ft
Average tower diameter: diower = 4300-mm — 26mm digwer = 14.02 ft
Thickness of tower flange: tfiange == 75-mm tfange = 2.95-In
Average bolt circle diameter: D; + D, .
Daygi= — Dyyg = 168.43-in
OD - ID
Width of flange: Wilange ‘= T Wiiange = 10.94-in
C. Stability Safety Factors
Minimum factor of safety: FSpin = 1.5 (Reference 1)
Minimum factor of safety: FSpminz := 1.0 (Reference 1)
D. Stiffness Requirements
5.0- 107~kN-m
Required dynamic rotational stiffness: Kipreq = —_
rad
Required dynamic translational _1.010°%kN
stiffness: Kyreq = -
E. ACI Reinforcing Information (Reference 1a)
"notused" 0.0001 O 0
3 0.375 0.11 0.376
4 0.500 0.20 0.668
5 0.625 0.31 1.043
6 0.750 0.44 1.502
Bar nominal size, diameter (in), 7 0.875 0.60 2.044
- . ACI bar _table :=
area (in?), and weight (Ibf/ft): 8 1.000 0.79 2.670
9 1.128 1.00 3.400
10 1.270 1.27 4.303
11 1.410 1.56 5.313
14 1.693 2.25 7.650
18 2.257 4.00 13.600
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F. Material Properties

Friction factor:
Concrete strength:
Steel yield strength (bottom
mat):
Steel yield strength (top mat):
Steel verts yield strength:
Steel modulus of elasticity:
Density of concrete:
Density of water:
Dry density of soil:
Design density of soil above

groundwater table:

Specific gravity of soil solids:

Design density of soil below

groundwater table:

Soil wedge angle from vertical:

Soil wedge angle from vertical
(fatigue):

Concrete modulus of elasticity:

Modulus reduction factor:

Conversion factor for concrete and
grout strength fatigue calculations:

pe = 0.4

f, := 5000-psi
fg := 75000psi
fyr := 75000psi
£,y == 60000-psi

E, := 29000ksi

Yo = 150pcf
V= 62.4pcf
Nq:= 105pcf

Ysdbot = Ya'(1 + 15.5%)

Vsdtop ‘= Vsdbot

G, = 2.70

1
Vssbot = (1 - aj'ﬁd + Yw

Vsstop = min(lzopCfaﬂfssbot)
1
0 := atan| —
2
0
Opy = atan(z)
f

E,:= 57000psi- | —
psi

P:= 0.8

fcck_conversion = (1 -5%)

Nsdbot = 121-pef

Nssbot = 129-pef

0 = 26.6-deg

Ot = 0.00-deg

E. = 4031-ksi

(Reference 7)

fcck_conversion =0.95

. ES
Modular ratio: Nyod = D E. Npog = 9.0
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G. Extreme Loading Conditions (Reference 3)
Misalignment Loading
Base moment: Mjign := 965kN-m Misalignment
angle (relative to
Majign = 712-ftk A := 45deg
Normal Extreme
Normal extreme load factor:
o= 1.35
Base moment: Base shear: Tower & turbine dead weight:
41406.2 546 2725.2
M, := kN-m H, = —kN Wi = kN
G'C Q‘C G'C
M, = 22622-ft-k H. =91k W, = 454-k
Abnormal Extreme
Abnormal extreme load factor:
o, = 1.10
Base moment: Base shear: Tower & turbine dead weight:
37785.1kN-m 526.8kN 2163.3kN
L= - Hy=——— Wi, =
0 0 0
M, = 25335-k-ft H, = 108-k W, = 442-k
H. Normal Loading Conditions - DLC 1.0
Base moment: Base shear: Tower & turbine dead weight:
My = 19257.1-kN-m Hy := 285.7-kN Wy = 2029.4-kN
My = 14203-ft-k Hy = 64-k Wy = 456-k
I. Normal Loading Conditions - DLC 1.1
Base moment: Base shear: Tower & turbine dead weight:
M, ;= 19257.1-kN-m H; | := 285.7-kN Wi 1= 2029.4-kN
Ml.l = 14203ftk Hl.l = 64k Wl.l = 456k
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J. Earthquake Loading Conditions

Seismic Design Criteria:

Sitecpag == "D"
- Building Occupancy Category: I

- Seismic Design Category: A

0.2 Second spectral response: Sg

1.0 Second spectral response: Sy

Table 11.4-1 Site Coefficient, F.

= 0.033

(Reference 1)

(Non-Essential Power Facility, Non Hazardous)

(Determination of Seismic Design Category)

= 0.069

Table 11.4-2 Site Coefficient, F,

Mapped Maximum Considered Earthquake Spectral Mapped Maximum Considered Earthquake Spectral
Response Acceleration parameter at Short Period Response Acceleration parameter at 1-s Period
Site Class | Ss<=0.25| Ss=0.50 | Ss=0.75 | Ss=1.00 | Ss>=1.25 Site Class | S1<=0.10| S1=0.20 [ S1=0.30 | S1=0.40 | 51 >=0.50
A 0.8 0.8 0.8 0.8 0.8 A 0.8 0.8 0.8 0.8 0.8
B 1 1 1 1 1 B 1 1 1 1 1
C 1.2 1.2 1.1 1 1 C 1.7 1.6 1.5 1.4 1.3
D 1.6 1.4 1.2 1.1 1 D 2.4 2 1.8 1.6 1.5
E 2.5 1.7 1.2 0.9 0.9 E 3.5 3.2 2.8 2.4 2.4
F See Section 11.4.7 F See Section 11.4.7
F,= 160 4 #NA  #NA F,=240  #NA
Importance factor: I:=1.00
Adjusted 0.2s response: Sms = Fa'Sg Sms = 0.11
Adjusted 1.0s response: Smi = F'Sy Sy = 0.08
. 2
Design response: Spg := E.SMS Sps = 0.07
2
SDl = ;SMI SDl = 005
Vertical seismic load effect: E, = if(Spg < 0.125,0,0.2:Spg)  E, = 0.00
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Seismic Design Requirements for Nonbuilding/Building Structures:

Response modification coefficient: R:=15
Long period transition period: Ty =12
Period coefficients: Ci=0.02
XEQ = 0.75
Height of structure: h, := 80-m
. . XEQ
Approximate fundamental period B h, T . <1
of structure: Tar = Ce ® S a1 = 135
Value of Cu is calculated based on Table 12.8-1 COEFFICIENT FOR UPPER LIMIT ON
ASCE 7-05 Table 12.8-1 CALCULATED PERIOD
Design Spectral Response Acceleration Coefficient
C,= 170 Parameter at 1s,SD1 Cu
>=0.4 14
0.3 1.4
0.2 1.5
0.15 1.6
<=0.1 1.7
Maximum approximate period: Ty = C, Ty T,=222s
Design period: T:= min(Tal,Taz) T=13s
. . Sps
Seismic response coefficients: g = — Cq = 0.049
R
T
AT Spi SprrTL
C82 = lf —X< TL’ T R N ) = 0027
sec THY(R T R
sec I - |7
sec I
Non-Building structure: Cy:=0.03
0.8-S;
Cy = if| S; > 0.6, ,0 Cg =0.00
T
C = max(min(Cy;,Cy), C3, Cg) Cs = 0.03
Minimum base shear: V= C¢W; V = 14-kip
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Structure Weights and Centers of Gravity:

Total weight of structure: W, 1 = 456-kip

Weight of Component
Tower bottom section:: W1 = 1215001bf
Tower lower mid section: W2 = 1122401bf
Tower upper mid section: W3 = 1040901bf
Tower top section: W 4= 0-1bf

Wind turbine nacelle and rotor:

Total tower weight:

Wind turbine nacelle and rotor:

Summary:

122
112
104

118

Wiwr = W1 +W2+W3+W4

Woi= Wi = Wiy

-kip

(Reference 3)

Approximate Center of Gravity

b 21925mm
1 2
b 25912mm
2

b 29463 mm
3

h4 = 0-mm

h5 = 80-m

Woyr = 338-kip

W, = 118-kip

0.0
11.0
34.9
62.6 |
0.0
80.0

+ 21925mm

+ 25912mm + 21925mm
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Determine Design Base Shear:

25 - —
Exponent related to AT T sec
period of structure: ko :=if ;SO.S,I,If;ZZS,Z,z—
ko= 1.4
Number of tower components: ntc:=1.5
Vertical Distribution Factor: Lateral Seismic Force at Each Level:
(h jko
ntc
w | —
ntc ft
C, = =C, -V
ntc ko ntc ntc
5 h.
w.| —
T\ ft
i=1
Cvntc - ch -
0.032 0.4|
0.149 2.0
0.314 4.3
0.000 0.0
0.504 A Q
5
Total lateral seismic .
force: Hgq = z (Fl) Hgq = 14-kip
i=1
5
Earthquake overturning Mgq := Z (Fi'hi) MEq = 2945-fi-kip
moment:

Base moment: MoE := ’ MHZ + MEQ2
’ 2 2
Base shear: HOE = Hl.l + HEQ HOE = 66-k

Tower & turbine dead weight: Wop = Wy | Wog = 456-k

Mog = 14505-ft-k
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K. Fatigue Loading Conditions

Mean shear:

Mean overturning moment:

Turbine & tower mean weight:

Fatigue Loading (Markov Matrix):

baseline :=

\Markov_Matrices_1228754_ Nab\er,l 6:97_80mHH_101_baseline.s
=

markov_baseline := augmen'[(baseline<0> , baseline<1> , baseline<2>>

(o Y 2
markov_repower := augment\repower = ,repower ,repower

Years of operation on baseline turbine:

Years of fatigue assumed baseline
turbine:

Years of operation on repower turbine:

Years of fatigue assumed repower

(Reference 3)

oo = {213.72 + 3.75kN = 213.73.kN Hpean = 214-kN

M pean = \/ 1270.2% + 15989.9%kN-m = 16040.27-kN-m M pean = 16040-kN-m

Winean = 2011.2kN

repower :=

Yearpageine = 11

Yearfat_baseline =11

Yearre]mer =20

Yearfat_repower =20

Winean = 452-kip

input raw Markov Matrix data - width/range, mean, cycles

\Markov_Matrices_1228754_ Nab\er,l 6-97_80mHH_r01_repower.t
o

rows(repower) = 47247

rows(baseline) + rows(repower) = 87242

. Y earpaseline O
Niat baseline = | = |-baseline
Yearfat_baseline

Nfat_baselineso = 424000

Year,

. repower <2>
Nfat_repower = ‘repower

turbine: Yearfat_repower
Nfat_repowerlo5 = 638000
© Niye = StaCk(Nfat_baselinwNfat_repower) rOWS(I\Ifat) = 87242
.. . .o
Minimum B basel
" MinBin baseline i baseline. — 23510 _ Np = 417000
2 509
(0
MinBi _ (1) repower
IBIN_Tepower := repower 2 MinBin_total := stack(MinBin_baseline, MinBin_repower)
Maxi Bins © rows(MinBin_total) = 87242
. . . {1 Dbaseline
MaxBin_baseline := baseline = + T
(o
. (1) repower . . : :
MaxBin_repower := repower ~ + T MaxBin_total := stack(MaxBin_baseline, MaxBin_repower)
rows(MaxBin_total) = 87242
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Bin counters:

;= length(Np, ) — 1 = 87241

Ar:=0,1..qt
North Bins

MinBin _:= if(MinBin total < 0,0, MinBin_total )
qr - qr - qr
MaxBin = if(MaxBin total < 0,0,MaxBin total )
qr - qr - qr
Minimum Moment (for Miner's Rule):
Méiminnorth = MinBin_-kN-m
qr qr

M fatminnorth

Hminnorthqr = max ‘Hinean» 0-01kN

mean
Mminnorth = Mfatminnorth + Hminnorth '(hp + hc + hb)
qr qr qr
Maximum Moments:

Mmaxfatigue = maX(Mmaxnorth)
Mminfatigue = maX(Mminnorth)

Fatigue moments are plotted below:

M

maxnorth
qr

kN-m

M

minnorth
qr

Doubleqr:= 0,1..2-qt + 1

South Bins

MinBin = if(MaxBin total > 0,0,-1-MaxBin_total )'
qr - qr - qr

MaxBin = if(MinBin total > 0,0,—1-MinBin_total )l
qr - qr - qr

Maximum Moment (for Miner's Rule):

Meimaxnorth = MaxBin_-kN-m
qr qr

Mfatmaxnorth

Hmaxnorthqr = max ‘Hppean» 0.01kN

mean

Mmaxnorthqr = Mfatmaxnorthqr + Hmaxnorthqr'(hp +he+ hb)

Mmaxfatigue = 25968-kN-m

Mminfatigue = 24989-kN-m

0 17460 34920 52380 69840 87300
qr
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L. Stack Min and Max Fatique Matrices and Sort

ascending order:
Sortouh = sort(Mnorth)

M
nOrthDoubleqr

kN-m

So
I'tnorthDoubleqr

kN-m

10000

Stack min and max Morth = | Mmninnorth if Doubleqr < qt
fatgiue matrices Doubleqr Doubleqr
and sort in M haxnorth if Doubleqr > qt

Doubleqr—qt—1

0 34920 69840 104760
Doubleqr

139680 174600
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M. Develop Unique Fatigue Matrix and Parse Zero Values

Develop matrix Unique,oh = [ Sort,p, if Doubleqr = 0
containing only the Doubleqr 0
unique fatigue Sort if Doubleqr # 0 A Sort # Sort
vah(lles: gu nOnhDoubleqlr whied A nOIthDoubleqlr nOnhDoubleqr—l
0 if Doubleqr # 0 A Sort, = Sort
! oubledr S0 1101’thDoubleqr © 1101mDoubleqr—l
Remove all "zero" MUniqueg := trim(UniquenOnh,match(O,Uniquenorth)) if min(Uniquenonh) =0
entires leaving ) ) ) .
only "non-zero" Unique, o, if mln(Umquemnh) >0
entries in the
MUnique matrix:
Determine the Qtnorth = length(MUniquenonh) - 1=498
quantity of
"non-zero” enfries Arporth == 0, 1 .. Qtyorth

in the MUnique
matrix to use as

Arnvntarc.

200007
Uni
nl(PblenorthDoubleqr
vy, KNm 10000f
MUnique,,orh
qtnorth
kKN-m
0 34920 69840 104760 139680 174600
~ 10000"
Doubleqr, qryorh
P:\Mpls\23 MN\53\23531012 Nobles Repower 17 3/29/2021

Project\WorkFiles\3-12_Nobles RePower 1.6-97 Version 5.2b




GE 1.6-97 80m HH RePower Foundation
Evaluation

Nobles Wind Project
Project No. 23/53-1012

Barr Engineering Company
Prepared by: SWS
Checked by: PFB/BKT

IV. Stability Analysis and Bearing Length Evaluation
A. Foundation Volume and Weight Calculations

> _(D-B)’ 2
Foundation plan A=D - 2( j A =2071-ft
area:
1'r~C2 3
Volume of pedestal: Vp = T-hp v, =20-yd
Weight of pedestal: Wy = VYo W, =79-k
. 2 11 2 1 3
Volume of footing: vi:= A-hy + B™h. + 4 ;?hc-a + E-B-hc-a ve=303-yd
Weight of footing: We = Ve W = 1226k
Total volume ] 3
of concrete: Ve = Vit Vp Ve = 322:yd
7T-C2 3
Total volume of soil: vgi= Ahg — vg — T~(hS —hy — hc) vg = 238-yd
8-B-tan(0) 2
3BEn®) )
2
2
I volume of soil (fati LRS - 3
Total volume of soil (fatigue) Vet := Arhg — vy — T-(hs - hy hc) Vegar = 207-yd
8 B-tan(efat) 2
+ (hy = hy)
2
Equivalent buoyant force: Fp = vy |if dgwr < hg
A(hy ~ dwr) if dgwr 2 hy— hy
8-B-tan(0
A(hs - dGWT) + %()(hs - hb - dGWT)2 otherwise
0 otherwise
F, = 501-kip
Equivalent buoyant force Fpfat == Yw |1f dgwtr < hg
(fatigue):

A'(hs - dGWTF) + 5

0 otherwise

A'(hs - dGWTF) if dgwrr = hg — hy,
8-B- tan( Gfat)

( s — hp — dGWTF)2 otherwise

beat = 495k1p
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Total weight of soil:
WS = if dGWT < hS — hb
) 2

Ysdvotr' dgwt| A — u
+f\{SSb0t'|:A.(hb + hC) - V{l

dgwt
8-B-tan(0
. ;n( )

Vs Vsdbot Otherwise

4

2
C -C .
J + Yssbot' (hs = hp = hg = dGWT)-(A - —] if dgwr <hy— hy = h,

8-B- 0
+ —tzan( )'[’Yssbot (hg = hy - dC,WT)2 + ’stbot[(hs - hb)2 — (hg— hy - dGWT)zﬂ
.2
’stbot'(hs —hy - hc)' A - ﬂT otherwise
[‘dGWT
a 2 a 2
+ Ysdbot” | 4.Bja—|— -(y —h,+ hpe) +2]a —||— ~(y —hy+ hpe) dy ...
| . z
he—hy—h,
rhs—hb

+ Nesbor J 4~B-[ - (hicj(y —hy + hpe)} +2]a’ - [(hicj(y —hy+ hpe)T dy| ...

'[Wssbot (hg - hy - dGWT>2 + ’stbot[(hs - hb)z — (hg—hy - dGWT>2I|

W, = 786-k
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Total weight of soil (fatigue):

Wigae:= [ 1f dgwr < hg = hy,
2 2
T-C -C .
Ysdbot dGwTE | A — + “{ssbot'(hs —hy —h - dGWTF)'(A - Tj if dgwrr <hs —hy, — h,
+’\{SSbOt.|:A(*'(hb) + hc) = Vgl ...
8-B-tanl Gfat 2 2 2
+ f'[ﬁ{ssbot (hs —hy — dGWTF) + Afsdb0t|:(hs - hb) - (hs — hy, - dGWTF) :|:|
2
-C
’stbot'(hs —hy - hc)(A - ﬂT) otherwise
(‘dGWTF ;
a 2 a
ﬂSdbOt'J 4-B-|: - (—j-(y ~h,+ hpe)} +2a" - K—j-(y ~hy+ hpe)} dy ...
hC hC
hy—hy—h,
hs_hb
( a 2 a 2
+~Nssbot| | 4.Bla—-|— -(y —h,+ hpe) +2|a —||— -(y —h,+ hpe) dy| ...
J h, h,
(dGW)TF
8-B-tanl Gfat 2 2 2
+ f'[ﬁ{ssbot (hs —hy — dGWTF) + Afsdb0t|:(hs - hb) - (hs — hy, - dGWTF) :|:|
Vstat' Ysdbot otherwise

Wy = 683744-1bf

Total dead weight seismic load: Wgq = W, + W+ Wog + W - Fy Wgq = 2047k
Total dead weight fatigue load: Wiy = Wp + We+ Whean + Wigat — Fofar Wi = 1946-k
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B. Stability Calculations - Extreme Loading

Determine controlling
extreme load case:

Extreme Tower Base Moment:
Extreme Tower Base Shear:
Extreme Tower Weight:

Total dead weight wind load:

Overturning wind moment:

Wind load friction
resistance at base:

Factor of safety
against sliding:
Seismic load friction

resistance at base:

Factor of safety
against sliding:

Determine controlling load case:

Resisting moment:

Factor of safety against
overturning:

Overturning seismic moment:

|if (Me > M,, "Normal Controls" ,"Abnormal Controls") = "Abnormal Controls"

M= J (if (Mg > My, Mg, My) + Myjgnrc0s(A))” + (Mg sin(A))” = 25844-k-ft
H = if (M, > M,, H., H,) H =108k

W, = if (Mg > My, Wi, Wy,) W, = 442.k

Wy i= Wy + Wi+ W+ W, — Fy Wy = 2033-k

Mgw = M + (hy + he + hy)-H M,w = 26651-k-ft

Hew = (W) Hgw = 813-k
Hpw
FSyyi= — FSyy = 7.55
H
Hpgq = we(We)-(1 - Ey) Hgpq = 819-k
Hpg
FSpg = —> FSypq = 1247
Hog
FS, := min(FSy, FSepq) FS, = 7.55
|if(FSs > FSpin, "OK","No Good" ) = "OK" |
D D-
M,y = Wyy-min| —, —— M,y = 50818-ft-k
NG
MrW
FSow = FSyw = 1.91
MOW

2 . 2
Mgpq = \/ (Mog + Myjign'c08(A))” + (Myjignsin(A))” + (hy, + he + hy)-Hog = 15510-k-ft

