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OBJECTIVE OVERVIEW

Perform a structural evaluation and design confirmation of the as-deformed Unit 1 Containment Enclosure Building (CEB) at NextEra
Energy Seabrook Station in Seabrook, New Hampshire. The as-deformed condition of the CEB is based on field measurements
recorded by Simpson Gumpertz & Heger in 2015 and 2016.

OVERVIEW OF METHOD AND ASSUMPTIONS

Simulate the as-deformed condition of the CEB by applying sustained loads and self-straining forces such as alkali-silica reaction
(ASR) expansion, shrinkage, swelling, and creep where applicable. Apply loads included in the original design criteria (self-weight,
earth pressure, seismic load, wind load, etc.) to the CEB structure in its as-deformed state. Seismic loads are applied using a static-
equivalent method utilizing the design-basis maximum acceleration profiles, which were computed during original design from
response spectra analysis. Amplify ASR loads by a threshold factor to account for potential future ASR expansion. Evaluate capacity
based on ACI 318-71 criteria with combined demands from all design loads, including the self-straining loads associated with the as-
deformed condition.

There are eleven justified assumptions in this calculation (see Section 5.1). There is one unverified assumption in this calculation.
The unverified assumption is that the CEB is statically and seismically isolated from other buildings at all locations where isolation
joints are specified in design drawings. This calculation shows that the gap between the CEB and CB at missile shield block locations
must be at least 1 in. to maintain seismic isolation. This unverified assumption must be tracked until resolved.

KEY REFERENCES
ACI Committee 318, Building Code Requirements for Reinforced Concrete and Commentary, AC| 318-71.

Seabrook, System Description For Structural Design Criferia For Public Service Company of New Hampshire Seabrook Station Unit
Nos. 1 & 2, Document No. 9763-SD-66, Revision 2, 2 March 1984.

Simpson Gumpertz & Heger Inc., Additional ASR-Related Inspections and Cl Measurements at Forty-Two Locations to Support the
Root Cause Evaluation of Apparent Movement of CEB, NextEra Energy Seabrook Facility, Seabrook NH, 150252-SVR-05-R0,
July 2016.

OVERVIEW OF RESULTS AND CONCLUSIONS

The deformed shape of the CEB model, when subjected to sustained loads and self-straining loads, simulates field measurements of
deformations. The CEB meets evaluation criteria of ACI 318-71 for all factored load combinations and analysis cases analyzed when
ASR loads are amplified by a threshold factor of 1.2 to account for future ASR expansion. Evaluation of deformations indicates that
existing seismic gaps are sufficient at all assessed locations (excluding missile shields) and that a seismic gap of at least 1 in. must
be provided at missile shields. Chapter 8 identifies recommended methods to quantitatively monitor the structure to identify if the
selected threshold limit is exceeded.
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SYMBOLS AND NOTATIONS

ASR alkali-silica reaction

AZ azimuth

CB Containment Building

CCl Combined Crack Index

Cl Crack Index

CiD cover-to-bar diameter

CEB Containment Enclosure Building

CEVA Containment Enclosure Ventilation Area

DCR demand to capacity ratio

ElL elevation

E-W east-west

fe compressive strength of concrete

fy yield strength of steel

FEA finite element analysis

FEM finite element model

FSB Fuel Storage Building

FSEL Ferguson Structural Engineering Laboratory

ILC independent load case

JA Justified Assumption

Kin ASR threshold factor (Sections 7.3 and 8)

NEE NextEra Energy

N-S north-south

OBE operating basis earthquake

PM axial-flexure (interaction)

psf pounds per square foot

psi pounds per square inch

psig pounds per square inch gage (relative to atmospheric pressure)

QANF Quality Assurance Manual for Nuclear Facility Work

RCE Root Cause Evaluation

SD-66 System Description 66, Original structural design criteria [8]

SGH Simpson Gumpertz & Heger Inc.

SRSS square root of sum of squares

SSE safe-shutdown earthquake

UA Unverified Assumption

UE United Engineers and Constructors

UFSAR Updated Final Safety Analysis Report

Original SD-66 Loads All design loads included in the original structural
design criteria document (SD-66).