Project\WorkFiles\3-12_Nobles RePower 1.6-97

.. D D-
Resisting moment: Mgq = (1 = Ey)- Wygemin| —, —— Mpq = 51170-ftk
24\
) Mgq
Factor of safety against FSopq = FSopq = 3.30
overturning: Mgkq
Minimum factor of safety: FShin = 1.50
Determine controlling load case: FS, = min(FS ow,FS OEQ) FS, = 1.91
[if(FS, 2 FSpyin, "OK" ,"No Good" ) = "OK" |
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Resisting moment (reduced):

Factor of safety against
overturning (alternate):

Overturning seismic moment (reduced):

Resisting moment (reduced):

Factor of safety against
overturning (alternate):

Minimum factor of safety:

Determine controlling load case:

M 0.6Wyy-mi (D D- a)
W red == Y- w-minj —,
_ 2 !2

Merred
MOW

FS oW _alt -~

MgEqQ att:= 0.7-Mgq

.[D D-a
Mi£Q red = 0.6(1 — E,)-Wgq min| >

MrEQ red
FSOEQ_alt =
oEQ alt

FSpina = 1.00

FSq = min(FS oW _alt» FS OEQ_alt)

[if(FS2 2 FSpyiny, "OK" ,"No Good" ) = "OK" |

C. Soil Pressure Calculations - Extreme Loading

Side length of square inscribed
inside of foundation octagon:

"Major" width of octagon along
widest section:

Distance from widest section of
octagon to edge of square:

Moment of inertia for octagon about
any axis through centroid:

Section modulus of foundation for
normal orientation:

Section modulus of foundation for
orientation rotated by 22.5 degrees:

S¢ = \/2a2 +2-a-B + B2

Hy:= B> + D

He - S¢
W, = 5
8-B4 2.1 2.7 2
Iggp:= ——cotl — || 3cot| — | + 1
192 16 16
24,
Snormal = D
S 2T
rotated * Hf

Mw red = 30491-ft-k

FSow ait = 1.14
MoEQ_alt: 10857kft

MiEq red = 30702-ft-k

FSOEQ_alt = 283

FS,, = 1.14

Sp =383 ft
Hp = 54.1ft
W, = 7.93 ft
4
Iy = 342112t
3
Spormal = 13684-ft

Sotated = 12643

|if (Snormal > Siotateds ' Rotated Controls" ,"Normal Controls") = "Rotated Controls"
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1) Assumed Soil Pressure Case 1

Assume triangular distribution with length of bearing (Ly,) greater than W, but less than or equal to half the major

octagon width (H;/2).
Set F=Wy, and M=M,,, and solve for L, and f .«
B2 + D2
Fi= Wy F = 2033k Mige = FA———= M Moo = 28354-ft-k
2We ar Hf
Guess: L:= T finax = 5000-psf
Given
W, [L
2 We(y - W)
y y y © e
F= focl 1= Z=S¢lldy + | |1 -2 ||Sp+ 2| ———||d
|:max( Lj (We fj:| y max( Lj |: f |: S; y
0 W,
W L
) v\ (¥ [ y 2 Wey - We)
Mioe fnax| 1 — E ) E'Sf y dy +J fax| 1 = E | S+ 2- S—f 'y dy
0 We
Ly
N Find(L, f,,,) L, = 3231t f, = 3764-psf
4

If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil

pressure is set to zero.

. . Hy
Soil Beamlg Lﬂngth Lb4 = lf(L4 > \Kle AN L4 < ? ,L4,0'ft] Lb4 = 0.0-ft
. . . Hy
Maximum Soil Bearing Pressure: fraxa = if| Ly 2 W A Ly < ?,f4,0-psf £ 1axa = 0-psf
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2) Assumed Soil Pressure Case 2

Assume triangular distribution with length of bearing (L)) greater than half the major octagon width (H;/2) but
less than or equal to difference between the full octagon width (Hy) and W...

Set F=Wy, and M=M,,, and solve for L, and f .«

B2 + D2
F:= Wy F = 2033-k Moo = F-T - Myw Mo = 28354-ft-k
3Hy - 2W,
Guess: L:= % finax = 5000-psf
Given
Hy
W, 5
2-We(y - W)
y\(Y y e e
F= fomcl 1= = || =—Sel|ldy + | £l 1 == ||Sp+ 2| ———=||dy ...
|:max( Lj (We fj:| Yy max( L) |: f |: S, Y
0 We
L
Hy
2Wely - —
| y 2
+| fa| 1= || Se+ 2 We - — s dy
JHe
2
Hy
W, 5
2-We(y - W)
Y\ (Y y e e
M foacl 1= = || =S¢ llydy + | foax| 1 == || S¢+ 2- d
toe |:max( L) (We fjj|y Yy max( L) |: f |: S, ydy
0 We
L
Hy
2Wely - —
I O SRR P 22|y dy
| max L € Sf
JHe
2
Ls
(f J = Find(L, 5, ) Ls=324ft fs = 3757-psf
5

If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil
pressure is set to zero.

S Hy
Soil bearlng length LbS = lf(Ls < Hf — WC A LS > 7 ,Ls,O'ftj LbS = 32.4-ft
. L Hy
Maximum soil bearing pressure: faxs = if| Ls < H — W, A Ls > 7,fs,o-psf faxs = 3757-psf
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3) Assumed Soil Pressure Case 3

Assume triangular distribution with length of bearing (Ly,) greater than the difference between the full octagon
width (Hy) and W, but less than the full octagon width (Hy).

Set F=Wy, and M=M,,, and solve for L, and f .«

B2+D2
Fi= Wy F = 2033k Mige = FA———= M Moo = 28354-ft-k
2H; - W,
Guess: L:= T finax = 4986-psf
Given
He
v, B
2-We(y - W)
Yy Yy Yy € €
F= foac| 1= = || =-S¢||dy + |  foae| 1 == || Sp+ 2| ————||dy ...
|:max( Lj (We fj:| y J max( L)|: f |: S, Yy
0 W,
rWe+Sf
Hy
2Woly - — L
A e fo0lsalw sz“f c oL syeseow
| max L f e Sf Yy J max L 5 5 We Yy
_JHf We+Sf
2
He
W, 2
2-We(y - W)
y y e €
My fmax'(1 _) —S¢||ydy + | fmax'(1 __)' Sg+ 2- y dy
L . £
0 We
rWe+Sf
Hy
2Woly - — L
A e fo0salw sz vl e i\ LfE Syesowg)
| max L f e Sf ydy | max L 2 2 We ydy
_JHf We+Sf
2
Lg .
= Minerr(L, ) Lg = 34.7ft f = 2845.psf
6

If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil
pressure is set to zero.

Soil bearing length: Lyg == if(Lg < Hp A Lg > Hp — W, L, 0-ft) Lyg = 0.0-ft
Maximum soil bearing pressure: fax6 = if(L6 <Hf A Lg>Hp - We,f6,0~psf) fax6 = 0-psf
P:\Mpls\23 MN\53\23531012 Nobles Repower 25 3/29/2021

Project\WorkFiles\3-12_Nobles RePower 1.6-97 Version 5.2b




Nobles Wind Project GE 1.6-97 80m HH RePower Foundation Barr Engineering Company
Project No. 23/53-1012 Evaluation Prepared by: SWS
Checked by: PFB/BKT

4) Assumed Soil Pressure Case 4
Assume trapezoidal distribution with length of bearing (L)) equal to the the full octagon width (Hy).

Set F=Wy, and M=M,,, and solve for f,,, and the difference in maximum and minimum bearing pressures (df).

F-\' B2 + D2
2

F:= Wy F = 2033k Moo == - Myw Moo = 28354-ft-k
Guess:
s £ i= 4611-psf df := 6072-psf
Given
Hy
We 7 B
aty (v df-y 2-We(y - W)
F= frax — — || =S¢ ||dy + | foax — — || Sp + 2| ———— || dy ...
|:( max H, j (We fjj| y J (max H, ] f S; Yy
0 We
We+Sf -
r 2w E Hy
+‘ LA | PP U e) d+( o 40y S Sy Sem Wl
| max Hf f e Sf Y J max Hf 5 5 We Yy
_J Hf We+Sf
2
Hy
W 2
aty) [y df 2 We(y - W)
Mioe = |:(fmax - H, j'(ﬁ'sfj}y dy + | (fmax . j |:Sf +2 |: S; ydy ..
0 We
W, +Sf
r ’ Hy H
2Wly — — £
+‘ LA | PP I ) d+[ g A0y S Sy o Sem Well
| max Hf f e Sf ydy J max Hf > > We ydy
_J Hf We+Sf
2
df
= Find(df , £,y ) foax = 3089-psf df = 4216-psf
max
If the solution does not converge to the assumed pressure distribution, then the value of bearing length and soil pressure is set to zero.
Maximum soil bearing pressure: fnax7 == if (fmax — df < 0-psf,0-psf ,fmax) fnax7 = 0-psf
Minimum soil bearing pressure: foin7 = if (fmax7 >0, a7 — df,0-psf ) finin7 = 0-psf
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D. Bearing Length Check - Extreme Loading

Select Bearing Length and Pressure Distribution

Bearing length:

Maximum soil bearing pressure:

Minimum soil bearing pressure:

Determine controlling load case:
Maximum soil bearing pressure:

Minimum soil bearing pressure:

Percent of base by length in
compression under extreme loading:

Low = if (fnax7 > 0, Hp, Lpg + Lps + Lyg)

f

f

Ly = Low
fmax = Imaxw
fmin = fminW
Ly

— =0.60
Hy

minW = if(LbW < Hfao'pSfafmirﬁ)

Hy

Ly
if| — >0.5,"0OK" , "No Good"

] — "OK"

Lyw = 32.4-t

Hy
maxW = lf(LbW < ? > fmax4’ lf(LbW <Hf - W, fmaxS’ lf(LbW < Hy, fmax6z fmaﬂ)))

fnaxw = 3757-pst

fiinw = 0-psf

L, =324ft
fnax = 3757-psf

finin = 0-psf

(Reference 10)
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E. Foundation Volume and Weight Calculations - Normal Loading

Wity = Wp + We+ W+ Wy - Fy Wionn = 2047-k

Total dead weight:

Overturning morment: Moy = J (My + Myjgnrcos(A))” + (Myggnrsin(A))” + (hy + b + ho)-Hy = 15197-k-ft

F. Soil Pressure Calculations - Normal Loading

1) Assumed Soil Pressure Case 1

Assume triangular distribution with length of bearing (Ly,) greater than W, but less than or equal to half the major
octagon width (H;/2).
Set F=W oy and M=M,,. and solve for L, and f

B+ D2
Fi= W F = 2047k Mige = F-A———— = Moy Moo = 40189-ft-k
2We + Hf
Guess: L:= T finax .= 3036-psf
Given
W, [L
2 We(y - W)
Yy Yy Yy € €
F= focl 1= Z=Selldy + | |12 ||Sp+ 2| ———||d
|:max ( Lj (We fj:| y J max ( Lj |: f |: S; y
0 W,

€

I [ AN (T J[ R (5] ARSI TR

Ly
( J = Find(L, 5, )
fy

If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil
pressure is set to zero.

L, = 4641t f, = 2242.psf

S Hy
Soil bearlng 1ength Lb4 = lf(L4 > \Kle AN L4 < ? ,L4,0'ft] Lb4 = 0.0-ft

: S Hy
Maximum soil bearing pressure: faxa = if(L4 >W ALy < ? , f4’().psfj faxa = 0-psf

3/29/2021

P:\Mpls\23 MN\53\23531012 Nobles Repower
Version 5.2b

Project\WorkFiles\3-12_Nobles RePower 1.6-97

28




Nobles Wind Project GE 1.6-97 80m HH RePower Foundation Barr Engineering Company
Project No. 23/53-1012 Evaluation Prepared by: SWS
Checked by: PFB/BKT

2) Assumed Soil Pressure Case 2

Assume triangular distribution with length of bearing (L)) greater than half the major octagon width (H;/2) but
less than or equal to difference between the full octagon width (Hy) and W...

Set F=W oy and M=M,,. and solve for L, and f

B2 + D2
Fi= Wy F = 2047-k M, = F.T — Myn M, = 40189-ft-k
3H; - 2W,
Guess: L:= % fnax .= 2964-psf
Given
Hg
W, B
2-We(y - W)
Y\ (Y y ¢ e
F= fomcl 1= = || =—Sel|ldy + | £l 1 == ||Sp+ 2| ———=||dy ...
|:max( Lj (We fj:| y max( L)|: f |: S, Yy
0 We
L
Hy
2Wely - —
| y 2
+| £ ax 1—I A Se+ 2| W, — s dy
Jne
2
Hg
W, B
2-We(y - W)
Y\ (Y y ¢ e
M foacl 1= = || =S¢ llydy + | foax| 1 == || S¢+ 2- d
toe |:max( L) (We fjj|y y max( L)|: f |: S, ydy
0 We
L
Hy
2Wely - —
I O SRR P 22|y dy
| max L € Sf
Jue
2
Ls
(f J = Find(L, 5, ) Ls = 49.1ft fs = 2198-psf
5

If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil
pressure is set to zero.

R Hg
Soil bearlng length LbS = lf(Ls < Hf - WC AN LS > 7 ,Ls,O'ftj LbS = 0.0-ft
: S Hg
Maximum soil bearing pressure: faxs = if| Ls < Hg — Wo A Ls > 7 ,f5,0-psf faxs = 0-psf
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3) Assumed Soil Pressure Case 3

Assume triangular distribution with length of bearing (Ly,) greater than the difference between the full octagon
width (Hy) and W, but less than the full octagon width (Hy).

Set F=W oy and M=M,,. and solve for L, and f

B2+D2
F:= W F = 2047-k Mige i= F-2—— = Moy M, = 40189-ft-k
2H; - W,
Guess: L:= T finax .= 2892-psf
Given
Hg
W _
) y)(y E 2-We(y - W)
F= froacl 1= = || =-S¢||dy + |  foae| 1 == || S¢+ 2- dy
L . £
0 W,
rWe+Sf
Hy
Wl v — — L
N A R M“f (5 sy s W
| max L f e Sf y J max L 5 5 We Yy
_JHf We+Sf
2
Hg
We 2
2-We(y - W)
Yy Yy Yy € €
Mo = foacl 1= = || =—"S¢|lydy + |  foa| 1 == [{ S+ 2| ————||ydy ...
toe |:max( L) (We fjj|y Yy J max( L)|: f |: S, yay
0 W,
rWe+Sf q
£
W v - — L
N A R M wol e i\ sy s
| max L f e Sf ydy | max L 2 2 We ydy
_JHf We+Sf
2
L
(f J = Minerr(L, fipqy ) Lg = 49.1 ft fy = 2197-psf
6

If the solution does not converge to a bearing length meeting the assumed criteria, then the value of bearing length and soil pressure
is set to zero.

Soil bearing length: Lyg == if(Lg < Hp A Lg > Hp — W, L, 0-ft) Ly = 49.1-ft
Maximum soil bearing pressure: finaxs = if (Lg < Hp A Lg > Hy = W, fs, 0-psf) fraxe = 2197-psf
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4) Assumed Soil Pressure Case 4
Assume trapezoidal distribution with length of bearing (L)) equal to the the full octagon width (Hy).

Set F=W, oy and M=M,,. and solve for f,,, and the difference in maximum and minimum bearing pressures (df).

F-\' B2 + D2
2

Fi= W F = 2047k Moo = - Mgy Moo = 40189-ft-k
Guess:
s £ .= 2904-psf df := 2657-psf
Given
Hy
v, B
df df 2-Wely =W
F= frax — —2 || =S |dy + | [ = —2 || Sp+ 2 - W) dy
Hg e J £ ) £
0 We
We+Sf -
r 2w E Hy
+‘ LA | PP U e) d+( o 40y S Sy Sem Wl
| max Hf f e Sf Y J max Hf 5 5 We Yy
_J Hf We+Sf
2
Hy
W 2
aty) (v df 2-We(y - W)
Mioe = fnax — —-S¢||lydy + | fnax — —— || S¢ + 2 ydy
He e £ £
0 We
We+Sf
r 2. W E He
+‘ LA | PP I ) d+[ g A0y S Sy o Sem Wel
| max Hf f e Sf ydy J max Hf > > We ydy
_J Hf We+Sf
2
df
= Find(df , £,y ) foax = 2190-psf df = 2404-psf
max
If the solution does not converge to the assumed pressure distribution, then the value of bearing length and soil pressure is set to zero.
Maximum soil bearing pressure: fnax7 == if (fmax — df < 0-psf,0-psf ,fmax) fnax7 = 0-psf
Minimum soil bearing pressure: foin7 = if (fmax7 >0, a7 — df,0-psf ) finin7 = 0-psf
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G. Bearing Length Check - Normal Loading

Select Bearing Length and Pressure Distribution

Bearing length:

Maximum soil bearing pressure:

Minimum soil bearing pressure:

Area of base in compression under

Lix = if (fnax7 > 0, Hp, Lys + Lys + L) Loy = 49.1-ft

f

f

m

2 3
Ayi=S¢ + E-sf-we + (Lyx — S - We){sf -

Hy
max - lf[LbN < ? > fmax49 lf(LbN <Hf- W, fmaxS) lf(LbN < Hg, fmax6z fmaﬂ))j

fnax = 2197-psf

in = if (Lo < H, 0-psf, fyin7) £ = 0-psf

Sf'(LbN - S¢— We):|

normal loading: 2-We
2
Ay = 2010-ft
Percent of base by area in compression AN 97 1.9
under normal loading: A 97.1-%
Ay
if ~ >0.994,"OK" ,"No Good" | = "No Good" | (Reference 10)
P:\Mpls\23 MN\53\23531012 Nobles Repower 32 3/29/2021

Project\WorkFiles\3-12_Nobles RePower 1.6-97

Version 5.2b




Nobles Wind Project
Project No. 23/53-1012

GE 1.6-97 80m HH RePower Foundation
Evaluation

Barr Engineering Company
Prepared by: SWS
Checked by: PFB/BKT

V. Bearing Capacity Evaluation

(Reference 8)

A. Design Soil Bearing Pressure - Normal Loading

Design overturning moment:

Design vertical load:

Design load eccentricity:

Circular radius of octagon:

Effective soil area in bearing:

Ellipse soil width in bearing:

Ellipse soil length in bearing:

Effective soil length in bearing:

Effective soil width in bearing:

Design bearing pressure:

Man == Mon
Van = Wienn
Mgn
egN = T
Van
D
R:=—
2

CaN ,
AcpN = 2-|:(R2)-acos£?j — e4N' R2 - esz}

legn = [Aetn—

beN
effN
beffN = 'beN
1eN
Vi
aNE T
Aefin

B. Bearing Capacity Check - Normal Loading

Mgy = 15197-ft-k

Vyn = 2047k

eqn = 742 ft

R =25.00 ft

2

Agpy = 12321t

ben = 35.2ft

len = 47.7 ft

legiy = 40.9 ft

begy = 30.1 ft

fyn = 1661-psf

Allowable bearing pressure: £1 N := 3300psf (Reference 2)
Ratio of design bearing pressure to fan
. ’ — =0.50
allowable bearing pressure: £
all N
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C. Design Soil Bearing Pressure - Extreme Normal Loading

Design overturning moment: Mgy = J (Me + Maygign'008(A))” + (Mygignsin(A))” + (hy + hg + hy)-H, = 23813 k-ft
Design vertical load: Vaw = Wy, + We + Wi + Wy — Fy Vaw = 2044-k
. . Maw
Design load eccentricity: eqw = —— eqw = 11.65 ft
Vaw
Circular radius of octagon: R =25.00 ft
. . . . Caw ,
Effective soil area in bearing: Actrw = 2.[(R2).acos(?j - eqw R2 —e dW2:| Ay = 842 ft2
Ellipse soil width in bearing: bew = 2+(R — eqw) bew = 26.7 ft
Ellipse soil length in bearing: Loy = 442 f
. . . . 1eW
Effective soil length in bearing: lesrw == | Aeprw . logrw = 37.4 1t
eW
. g . . effW
Effective soil width in bearing: besrwy = —bew beprw = 22.51t
1eW
. . Vaw
Design bearing pressure: faw = fyw = 2427-psf
Acfiw

D. Bearing Capacity Check - Extreme Normal Loading

Allowable bearing pressure: faw = fan N(ij = 4400-psf (Reference 2)
- \3
Ratio of design bearing pressure to faw
. ’ — =10.55
allowable bearing pressure: £
allW
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E. Design Soil Bearing Pressure - Extreme Abnormal Loading

Design overturning moment:

Design vertical load:

Design load eccentricity:

Circular radius of octagon:

Effective soil area in bearing:

Ellipse soil width in bearing:

Ellipse soil length in bearing:

Effective soil length in bearing:

Effective soil width in bearing:

Design bearing pressure:

My, = J (M, + Myjignc05(A)) + (Myjignsin(A)) + (hy + he + hy)-H, = 26651-k-ft

Vaa = Wy + Wi + Wy, + W, — Fy Vg = 2033k
Mga
€4a = —— eqa = 13.11 1t
Vaa
R =25.00 ft
€da
Acgra = 2-|:(R2)-acos(?j - edA-,’ R2 - edAz} Agpra = 715 ft2
bea = 2(R — egp) bea = 23.8 1t
leA = 2R leA = 426 ft
lefta = [Actia— legra = 35.8 1t
beA
Lefra
beffA = _'beA beffA =20.0 ft
1eA
Vaa
- faa = 2842-psf
dA dA p
Actra

F. Bearing Capacity Check - Extreme Abnormal Loading

Allowable bearing pressure:

Ratio of design bearing pressure to
allowable bearing pressure:

f,

4)
alla = fan N Pl i 5400-psf (Reference 2)

a

faa

— =0.53

fana
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G. Design Soil Bearing Pressure - Earthquake Loading

Design overturning moment: Mk = Mggq Mggq = 15510-ft-k
Design vertical load: Vigq = (1 + EV)-WEQ Vg = 2047k
. . Mgq
Design load eccentricity: CdEQ = eqpq = 7-58 ft
Vieq
Circular radius of octagon: R =25.00 ft
. . . . CdE
Effective soil area in bearing: Aetreq = 2{(R2)-acos( RQ] - edEQ~,’ R2 - edEQz} Aegrrg = 1218 ft2
Ellipse soil width in bearing: berg = 2(R - egrq) bepg = 34.81t
Ellipse soil length in beari besg )’
: E
ipse soil length in bearing lepg = 2R [1 - 1 - == lepo = 47.6 fi
2-R
. . . . lE:EQ
Effective soil length in bearing: leftpQ = |Aetq— lefrpq = 40.8 ft
berq
. . lefrEQ
Effective soil width in bearing: befirg = ‘bepg bepg = 29.8 1t
eEQ
. . ViEQ
Design bearing pressure: farq = fapq = 1681-psf

ActtEQ

H. Bearing Capacity Check - Earthquake Loading

Q,
Allowable bearing pressure: faeg = fai [i)—e = 5400-psf (Reference 2)
Ratio of design bearing pressure to fiEQ
. ’ — =10.31
allowable bearing pressure: £
allEQ
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VI. Foundation Stiffness Evaluation - Single Layer Native Soil Sites

Depth of embedment 1 .
(half of foundation embedment): h = ?hC + hy, h = 45.00-in
Area of the footing: A = 2071 ft2
Area of footing in compression: Ay = 2010 ft2
Equivalent circular _ AN 3
radius of footing: Rgfr = ? Ry = 25.3-ft
= 125 E (Reference 2)
Subsoil density: P-= B
ft

w:=pg w = 125-pcf
Design shear wave velocity _ ft
for interval from 8 to 50 feet: Vsi= 637 (Reference 2)
Poisson ratio: v:= 047 (Reference 2)
Initial shear modulus: G, = P'Vs2 G, = 1576-ksf

E,:=2-(1 + v)-G, E, = 4635-ksf
Initial elastic modulus:

N 0.3
Shear modulus ratio: ~:=1-(1.0) _* = 0.46 (Reference 9)
3 mm(fallA> fauw)
Shear modulus: G =G, G = 730-ksf
Elastic modulus: E:=2-(1 +v)G E = 2146-ksf
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Rotational embedment ' h 3 (Reference 5)
Coefficient: Ny =1+ 1.2:(1 - v)- +0.2:(2 - v)- R Ny = 1.1
stff stff
Embedment coefficient: Ny =1+ 0.55(2 — v)- Ny = 1.12 (Reference 5)
Rgr
8-G-Ryqr GN (Ref 5)
Rotational stiffness of soil: = e LU = 88- m clerence
Kyayn 31w Kyayn rad
7 kN-m
Kipreq = 5.00 < 10 T ad (Reference 3)
d
Design check: S = L7
req
32-(1 - v)-G-R
Translational stiffness xdyn = ( ) st My Kyayn = 1 586.k—N (Reference 8)
of foundation: 7-8v mm
Kyeq = 1.00 106 kN
Required dynamic translational xreq = 10 XA m (Reference 3)
stiffness:
K
Design check: X _ 1.59
Xreq
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VII. Anchor Bolt Design

A. Strength Reduction and Load Factors

Normal extreme load factor:

Abnormal extreme load factor:

Determine controlling
extreme load case:

Beneficial dead load factor:
Anchor tension load factor:
Non-Beneficial dead load factor:
Earthquake load factor:

Alignment load factor:

Beneficial EQ dead load factor:

Non-Beneficial EQ dead load factor:

o= 1.35
o, = 1.10

Oy = if(OLe'Me > cxa-Ma,ae,cxa)
M = if (o M, > 0y My, M, M)
H = if (0 M > 0y My, He, H,)

W, = if (0 M > 0 My, Wi, Wi )

oy == 0.9 Bearing Factor:
o= 1.2 Fastener Factor:
o= 1.2 Shear Factor:
ogg = 1.0 Flexure Factor:
oy3 = 1.0

ogipq = 0.9 - E,

OLdZEQ =12+ EV

(Reference 1a and Reference 3)

M = 22622-k-ft
H=91k

W, = 454-k

by = 0.65
b= 0.75 (Reference 1c)
b, = 0.75

dp = 0.90

OLdlEQ =0.90 (Reference 1)

OLdZEQ =1.20 (Reference 1)

Sagging side load case: o, Wind + oy Dead where Dead is dead load of soil, concrete, turbine, and tower

Hogging side load case: oy Dead where Dead is dead load of soil and concrete and uplift edge resistance of soil
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B. Embedment Ring Dimensions

Flange width: Wilange = 10.94-in Wilange = 278 -mm
Embedment ring width: W = Wilange w < 10.94-in
Embedment ring thickness: t:= 1.0-in

C. Anchor Bolt Dimensions and Data

ASTM A615 Grade 75

Nominal anchor bolt diameter: dp = 1.25-in
Bolt area through minimum . .2
diameter of threads: yi= L
Washer diameter.: d, = 3-in
Outside diameter of PVC bolt sleeve: dgpr := 1.660in
Yield strength: Fyp = 75-ksi
Tensile strength: F; := 100-ksi

D. Material Properties

Concrete strength of pedestal: fep := 5000-psi
Embedment ring yield strength: Fy := 36000-psi
Embedment ring tensile strength: F, := 58000-psi
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E. Anchor Bolt Design

Design loss:
Maximum unfactored moment on bolts:
Maximum factored moment on bolts:

Maximum factored seismic moment
on bolts:

Minimum pre-tension
for wind loading (if
used):

Minimum pre-tension

for fatigue loading:

Set to T

Wind load maximum factored
tension load in anchor:

Seismic load maximum factored
tension load in anchor:

Fatigue load maximum tension

b= 20-%

My = J (max(Mg, M,) + Myjignc0s(A))” + (Myjignsin(A))” = 25844-k-ft

2 . 2
Mypolt = J (oM + Otz Myiign€08(A)) ™ + (03 Myign'sin(A))~ = 31047 k-ft

2 . 2
Y \/ (0pQ"MoE + Otz Miylign €08(A)) ™ + (03 Mg sin(A))” = 15017 k-ft

Ty om |2 Moo We 1+ T, o = 59.2:
preW - N'Davg N P preW .
4 maX(Mmaxnorth) Wmean
T = - (1 + T =429k
preFAT ( N- Davg N ( |-L) preFAT
Tpre == 72k
Yyield = —— %yield = 76-%
Fyb'Ab
. Tore .
%ultimate := %ultimate = 57-%
Fi Ay
4-M bol OLdl'W
Ty = —— o — : Ty = 60-k
N-Dyyq N
4-Muyspolt ~ d1EQ" WoOE
TLIEQ = usbolt — Q TUEQ = 281(
N-D N

avg

4 maX(Mmaxnorth) Wmean

i : T FAT = - T FAT = 36-k
load in anchor: u N-Dyyq N u
Determine controlling load case: T, = max(TuW, Turq» Tur AT) T, = 60-kip
Design tension strength: &T, := min(dpgFy-Ay, by FypAp) ¢T, = 86-k (Reference 1c)
Design check: = 0.70 | Shear stress in bolt is negligible and, therefore, is not
T, included.
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Vill. Bottom Flange Bearing, Grout, and Embedment Plate Connection Design

A. Material Properties

3-day grout strength:

28-day grout strength:

f 3 := 4500-psi

f.og := 8000-psi

Grout thickness: tyr:= Oin
. T-dspr
Bearing area of Ay = E-(OD2 - IDz) - N—— App = 5488-in2
base flange: 4 4
S = — (OD4 - ID4)
32.0D _ _—
Section modulus N
of base flange: ) A 5 4 D. 5 2
T 1 *TC
+——{N-—-d +—-d —-co§ —-(2:X -1
D, | ga SR 7 dsor Z [2 {N ):H
A=1 D 2
2.
+]=cod == 20 - 1)
— — — 2 N L1l
.3

S| = 217587-in
Area at bottom of grout: A| = Wilange Ay =10.9-in
Area of limiting bearing within Aj = Wiiange + 2ty Ay =10.9-in
grout:

Ay
A:=min [—,2
A A=1.00
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B. Check 3 Day Grout Strength

Design bearing strength: dbys = bpr0.85-F5- A (Reference 1a)
Ultimate self weight _ Wi Tpre'N
bearing stress: busp = | agy: Ao + Ot Aot
T T
Ultimate seismic ) Wok Tpre'N
bearing stress: Puseq = | azeq Agyp "o Apri
T T

dbys = 2.5-ksi

bu3D = 2.3-ksi

bu3EQ = 2.3-ksi

Determine controlling load .
case and check capacity: by := max(bysp, buskq) by3 = 2.3:ksi o 0.93
bn3
C. Check 28 Day Grout Strength
Design bearlng Strength: d)bnzg = ¢br'0.85'f028'A (Reference d)bnzg = 44kSI
la)
W, M T, N
Ultimate wind bearing stress: busw = ocdz-—t + ubol Qe ik byosw = 4.02-ksi
Apyi Sy Aprl
W M Toe'N
Ultimate seismic bearlng stress: bu28EQ = OLdZEQ'ﬂ + OLEQ' usbolt t° ke bu28EQ = 3.1-ksi
Apr Sy Aprl
Determine controlling load .
case and check capacity: bug = max(buzgw’bungQ) buzg = 4.0ksi Duzs =0.91
bnog
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D. Check Bottom Flange Bearing on Concrete

Grout thickness: ty:= 0-in
. 4Mubolt Wt
Pullout force due to wind: P,w = - oy — P.w= 121k
N-Dyyg N
4-M W
Pullout force due to seismic: Pupq = usbolt. O4IEQ _oF Pupq = 55k
N-Dyye
Determine controlling load case: P,:= max(PuW, PuEQ) P, =121k
T-d 2
. "dspr
Bearing area at bottom of grout: Ay = g-[(OD + 2-'[g)2 - (ID - 2-tg)2] - N-T App = 5488-in2
. _ I 4 4
Section modulus at bottom of grout: Syi= —/——— (OD + 2~tg) - (ID - 2-tg)
32:(0D + 2-t,)
A _ N —
4 2
2 T 4 T 2 D; 2-m
+A————(N—-d + —-d . —-co§ —(2:X— 1
(0D +2.t,) | 64 0% T o PR 2 [2 s[ N )ﬂ
=1 D 2
2.
] =cod == 20— 1)
. — 2 N L1
.3
S, =217939-in
M W ToeN
Ultimate wind stress: byw = ubol + 0 Ly O ke b,w = 4.0-ksi
Sy Apra Apra
M W ToeN
Ultimate seismic stress: bugg = usbol + OgEQ o + oy e bygq = 3.1-ksi
Abr2 Apr2
Determine controlling load case: b, = max(buw,buEQ) b, = 4.0-ksi
Check Bearing Plate Stresses on Concrete Due to Pre-tension and Extreme Wind Force:
Compute Areas being loaded: (Reference 1a)
Area at bottom of grout: Aj = Wignge + 2+t A; =10.9-in
Area of limiting bearing within Ayi= Ay +[C = (OD + 2:t,] A, = 35.6-in
concrete:
([ A2
A = min :1,2 A= 180
Design bearing strength: Pby == P 0.85-f A (Reference 1a) Pb, = 5.0-ksi ~ =081
n
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E. Check Pullout Strength of Embedment Ring/Anchor Bolt Connection

Conservativey ignored

E2. Check Pullout Strength of Embedment Ring/Anchor Bolt Connection (concrete only)

Due to Wind: P,w = 120.57-k
4.1
Angle of subtended arc: Q= — oy = 5.14-deg
N
1
hy + hy— hy = (B = Dyyg — w)~;
Depth of Outer Shear Cone: leo = loo = 49.2-in
h
=41
a
1
+(B = Dy — W)=
2
Area of Outer Shear 4
Cone Segment: A= 360~deg.ﬂ'le°'\/§.(OD + 160) A, = 713.33»~in2
Area of A &) ID2 A 278.26-1 2
= ST —— = . -1n
Botiom T 360-deg 4 bt
Plane:
Total Acone = Ag + Apor Acone = 991.59-in”
Areas:
Pullout Strength of 1
Outer Shear Cone 2 .
Segment: OV, p = Oy Ay2.8psi \/?c $V, , = 164.95-kip
1
2
+¢V'Abot'4‘p51 \/?c
Puw
—— =073
q)vn_p
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F. Check Bending Strength of Embedment Plate

Nut to nut circumferential distance: d;

Nut to nut radial distance: dy:

2-Dy
N

(DO - Di] L
2

n

. oD -D,\ d,
Edge distance: y=|——|-—
2 2
M W
Ultimate wind stress: byplatew = wbot _ Qqp° :
Si Apri
M W
Ultimate seismic stress: byplateEQ = usholt _ O41EQ =
Sy Apri

Determine controlling load case:

Tpre N
buplate ‘= max buplatewabuplateEQ»OLpt'
Abrl

d1 = 4.82-in
d, = 2.83-in
ds = 1.06-in

byplaew = 1.6-ksi

buplateEQ = 0.8ksi

buplate = 2.2-ksi

2 .
Plastic section modulus per inch: Z., = v Z,= 0.25-IL
4 in
t2 in
Section modulus per inch: S, = — Sy=0.17—
6 in
Check circumferential nut to nut bending
d 2 in-k ink M
1 n- n- u.el
M,.;:=b — =427 — M, := ¢p-min|F,-Z,,1.6-F,-S,) = 8.10-—— (Reference 1c) =0.53
u.el uplate 12 in d) n b ( y' &y y y) in d)Mn
Check circumferential nut to nut bending at splice
d in-k M, 2
Mye2 = buplate = = 6~40'—H,1 (Reference 1c) 4 0.79
8 in oM,
Check radial nut to nut bending
2
d2 in-k M .e3
Mye3 = byplae—— = 1.4 '—H,l (Reference 1c) v 0.18
12 in oM,
Check nut to edge bending
b in. M
M, o e e g 2y 5y ink (Reference 1¢) vt 015
in oM,
Check shear rupture of washer through plate
P .
Vi = max(ozprpre,?uj = 8640k ¢V, = b, md, t-0.6F, = 245.99-k (Reference 1c) —V‘” =0.35
n
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IX-a. Concrete Design - Extreme Loads
A. Design Functions

Function describing the volume of concrete for each slice of the moment/shear calculations.
ConcreteVolume(y) := |hy (B + 2-y) + %-hc-(B +y) if y<a
hy- (D) + he(B + a) otherwise
Functions describing the weight of the soil wedge pieces acting on each slice of the moment/shear calculations.

StaticSoilWedgeWeight(ﬁfSd,'YSS) = |V

B
-taTn(e)-(hs — hp)® if dgwr > by — hy

B-tan(0) _

; [qss (ng — by — dgwr)” + ﬂ{sd[(hs ~hy)* = (hy— hy - dGWT)zﬂ otherwise

VariableSoilWedgeWeight(y,H(Sd,'\{ss) = |0 if dgwr =hg— hy

otherwise
VE-tan(8)| s (1~ deer)” + (1~ ) — (1~ by~ deer)’]] i y <

tan(e)-|:’\{ss (hg — hy — dgywr)” + f\{sdli(hs ~hy)* = (hy— hy - dGWT)Qﬂ otherwise
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DrySoilVolume(hj,y) := |if dgwrt = hg — hy,

(=) -2

if dgwr < hs — hj

otherwise

a2
hC

BuoyancyWeight(y) := |0 if dgwr 2 hy

if dGWT < hs

} y
‘he |- (B +2-y) +

(=) - 2
[D-(hs ~ hy— hy) + {hc-a ~ 2 (= hy- dGWT)zﬂ otherwise

y Yy
(B +2-y)| hy—hy - ;hc —dgwr | +

Function describing the volume of dry soil over each slice of the moment/shear calculations.

2

¢+ J2-tan(0)-(hg— hy)” if y <a

DJ(h, — hp) - he] + hea + tan(8)-(h, — hy)” otherwise

dGWT'(B + 2y) if y <a

D-dgwt otherwise

2
y -he a

hC}(B +2-y) + - h—-(hs —hy - dGWT)2 if y<a
a

C

h

C

Function describing the volume of saturated soil over each slice of the moment/ shear calculations.

SaturatedSoilVolume(hj,y) := |0 if dgwr = hs — hy

if dgwr < h, — hj

2-h

S ify<a

(hS —hy—h,- dGWT)-D + h,a otherwise

-(hs — hy, - dGWT)2 otherwise

Function describing the effect of groundwater on the material weights over each slice of the moment/ shear calculations.

(B + 2-y)-(hy — dgwr) if y<a
(hS - dGWT)D otherwise
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B. Design Soil Bearing Pressure Wind Loading (Reference 8)
Design overturning moment: Myw = \/(OLWM + 0Ld3'Malign'COS(A))2 + (OLd3'Malign' Sin(A))z + OLw'(hb +he+ hp)'H
Mgw = 31968-k-ft
. . Fy
Design vertical load: Vaw = agqi| Wp + W+ Wy — — + W, Vaw = 1790-k
Q41
. . Maw
Design load eccentricity: eqw = —— eqw = 17.86 ft
Vaw
. . D
Circular radius of octagon: R:=— R =25.00 ft
2
. . . . Cdw
Effective soil area in bearing: Actrw = 2.[(R2).acos(?j - eqw ’Rz —e dW2:| Aty = 344.ft2
Ellipse soil width in bearing: bew = 143 ft
Ellipse soil 1 in bearing:
ipse soil length in bearing o = 35.0 ft
Effective soil length in bearing: logrw = 29.0 1t
Design bearing pressure: faw = fyw = 5204-psf
Acttw
R Lesrw
Effective soil width in bearing: besrwy = —bew beprw = 11.81t
1eW
D befrw
XstartW -~ 3 — Caw — 5 Xgtartw = 1.22 ft
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C. Design Soil Bearing Pressure Seismic Loading

(Reference 8)

. . 2 . 2
Des1gn overturning moment: MdEQ = \/(OLEQ'MOE + OLd3'Malign'COS(A)) + (OLCB'Malign' SIH(A)) + OLEQ'(hb + hC + hp)'HOE

. . Fp
Design vertical load: VieQ = Oqipg| Wp + We+ Wy — + Wog
Q41EQ
M
Design load eccentricity: CdEQ = dEQ
VieQ

. . . . CdE ,
Effective soil area in bearing: AcfrpqQ = 2{(R2)-acos( RQj — CdRQ’ R2 - edEQZ}

Mg = 15510-ft-k

VdEQ = 1792klp

edEQ = 8.651t

Actpg = 116

Ellipse soil width in bearing: berg = 2(R - egrq) bepg = 32.7ft
Ellipse soil length in bearin, berg )
e : E
ipse soil length in g lepg = 2R+ |1 - (1 - ;;j lepq = 46.9 ft
. . . leg
Effective soil length in bearing: legrq = | A effEQ'be_Q lefreq = 40.0 ft
eEQ
Desi . _ Vg
esign bearing pressure: farq = ~ fapq = 1606-psf
fFEQ
Effective soil width in bearing: b = 2 betiro = 2
g effEQ -~ "UeEQ effEQ = 7.9 ft
eEQ
D betrEQ
XstartEQ -~ 3 — €dEQ — ) XstartEQ = 240 1t
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D. Structural Calculations

Area of pedestal:

Equivalent square dimension:

Distance to critical section:

Number of section slices to be taken
within "a":

Number of section slices to be taken
beyond "a'":
Sloped portion of footing:

From a to the critical section (Xg,):

Array counter for all slices:

Plan location of section:

Height of section:
Depth, d, as a function of distance

along the sloped portion of the
foundation is:

Equivalent square dimension of
embedment ring:

Alternate distance to critical section
based on edge of embedment ring:

Plan location (alternate) of section:

2
C
Aped =T
Sped = Aped
D- Sped
Xface = >

J=n+1,n+2.n+n;

q:=1,2.n+ n

ft

X. =

i
i" 9 .

xj = max(x) + (Xface - max(x))-

X

A = 2271

P!