As-Deformed Condition Deformed state of the CEB as measured and
documented by SGH '

Mech. Pen. Mechanical Penetration (Figure 1)

Electrical Pen.

150252-CA-02
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SIGN AND LABELING CONVENTIONS USED IN THIS REPORT

Tensile forces, stresses, and strains are positive values unless otherwise noted.
Bending moments are positive if tension occurs on the outside surface of the wall.

For evaluation of axial and flexure interaction, axial-flexure demands that cause stress
in the reinforcement aligned in the circumferential (hoop) direction are referred to as
“hoop direction” interaction demands. Similarly, axial-flexure interaction capacity in the
“hoop direction” is related to the bars aligned with in the hoop direction. This
convention is extended to axial-flexure interaction in the meridional (or vertical)
direction.

For evaluation of out-of-plane shear, out-of-plane shear acting on a vertical plane is
referred to as “out-of-plane shear in the hoop direction” because axial stresses acting
in the hoop direction cause compression or tension on this plane and because
reinforcement aligned in the hoop direction resist shear on this plane through shear
friction. This convention is extended to out-of-plane shear in the meridional direction,
which acts on a horizontal plane.

150252-CA-02 -12- Revision 0
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2, OBJECTIVE OF CALCULATION

The objective of this calculation is to perform a structural evaluation and design confirmation for
the as-deformed Containment Enclosure Building (CEB) structure at NextEra Energy Seabrook
Station in Seabrook, New Hampshire. The evaluation and design confirmation is performed in
accordance with the project Criteria Document, 150252-CD-03 Rev. 0 [1]. The as-deformed
condition used in the evaluation is based on measurements recorded by Simpson Gumpertz &
Heger (SGH) during field inspections in March 2015, September 2015, and April 2016 [2, 3, 5].
Structural demands are computed using load combinations and load factors defined in SGH
Report 160268-R-01 [6], which modifies load combinations defined in the Updated Final Safety
Analysis Report (UFSAR) [7] and the Seabrook structural design criteria document, SD-66 [8],
to include demands caused by ASR expansion. Alkali-silica reaction (ASR) demands are
selected based on extensive field measurements of strain on the CEB [9] and are increased by
a load factor to account for uncertainty in the demands and a threshold factor to account for
limited future ASR expansion. Aside from the deformed condition, all other conditions of the
structure, including material properties and reinforcement configurations, are considered to be in

accordance with the structural design basis.

The structural evaluation and design confirmation are based on design drawings and project
specifications. This calculation does not consider potential deviations from the as-designed
. conditions due to construction tolerances; approved change orders during construction unless
incorporated into the referenced design drawings; aging effects (such as potential carbonation,
leaching, or reinforcement corrosion); or local defects, repairs, etc. The evaluation of work
platforms, ladders, tie-off points, and equipment braces and the associated anchorage is not in
the scope of this calculation. Additionally, evaluation and design confirmation of the reinforced
concrete missile shields at El. 22 ft, El. 31 ft-6 in., and El. 49 ft-6 in. against missile loading are

not in the scope of this calculation.

The work is performed in accordance with the SGH Quality Assurance Manual for Nuclear
Facility Work (QANF) [10] and related Engineering Procedures.
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CONCLUSIONS AND RECOMMENDATIONS

The CEB is analyzed for the Original Design, Standard, and Standard-Plus Analysis Cases.

Each of these analysis cases is briefly defined below, and is described in more detail in Section

6.2.2.

The Original Design Analysis Case considers all original design loads with the CEB in
its undeformed configuration without self-straining loads such as ASR (Sa) and swelling
(Sw)- '

The Standard Analysis Case considers all original design loads as well as self-straining
loads, and simulates deformation measurements while conforming to all construction
details specified in the original design drawings.

The Standard-Plus Analysis Case is identical to the Standard Analysis Case, but
provides an improved simulation of deformation measurements near AZ 230° by
assuming that the concrete fill is in contact with the CEB at AZ 200° between El. +19
and +54 ft. Note that this assumed condition differs from that shown on the design
drawings.

The conclusions of the analysis and evaluation are provided below:

Comparison to Field Measurements

o The strains due to ASR expansion simulated by the finite element model (FEM)
reasonably approximate crack index measurements (see Section 6.4.1 for more
information).