Speq = 15.1 ft

Xface = 17.5ft

n=29
nj:S.OO
j—n
n:

]

h, = hy + —h, h, = hy+ h,
i a J

X.
d.:= hy + —-h, — 3.75-in
1 a

dj = hy+ h, - 3.75in

2
OD
Sembedring =T 4
D - Sembedring
Xface alt == >
i ft
Xalt, I= =
alti 5

Sembedring = 1321t

Xface_alt = 18.4ft

j—n

Xalt, -= maX(Xalt) + (Xface_alt - max(xalt))'J_

J

1;
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pressure along the sloped portion of the foundation is:

Design Shear from edge of footing to just before bgy

Vuwi = |0 if X, < XgtartW

min(xi > XstartW+befﬂV)

XstartW

Design Shear from a to X,

min(xj » XstartW T Defrw )
Vuw, 1= fawlegrw dy +

]
XstartW

K‘Xj

+ —0yy;-( ConcreteVolume(y)-~y -

—

fyw logrw dy  otherwise

ra

+ DrySoilVolume(hj ,y) Ysdbot -
+ SaturatedSoilVolume(hj s Y)'“{ssbot

+ VariableSoilWedgeWeight(y , Yudbot» Yssbot) -
—VariableSoilWedgeWeight(y ,0pcf, '\{W)

—Oyr-

Xi

+ —0y1

—

Y0

The exact solution for the factored shear force under wind loading due to soil bearing

ConcreteVolume(y)-~, ...
+ DrySoilVolume(hi,y) Nsdbot -+

+ SaturatedSoilVolume(hi,y)-ﬁ{ssbot

+ VariableSoilWedgeWeight(y , Yadpots Vssbot) -
—VariableSoilWedgeWeight(y, Opcf ,’\{W)

+
Q1

—BuoyancyWeight(y)
+ “Nw
Qq]

+—(xdl-StaticSoilWedgeWeight(ﬂfSdbot,’Yssbot) + StaticSoilWedgeWeight(Opcf ,ﬂ(w)

ConcreteVolume(y)- v, -.. dy ...

+ DrySoilVolume(hj , y) Ysdbot -
+ SaturatedSoilVolume(hj s Y>"Yssbot

+ VariableSoilWedgeWeight(y »Ysdbot s “(ssbot)
—VariableSoilWedgeWeight(y, Opcf, A{W)

+

-B Weight
N uoyancy Weight(y) ~

Q41

Ay

+
Q1

Ay

-B Weight
N uoyancyWeig (Y)"Y

w

w

dy + [—adl-StaticSoilWedgeWeight(wsdbot,ﬁfssbot)

+ StaticSoilWedgeWeight(Opcf ,'\(w)

dy ...

)
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The exact solution for the factored shear force under seismic loading due to soil bearing pressure along the sloped portion of the

foundation is:

Design Shear from edge of footing to just before beggq

Xi

VuEQi = [0 if X, < XsartEQ + —0q1gq ( ConcreteVolume(y)-~c ... dy ...

min( Xj, XstartEQ+beffEQ)

XstartEQ

fapqlerredy  otherwise

“0

+ DrySoilVolume(hi, y) Ysdbot -
+ SaturatedSoilVolume(hi,y)-’YSSbOt

+ VariableSoilWedgeWeight(y , Yogbot» Yssbor) ---
~VariableSoilWedgeWeight(y, Opef ,v,,)

+
QdIEQ

-B Weight
N uoyancy Weight(y) ~

w
Q41EQ

+—0y1EQ StaticSoilWedgeWeight(ﬂfSdbot,'yssbot) + StaticSoilWedgeWeight(Opcf ,’YW)

Design Shear from a to X,

min(xj > XstartEQ+beffEQ) ra
Vugq, = faeqletredy + | —wipq( ConcreteVolume(y)-~ ... dy ...
j .
XstartEQ + DrySoﬂVolume(hj , y) Nsdbot -+
+ SaturatedSoilVolume(hj ,y)-’YSSbOt
+ VariableSoilWedgeWeight(y »Ysdbot » ”{ssbot)
—VariableSoilWedgeWeight(y, Opcf, A{W)
+
Q41EQ
—BuoyancyWeight(y)
+ Nw
Q1EQ
Y0
r-Xj
+ —0y1gq  ConcreteVolume(y)-~ ... dy + —0yiEQ: StaticSoilWedgeWeight(’stbot,ﬁ{ssbot)
+ DrySoilVolume(hj , y) Ysdbot -
+ SamratedSOilVolume(hj , Y)'“{ssbot
+ VariableSoil WedgeWeight(y , Ysanot» Vssbor) --
—VariableSoilWedgeWeight(y ,0pcf, '\(W)
+
Q41EQ
—BuoyancyWeight(y)
+ “Yw
Qld1EQ
“a
+ StaticSoilWedgeWeight(Opcf ,H(W)
]
=]
P:\Mpls\23 MN\53\23531012 Nobles Repower 53 3/29/2021
Project\WorkFiles\3-12_Nobles RePower 1.6-97 Version 5.2b




Nobles Wind Project GE 1.6-97 80m HH RePower Foundation Barr Engineering Company

Project No. 23/53-1012 Evaluation Prepared by: SWS
Checked by: PFB/BKT

Bottom Reinforcing Design Moments
Solution for the design bending moment due to soil bearing pressure under wind loading is:

NIubothi =10 if Xi < Xstartw + —ocdl-StaticSoilWedgeWeight(’\{sdbot, FYsstt)'Xi

min(Xi 5 XstartW+befﬂV)
fywr legw (Xi _ y) dy otherwise

XstartW
+ StaticSoilWedgeWeight(Opcf ,'\(W)-xi

Xi
+ —0y-( ConcreteVolume(y) v, ... '(Xi - y) dy
+ DrySoilVolume(hi, y) Ysdbot -+
+ SaturatedSoilVolume(hi, y)~'\{ssbot
+ VariableSoilWedgeWeight(y,'\(Sdbot, “{ssbot)
—VariableSoilWedgeWeight(y ,0pcf, 'Yw)
+
Q41
—BuoyancyWeight(y)
+ “NYw
Q1
[‘min(xj > XstanW+befﬂV) ra
Mubothj = fdw-leﬁw-(xj - y) dy + —0yy;-( ConcreteVolume(y)-e ... -(xj - y) dy ...
XetartW + DrySoﬂVolume(hj aY>"stbot
+ Satura‘[edSoilVolume(hj , Y)'”(ssbot
+ VariableSoilWedgeWeight(y , Yadot» Vssbot) -
—VariableSoilWedgeWeight(y ,0pcf, ’Yw)
+
Qq1
—BuoyancyWeight(y)
+ Nw
Qqj
70
+—ad1~StaticSoilWedgeWeight(ﬂfSdbot,'Yssbot)xj + StaticSoilWedgeWeight(Opcf ,ﬂ{w)-xj
r-Xj
+ —0y-( ConcreteVolume(y) -7, .- '(Xj - y) dy
+ DrySoilVolume(hj , Y)'“{sdbot
+ SaturatedSoilVolume(hj , Y)"Yssbot
+ VariableSoilWedgeWeight(y »Ysdbot » ”{ssbot)
—VariableS011WedgeWeight(y, Opcf, A{W)
+
Q41
—BuoyancyWeight(y)
+ Nw
Qq)
“a
AMpls obles Repower
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Solution for the design bending moment due to soil bearing pressure under seismic loading is:

MubotlEQi = [0 if X, < Xgangq

,.rnin(xi R XstanEQ+beffEQ)

deQ'leffEQ'(Xi - y) dy otherwise
/ XstartEQ

rXi

+ —0gQ ( ConcreteVolume(y) - ...

+ DrySoilVolume(hi, y) Vsdbot -

+ SaturatedSoilVolume(hi, y)-‘(ssbot

—VariableSoilWedgeWeight(y ,0pcf, ’Yw)

+
Q41EQ

-B Weight
N uoyancyWeight(y) ~

w

Q41EQ
70

+ —OL1 - StaticSoilWedge Weight( Ve« Veahnr ) X . <..

(min(xj > XstartEQ+beffEQ)
MubotlEQj = deQ'lefﬂEQ'(Xj - Y) dy ...
XstartEQ
a
+ | —ogipg( ConcreteVolume(y) -~ ...

+ DrySoilVolume(hj , y)'“(sdbot
+ SamratedSOilVolume(hj R y)"\{ssbot

—VariableSoilWedgeWeight(y ,0pcf, '\(W)

+
Q41EQ

-B Weight
N uoyancyWeig (Y)"Y

w

Q41EQ

J
0
+—0YIEQ" StaticSoilWedgeWeight(’\{Sdbot, ’Yssbot)-xj

+ StaticSoilWedgeWeight(Opcf ,’\{W)-xj

(‘Xj

+-| oagipg [ ConcreteVolume(y)-~, ...

+ DrySoilVolume(hj , y)“\{sdbot

+ SaturatedSoilVolume(hj s Y>"Yssbot

—VariableSoilWedgeWeight(y, Opcf, A{W)

+
QdIEQ
-B Weight
N uoyancy Weight(y) ~

Determine controlling load case for CMypot1 = max(Mubmlw »Mybot1EQ )
q q q

bottom moments:

-(xi - y) dy ...

+ VariableSoilWedgeWeight(y »Vsdbot» 'Yssbot)

+ VariableSoilWedgeWeight(y »Ysdbot s ’Yssbot)

+ VariableSoilWedgeWeight(y »Ysdbot s “(ssbot)
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Top Reinforcing Design Moments

The solution for the design bending moment due to the weight of concrete and soil above the footing and soil
resistance along edge of footing is:

(‘Xalti

Mumpli = max(adz,adZEQ)~ ConcreteVolume(y)- v ... -(xalti - y) dy ...

+ DrySoilVolume(hi,y)ﬂ{sde

+ SaturatedSoilVolume(hi,y)-ﬁ{ssmp

+ VariableSoil WedgeWeight(y , Ysgiop» Ysstop)

J
0

+ max(adz , OLdZEQ)~ StaticSoilWedgeWeight(’Ysdmp , '\{SSmp) Xaly

ra

Mytopt, = max(cxdz,cdeEQ)- ConcreteVolume(y)-v, ... -(xalt. - y) dy ...

! + DrySoilVolume(hj , y) Ysdtop -+

+ Satura‘[edSoilVolume(hj , y)-ﬁ(sstop
+ VariableSoilWedgeWeight(y , Ysarops Ysstop)

/-Xaltj

+ max(ocdz,OLdZEQ)- ConcreteVolume(y)-v, --- '(Xalt. - Y) dy ...
+ DrySoilVolurne(hj , y) Ysdtop -+

+ SaturatedSoilVolume(hj , y)-“{sstop

+ VariableSoilWedgeWeight(y »Vsdtop> ’\{Sstop)

14 N Ty \
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E. Top and Bottom Reinforcing Selection

Top middle bars: Sizey,, == 6 Stopm ‘= 8-in

Top outside bars: Sizeyp, = 6 Stopo °= 8-In

Bottom middle bars: Sizeymp = 11 Sbotm = 9-in

Bottom outside bars: Sizeyyy, = 7 Shoto = 91N

Distance from centerline that defines _C 15-(he + h 1625
middle/outside boundary: Wini= =+ 5:(hy + bo) Wi = 16.25 1t

F. Bar Cutoff Locations

Distance of top bar cutoff from cdop i= 5-ft
edge of footing:
Distance of bottom bar cutoff from cdpyy := 0-ft
edge of footing:
[+
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Assign properties using lookup function, depending on bar size.
ditgpm 1= viookup(Sizeyyp, ACI bar_table, 1)o-in ditopm = 0.750-in
diggpo == Vlookup(SizetOb,ACI_bar_table, l)o-in digypo = 0.750-in
dipopm = Vlookup(Sizebmb,ACI_bar_table, l)o-in dipotm = 1.410-in
dipyio == Vlookup(SizebOb,ACI_bar_table, l)o-in dipei, = 0.875-in
. .2 .2
Agopm = Vlookup(Slzetmb,ACI_bar_table,Z)o-m Agopm = 0.44-in
. .2 .2
Agopo = Vlookup(SlzetOb,ACI_bar_table,2)0-1n Aopo = 0.44-in
. .2 .2
Apotm = Vlookup(Slzebmb,ACI_bar_table,Z)o-ln Apotm = 1.56-in
. .2 .2
Apoo = Vlookup(SlzebOb,ACI_bar_table,Z)o-ln Apoto = 0.60-in
. Ibf
Wiopm = Vlookup(Sizeyp, ACI_bar_table,3)o-Ibf + ft Wiopm = 1.502-?
. Ibf
Wiopo == viookup(Size,, ACI_bar _table,3)o-Ibf + ft Wiopo = 1.502-?
. Ibf
Wiotm = Vlookup(Slzebmb,ACI_bar_table,3)0-1bf + ft Wiotm = 5.313-?
. Ibf
Wioto := Vlookup(Slzebob,ACI_bar_table,3)0~lbf + ft Wioto = 2.044-T
t
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G. Bottom Reinforcing Development Length Past Critical Section
1) Middle Bars

Rebar yield strength: fyg = 75000-psi
28 day concrete strength: f, = 5000-psi
Bottom middle layer bar spacing: Sbotm = 9.00-in
Bottom middle layer bar diameter: diporm = 1.410-in
Reinforcement location factor: a:=1.0 <12 inches of concrete cast below (Reference 1a)
Coating factor: =1.0 uncoated
Reinforcement size factor: ~ 1= if (dipotm < 0.875:in,0.8,1.0) ~ = 1.0
Lightweight concrete factor: A:=1.0 normal weight concrete

. Shotm dibotm

min| T,ccbot + —
Spacing factor: ¢ := min - ,2.5 c=25
dlbotm

Tension development length past labotm = —————"dipotm lgbotm = 45-in (Reference 1a)
critical section: 40-X-c J f.-psi
2) Outside Bars
Bottom outside layer bar spacing: Shoto = 9-00-in
Bottom outside layer bar diameter: diporo = 0.875-in
Reinforcement size factor: N = if(diboto < 0.875-in,0.8, 1.0) ~y=10

. (Sboto dibotoj

min| ,CChot +
. . 2 2
Spacing factor: ¢ := min - ,2.5 c=25
dlboto
Tension development length past lgboto = ——————"dlipo1o lgboto = 28-in (Reference 1a)
critical section: 40- XCJ f.-psi
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H. Top Reinforcing Development Length Past Critical Section

1) Middle Bars

Top middle layer bar spacing: Stopm = 8:00-in
Top middle layer bar size: digopm = 0.750-in
Reinforcement location factor: a=13 >12 inches of concrete cast below (Reference 1a)
Coating factor: B:=10 uncoated
Reinforcement size factor: ~ 1= if (dijopm < 0.875:in,0.8,1.0) ~ = 0.8
Lightweight concrete factor: A:=1.0 normal weight concrete
. [ Stopm ditopm
Soacin fict min - »CCop + -
or:
pacing fae ¢ := min : 2.5 ¢=25
dltopm
Tension development length 3froafBy .
past critical section: Lytopm = —4o.x.cm -digopm lgopm = 25-in  (Reference la)
2) Outside Bars
Top outside layer bar spacing: Stopo = 8.00-in
Top outside layer bar size: dijopo = 0.750-in
Reinforcement size factor: ~ 1= if (diopo < 0.875in,0.8,1.0) ~ = 0.8
. | Stopo ditopo
Soacin fict min - »CCop + -
or:
pacing 18 ¢ := min : 2.5 ¢=25
dltopo
Tension development length i _ 3-fyro- By di 1 _ 95
past critical section: dtopo -~ 40 %e \/fc_pm ltopo dtopo = 25°1n
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l. Calculate Actual Bottom Moment Capacity
Width of footing at section: Wbotq = if(q <n,B+ 2-xq,D)
Wbot
-4/ 2-cc
Number of bars within , Woot, W, top
middle section: Npotm = if Wm < ,tI'unC N trunc
q 2 Sbotm Sbotm
H Wbot
Spacing of first bar beyond the . .
middle/outside boundary line: Sblbarq =if| Wy <——, Sbotm'nbotmq + Shoto = W, 0.0in
Number of bars across bottom of O'S(Wb"tq B 2Wm) B Sblbarq ~ “Crop . Whar
footing at section: Nyt = |Npoem  + | trunc + 1] if W<
q q Sboto
Ny Otherwise
q
Bar counter: ib:=1,2..1np
n+l’1j

Distance of bars from centerline
across bottom of footing:

Depth of footing for bottom
middle steel at point:

Depth of footing for bottom
outside steel at point:

Depth of each bar at
section:

Area of steel provided across section

at middle section:

Area of steel provided across section

Zpot,, = if| ib < Npotm .aib'sbotmasbotm'nbotm . + Spoto ib — Dpotm
ib n+n; n+n;j n+nj

X.
i .
dbotmi = hb + ;'hc — CCpot — dlbotm

dbotmj = 1'lb + hc — CCpot — dibotm

X.
i .
dbotoi = hb + ;'hc — CCpot — dlboto

dbotoj = hb + hc — CCpot — diboto

B
d = |if ibs > —
barbq’ ib botm 5

B he L
dbotm | Zoot, — < |'" if ib < Npotm
q ib 2/ a q

B) he .
dioto — | Zbot. — — |-— otherwise
q ib 2/ a

dpotm  Otherwise
q

. 1
Asbotmq = lf(xq 2 Cdbotz Ilbotmq'ZAbotmz E'nbotmq'ZAbotm) + Abotm

. 1
at outside section: Asbotoq = 1f|:xq 2 cdpor (nbotq - nbotmq)'z'Abotoz E'(nbotq - nbotmq)'z'Abotoj|
Applying ACI minimum 0.0018-60000- psi
rein_forcing requirements' pB.min = max 000149 - . pB.min = 000144
. fyB
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Minimum area of steel
required at section:

Factored moment considering
minimum reinforcing
requirements at section:
Footing is separated into strips

containing one bar each. depth of Apotm =
compression block for each strip:

Depth of compression block for _
each outside strip: boto -=
Distance from section to end of bar

for continuous bars: Tpot1 @ib
Distance from section to end of bar ]
for cutoff bars: lboth’ b

Selection of appropriate bar end
distance for bar in question:

Factored moment capacity at section:

Agminb = pB.min~ConcreteVolume(xq)
q

Abotm ’ fyB
0.85- £, Sporm

Aboto' fyB
0.85-F.Sporo

. B B
1f|:zb0tib > 3 ,max[xq - (zbotib - ?) - ﬁ-cctop,0:|,max(xq - ccmp,Oﬂ

max(xq — cdpet, 0)

o B ib ib
lbth,ib = lf(lb'sbotm - E < Cdpor A ; * tmnc(?j :lbotzq’ibzlboth’ib)

Iy nbotmq I
ot a; ot a
. . q,1 botm . q, kk botm
OM ot = Py Abotm'fyB'rnln )1 '(dbotm - j + 2 Z Abotm'fyB'mln )1 '(dbarb & )
a 1dbotm a 2 K= 1 ldbotm 9 2
nbth lb
ot .. ay,
: Q.Jj oto
+2 Z Aboto'fyB'rnln 1 dbarb .
K 1db0t0 q,]] 2
n= (nbotm )+1
L q
Mubot
Check of factored moment vs. heck. . q
moment capacity at each section: chee bot,

nbot
q

(Reference 1a)

Mypot = if(Asbmm + Agoto < Agninb »"NG - BOTTOM R/F RATIO" ,max(Mubotl ,o))
q q q q q
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J. Calculate Actual Top Moment Capacity

: . 0.5 .
Applying ACI minimum 3-psi '\/?c 200-psi
reinforcing requirements: PT.min = Max ) PT.min = 0.0028
' fyT fyT
Width of footing at section: Wtopq = if(q <n,B + 2'Xaltan)
Wtop \/_
-4/ 2-cc
Number of bars within , Wiop, Wi top
middle section: Niopm = if| Wi < »trunc , trunc
q 2 Stopm Stopm
Spacing of first bar beyond the . meq .
middie/outside boundary line: Stibar_ = 1| Win < === StopmDiopm_+ Stopo = W, 0.0in
q 2 q
Number of bars across top of 0.5 (Wtopq - 2Wm) ™ Stlbar, ~ Ctop . Wiop a
footing at section: Ngop = | Ngopm + | trunc + 1] if W<
4 4 Stopo 2
Nyopy  Otherwise
q
Bar counter: it:=1,2.. nmpmn.
Distance of bars from centerline Zip, = if[it < Niopm_ 1 Stopm> Stopm Diopm__ + Stopo'(it ~ Nyopm )}
across top of footing: it D nenj n+n
Depth of footing for top middle Xalt, .
steel at point: dtopmi = hy + *he = ccop — ditopm
dtopmj = hy + h - CCtop — ditopm
Depth of footing for top outside Xalt, .
steel at point: Gltopoi = hy + ‘he = ceyop = ditopo
dtopoj =hy + h - CCtop — ditopo
B
Depth of each bar at dpare = |if it-Spm > =
section: q, it

dtom_
pq

NN

B ke if it <
Z —— |'— 1 itsn
topit 7 a topmq

B he
d -z — — |-— otherwise
topoq ( topit 2) a

dtopmq otherwise

Area of steel provided across section .
at middle section: Astopmq = if Xaltq 2 Cdtopantopmq'zAtopma E'ntopmq'ZAtOpm + Atopm
Area of steel provided across section ) 1
at outside section: Astopo = if] Xalg 2 cdtop > (ntop ~ Diopm )'Z'Atopo s (ntop ~ Dtopm )'Z'Atopo
q q q q 2 q q
Minimum area of steel f
required at section: Asmimq = pT.min-ConcreteVolume(xq) (Reference 1a)
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Factored moment considering
minimum reinforcing

. ¢ Mutop = lf(Astopm + Astopo < Asmint
requirements at section: q q q

4
,max| —M ,0 ,maX(M ,0)
q ( 3 utoplq j utoplq )

Distance from section to end of bar 1 " S B B \/5 ol ma 0
X . = if| z —,max| Xa;t — | Ztop, — | = V2:CCtop, U [, MAX( Xyt — CCtop,

for continuous bars: topl i R alt, = | Topy 5 fop ( altg — Top )
Distance from section to end of bar 1 a d
of bar for cut off bars: P2, 5 max(xaltq ~ Chop 0)
Selection of appropriate bar end . B it it
distance for bar in question: ltopq’it = if| itSiopm — o < cdiop A 5 # trunc 5 +liop2 q’itﬂltOpl Wit
Force developed in each middle bar liop .
. . . . . q,1t
including development length of fim 1= if] it < nigp , Aopmfyr-min 1 ,11{,0
individual bars: a1 4 dtopm
Force developed in each outside bar liop .
. . Al . . 1t
mcl.uc.hng development length of £, = if| it < nygp 5 Agopo- fyrmin ,11,0
individual bars: ! 4 dtopo

f
e — — 4000

ta factor:
cta factor B, = if| £, > 4000psi, max| 0.85 — 0.05.| 2= ,0.65/,0.85| B, = 0.80
1000
Xalt — CCtop ntopmq ntopq
Depth of neutral Atopm’fyr-min s z fsmq k" o Z fsoq ji
axis at section: dtopm kk=1 ii= (ntopm )+1
q

Xop =
pq

Factored moment capacity at section:

Wiop, B,-.85-f,

i Xalt — CCtop Xopq'Bl |
M, 0r = Op Ay Fop-min .1 -(d - X0 ) + W,,, -0.85-8-f-x0p | xop —| ———— ] ...
d) ntopq d)b topm”'yT dtopm bartq’1 pq topq 1"1c pq q 2
ntopmq ntopq
+2- f. -(d - + 2- f. -(d — X0
2 [qu,kk( barty e p qﬂ 2 [S‘)q,jj ( barty O q)]
kk=1 = (ntopmq)+1
Check of factored moment vs. Mutop
moment capacity at each checkyy, = d
section: 4 ¢Mnt0pq
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Factored moment capacity in middle section at critical section:

) 1 . nbOtmn+nj lbot( ) " . -
n+nj), botm n+nj), botm
M = dp| Apgiy Fp-mi 1] d - +2 Aoy Fop-mi 1|4 -
d) nbotmn+nj d)b botm" 1yB - TT1 ldbotm ( bOtmn+nj 2 j Z botm " 'yB ldbotm |: barb(n+nj),kk P )
kk=1
dMpporm = 20250-kip-ft
n+nj
Factored moment capacity in middle section at critical section:
) g Ctop xop n+nj'Bl
¢Mnt0pmn+nj = Py Atopm'fyT'mln ldtopm )1 .(dbann+nj,l - Xopm—nj) + Wm'0.85-61'fC'X0pn+nj- Xopn+nj - )
ntopmm_nj
+2 f; -(d -
Z |:Smn+nj,kk( banmnj,kk XOpn+nj)j|
kk=1 _
OMpopm = 6774-kip-ft
n+nj
Unbalanced wind moment on joint: Munbalancedw = Maw Munbatanceaw = 31968-kip-ft
q)Mnbotmn_m' + ¢Mm0pmn+n'
Fra(.:tion of wind moment New = L ! Yew = 0.85
carried by flexure: Munbalancedw
Unbalanced seismic moment on joint: MunbalancedEQ ‘= MdgQ Munbatancedeg = 15510-kip-ft
M + oM
Fraction of seismic moment _ ¢ “bormnmj ¢ POy i
carried by flexure: fEQ = M Q= 1.7
unbalancedEQ
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K. Bottom Moment Capacity Results
= Wiot = Asboto *+ ASbOtmq B Asmian B Mypot = OMpot = checkpy =
q= q q 5 5 q q
1 05|ft | 21.7|ft 45.2| -in 10.9| -in 0| kft 648 | k-t 0.00
2 1.0 22.7 45.2 11.9 0 1546 0.00
3 1.5 23.7 48.4 12.8 0 2507 0.00
4 2.0 24.7 51.5 13.8 0 3581 0.00
5 2.5 25.7 51.5 14.8 52 4838 0.01
6 3.0 26.7 54.6 15.8 142 6170 0.02
7 3.5 27.7 57.7 16.8 265 7625 0.03
8 4.0 28.7 57.7 17.9 422 8903 0.05
9 4.5 29.7 60.8 18.9 612 9537 0.06
10 5.0 30.7 64.0 20.0 834 10188 0.08
11 5.5 31.7 64.0 21.1 1090 10908 0.10
12 6.0 32.7 68.3 22.3 1378 11556 0.12
13 6.5 33.7 68.3 23.4 1699 12262 0.14
14 7.0 34.7 68.3 24.6 2052 12967 0.16
15 7.5 35.7 69.5 25.8 2437 13665 0.18
16 8.0 36.7 70.7 27.0 2858 14368 0.20
17 8.5 37.7 70.7 28.2 3307 15064 0.22
18 9.0 38.7 71.9 29.5 3789 15725 0.24
19 9.5 39.7 73.1 30.7 4302 16360 0.26
20 10.0 40.7 73.1 32.0 4846 16942 0.29
21 10.5 41.7 74.3 33.3 5421 17534 0.31
22 11.0 42.7 75.5 34.7 6028 18133 0.33
23 11.5 43.7 75.5 36.0 6666 18730 0.36
24 12.0 44.7 76.7 37.4 7334 19337 0.38
25 12.5 45.7 77.9 38.8 8033 19952 0.40
26 13.0 46.7 77.9 40.2 8762 20565 0.43
27 13.5 47.7 79.1 41.6 9507 21188 0.45
28 14.0 48.7 80.3 43.1 10244 21818 0.47
29 14.5 49.7 80.3 44.5 10974 22446 0.49
30 15.1 50.0 81.5 45.0 11830 22737 0.52
31 15.7 50.0 81.5 45.0 12674 22852 0.55
32 16.3 50.0 81.5 45.0 13507 22932 0.59
33 16.9 50.0 81.5 45.0 14329 22974 0.62
34 17.5 50.0 81.5 45.0 15139 22979 0.66
checkbothrnj = 0.66
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L. Top Moment Capacity Results
q= Xaltq = Wtopq AStOpoq * Asmpmq - Asmimq - Mutopq = ¢)Mntopq = Chethopq =
1 0.50 21.7 |ft 7.0] -in’ 215 in’ 14| -frk 158 | -ftk 0.09
2 1.00 22.7 7.5 23.3 37 469 0.08
3 1.50 23.7 7.9 25.2 69 748 0.09
4 2.00 24.7 8.4 27.1 109 1093 0.10
5 2.50 25.7 8.4 29.0 160 1365 0.12
6 3.00 26.7 8.8 31.0 220 1418 0.16
7 3.50 27.7 9.2 33.0 291 1541 0.19
8 4.00 28.7 9.7 35.1 373 1643 0.23
9 4.50 29.7 9.7 37.2 466 1734 0.27
10 5.00 30.7 19.8 39.3 570 1885 0.30
11 5.50 31.7 20.7 41.5 686 2508 0.27
12 6.00 32.7 22.4 43.7 815 3119 0.26
13 6.50 33.7 22.4 46.0 957 3821 0.25
14 7.00 34.7 22.4 48.3 1111 4560 0.24
15 7.50 35.7 23.3 50.6 1279 4861 0.26
16 8.00 36.7 24.2 53.0 1462 5110 0.29
17 8.50 37.7 25.1 55.4 1659 5359 0.31
18 9.00 38.7 25.1 57.9 1870 5616 0.33
19 9.50 39.7 26.0 60.4 2097 5878 0.36
20 10.00 40.7 26.8 62.9 2339 6145 0.38
21 10.50 41.7 27.7 65.5 2596 6411 0.40
22 11.00 42.7 27.7 68.1 2871 6686 0.43
23 11.50 43.7 28.6 70.7 3162 6965 0.45
24 12.00 44.7 29.5 73.4 3470 7249 0.48
25 12.50 45.7 30.4 76.2 3796 7533 0.50
26 13.00 46.7 30.4 78.9 4139 7825 0.53
27 13.50 47.7 31.2 81.7 4501 8121 0.55
28 14.00 48.7 32.1 84.6 4882 8422 0.58
29 14.50 49.7 33.0 87.5 5282 8723 0.61
30 15.28 50.0 33.0 88.3 5941 8936 0.66
31 16.05 50.0 33.0 88.3 6647 9026 0.74
32 16.83 50.0 33.0 88.3 7400 9060 0.82
33 17.60 50.0 33.0 88.3 8200 9060 0.91
34 18.38 50.0 33.0 88.3 9047 9060 1.00
checkmanrnj = 1.00
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M. Check Cutoff Locations (Reference 1a)
Distance to top bar cutoff location from edge of footing: cdip = 5.0-ft
. . cdtop
Counter corresponding to cutoff location: =
Xalt
1
Distance to cutoff location from edge of footing: Xar = 5.0ft

Factored moment capacity at cutoff location:

Footing effective depth at cutoff location:

Distance equal to effective depth from cutoff location:

Counter corresponding to bin below distance equal to
effective depth from cutoff location:

OMyop, = 1885k-ft

diopm, = 3.1ft

cdop + max(dmpmb, 1 2.dit0pm) =8.1ft

cdop + max(dtopmb, 1 2.dit0pm)
bunder := trunc| 2- bunder = 16

ft
Xalt =8.0 ft
under
Moment at distance equal to Mytopeutd = Muto Py
effective depth from cut: under
|:Mutop(b d +1) - N[utopb d }
. under under
+ (Cdtop + max(dtopmba 12'dltopm) - xaltb d ) 0.5f1
under, .
Mtopeutd = 1490-k-ft
Check factored moment at distance equal to effective Mytopeutd 079
depth from cutoff location: OM,, -
ntop,
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Distance to bottom bar cutoff location from edge of

footing:

Counter corresponding to cutoff location:
Distance to cutoff location from edge of footing:
Factored moment capacity at cutoff location:

Footing effective depth at cutoff location:

Distance equal to effective depth from cutoff location:

Counter corresponding to bin below distance equal to

effective depth from cutoff location:

cdpor = 0.0-ft
a Cdpor
*
Xy = 0.0t

¢Mnbotb = 0-k-ft

dooim, = 0.0ft

Cdbot + max(dbotmba dibotm) =0.11t

Cdbot + max(dbotmba dibotm)
bunderZ = trunc| 2- bunderZ =0

ft
X = 0.0ft
bunder2
Moment at distance equal to Mboteutd = Mubot
effective depth from cut: bunder2
|:Mub0t - Mubot :|
+led + max(d di Cx ) (bunder2+1) bunder2
( bot ( botmb’ botm) byn der2) 0.5ft
Mypoteutd = 0-k-ft
Check factored moment at distance equal to effective Mybotcutd a
depth from cutoff location: &M =0.00
nbotb
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IX-b. Moment Capacity of Bottom Reinforcement at 45 degree angle

Distance to critical section from _ \/; C _ .
centerline of foundation: Xo = 4 Xo = 90.4-in
Slant distance on critical section | D-B 2
from foundation edge to slope a, = (—) 2-( — j - X, a, = 33.9-in
transition point: 2 2
Geometric distance to transition point: C,:= \/5 a, Cy=479n
. oo . hC
Height of transition point: h:=hy+|—|-C h =37.3-in
a
Number of bars between centerline Xo
and critical section: Nbarsdown = trunc \/E— Nbarsdown = 7
*Sbotm
Spacing to first bar on critical section: X, = V2 Sbotm — (Xo - \/E'Sbotm'Nbarsdown) x, = 11.43-in
Number of middle section bars: Nbarbm = Dpotm — Nparsdown Nbarbm = 14
n+n;
Distance to last middle bar: dyp = \/E'(Nbarbm - 1)~sb0tm +X, dyp=177-in
— — CCop — dtp
Number of outside section bars: Nparbo = trunc| ————— Nbarbo = 9
2-5
Number of bars crossing the boto
critical section in diagonal
direction 1: Nbars1 = Noarbm * Nbarbo Nboars1 = 23
Bar counter for diagonal bars in by = 1,2.. Npasi
diagonal direction 1:
Distance frpm Fenterline of bars in xb1 = if|:b1 > Nbarbm,be . + \/E'Sboto'(bl - Nbarbm),x + ﬁ'sbotm'(bl - 1)]
diagonal direction 1: arom
. . . D .
Development lengths provided for Ly, = m1n|:100~1n,\/§-(— — CCiop ~ Xy, j:| Loyt := 100-in
individual bars: b1 2 ! b1
o . . . D

Depth of individual bars in d, = |hy + he = cCpor = dibom if X, <= = (ap + 2%,)
diagonal direction 1: 1 L2

h, —h D D

1%, —|— —a,||+h—(ccpy + di if x, >——-a
a, |: b, ( 5 p)j| ( bot botm) b, 5 p
h - (hy + hy) D _ .
2-—%.[)('31 - [; - (ap + 2~X0):|:| + he+ hy - (ccbOt + dlbotm> otherwise
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Number of bars crossing the
critical section in diagonal
direction 2:

Average width of tributary.
area for individual bars:

Developed stress for individual bars
for diagonal direction 1:

Depth of compression block for
bars in diagonal direction 1:

Bar counter for bars in diagonal
direction 2:

Distance from centerline for bars
in diagonal direction 2:

Bar number crossing critical section
corresponding to the center line bar:

Type of bar that center bar is:

Types of bars that other bars are:

Type of bars that all diagonal
direction 2 bars are:

Development lengths provided for

D
(_ - CCtop) - (\/E'Sbotm - Xl)
2
\/5 Sbotm

Npars2 = trunc

D
2
b=———"7—
Nbarsl + NbarsZ
min{L;, ,L
\/E'fyB'Aboto ( "oy Ombl)
ol, = -min|

bl 2 ldboto

min(L;, ,L
\/5 . fyB' Apoim ( mbl 0mb1)
-min|

+ 1| Nparer = 24

b = 6.38-in

,1 if bl > Nbarbm

2 1dbotm

Glbl
al, =——
b1" 0.85-f.b

b2 = 132"Nbar52
>\b2 =X+

Centerbar := Np,rsdown + 1

2. Sbotm* (bZ) -2x 1

.. Centerbar
CLypy == | "cutoff" if ————
"noncutoff" otherwise

Othery,, == | "cutoff" if CL,, = "noncutoff"

"noncutoff" otherwise

. by b,
Cbarb2 := | Othery,,, if 7 > trunc 7
CLy, otherwise

L, := 100in
b2

,1| otherwise

Centerbar = 8

Centerbar
n¢| ————
2

Othery,,, = "cutoff"

individual bars:
Lowz = |if Cpy = "noncutoff”
b2 b2
. _ D .. D V2
mm[loom,\/i-(E — CCygp — >‘b2ﬂ if 3 Ny, < T~(D - B) - x,
2 21D 2
mi..[wo.in,\/i-[ (D-B) - X0:| — COyop + %B N, [%-(D -B) - xom otherwise
2
2 2| D 2
maxI:Oin,min|:100~in,\/§-|:§~(D -B) - x0j| — CCyop + g[z - >\b - |:§~(D -B) - x{H - (cdbOt - cctop)ﬂ otherwise
2
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Depth of individual bars in diagonal direction 2:

. . D
hy + h¢ — ccpor — dipgyn I >\b2 < 5 - (ap + 2~x0)

hy —h D . : D
.|:)\b2 - (5 - apﬂ +h- (chot + dlbotm) if >\b2 > E - a,

b (Zh: b -[xbz - B ~ (ay + 2-xo)ﬂ + g+ hy — (copor + dipoyn) Otherwise
Developed stress for individual bars V2 fyB*Apotm min(Linzbz ’ Louabz)
in diagonal direction 2: 0-21)2 = T, min ldbotm 1
Depth of compression block for szz
bars in diagonal direction 2: a2b2 = chb

Factored moment capacity at section:

Npars2 azkk ' |
+2 Z 02, 42, - >
| kk=1 B

|

Nbarsl al
Kk
PMppor = Piy| 2- z e G ™ o My = 23730-k-ft

Ultimate moment in bottom Mupot = 15139-k-ft
reinforcement at critical section: n+nj
. Mubot .
Check of factored moment against heck. . - D0 v —
moment capacity at critical section: CECKpor == oM
nbot
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IX-c. Moment Capacity of Top Reinforcement at 45 degree angle

Distance to alternate critical
section from centerline of
foundation:

Slant distance on alternate critical
section from foundation edge to
slope transition point:

Geometric distance to transition point:

Height of transition point:

Vertical distance to the centerline
of top bars in outer section:

Vertical distance to the centerline of
top bars in middle section:

Number of bars between centerline
and critical section:

Spacing to first bar on critical section:

Number of middle section bars:

Distance to last middle bar:

Number of outside section bars:

Number of bars crossing the
critical section in diagonal
direction 1:

Bar counter for diagonal bars in
diagonal direction 1:

Distance from centerline of bars in
diagonal direction 1:

Development lengths provided for
individual bars:

_Jmop

Xalt.o -~ 4

1 D-B 2
Altp = E 2 > — Xalto

Ca1 = \/E 4altp

hC
hgje = hy, + " “Cale1

CCop + dltopm

Kl =
hyye — by
cos| tan| —
Aalt.p
CCop * disopm
K2 =
hb + hc - halt
cos| tan| ——
2'Xalt.o