. The as-deformed condition of the CEB is simulated by combining unfactored

sustained loads and unfactored self-straining loads including ASR of the CEB
and ASR of the concrete fill. Deformation comparisons are presented in
Section 6.4.2 and are summarized below:

o Deformations for the Standard Analysis Case simulate field
measurements of deformation in all locations except near AZ 230°.
. Deformations for the Standard-Plus Analysis Case simulate field

measurements at AZ 230° more favorably than the Standard Analysis
Case while continuing to match deformations elsewhere.

Design Evaluation

. A study of the dynamic properties of the as-deformed CEB (from the Standard
and Standard-Plus Analysis Cases) concludes that the as-deformed condition
does not significantly impact the dynamic properties of the structure, and
therefore the maximum seismic acceleration profiles for OBE and SSE
excitation used in the original design remain valid.
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The Original Design, Standard, and Standard-Plus Analysis Cases are
evaluated for the load combinations listed in Table 5 using the strength criteria
of

ACI 318-71. All ASR loads are amplified by a threshold factor of 1.2 in addition
to the load factors for ASR. The threshold factor accounts for additional ASR
loads that may occur in the future.

o For the Original Design Analysis Case, which does not include self-
straining loads such as ASR (S,) and swelling (Sy), the CEB is shown to
meet evaluation criteria. This conclusion is consistent with the original
design of the CEB. '

o For the Standard and Standard-Plus Analysis Cases, the CEB is shown
to meet evaluation criteria with the use of moment redistribution and with
the consideration of localized concrete cracking.

Clearance evaluations are performed to assess if existing seismic gaps
between the CEB and other adjacent structures (with consideration given to
UAO1 in Section 5.1) are sufficient to reasonably ensure that the CEB will not
contact other structures during a seismic event. The clearance evaluations
account for existing (reduced) seismic gap widths, additional ASR-related
deformations associated with the selected threshold factor, simulated CEB
seismic deformations, and predicted seismic deformations of the adjacent
structures (computed by others).

. With the exception of the missile shield locations, existing gap widths at
all assessed locations are sufficient to ensure that contact between
buildings will not occur.

) For missile shield locations, a minimum seismic gap of 1 in. is needed to
prevent contact with the adjacent structure (CB).

Global stability of the CEB is evaluated in Section 7.8. Stability evaluation with
consideration of ASR demands demonstrates that a factor of safety against
sliding, overturning, and flotation meeting the requirements of SD-66 [8] is
provided.
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Threshold Monitoring .
. Systematic monitoring of strains and structure deformations is appropriate to

detect when measured ASR strains have reached the selected threshold limits
and when the distance between the CEB and adjacent structures is
approaching the minimum required seismic separation. Chapter 8 presents an
approach and a prospective threshold monitoring plan to meet the monitoring
objectives. The monitoring consists of field measurements of CI, CCIi, or
expansion measurements, and seismic isolation joint widths. The
measurements are divided into two sets, and monitoring is performed by
comparing the average measurement for strain in regions or seismic gap
widths.

o For strain; the average threshold strain limits for below grade areas are
20% above the strain values provided in Table 13 for regions R1, R2,
and R3. Alternatively the average strain threshold limits based on CCI
measurements for two regions using the existing 15 CCl measurement
locations are provided in Conclusion Table 1 as Sets A and B.

) The average seismic gap threshold value is provided in Conclusion
Table 1 as Set C.

) As averaged field measurements approach the threshold limits, or if any
seismic gap measurement approaches the required minimum gap
widths provided in Tables 16 and 17 corrective actions should be taken
to ensure validity of the calculation conclusions.

Conclusion Table 1. Summary of Threshold Limits

Prospective Mean of Baseline
Threshold Measurement
Measurement Set** Values Threshold Limit
A (Crack Index) 0.13 mm/m 0.16 mm/m
B (Crack Index) 0.37 mm/m 0.44 mm/m
C (Seismic Gap)* 1.50 in. 1.70in.

*Note: Data shown in this table are based on projected measurement values.
**See Tables 19, 20, and 21 for identification for measurements within
Prospective Threshold Measurement Sets A, B, and C, respectively.
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4, DESIGN DATA / CRITERIA

Design data and criteria are provided in the SGH Criteria Document 150252-CD-03 Rev. 0 [1].
Key information from this criteria document is summarized in Sections 4.1 through 4.3 for clarity.
Field measurements and observations that are used to calibrate the as-deformed condition of

the CEB are presented in Section 4.4.

41 . Material Properties

The following material properties are used in this calculation:

) CEB Concrete
. Compressive Strength: f. = 4,000 psi ([12] 9763-F-101448)
) Elastic Modulus:, E = 57,000 (f.)"? = 3,605,000 psi [8]
. Poisson’s Ratio: v=0.15[8]
) Shear Modulus: G = E/(2(1+ v)) = 1,567,000 psi [11]
. Unit Weight: w = 150 pcf [8]
. CEB Foundation Concrete
. Compressive Strength: f. = 3,000 psi ([12] 9763-F-101448)
o Elastic Modulus:, E = 57,000 (f)"2 = 3,120,000 psi [8]
® Poisson’s Ratio: v=0.15[8]
° Shear Modulus: G = E/(2(1+ v)) = 1,357,000 psi [11]
. Unit Weight: w = 150 pcf[8]
° Backfill Concrete
° Compressive Strength: f; = 2,000 psi ([12] 9763-F-101842)
° Elastic Modulus:, E = 57,000 (f;)'2 = 2,550,000 psi [8]
) Poisson’s Ratio: v=0.15[8]
. Shear Modulus: G = E/(2(1+ v)) = 1,109,000 psi [11]
) Unit Weight: w = 150 pcf [8]
e Steel Reinforcement

. Yield Strength: ASTM A615 Grade 60 (fy, = 60,000 psi) [8]
. Elastic Modulus: Es = 29,000,000 psi

The elastic modulus of concrete is not reduced due to ASR damage. This is further discussed

in justified assumption JAO3 (Section 5.1).
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4.2 Combinations of Loads

Load combinations evaluated in this calculation are defined in SGH Report No. 150252-R-01
[6]. In Ref. 6, demands caused by ASR expansion are incorporated into the load combinations
defined in the Seabrook UFSAR. Load factors for ASR demands are computed using a
probabilistic approach that maintains the level of reliability inherent in ACI 318-71 [11, 13].

Load combinations are listed in Table 5. Load symbols are defined in Table 1. Loads not
considered in this evaluation are listed in Table 2. Tornado wind loads are defined in Table 3.

Additional information on each load type is provided in Section 6.3.

ACI 318-71 Section 9.3.7 [11] specifies that demands from differential seﬁlement, creep,
shrinkage, and temperature change shall be included with dead load. In this calculation,
concrete swelling demands are also included with dead load due to the similarities between
swelling and shrinkage. Demands due to creep and shrinkage generally cause compression in
the reinforcement of the CEB and are therefore conservatively neglected when computing
demands in this calculation. However, deformations caused by creep and shrinkage are

considered when comparing deformations of the finite element model to field measurements.

Each load combination in Table 5 is also evaluated without the effects of self-straining forces
(i.e., without ASR and swelling demands) to verify that the original design of the CEB meets
design_ requirements. This evaluation is summarized in Section 7.4 and is presented in detail in

Appendix G.

4.3 Evaluation Acceptance Criteria

Acceptance criteria for evaluation and design of reinforced concrete components are defined by
ACI 318-71 [11]. No reductions in capacity are made to account for material degradation due to
ASR (Justified Assumption JA11, Section 5.1). Physical testing performed by others [16] has
indicated that ASR expansion does not reduce structural capacities if the total out-of-plane

expansion is less than the limits defined in Ref. 16.

4.4 Field Measurements and Observations

ASR strains simulated by the finite element model are based on crack index (Cl) field
measurements presented in SGH Site Visit Report 150252-SVR-05-R0 [9]. The Cl data come
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from a total of forty-two ASR monitoring grids located throughout the CEB structure. The ClI

data are summarized in Tables 12 and 13, as well as in Figure 4.