Xalt.o
Nparsdown = trunc
\/E' Stopm

Xl = \/E'Stopm - (Xalt.o - ﬁ'stopm'Nbarsdown)
Npartm = Diopm  — Nparsdown
n+nj

dtp = \/E'(Nbartm - 1)'Stopm + Xl

— 7 CCtop — dtp

Nparto = trunc
2. Stopo

Nparst = Npartm + Nbarto

bl = 1,2 "Nbarsl

x, = if|b; > N ,X
b, |:l bartm Nbartm

D
Li, = min| 100-in,y/2:| = — -
iny, m1n|: in ( 5 CCiop — Xy, lj:|

Xalto = 79.5+in

aalt.p = 44.8-in
Cyiq = 63.3+in

hyy = 40.3-in

K, = 2.86-in

K, = 2.78-in

Noarsdown = 7
X1 = 11.03-in
Npartm = 17

dp = 192-in

Nparto = 9

Npars1 = 26

LOutbl := 100-in

+ 2'St0po'(b1 - Nbartm)axl + 2'St0pm'(bl - 1)i|
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dDifgcﬂt}(?IfiI'ldwldual bars in diagonal dbl = |hy + he - CCtop — dltopm if Xbl = 5 - (aalt.p + 2'Xalt.o)
hy, — hyye D b K i oD
—x, - |—-—a - if x ——a
Baicp by P alt.p alt 1 by P alt.p
h It — hb +h D
%'[Xbl - |:E - (aalt.p + 2~xalt'0):|:| + h¢ + hy — K, otherwise
“Aalt.o
D
Number of bars crossing the ; — CCtop | — (\ﬁ'stopm - X 1)
critical section in diagonal Npare = trunc + 1| Npars2 = 27
direction 2: \/5 Stopm
min(L;, ,L
Developed stress for individual bars = \/E'fyT'Atopo ( "y Ombl) i
for diagonal direction 1: Glbl = ) “min 1 1| if by > Niarm
dtopo
in(L;, ,L
\/E'fyT'Atopm ) mm( mbl outbl) .
-min ,1 | otherwise
2 ldtopm
Bar counter for bars in diagonal
direction 2: by = 1,2.. Nyars2
Distance from ce{lterlu.le for bars >\b2 =X, \/E.stopm.(bz) - 2%,
in diagonal direction 2:
Bar number crossing critical section Centerbar := Ny, rsdown + 1 Centerbar = 8

corresponding to the center line bar:

CLpy = | "cutoff" if

Centerbar ‘ Centerbar
Type of bar that center bar is: > trunc

"noncutoff" otherwise

Types of bars that other bars are: Othery,, == | "cutoff" if CL,, = "noncutoff" Othery,,, = "cutoff"
"noncutoff" otherwise
: b, b,
Type of bars that all diagonal Cpar = |Othery,, if — > trunc| —
direction 2 bars are: b2 2 2
CLy, otherwise
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Development lengths provided for L;;» = 100in
individual bars: b2
Lowz = |if Cpy = "noncutoff”
b2 b2
. : D .. D V2
mm[loom,\/i-(E ~ CCygp — >‘b2ﬂ if 3 Ny, < T~(D - B) — Xy
2 2|D 2
min[lOOdn,ﬁ-[%-(D -B) - xalt_o} = CCp + %[5 - >\b2 - |:%-(D -B) - Xalt'o:m otherwise
L . 2 2|D 2 '
maxI:Om,mm|:100~1n,\/§-|:§~(D -B) - xalt.oj| — CCp + %[E - >\b2 - [%-(D - B) - xah‘oiﬂ - (cdtop - cctop)ﬂ otherwi
(l?i:gcﬂt}(jf;ldwldual bars in diagonal d2b ) = |hy + h, = CCtop — dltopm if >\b ) < E - (aalt.p + 2'Xalt.o)
hy — hyy D D
— X - |—-a +hy — Ky if A, >——a
Baicp |: b, (2 alt.p):| alt 1 b, P alt.p
h It — hb +h.) [ D
%~ >\b2 - |:E - (aalt.p + Z.Xalt'()):ﬂ + he+ hy — K, otherwise
“Aalt.o
min|L; L,
Developed stress for individual bars in ) \/E'fyT'Atopm , ( 2, ouabz) |
. . . . g = min; .
diagonal direction 2: by 2 1dt0pm
Npars1 Npars2
i o st 2 it 29
Footing is separated into strips o P
containing one bar each. Depth of Agop = — = ayp = 0.90-in
compression block for each strip: 0.85-f D
N C
2
Factored moment capacity at critical section:
Nparst [T
3top
SMpiop = D] 2- z [ o-lkk-(dkk - TJH SMpop = 8662k ft

kk=1

NbarsZ a
t
+2. Z Iozkk(dzkk - %m
| kk=1

Ultimate moment in top Myop = 9047 k-ft
reinforcement: n+nj
. Mutop .
Check of factored moment against heck. -+ Y
moment capacity at critical section: ChecKop -= M.,
ntop
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IX-d. One-Way Shear Capacity Check

Plan location of section:

Depth, d, as a function of distance
along the sloped portion of the
foundation is:

Determine controlling load case:
Location of critical section from
edge of footing:

Array counter for all slices up to the
critical section:

Shear capacity between edge and a:

Shear capacity between a and X!

i i
X, = —-ft X. = max(Xx) + (Xface - max(x))-J
L2 J n;
X. dlb .
d.:=hy+ —l-hC — CChot — —=
i a >
dibotm
dj = hy, + he = cCpot — T
Vy = lf(|VuW | 2 |VuEQ | »Vaw aVuEQ)
q q q q q
Xeritical *= Xface ~ dn +n; Xeritical = 12.6 ft (Reference 1a)
X eritical
qcs:= 1,2 .. trunc eritica +1
0.5ft

1

h
.2 c
OV = by 2:psi e B-d. + 2-xi-(di - Xlﬂﬂ (Reference 1a)

1

h i 1
OV, = by 2:psi” [T B-d, + 2~a-(d. - —"ﬂ (Reference 1a)
i j j

L 2
Asbotoi + Asbotmi
Reinforcing ratio at section rtho, :=
between edge and a: ! h,
B-d.+2x.-d —x.-
i il i1 i9.a
Reinforcing ratio at section — Asboto, + ASbOtmj
between a and edge: o = h
B-d. + 2-a-[d. - —Cj
J J 2
1 1
: 2 3 he
Capacity between edge and a: OV = byl 8-psi \/?C (rhox) | B-d. + 2-xd. - x-—
i i i il i i9.a
, 1 1
Capacity between a and Xg,. 3 3 he
¢Vn2j = ¢, 8-psi \/?C (rhoxj) . B~dj + 2-a dj - ?
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Shear Design Results Vu Vu
qes qes
qes = Xqes = dqcs = qucs = ¢ancs = ¢Vn2qcs = q)ancs d)VnquS
1 0.5|ft | 255 ‘in -18| 'k 703| k 533| k -0.03 -0.03
2 1.0 26.6 -25 766 565 -0.03 -0.04
3 1.5 27.8 -32 832 610 -0.04 -0.05
4 2.0 28.9 78 898 656 0.09 0.12
5 2.5 30.1 146 967 689 0.15 0.21
6 3.0 31.3 213 1036 736 0.21 0.29
7 3.5 324 280 1107 783 0.25 0.36
8 4.0 33.6 346 1180 817 0.29 0.42
9 4.5 34.7 412 1254 866 0.33 0.48
10 5.0 35.9 478 1330 916 0.36 0.52
11 5.5 37.1 544 1407 951 0.39 0.57
12 6.0 38.2 609 1485 1007 0.41 0.60
13 6.5 39.4 674 1565 1043 0.43 0.65
14 7.0 40.5 739 1647 1079 0.45 0.68
15 7.5 41.7 803 1729 1122 0.46 0.72
16 8.0 42.9 867 1814 1164 0.48 0.74
17 8.5 44.0 931 1900 1201 0.49 0.78
18 9.0 45.2 994 1987 1244 0.50 0.80
19 9.5 46.4 1057 2076 1288 0.51 0.82
20 10.0 47.5 1120 2166 1325 0.52 0.84
21 10.5 48.7 1182 2258 1370 0.52 0.86
22 11.0 49.8 1244 2351 1415 0.53 0.88
23 11.5 51.0 1306 2446 1453 0.53 0.90
24 12.0 52.2 1367 2542 1498 0.54 0.91
25 12.5 53.3 1428 2640 1545 0.54 0.92
26 13.0 54.5 1489 2739 1583 0.54 0.94
ii:= 1..trun Zeritical +1
0.5ft
Vu Vi
vals,. := - vals,; = oV,
11 q)vnii r12ii
|CheckShear1 := max(vals) = 0.54 | |CheckShear2 := max(vals) = 0.54 |
\Y . V, .
utrunc (Mj +1 utrunc (Mj +1
OutputghearCriticalSection] = = OutputspearcriticalSection2 = e
Vo (il ¢V Xcritical
f). {5,
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4000,
3550
3100
v
Uges 2650
Factored Shear vs. k 2200
Shear Capacity - vV,
qcs
1750
Xeritical = 12.6 ft k

dVyy 1300
qes

ko g5

400

- 50

- 500
0 093 186 2.79 3.71 464 557 65 743 836 929 1021 11.14 12.07 13

Xqcs

ft
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IX-e. Pedestal Two-Way Shear Capacity Check

Effective depth at face of pedestal

Effective depth at face of pedestal

Area of critical section:

Polar moment of inertia
of critical section:

Perimeter of critical section:

Half critical section width:

Weight of pedestal:

Unfactored vertical wind
load on critical section:

dmid = hb + hc — CCpot — dibotm

dmid = 57.6-in

D (C dmid
—_— — + —
2 2 2

dface = if] E + T < E,dmid,hb +

C+ dfacej

Ac = 27T'dface'( )

a

dppee = 56.3-in

A, = 46066-in>

3

Jo= Tr'dface'( )

2

C+d
2

C+d
c:i= - e (interior column)

W, = 79-kip

Pyi= Wi+ W, + (hC + hb)- ﬂ-( 5

3 3
C+ dfacej + dface (C + dfacej

2
C+ dface)

by = 818-in

¢ = 130-in

Ve oo

2 2
C+d C
e T | e R

'hc — CCpot — dibotm

J,=3.98 x 10%-in”

Py = 848k
. . . 2
Unfactored vertical seismic _ C + dpee
load on critical section: Ppq = Wop + W, + (hc - hb). b 2 e
2 2
C+ dface C
+’sttop'|:hs - (hc + hb)]' N(T - ﬁ(;)
PEQ = 85 1 k
Unbalanced wind moment on joint: M nbalancedw = 31968-kip-ft
Fraction of wind moment that can ~New = 0.85
be carried by flexure:
Fraction of wind moment carried Now = max(0.4, 1 - 'wa) Nyw = 0.40
by shear:
Factored shear stress due to o Pw  YywMunbatancedw ¢ .
. iy - Vow = + Vaw = 72-psi
wind load at critical section: u A, j
c
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Unbalanced seismic moment on joint:

Fraction of seismic moment that can
be carried by flexure:

Fraction of seismic moment carried by
shear:

Factored shear stress due to

M ynbalancedeq = 15510-kip-ft

Vg = max(0.4,1 - Ypq) Vi = 0.40

ageqQ PEQ . VvEQ  MunbalancedEQ*€

seismic load at critical section: VuEQ = A, ] VugQ = 47-psi
C
Determine controlling load case: V= max(qu,VuEQ) v, = 72 psi
Be=1
oy = 40
b, =0.75
Shear stress capacity: = in | 2 + 4 O dice +21,4 ,,f i
P: : ¢V, = dymi . 5 b ,4 |- £ psi b, = 212-psi (Reference 12)
Check of factored shear stress vs. Vu 4
shear stress capacity: v. 0.3
C
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X. Concrete Design - Fatique Loads

A. Design Functions

Function describing the volume of concrete for each slice of the moment/shear calculations.

ConcreteVolumeFat(y) := |hy,-(B + 2-y) + X-hc-(B +y) ify<a
a

hy- (D) + he(B + a) otherwise

Functions describing the weight of the soil wedge pieces acting on each slice of the moment/shear calculations.

StaticSoilWedgeWeightFat(wsd,ﬁ{ss) = |Vsa

B- tan( efat)

VariableSoilWedgeWeightFat(y, ”fsda”fss) =

B- tan( efat)

(hy - hb)2 if dgwrr 2 hs = hy,

5 [ ss (hs —hy - dGWTF)2 + ‘fsd[(hs - hb>2 - (hs = hy - dGWTF)z:H otherwise

0 if dgwtr = hg — hy
otherwise

2 2 20 .
\2-tan(64,)- —hy — - — (hy— hy - <
2 tan(e t) |:’\{SS (hS hy, dGWTF) + ’st|:(hs hb) (hS hy, dGWTF) ﬂ if y<a

tan(efat)'[’Yss (hs - hy, - dGWTF)2 9 sdI:(hs - hb)2 - (hs —hy - dGWTF)zﬂ otherwise
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Function describing the volume of dry soil over each slice of the moment/shear calculations.

DrySoilVolumeFat(hj,y) := |if

if

dgwTtr 2 hg — hy
2

[(hs ~ hy) - %-hc}(B AN AL 2-tan(0g)-(ng — hy)” if y <a

a
DJ(hy — hp) = he] + hea + tan(Bg,,)-(h — hy) otherwise
dgwrtr < hg — hj

dGWTF'(B + 2y) if y <a

D-dgwtr otherwise

otherwise

2

h, a 2| .
_h_'<hs_hb_dGWTF) if y<a

C

[(hs — hy) - fhc}(B +2.y) +

hC

[D-(hs ~ hy— hy) + {hc-a L I dGWTF)Zﬂ otherwise

Function describing the volume of saturated soil over each slice of the moemnt / shear calculations.

SaturatedSoilVolumeFat(hj,y) :=

0 if dgwre = hy — hy
if dgwtr <hs —hj

2-h

y
(B + 2-y)-(hs —hy— Loh, - dGWTF) + if y<a
a
(hs —hy—h,- dGWTF)'D + h.a otherwise

(hs — hy - dGWTF)2 otherwise

2
hC

Function describing the effect of groundwater on the material weights over each slice of the moment/ shear calculations.

BuoyancyWeightFat(y) := |0 if dgwtp = hg

if dGWTF < hs

(B + 2-y)-(hy - dgwrr) if y<a

(hS - dGWTF)-D otherwise
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B. Bottom Reinforcement (Reference 7)

Depth to reinforcement at critical

section for flat portion of footing: dpacen = hp + he = cpo = 1.5dipoyn — 1in

dgcer = 55.9-in

w.
Width of Concrete Resisting Fatigue: wg:= OD + 3.(h ot hb) Bf =61-%
Cap width to be within "middle" strip: Wy = min(wf, 2'Wm) we = 30.45 ft
Area of steel across critical section: A= — A A, = 633-in
of steel across critical section: = Apotm s = 63.3-in
Sbotm
. . wr— B h¢
Footing Depth at Edge of Section: dedge = dface2 — -: = 44.58-in
- wi— B [ degge + dfacen
Concrete Area Resisting Shear: Agyee = Brdgeer + 2- > ( e > b Appee = 19758-in2
C. Fatigue Soil Bearing Pressure
MUnique, o
. - qrnorth
Service load eccentricity: fNorth = nor
Qtnorth Wiat
Circular radius of octagon: R := D R =25.00 ft
2
e
Effective soil area in bearing: ( 2) N rthqrnorth
ActNorth = 2-[\R"J-acos
qrnorth
2 2
+ ~€fNorth : J R™ - (efNorth )
qtnorth qnorth,
Ellipse soil width in bearing; DeNortn, = 2'(R - efNorthqrmh)
2
beNorthqr Lh
no:
Ellipse soil length in bearing: leNO“hqrnorth = 2R =11 - 2.R
leNorth
. . . . 1 — [A . qrnorth
Effective soil length in bearing; effNorth i’ L — DeNorth
drfnorth
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lefNorth
b grnorth
Effective soil width in bearing; effNorth n leNorth eNorth - b
qrnorth
£ . Wfat
Maximum fatigue bearing pressure: fNort Gfnorth AttNorth
north
D beﬁNorthqr "
nor
xstartNorth =_-=¢ rth -
qrnorth 2 qrnorth 2
> _(D-B)? 2
Foundation plan Appe = D7 — 2-( ) Apase = 2071 ft
area: 2
Section modulus of foundation for 2lg4n 3
normal orientation: Snormal = Snormal = 13684-ft

D

Wiy = 1946-kip

Wr,
L~ 940-psf
base
. . Wfat
Moment at which the foundation M axift ©= = *Spormal = 12860-k-ft
lifts: Abase
Maximum soil pressure at point _ Wht  Muaife a ¢
when the foundation lifts: Omaxlift = A + S = 1880-ps
base normal
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Min and Max soil bearing pressure for each fatigue range:

Maximum soil pressure at point when the foundation lifts defined for each individual
fatigue load:

MUnique
- _ Wfat d nOrthqrnorth
north_max_soﬂtrapqrnorth = Apsse Snormal
MUnique MUnique
o . . ._ Wiat _ 1 northqrnorth i Wiat _ d northqrnorth 50
north.min.soil morth ‘ Abase Snormal Abase Snormal
"LIFT" otherwise
Guess for solver of soil bearing length: L, = %-D L, =37.50ft
Guess for solver of max soil pressure: fax = Omaxlift
The fqllowing function§ solve for FyaLs = Wy
the soil pressure assuming the dfnorth
pressure distribution is triangular D )
and lift-off has occurred on the MTOEVALSqr " = Wfat'; - MUmquenorthqr "
minimum pressure side of the e e
foundation: Given
a
- y
F= (B +2-y) |:max finax (_jj|
Ly
0
ra+B
y
+ D '|:fmax fiax (_ji| dy ..
Ly
J
a
L
+ [D - 2(3' +B - y)] fmax max( jj| dy
b
“a+B
a
- y
Mo = (B +2-y) |:max fmax'(_jj|y dy ...
Ly
0
ra+B
y
+ D'|:fmax — fax (—ﬂy dy ...
Ly
Y a
Lo
y
+ [D 2(3 +B - y)] |: max fmax'(L_jj|y dy
b
“a+B
Ly f
FUNCTION(F, M) := Find —,——
ft psf
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Solve the loop for the "LIFT" condition:

MaPqurmrth = FUNCTION(FVAqurnorthaMTOEVAqurnorth)0'ft if O-north_min_soilqrnorth = "LIFT"
0 if Gnorth_min_soil # "LIFT"
- ~  drmorth
Tnorth_max_soii FUNCTION(FVALSqrnonhzMTOEVALSqrnorth)l'pSf if Onorth_min soil = "LIFT"
0 if Ouorth min soil # "LIFT"
~— = drorth

Select the actual pressure depending on if the soil pressure at each fatigue load depending on if "lift" has

occurred (triangular soil pressure distribution) or not:

Tnorth_max_soil = if(onorth_min_sonqrnmh = "LIFT" ’Gnorth_max_soiltriqrnorth»O-north_max_soiltrapqrnorth) =

Soil pressure output for each fatigue load (shown in partial tabular form and graphically):

Qlnorth = MUnique, o, = Onorth_min_soil = Onorth_max_soiltrap = Onorth_max_soiltri = Onorth max_soil =
1 0| ktt 940 | Pt 940 | Pt 0| Pt 940 | Pt
2 38 937 943 0 943
3 76 934 945 0 945
4 114 931 948 0 948
5 152 929 951 0 951
6 190 926 954 0 954
7 228 923 956 0 956
8 266 920 959 0 959
9 304 918 962 0 962
10 342 915 965 0 965
11 380 912 968 0 968
12 418 909 970 0 970
13 456 906 973 0 973
14 494 904 976 0 976
15 532 901 979 0 979
16 570 898 981 0 981
17 608 895 984 0 984
18 646 893 987 0 987
19 684 890 990 0 990
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D. Map Unique Matrix Loop Results back to full Minimum Markov or Rain Flow Matrix

Qthorth

Lomin = Z MapL, if Mpinnorth = MUnique, o,

qr qrnorth qr qrnorth

T, =0 . .
north 0 if Mminnorth # MUmquenorth
qr qrnorth
Qtnorth
Ominnorth_max_soil ‘= Z Onorth_max_soil if Mminnorth = MUniquenorth
qr qrnorth qr qrnorth
r, =0 . .
@north 0 if Mminnorth # MUmquenorth
qr qrnorth
Qthorth
Mapo—minnorth_min_soil = Z 0 if Onorth_min_soil = "LIFT"
qr qfnorth
Alyorth = 0 .
otherwise
Ohorth_min_soil if Mminnor‘[h = MUniquenonh
qrnorth qr qfnorth
0 if Mminnorth # MUniquenorth
qr qrnorth
0-minnorth_min_soilqr = |"LIFT" if N[apO-minnorth_min_soilqr =0
N[apO—minnorthiminisoilqr if Mapo—minnorthfminﬁsoilqr #=0
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E. Map Unique Matrix Loop Results back to full Maximum Markov or Rain Flow Matrix

Qthorth
Ly, = Z MapL,, if Mipaxnorth = MUniquey oy
qr qrnorth qr qrnorth
Qrnorth = 0 . .
0 if Mmaxnorth # MUmquenorth
qr qrnorth
Qtnorth
Omaxnorth_max_soil = Z Ohorth_max_soil if Mmaxnorth = MUniquenorth
qr qrnorth qr qrnorth
Qrnorth = 0 . .
0 if Mmaxnorth # MUmquenorth
qr qrnorth
Qtnorth

Mapo—maxnorth_min_soil = Z 0 if Onorth_min_soil = "LIFT"

qr qrnorth

Qfporth = 0 .
otherwise
Onorth_min_soil if Mmaxnorth = MUniquenorth
qrnorth qr qrnorth
0 if Mmaxnorth # MUniquenonh
qr qfnorth
O-maxnorth_min_soilqr = |"LIFT" if N[ap'D-maxnorth_min_soilqr =0
N[apO-maxnorthiminisoilqr if N[apO-maxnorthiminisoilqlr # 0
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F. Fatigue Load Bottom Moments and Top Moments at Critical Section

a

. y
N[fminbotNorthqr = | |:O-minnorth_max_soi1q -

J

Xface
( — D-( )d
+ Ominnorth_max_soil '(O-minnonhimaxisoil ) D\ Xface — Y)AY -
J ar Lpmin qar

qr

+— ConcreteVolumeFat(y)-~, ... '(xface - y) dy ...
+ DrySoilVolumeFat(hb + hc,y) Ysdbot -+

+ SaturatedSoilVolumeFat(hb + hc»Y)'”(ssbot

+ VariableSoilWedgeWeightF at[y,wsdbot,('\{ssbot - ww)] .