Measurements of CEB displacements are presented in the SGH Site Visit Reports listed below.
These site visit reports contain relative measurements between the CEB and other adjacent
structures including the Containment Building (CB), the Mechanical Penetration (Mech. Pen.),
the West Pipe Chase, the Containment Enclosure Ventilation Area structure (CEVA), the East
Pipe Chase, and the Electrical Penetration Structure (Electrical Pen.). A brief description of

each repo‘r’t is provided below.

. SGH Site Visit Report 150252-SVR-01-R1 [2]: This site visit report documents
measurements of relative building movement/deformation recorded during CEB
walkdowns that were initiated by the CEB Root Cause Evaluation (RCE).

. SGH Site Visit Report 1560252-SVR-02-R0 [3]: This site visit report contains follow-up
measurements of relative building movement / deformation at twenty-five seismic
isolation joint locations that were previously measured and documented in Ref. 2.
These twenty-five locations generally had seismic isolation joint widths of 2 in. or less.

. SGH Site Visit Report 150252-SVR-03-R0 [4]: This site visit report contains
measurements of the annulus width between the CB and CEB at the springline
elevation. Also, this report documents surveyor markings on the exterior surface of the
CB at the springline elevation, which can be used to obtain the as-built radius of the CB
at each azimuth. Additionally, this site visit report contains qualitative observations of
ASR on the exterior surface of the CEB.

o SGH Site Visit Report 160144-SVR-03-R0 [5]: This site visit report contains follow-up
measurements of relative building movement / deformation at twenty-five seismic
isolation joint locations that were previously measured and documented in Ref. 2 and
3.

This calculation generally interprets all relative measurements between buildings using the

following two assumptions (JAO8 in Section 5.1):

) The CEB and all adjacent structures were originally constructed in accordance with
design drawings

. No structures other than the CEB are deforming or displacing (except during seismic
events)

Using these two assumptions, relative measurements between the CEB and other adjacént

structures can be compared to corresponding design dimensions on drawings; any difference
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between the design dimension and the measurement is generally attributed to CEB

deformation. These assumptions have exceptions, as listed below:

Preliminary field observations indicate that the isolation gap between the CEB and the
CB at the missile shield above the CEVA structure has zero or near-zero width. This
indicates that there is a larger inward radial deformation at this location than measured
elsewhere on the CEB, and the deformation may be higher than indicated by the
Standard Analysis Case, which assumes that the concrete fill was placed as indicated
on the design drawings. To reach this level of inward deformation, an alternative
analysis case (referred to as the Standard-Plus Analysis Case) is performed with the
assumption that the concrete fill placed between the CEVA structure, FSB, and CEB
(between El. +19 and +54 ft ) was constructed without the 3 in. seismic isolation joint
specified on the design drawings. CEB demands from the Standard and the Standard-
Plus Analysis Case are both evaluated against the ACI 318-71 acceptance criteria in
this calculation (see Section 6.2.2 for more information).

Site visit report 150252-SVR-03-R0 [4] documents surveyor markings that were
painted on the exterior surface of the CB at the springline elevation. These markings
are used to compute the as-built radius of the CB at the springline elevation.
Measurements of radial deformation of the CEB at the springline elevation are adjusted
for the as-built radius of the CB.
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5. ASSUMPTIONS
51 Justified Assumptions
Justified assumptions (JAs) are listed below.
o JAO1: The as-deformed condition of the CEB can be represented by a finite element

model subjected to sustained loads and self-straining forces including ASR expansion,
creep, shrinkage, and swelling.

Justification: [t is demonstrated in Section 6.4.2 that sustained loads and self-
straining forces (including ASR expansion, creep, shrinkage, and swelling) can be
applied to the finite element model to generally simulate the deformed shape of the

CLIENT: NextEra Energy Seabrook BY: R.M. Mones
CEB measured by SGH [2, 3, 4, 5].

» JA02: ASR causes expansion of concrete, which creates a tension in the
reinforcement and corresponding compression in the concrete (in the direction of
expansion).

|

‘ Justification: Many researchers [14] show that ASR in reinforced concrete forms

} cracks that become filled with an expansive gel. A tensile force in the reinforcement

1 bars develops as the concrete attempts to expand. The tensile force in the

| reinforcement is balanced by a corresponding compression force in the concrete. The
magnitude of ASR expansion (and the associated tensile and compressive forces)
used in this evaluation and design confirmation is based on field measurements.

. JA03: Unreduced design material stiffness properties can adequately represent ASR-
impacted reinforced concrete sections of the CEB structure.

Justification: A physical test program by MPR Associates and the Ferguson
Structural Engineering Laboratory (FSEL) concludes that structural evaluations of
ASR-affected structures at Seabrook Station with through-thickness expansion within
certain limits should use the material properties specified in the original design
specifications [17]. These limits bound the current conditions. Additionally, a
parametric study (described in Appendix J) demonstrates that larger demands are
computed from the as-deformed condition if an unreduced elastic modulus is used.
Therefore, an unreduced elastic modulus based on the design concrete compression
strength (fc) is used in the Standard and Standard-Plus Analysis Cases in this
calculation.

. JAO04: Concrete fill undergoes ASR expansion.

Justification: Testing has not been performed to assess whether the concrete fill is
undergoing ASR expansion. However, the same aggregate source was used for the
concrete fill as for the CEB concrete. In the absence of such test data, this calculation
assumes that ASR is present in the fill concrete and concrete fill expansion will
produce a radial pressure on the CEB proportional to the overburden pressure at the

150252-CA-02 -22 - : Revision 0

FP 100985 Page 22 of 526



!““‘x
SIMPSON GUMPERTZ & HEGER

CLIENT:

SUBJECT:

PROJECT NO: 150252

Engineering of Structures
and Building Enclosures - DATE: 31 July 2016

NextEra Energy Seabrook BY: R.M. Mones

Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit

depth of concrete fill. The actual pressure due to concrete fill expansion plus all other
sustained loads should result in deformations that simulate the field measurements of
deformation.

JAOS: Live loading of work platforms and ladder landings is neglected.

Justification: Live loading of work platforms and ladder landings is considered to be
negligible relative to the self-weight of the CEB concrete structure. These live loads
are excluded from original design calculations [24] and are neglected in this
calculation.

JAO6: The mass, stiffness, and wind loading of the Plant Vent Stack attached to the
outside surface of the CEB at AZ 230° do not affect the behavior of the CEB model.

Justification: The Plant Vent Stack is constructed of stainless steel sheet metal and
steel channel sections. An approximate self-weight take-off indicates that the Plant
Vent Stack and adjacent ladders and platforms weigh approximately 900 Ibf per linear

foot and are about 170 ft long. The mass of the Plant Vent Stack is equivalent to about

20% of its supporting concrete (assuming that the mass of the vent stack is resisted by
a strip of CEB concrete that is twice the width of the vent stack). Additionally, the total
mass of the vent stack is about 10% of the design snow load (74 psf) and about 6% of
the unusual snow load (126 psf). Based on this information, the mass of the Plant Vent
Stack is considered to be negligible. Additionally, the sheet metal and light weight
steel channels are judged to have negligible stiffness relative to the reinforced concrete
CEB.

Due to the small size of the Plant Vent Stack relative to the CEB structure, wind loads
acting on the Plant Vent Stack are judged to be insignificant relative to the loading on
the concrete cylinder and dome.

JAO7: Observed cracking at the springline elevation (El. +119 ft) is at least partially
related to non-ASR structural demands.

Justification: Ref. 9 notes that the orientation and pattern of cracks at the springline
elevation are not necessarily indicative of ASR expansion. ASR cracking typically has
a map pattern, which is generally less apparent at the springline elevation than other
ASR monitoring locations. Additionally, the cracking on the interior of the CEB at the
springline does not show signs of moisture intrusion, efflorescence, or ASR gel.
Furthermore, a parametric study documented in Appendix J evaluates the impact of
modeling ASR demands at the springline.

JAO8: In the Standard Analysis Case, the calculations assume that the CEB structure
was constructed as specified in design drawings. In the Standard-Plus Analysis Case,
the calculations assume additional inward pressure, corresponding to the location of
the concrete fill wedge between the CEVA, CEB, and FSB at El. +19 to +54 ft, to
improve the CEB deformation in a localized area at about AZ 230°. For the Standard-
Plus Analysis Case, the assumed additional pressure could be due to ASR expansion
of the concrete fill wedge if it has come in contact with the CEB (even though a gap is
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indicated in design drawings). In all analysis cases, it is assumed that no structures
other than the CEB are deforming or displacing, except for seismic joint measurement
that accounts for seismic displacements of adjacent structures.