+ —BuoyancyWeightFat(y)-~,

mein
qr
0

a

Xface

J
0
+ —StaticSoilWedgeWeightFat[ﬁ{Sdbm,(ﬁ{ssbot - ﬂ{w)}xface

a

0

Xface
L D d
+ O-minnorth_max_soilqr - D'(O-minnorth_max_soilqr - 0-minnorth_min_soilqr) D\ Xface —Y)dy ...

a
Xface

+- ConcreteVolumeFat(y)-~, ... '(Xface - y) dy ...
+ DrySoilVolumeFat(hb + hc,y) Nsdbot -+

+ SaturatedSoiIVolumeFat(h;3 + hc,y)"\(ssbot

+ VariableSoilWedgeWeightFat[y,ﬁ{sdbot,(ﬁ{ssbot - ’\{Wﬂ .

+ —BuoyancyWeightFat(y)-~,,

%
0
+ —StaticSoilWedoeWeiohtFatl ~_w . [~ o . — ~ Vexe

—'(O-minnorth_max_soilqr)j|'(B + 2'Y)'(Xface - Y) dy ... if O-minnorth_min_soilqr

y
J |:0-minn0rth_max_soi1qr - B'(O-minnorth_max_soilqr - O-minnorth_min_soilqr):|'(B + 2'y)'(xface - y) dy

= "LIFT"

otherwise
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MimaxbotNorth =
qr

t=3 t=3 L TSUoOt> " TSSDOU IW[J TdctT

a

Ly

| O-maxnorth_max_soilqr -
qr

J

Xface
[ L D-( )d
+ O—maxnorthimaxisoilqr - '(O—maxnorthimaxisoilqr) D\ Xface — Y) dY -

) B

qr
+— ConcreteVolumeFat(y)-~, ... -(xface - y) dy ...
+ DrySoilVolumeFat(hb + hc,y) Ysdbot -+
+ SaturatedSoilVolumeFat(hb + hc,y)-'YSSbOt
+ VariableSoilWedgeWeightFat[y,'\(Sdbot,('\(SS;Jot - '\{W)] .
+ —BuoyancyWeightFat(y) -7,

y T i n
_'(o'maxnorth_max_soilqr)j|'(B + 2'Y)'(Xface - Y) dy ... if Umaxnonh_min_soilqr = "LIFT

0

a

Xface

“0
+ —StaticSoilWedgeWeightFat[ﬂ(Sdbot,(ﬂ(ssbot - ﬁ{w) ‘X face

a
X B+ 2 d herwi
J (-)-maxnorth_max_soilqr - D'(O-maxnorth_max_soilqr - O-maxnorth_min_soilqr) ‘(B + 'Y)' Xface = ¥) dy ... otherwise

0

Xface
L D d
+ o-maxnorth_max_soilqr - D '(O-maxnorth_max_soilqr - O-maxnorth_min_soilqr) ‘D\Xface —Y) Ay ...

a
Xface

+- ConcreteVolumeFat(y)-~, ... '(Xface - y) dy ...
+ DrySoilVolumeF at(hb + hc,y) Nsdbot -+

+ SaturatedSoilVolumeFat(hb + hc,y)-'yssbot

+ VariableSoilWedgeWeightFat[y,ﬂ(sdbot,(ﬁ(ssbot - ﬁ{W)] .

+ —BuoyancyWeightFat(y) -,

<0
+ —StaticSoilWedgeWeightFat[ﬁ(Sdbm,(ﬁ(ssbot - '\{W) "X face
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[ i [D_Xface_alt Tl
y .
MfmintopNorth = | max Ok-ft, |:0-minnorth_max_soi1 - —'(O-minnorth_max_soil )j|'D'(D — Xface alt ~ Y) dy ... if o,
ar J T Lymin ar
a
a
( y
+J Ominnorth_max_soil —'(O-minnorthimaxisoil ) (B + 2'Y)'(D — Xface alt — Y) dy ...
a  Lbmin a
qr
0
rD—Xface alt
+— ConcreteVolumeFat(y)-~, ... ~(D — Xface alt — y) dy ..
+ DrySoilVolumeFat(hb + hc,y) Ysdbot -+
+ SaturatedSoilVolumeFat(hb + hc,y)"\{ssbot
+ VariableSoilWedgeWeightF at[y,wsdbot,(wssbot - ’Yw)] .
+ —BuoyancyWeightFat(y)-~,,
70
+ —StaticSoilWedgeWeightFat[’ysdbot,(ﬁ{ssbot - ’Yw)]'(D - Xfaceialt)
Sembedring
+Wpean——— -
2
™ 2 Sembedring
+~(vo)(hye) | =7 | ==
({57 =
™ 2 Sembedring
+ _(’Yc - Fstbot)(hp - hpe)'(Z'C ) T
+ ~Mminnorth
L L qr L
- M —_
y
max| Ok-ft, J |:0-mim1onhmaxsoilqr - B'((-J-mir1north7ma)(7soilqr - O-minnorthminsoilqr):|'(B + Z-y)'(D ~ Xface alt — y) dy
0
{‘D_Xfaceialt
y
+ |:O-minn0rth_max_soil - _'(Uminnonh_max_soil ~ Ominnorth min_soil ):|'D'(D — Xface alt — Y) dy -
J a D qr qr,
a
"D_Xface_alt
+- ConcreteVolumeFat(y)-~, ... ~(D ~ Xface alt ~ y) dy ...
+ DrySoilVolumeFat(hb + hc,y) Nsdbot -
+ SaturatedSoilVolumeFat(hb + hc,y)~'\{ssbot
+ VariableSoiIWedgeWeightFa‘[[y,’\{Sdbot,(’\{SsbOt - ’Yw)] .
+ —BuoyancyWeightFat(y)-~,,
70
+ —StaticSoilWedgeWeightF at[“{sdbots(“{ssbot - ’YW)]-(D - Xface_alt)
Sembedring
+ _Wmean'
2
™ 2 Sembedring
+—(~{C)(hpe)-(z-c jT .

™ 2 Sembedring
+_(’\{c - 'stbot)(hp - hpe)'(_'c ) - o -
4 2
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||

_ra
MfmaxtopNorth = |
qr J
0
[‘D_xface_alt

J

+

a

+ _Mmaxnorth
qr

|:Gmaxn0nh max_soil
max_sollor

rD—Xface alt

+— ConcreteVolumeFat(y) -7, ... ~(D — Xface alt — y) dy ..
+ DrySoilVolumeFat(hb + hc,y) Ysdbot -
+ SaturatedSoilVolumeFat(hb + hc,y)"\{ssbot
+ VariableSoilWedgeWeightF at[Y:’stbot»(”{ssbot - '\(W)] .
+ —BuoyancyWeightFat(y)-~,,
70
+ —StaticSoilWedgeWeightFat[’ysdbot,(’Yssbot - ’Yw)]'(D - Xfaceialt)
Sembedring
+—Wiean————— -
2
™ 2 Sembedring
+—(’\{C)(hpe)-(z-c jT

+ _(A{c - Hfsdbot)(hp - hpe).(g.czj

| F ~Mmninnorth
ar

b

y
'(O-maxnorth_max_soilqr)j|'(B + 2'Y)'(D ~ Xface alt ~ Y) dy
qr

y
Omaxnorth_max_soil _— '(O-maxnorthimaxisoil ) 'D'(D ~ Xface alt — Y) dy
au L qr,

qr

Sembedring

2

if Omaxnorth_min_so;

M -
y .
1 J |:O-maxnorthmaxsoilqr - B'(O-maxnorthimaxisoilqr - O-maxnorthminsoilqr)j|'(B + 2'}')'(D ~ Xface alt — Y) dy otherwise
0
D—Xface alt
r Y d
+ O maxnorth_max_soil _— '(O-maxnorth_max_soil ~ Omaxnorth_min_soil ) 'D'(D — Xface alt — Y) y .
J a D qr qr
a
"D_Xface_alt
+ - ConcreteVolumeFat(y)-~, ... -(D — Xface alt ~ y) dy ...
+ DrySoilVolumeFat(h;3 + hc,y) Nsdbot -+
+ SaturatedSoilVolumeFat(hb + hc,y)~'\{ssbot
+ VariableSoilWedgeWeightFat[y,’stbot,(’\{SsbOt - “fw)] .
+ —BuoyancyWeightFat(y)-~,,
70
+ —StaticSoilWedgeWeightF at[“{sdbot»(”{ssbot - ’Yw)]'(D - Xface_alt)
Sembedring
+ _Wmean'
2
S .
™ 2 embedring
+ (o) (hye) | —-C° | /=2
(167 =2
™ 2 Sembedring
+_(’Yc - '\fsdbot)(hp - hpe)' —C | .
4 2
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| L+ ~Mmaxnorth J
qr

G. Fatigue Load Shear at Critical Section

a

y 1 i n
—'(O-minnorth_max_soilqr)j|'(B +2-y)dy ... if o-minnorth_min_soilqr = "LIFT

VEdminNorth = max Okip, | Ominnorth_max_soil _ —
ar I mein
qr

J

Xface
[ — Dd
+ Ominnorth_max_soil '(O-minnonhimaxisoil ) ' Y ..
J ar Lipmin a

qr

+— ConcreteVolumeFat(y)-~, ... dy ...
+ DrySoilVolumeFat(hb + hc,y) Ysdbot -+

+ SaturatedSoilVolumeFat(hb + hc»Y)"Yssbot

+ VariableSoilWedgeWeightF at[y,'\{sdbot,('\(ssbot - ww)] .

+ —BuoyancyWeightFat(y)-~,,

0

a

Xface

J
0
+ —StaticSoilWedgeWeightFat[ﬁ{Sdbm,(ﬂ(ssbot - ﬂ{w)]

a
y .
J |:O-minn0rth_max_soilqr - B'(Gminnorth_max_soilqr - O-minnorth_min_soilqr):|'(B + 2'}’) dy ... otherwise

0

Xface
4 Y . _  \lpa
+ Ominnorth_max_soil [ Ominnorth_max_soil ~ 9minnorth_min_soil : Y ..
-~ a D - -

a
Xface
+- ConcreteVolumeFat(y)-~, ... dy ...
+ DrySoilVolumeFat(hb + hc,y) Nsdbot -+
+ SaturatedSoilVolumeFat(hb + hc,y)-'yssbot
+ VariableSoilWedgeWeightFat[y,ﬁ{sdbot,(ﬁ(ssbot - ’\{W)] .
+ —BuoyancyWeightFat(y)-~,,
70
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VEdmaxNorth =
qr

| | + —StaticSoilWedgeWeightFat] Ysqbots (Vssbot — Yw) |

a

b

| O-maxnorth_max_soilqr -
qr

J

Xface
[ = Dd
+ Omaxnorth_max_soil '(O—maxnorthimaxisoil ) : y ..
a Ly qr

J

+— ConcreteVolumeFat(y)-~, ... dy ...
+ DrySoilVolumeFat(hb + hc,y) Ysdbot -+

+ SaturatedSoilVolumeFat(hb + hc,y)-'YSSbOt

+ VariableSoilWedgeWeightFat[y,'\(Sdbot,('\(SS;Jot - '\{W)] .

+ —BuoyancyWeightFat(y) -7,

0

qr
a

Xface

“0
+ —StaticSoiIWedgeWeightFat[ﬂfSdbot,(ﬂ(ssbot - ﬁ{w)]

a
0

Xface
y
+ Omaxnorth_max_soil _( maxnorth max_soil — Omaxnorth min_soil ) 'Ddy
a D qr qr,
a
rXface
+— ConcreteVolumeFat(y)-~, ... dy ...
+ DrySoilVolumeF at(hb + hc,y) Nsdbot -+
+ SaturatedSoilVolumeFat(hb + hc,y)-'yssbot
+ VariableSoilWedgeWeightFat[y,ﬂ(sdbot,(ﬁ(ssbot - ﬁ{W)] .

+ —BuoyancyWeightFat(y)- .

J
0
+ —StaticSoilWedseWeiohtFatl v . (~ o . — ~_ V1

'(o'maxnorth_max_soilqr)j|'(B +2y)dy .. if O-maxnorth_min_soilqr

= "LIFT"

y .
J |:O-maxnorth_max_soilqr - B'(O-maxnorth_max_soilqr - O-maxnorth_min_soilqr):|'(B + Z'y) dy ... otherwise

]
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I (=] t= L TSUoot> [ TSSDOT IW/J

H. Shear and Moment Summary

Results in partial tabular form:

qr = VEdminNorth = VEdmaxNorth = MiminbotNorth = MfimaxbotNorth = MfmintopNorth = M fmaxtopNorth =
0 159 “kip 159| kP | 1240| Kkt 1240| kM| o] kft | -1405| kit
1 159 159 1240 1240 0 -1405
2 159 159 1240 1240 0 -1405
3 159 159 1240 1240 0 -1405
4 159 159 1240 1240 0 -1405
5 159 159 1240 1240 0 -1405
6 159 159 1240 1240 0 -1405
7 159 159 1240 1240 0 -1405
8 159 159 1240 1240 0 -1405
9 159 159 1240 1240 0 -1405
10 159 159 1240 1240 0 -1405
11 159 159 1240 1240 0 -1405
12 159 159 1240 1240 0 -1405
13 159 159 1240 1240 0 -1405
14 159 159 1240 1240 0 -1405
15 159 159 1240 1240 0 -1405
16 159 159 1240 1240 0 -1405
17 159 159 1240 1240 0 -1405
18 159 159 1240 1240 0 -1405
19 159 159 1240 1240 0 -1405
20 159 159 1240 1240 0 -1405
21 159 159 1240 1240 0 -1405
22 159 159 1240 1240 0 -1405
23 159 159 1240 1240 0 -1405
24 159 159 1240 1240 0 -1405
25 159 159 1240 1240 0 -1405
26 159 159 1240 1240 0 -1405
27 159 159 1240 1240 0 -1405
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I. Transformed Section Analysis at Critical Section

The neutral axis depth in the cracked
section is governed by the following
cubic equation:

Moment of intertia of transformed
section after the onset of cracking:

CUBIC:= 0
Given Xor o= 11.11-in
CUBIC = — C L B Ag(d )
- —n . . — X
3‘hc 5 mod"4¥s"\ Yface2 cr

Xer = Find(xcr) Xor = 12.92-in

xcr-a 3
3 2. Ker
B-x, h,
+
3

12

ICR =

ICR = 605 ft4

J. Compute Concrete and Steel Stresses

Elastic beam theory prediction of
minimum compressive stress in
concrete:

Elastic beam theory prediction of
minimum tensile stress in
reinforcement:

Elastic beam theory prediction of
compressive stress in concrete:

Elastic beam theory prediction of
tensile stress in reinforcement:

OstmaxNorth *=
qr

MfminbotNorthqr' Xer

OcminNorth = max| Opsi,
ar Icr

nmod'MfminbotNonhqr' (dfaceZ - Xcr)

+ nmod'As'(dfaceZ - Xcr)2

OgtminNorth = max| Opsi,
qr ICR

MfmaxbotNorthqr' Xer

OcmaxNorth ‘=
qr ICR

nmod'MfmaXbotNorthqr'(dfaceZ - Xcr)

Icr
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K. Compute Twisting Moments and Steel Stresses

Map results from unique

matrices back to full

matrices: beffminNorthqr =
Xstart_minNorthq =
ffminNorth =

qr
LeffminNorth =
qr

Minimum twisting moment

created by transfer of

bearing stresses to the

pedestal width:

Mtwist min__ = mm(beffminNorth > — Xstart minNorth )'ffminNorth :
- oqr qr - qr, qr

Qthorth
Z beffNorth if Mminnorth = MUniquenorth
qtnorth qr qfnorth
Qrporth = 0 . .
0 if Mminnorth # MUmquenorth
qr qfnorth
Qthorth
- Z XstartNorth if Mminnorth = MUniquenorth
r dfnorth qr qfnorth
Alporth = 0 . .
0 if Mminnorth # MUmquenorth
qr qtnorth
Qthorth
Z ffNorth if Mminnorth = MUniquenorth
dfnorth qr qtnorth
Arporth = 0 . .
0 if Mminnorth # MUmquenorth
qr dfnorth
Qthorth
Z 1effNorth if Mminnorth = MUniquenorth
dfnorth qr qtnorth

Arporth = 0

0 if Mminnorth # MUniquenorth
qr dfnorth

2
leffminNorth -C
o
2

2
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Map results from unique
. Atnorth
matrices back to full . 2 b M MUni
. . = 1 = nique
matrices: effmaxNorthqr z effNorthqrnonh maxnorthqr q nonhqrnorth
Qrnorth = 0 p p
0 if Mmaxnorth # MUmquenorth
qr qrnorth
Athorth
Xstart maxNorth -~ Z XstartNorth if Mmaxnorth = MUniquenorth
qr qrnorth qr qrnorth
Arnorth = 0 . p
0 if Mmaxnorth # MUmquenorth
qr qrnorth
Qtnorth
ffmaxNorth = Z ftNorth if Mppaxnorth = MUniquey, o,
qr qrnorth qr qrnorth
Qrnorth = 0 . .
0 if Mmaxnorth # MUmquenorth
qr qrnorth
Qtnorth
LeffmaxNorth == Z LeftNorth if Mppaxnorth = MUniquey, o,
qr qrnorth qr qrnorth
Qrnorth = 0 i .
01 Mmaxnorth # MUmquenorth
qr qrnorth
. . . 2
Maximum twisting moment leffmaxNonhqr -C
created by transfer of 5
b & strfesses to the Mtwist_max = min(beffmaxNorth >& = Xstart_maxNorth )'ffmaxNorth :
pedestal width: qr qr qr qr 2
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B D
Area of steel available in sloped Wn—— E - Wy )
foundation section to transfer N (Apotm) + (Apoto) = 19.3-in
twisting moments: - Sbotm Shoto

Depth to reinforcement at critical
section for flat portion of footing:

The neutral axis depth in the cracked
section is governed by the following
cubic equation:

Moment of intertia of transformed
section after the onset of cracking:

Elastic beam theory prediction of
minimum tensile stress in
reinforcement:

Elastic beam theory prediction of
tensile stress in reinforcement:

dface_twist = hy + he = cepop — dipgm

QUBIC = 0

Given Xer = 19.54-1n
2xcr2 Xer2 Xerz'@

QUBIC =
2 h,

~ Dmod- As_twist' dface_twist
Xepp 1= Find(xcrz) Xerp = 17.96-in

a 3
Xcr2'h_c Xer2

12

ICR_twist = + nmod'As_twist'(dface_twist

4
ICR_tWiSt = 1 5 3 . ft

Nimod- Mtwistiminqr' (dfaceitwist

dface_twist = 57.6-in

- X01'2)2

- Xcr2)

Ostmin_twist = Ma& Opst,
ar ICR_twist

Nmod- Mtwistﬁmaxqr' (dfaceitwist - Xcr2)

Ostmax_twist =
ar ICR_twist
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L. Concrete and Flexural Steel Stress Summary

Results in partial tabular form:

qr = OcminNorth = OcmaxNorth = OstminNorth = OstmaxNorth = Ostmin_twist — Ostmax_twist —
0 153 |Psi 153 |Psi 4585 | Psi 4585 | Psi 14722 |psi 14722 |Pst
1 153 153 4585 4585 14722 14722
2 153 153 4585 4585 14722 14722
3 153 153 4585 4585 14722 14722
4 153 153 4585 4585 14722 14722
5 153 153 4585 4585 14722 14722
6 153 153 4585 4585 14722 14722
7 153 153 4585 4585 14722 14722
8 153 153 4585 4585 14722 14722
9 153 153 4585 4585 14722 14722
10 153 153 4585 4585 14722 14722
11 153 153 4585 4585 14722 14722
12 153 153 4585 4585 14722 14722
13 153 153 4585 4585 14722 14722
14 153 153 4585 4585 14722 14722
15 153 153 4585 4585 14722 14722
16 153 153 4585 4585 14722 14722
17 153 153 4585 4585 14722 14722
18 153 153 4585 4585 14722 14722
19 153 153 4585 4585 14722 14722
20 153 153 4585 4585 14722 14722
21 153 153 4585 4585 14722 14722
22 153 153 4585 4585 14722 14722
23 153 153 4585 4585 14722 14722
24 153 153 4585 4585 14722 14722
25 153 153 4585 4585 14722 14722
26 153 153 4585 4585 14722 14722
27 153 153 4585 4585 14722 14722
28 153 153 4585 4585 14722 14722
29 153 153 4585 4585 14722 14722
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Nobles Wind Project
Project No. 23/53-1012

GE 1.6-97 80m HH RePower Foundation
Evaluation

Barr Engineering Company
Prepared by: SWS
Checked by: PFB/BKT

M. Check of Fatique in Concrete due to Compressive Stress

Material Coefficient for

Reinforced Concrete: Vedny = 135
Characteristic Compressive
Cylinder Strength: feek = fc:ck_c:onversion'fc feek = 32.8-MPa
Normalized Structural e —e [y foek o 31.0.MP
Compressive Strength: en = leek'| LT 00 Pa en = 31.0-MPa
Design Concrete fen
Compressive Strength: feq = f.q=22.9-MPa
Nedny
Ratio between smallest and largest i 3
stresses in compression zone: B=1i (Xcr >300mm, 1 90) 8= 100
Amplification factor to for linear stress o= max(1.0,1.3 - 0.3-8) o= 1.00
distribution in compression zone:
Compressive Strength
for Fatigue Check: fra = arfeq fra = 22.9-MPa
Exposure Factor: Ciany == 12
Fatigue Strength Parameter: Cs.:= 1.0
O ¢cmaxNorth
1 z
CSC'frd
Cidny
O cminNorth
- 4
. CSc'frd
Cycles Allowed: NeallowNorth  -= 10
qr
Cldnv
XdnvNorth =
ar O-cminNorthqr
] - ——+0.1:Cygnv
C5(:'frd
C2dnvN0rthnr = max|_1 + 0'2'(10g(ncallowNorthm\) - anvNorthm)a 1'O—|
O cmaxNorth .
1 q
CSC'frd
Cidnv' CodnvNorth -
ar O cminNorth
- 4
. CSc'frd
DeallowNorth  *= if] 1Og(ncallowNorth ) > anvNorth ,10 > DeallowNorth
qr L qr, qr qr]
Nfat "
Damage: Damagenoin = —
ncallowNonhqr
Accumulated Damage

(Section 6, M108):

Damage;otamNorth == ZDamageNorth

DamagegamNorth = 0.00 |

|if(Damaget0talN0rth < 0.33 , "OK" , HNGH) — "OK"
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Barr Engineering Company

Project No. 23/53-1012 Evaluation Prepared by: SWS
Checked by: PFB/BKT
N. Check of Fatigue in Concrete due to Shear
Concrete Area Resisting Shear: Apyee = 137 ft2
Characteristic Tensile Strength: fy = 0.48-(fcck~MPa)0'5 fy = 2.75-MPa
£ 0.6
Normalized Tensile Strength: fiy = fye| 1 — k fi, = 2.02-MPa
25-MPa
e o fig = 1.49-MP
Design Tensile Strength: @ i w = LAV
Design Constants: k, = 100-MPa
d; := 1000-mm
Anchored Reinforcement a2
on Tensile Side: As = 63:in

. dfacen
Design Factor: k, := min(max(l.S - (:;lce , 1.0} 1.4) k, = 1.00
1
. ka-Ag
Design Shear Strength: Vea = minf 0.3- ftd + 'Aface'kw0'6'ftd'Aface'kv
Afcng'Aface
V.= 1488k
Design Shear Strength . ka-Ag
. . Vo4 .= minl 0.3:| f; + ——— |-k,,0.6-f -k .
Stated in Terms of Stress: ed "[ (td Nedmv-Apace | td" By Veq = 75psi
VEdmaxNorth
1 L
CSC'Vcd
Cldnv
EdminNorth
1 L
Cs.'V,
Cycles Allowed: NycallowNorth = 10 T
qr
C1dnv
XdnvNorth =
ar VEdminNorthqr
]-—+0.1.C
CSC'VCd ldnv
CodnvNorth = max[l + 0'2'(10g(nvcallowN0rth ) = XdnvNorth )7 I'O:I
qr qr qr
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VEdmaxNorth
1- El
CSC'Vcd
C 1dnv’ C2ngN0rth
ar VEdminNorth
1 z
. CSC‘Vcd
DycallowNorth  += if 1Og(nvc:allowNorth ) > anvNorth ,10 > DycallowNorth
qr L qr, qr qr}
Nfatqr
Damage: Damage norn =
ar NycallowNorth
qr
Accumulated Damage DamagevtotalNorth = ZDamageVNorth Damage rotalNorth = 0.00 |
vtotalNorth = V-

(Section 6, M108):

|if(Damagevmleh <0.33,"0OK","NG" ) = "OK"
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Nobles Wind Project
Project No. 23/53-1012

GE 1.6-97 80m HH RePower Foundation
Evaluation

Barr Engineering Company
Prepared by: SWS
Checked by: PFB/BKT

0. Check of Fatigue in Grout Bearing Stress

Material Coefficient for Plain Grout:
Exposure Factor:

Fatigue Strength Parameter:

Characteristic Compressive
Grout Strength:

Normalized Structural
Compressive Grout Strength:

Design Concrete
Compressive Grout

Strength:

Anchor Bolt Pretension Load:

Flange Outside Diameter:
Flange Inside Diameter:
Number of Bolts:

PVC outside diameter:

Bearing area at top of grout:

Section modulus at top of grout:

Ngdny = 1.35
Clgdnv =12
Csg:= 0.8
fgrtck = cck_conversion'f028
f
grtck

fon = fopter’| 1 —————
g Tk ( 600~MPaj

f

en
foq =

Ygdnv
Tore = 72-kip
OD = 4556-mm
ID = 4000-mm
N =140
dSDR = 1.660-in
T-dgpr

Agr = E-(OD2 - ID2) -N

4 4

7T 4 4
Syp = (OD - 1D )
#7 30D
2 T 4 2
+o| | N-—-dgpg + —-d
oD 64 SDR P SDR

£ = 52.4-MPa

g
fyn = 47.8-MPa
foq = 35.4-MPa

Ag = 5488-in”

N
t b . 2
Z [jcos[%-(})\—l)ﬂ

=1

2
D, .
+|:7'COS|:2?7T-(2->\ - 1):|:|

Sgrt = 217939-in°

) ' (Mfatminnorthqr) . Wiean  Tpre'N
Minimum grout fatigue stress due to fat_grt_minnorth -~
wind: ¢ & @ Sert Agrt Agrt
Maximum grout fatigue stress due to b . (Mfatmaxnonhqr) + Wiean  Tpre'N
ind: fat_grt maxnorth =
wind: - ar Sgrt Agrt Agrt
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Prepared by: SWS

Project No. 23/53-1012 Evaluation
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bfatigrtimaxnorth
1 4
Csg fed
Clgdnv
bfat_grt_minnorth
1- T
Csqfoq
Cycles Allowed: Do grt allowNorth = 10 £e
_grt_ ar
C1 gdnv
Xbrg_grt_dnvNorth =
ar bfat_gn_minnorth .
1-— T 1 0.1.C
gdnv
Csgfoq

CZbrg_grt_dnvNorthqr = max[l + 0'2'(IOg(nbrg_grt_allowNorthqr) - Xbrg_grt_dnvNorthqr)z 1'0j|
bfatﬁgnﬁmaxnorth
qr

1
CSg'fgd

G gdnv’ C2brg7grt7dnvNorth
a bfat_grt_minnorthqr

1

n = if| log(n > X 10 Cse'lea n
brg_grt_allowNorthqr = 0g brg_grt_adlowNorthqr brg_grt_dnvNorthqra > brg_grt_allowNorthqr
Nfa’[qr
Damage: Damagey,g gt North =
ar nbrg_grt_alloWNorthqr
Accumulated Damage Damagebrg_grt_totalNorth = zDamagebrg_grt_North

(Section 6, M108):
Damagebrg_grt_totalNorth = 0.00 |

|if(Damagebrg_grt_totamonh < 1.0,"OK","NG" ) = "OK" |

3/29/2021
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P. Check of Fatique in Pedestal Bearing Stress

Characteristic Compressive
Cylinder Strength: fcckp = cck_conversion'fcp fcckp = 32.8-MPa
Normalized Structural cckp
Compressive Strength: fonp = fcckp'(l - 600-MPaj fonp = 31.0-MPa
Design Concrete fcnp
Compressive Strength: foap = foap = 22.9-MPa

Nednv
Grout thickness: ty = 0.00-in

m-d 2
. “dspr
Bearing area at bottom of grout: A= g-[(OD + tg)2 - (ID - tg)z} - N-T A= 5488-in2
. i 4 4

Section modulus at bottom of grout: S;:= —|:(OD + tg) - (ID - tg) }

32:(0D + ty)

A _ N —
4 2
2 T 4 T 2 D; 2.1t
+H————|N-—d +—-d . —-co§ —(2:Xx -1
(OD+1t,) | 64 0% 7 2 PR 2 [2 {N ( )ﬂ

Minimum fatigue stress due to wind:

Maximum fatigue stress due to wind:

Bearing strip (radial) at bottom of grout:

=1

M .
b ' ( fatmmnorthqr) N Wmean Tpre'N
fatminnorth =
qr Sl Al Al
M
. . ( fatmaxnorthqr) . Winean Tpre'N
fatmaxnorth =
* qr Sl Al Al

(0D +tg) - (ID - t,)
2

Astrip_l =

2
D .
{T‘J-CO{%-@»\ - 1)ﬂ I

S, = 217939-in°

Agrip 1 = 10.9+in
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Barr Engineering Company

Project No. 23/53-1012 Evaluation Prepared by: SWS
Checked by: PFB/BKT
Angle of bearing within concrete: apny = Odeg opny = 0.0-deg
C—(0D+t,)
Critical bearing angle within concrete . 2 1
that defines the pedestal bottom edge: Qritical = MINY atan h -atan 5 Otcritical = 23.7-deg
P
Bearing strip (radial) within concrete at ) .
base ofpedestal: Astrip_Z = mm(Astrip_l + 2'hp'tan(mm(o‘DNVaOécritical))74'Astrip_lestrip_l + hp)

1

Agrip 2 = 10.9+in

3
Design Bearing Capacity ([ Astrip 2 .
Stated in Terms of Stress: Feq = fogymi P 1.3 Fea= 3326-psi
rp_
bfatmaxnorth
1- 4
CSC'F cd
Cldnv
bfatminnorth
1 4
. CscFed
Cycles Allowed: NyrgallowNorth = 10
qr
Cldnv
XbrgdnvNorth =
ar bfatminnorth .
| - ———L 4 0.1-C gy
CSc'ch

C2brgdnvNorthqr = max 1 + 0~2'(IOg(nbrgallowNorthqr) - XbrgdnvNorthqr)z 1'0i|

nbrgallowNorthqr = if] 1Og(nbrgallowNorthqr) > XbrgdnvNorthqra 10
Nfatqr
Damage: DamagebrgNorth =
ar NprgallowNorth
qr
Accumulated Damage Damagey,giotalNorth *= ZDamagebrgNorth

(Section 6, M108):

1

bfatmaxnorth
qr

CSC' Feq

Cianv' C2brgngN0rthqlr

1

bfatminnorth
qr

CSc‘ ch

> DprgallowNorth
qr]

DamagebrgtotalNorth =0.41 |

|if(Damagebrgt0talN0rth < 0'33’ "OK" , NNGH) — llNGn
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R. Check of Fatigue in Bottom Steel due to Tensile Stress - Primary Direction

Design factors: C3;=19.60
C4=6.00
Tensile stress range in steel: AT sNorth = max| 1-p Si’(o'stmaxNorth ~ OstminNorth )]
qr qr qr,
Characteristic strength fo = fB
of reinforcement:
Material coefficient for reinforcement: s = 1.00

Check maximum tensile

fox
stress in steel: CheckStressyorthmaxa == if (max(ostmaxNonh) > Ni ,"No Good" ,"Okay”j = "Okay"

S
ACgNorth
Cy-Cylog —— &
10 MPa

Cycles Allowed: NgallowNorth =
qr
. 8 . 307
DgallowNorth  += lfKnsallowNorth >2-107,107 ", ngjiowNorth )
qr qr a
Nfatq1r
Damage: Damagegyoy = ———————
ar DgallowNorth
qr
Accumulated Damage DamagegiotaiNorth = zDamageSNonh DamagegotaiNorth = 000 |
stotalNorth = V-

(Section 6, M108):

|if(Damagest0talN0rth <0.33,"0OK","NG" ) = "OK" |

P:\Mpls\23 MN\53\23531012 Nobles Repower 109 3/29/2021
Project\WorkFiles\3-12_Nobles RePower 1.6-97 Version 5.2b




Nobles Wind Project GE 1.6-97 80m HH RePower Foundation Barr Engineering Company
Project No. 23/53-1012 Evaluation Prepared by: SWS
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S. Check of Fatigue in Bottom Steel due to Tensile Stress - Normal Direction

Design factors: C3;=19.60
C4=6.00
Tensile stress range in steel: Ao'stNorth_normalqr = max|:1 “psi, (O-stmax_twistqr - 0-stmin_twistqr)j|
Characteristic strength fo = fB
of reinforcement:
Material coefficient for reinforcement: s = 1.00
Check maximum tensile

. fsk
stress in steel: ChGCkStreSSNOI‘thmax:i = lf(max(o-stmax_twist) >, "No Good" s "Okay"j = "Okay“

S

( ACystN()l*t}Lnormal ar
C3—Cylog ——+
10 MPa

Cycles Allowed: NeallowNorth =
qr
. 8 307
DgallowNorth  += lfKnsallowNorth >2-107,107 ", ngjiowNorth )
ar qr qr,
Nfat .
Damage: Damagegoin = —
ar NgallowNorth
qr
Accumulated Damage
(Section 6, M108): DamagestotalNorth_normal = ZDamagesNorth
DamagestotalNorth_normal =0.00 |
|if(DamagestotalNorth_normal <0.33,"0K", "NG") = "OK"
P:\Mpls\23 MN\53123531012 Nobles Repower 110 3/29/2021

Project\WorkFiles\3-12_Nobles RePower 1.6-97 Version 5.2b




Nobles Wind Project
Project No. 23/53-1012
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Barr Engineering Company
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Checked by: PFB/BKT

T. Check of Fatigue in Top Steel due to Tensile Stress

Depth to reinforcement at critical
section for flat portion of footing:

Depth to reinforcement at critical

dfaceZ = hb + hc — CCtop — I'Sditopm — lin

dedge + dface2

section for sloped portion of footing: dface3 = P
The neutral axis depth in the cracked Given Xor = 11.49-in
section is governed by the following
cubic equation:
Wt Xer
CUBIC =

-B
+_nmod'|:M'Atopm '(dface3 - Xcr)

Stopm

Xop 1= Find(xcr) Xor = 6.95-in

Moment of intertia of transformed L e Wi Xer B A d 2
section after the onset of cracking: CR -~ + Omog- s, ““ltopm ( face2 — Xcr)
opm
(we - B) 2
+ Npod- 'Atopm '(dface3 - Xcr)
Stopm
4
ICR = 228ft
Elfis.tic beam theory predidion of 04" MfinintopNorth . (dfaceZ - Xcr)
minimum tensile stress in OgtmintopNorth 1= 4
reinforcement: ar Icr
Elastic beam theory prediction of 704" MimaxtopNorth -(dfacez - xcr)
maximum tensile stress in OtmaxtopNorth 1= qar
reinforcement: ar Ier

).

B
— Nipod- 'Atopm '(dfaceZ - X
topm

dgeer = 57.9-in

dpaees = 51.23-in
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GE 1.6-97 80m HH RePower Foundation
Evaluation

Barr Engineering Company
Prepared by: SWS
Checked by: PFB/BKT

Design factors:

Tensile stress range in steel:

Characteristic strength of

reinfarcament:

Material coefficient for reinforcement:

Check maximum tensile
stress in steel:

Cycles Allowed:

Damage:

Accumulated Damage
(Section 6, M107):

C; = 19.60
C4 = 6.00

Ao'sttopNorthqr = l’naXI:l ‘pst, (O-stmaxtopNorthqr - o-stmintopNorthqr)j|

fsk = fyT
v = 1.00

fi
CheckStressyorthmaxa = if (max(ostmaxtopNonh) > = ,"No Good" , "Okay") = "Okay"
A

S
AO-sttopNorth "
C3—C4' 10g Tq
10 ‘

307

DgallowNorth -~
qr

. 8
nsallowNorthqr = lf(nsallowNorthqr >2-107,100 ", nsallowNol‘thqr)

Nfat
._ ar
Damagegoin =
ar nsallowNorthqr

DamagestoptotalNorth =048 |

|if(Damagest0pt0talN0rth <0.33,"0K" ,"NG" ) = "NG"

DamagestoptotalNorth = ZDamagesNorth
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Project No. 23/53-1012

GE 1.6-97 80m HH RePower Foundation
Evaluation

Barr Engineering Company
Prepared by: SWS
Checked by: PFB/BKT

U. Check Fatigue Pullout Strength of Concrete (concrete only)

Minimum fatigue force due to wind:

Maximum fatigue force due to wind:

Area of Cone

Maximum stress
in concrete shear cone:

Minimum stress in
concrete shear cone:

4 (Mminnorthqr) W.

+ W,

Pfat_cone_mjnqr = max| Opsi, meanN P
;'Davg 7
4-(M
Ptat cone_max = ( maxnmhqr) ~ Winean + Wy
_cone_max E.D v
5 Pave ;

.2
Acone = 991.59-in
Pfatﬁconeﬁmax

ACOIIC

Ocone max ‘=
_max,

Pfaticoneimin
qr

Ocone min ‘=
_min,

max(crcone_max) = 70.98 psi

Acone maX(ccone_min) = 68.02 pSi
Characteristic Tensile Strength: fy = 0.48-(fcck~MPa)0'5 fy = 2.75-MPa
£ 0.6
. . k
Normalized Tensile Strength: fiy = fye| 1 — : = 292.51 psi fi, = 2.02-MPa
25-MPa
f fo fig = 1.49-MP
. . . td = td = . . a
Design Tensile Strength: Nediv
Design Constants: k, = 100-MPa
d; := 1000-mm
Calibration Factor: U:=0.79 U-fq = 171 psi
Additional Reduction factor: Yef := 1.35
Design Shear Strength _ Ufigky
Stated in Terms of Stress: Ved_cone = et Ved cone = 127 psi
O'conefmax
1 4
Cser Ved cone
Cianv'
Ocone_min
_min,,
1
Ce.
Cycles Allowed: Neone allow = 10 S¢"Ved_cone
_allow,
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Cldnv

ar O-cone_minqr
- ——— 4 0.1-C iy
CSc'Vcdicone

€2dnvnr = max|_1 + 0'2'(10g(ncone_allownr) - anvm)a 1'0—‘

Ocone_max

A 0

1

Cse: Ved cone

Cldnv’CZdnv :
ar Ocone_min

ming,

1

Csc'Ved cone

Deone allow = if] 1Og(ncone allow ) > anv ,10 - >Dcone allow

- qr - qr, qr - L]

Nfa’cqr

Damage: Damage . =
ar Neone allow

x ar

Accumulated Damage Damagecone total = ZDamagecone

(Section 6, M108): Damagecope fotal = 0-00 |

|if(Damageme_mtal < 1.0,"0K","NG" ) = "OK" |
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Appendix B

Visual and Coring Inspection Summary Report

(provided under separate cover)



Appendix C

Foundation Structural Health Monitoring Summary Report

(provided under separate cover)



Appendix D

Soil Thermal Resistivity Testing Results (dated December 11, 2020)

(provided under separate cover)



Appendix E

Piezometer Results (dated February 5, 2021)

(provided under separate cover)



Appendix F

Cyclic Degradation Geotechnical Evaluation (dated March 31, 2021)

(provided under separate cover)