Justification: Analysis cases are described fully in Section 6.2.2. In the Standard
Analysis Case, it is assumed that the CEB conforms to original design drawings. For
this case all analyses are based on original design assumptions except accounting for
additional deformations and stresses in the CEB due to self-straining loads. Therefore
this assumption for the Standard Analysis Case is justified since it is fully consistent
with the original design.

The additional pressure assumed for the Standard-Plus Analysis Case was done to
improve the CEB radial deformation at AZ 230° compared to observed deformation.
This additional pressure is assumed to be due to ASR expansion of the wedge of
concrete fill between the CEVA, FSB, and CEB. Assuming the additional pressure is

-due to concrete fill expansion is justified since ASR has the largest load factor for the

controlling static load combination. However this assumption inherently implies that
the designed seismic gap between the concrete fill wedge and CEB is closed. The
Standard-Plus Analysis Case does not account for the effects from or potential
interaction with the wedge of concrete fill. It is expected that the wedge of concrete fill
is self-supporting and sufficiently stiff to prevent imparting lateral demands to the CEB.
Motion of the CEB toward the fill may result in contact along the height of the wedge,
which is expected to reduce seismic demands lower in the structure.

The assumption that no structures are deforming or displacing other than the CEB
causes all observed seismic gap movements to be conservatively attributed to CEB
deformation. While there is potential for other buildings to be deforming or displacing,
this assumption is justified because it results in the most conservative deformation
profile for the CEB. When evaluating clearance between the CEB and adjacent
structures, the seismic deformations of other structures [31] are considered.

JA09: Maximum acceleration profiles for seismic analysis are not impacted by the
as-deformed condition and are unchanged from the original design. Additionally, the
maximum acceleration profiles are not impacted by concrete cracking.

Justification: A study has been performed to demonstrate that the dynamic
properties of the CEB structure are not impacted by the as-deformed condition. The
methodology and results of this study are summarized in Sections 6.2.4 and 6.4.3.
Additional documentation for this study is provided in Appendix F.

The OBE and SSE maximum acceleration profiles used in the original design of the
CEB are used in this analysis. These acceleration profiles were computed by UE and
are presented on Sheets 22 through 26 of UE Calculation SBSAG 4CE [24] (replicated
in this calculation as Figure 7).

JA10: The CEB material properties are not reduced due to irradiation.
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Justification: Section 3.8.3.4 (b).4 of the Seabrook UFSAR [7] states that the primary
shield wall is the only concrete subjected to relatively high irradiation.

JA11: ASR expansion impacts the total demand on reinforced concrete elements, but
does not reduce the resistance (capacity) of reinforced concrete elements so long as
the strain does not exceed the limits defined in Ref. 16.

Justification: A physical testing program performed by MPR Associates and the
University of Texas at Austin Ferguson Structural Engineering Laboratory (FSEL) [16]
has shown that ASR does not reduce the design properties and capacities for the
levels of ASR currently identified in the CEB.

Unverified Assumptions

Unverified Assumptions (UAs) are listed below.

UAO01: The CEB is statically and seismically isolated from other buildings at all
locations where isolation joints are specified in design drawings.

Description: Preliminary field observations indicate that the isolation gap between the
CEB and the CB at the missile shield above the CEVA structure has zero or near-zero
width. In order for this calculation to be valid, a seismic gap of at least 1 in. must be
provided at the missile shield above the CEVA structure.

Required Action: This unverified assumption must be tracked until confirmation or
resolution.
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6. STRUCTURAL ANALYSIS

Structural analysis is performed using finite element analysis. The CEB structure is described in
Section 6.1. The analysis methodology, including the analysis models, is described in
Section 6.2. Applied loads are described in Section 6.3. Analysis results (i.e., deformations,
strains, and structural forces and moments computed using the finite element model) are
summarized in Section 6.4. Methodology and results of the evaluation (i.e., comparison of

structural demands and structural capacities) are presented in Chapter 7 of this calculation.

6.1 Description of Structure
6.1.1 Structure Geometry

Based on the UE design drawings [12], the CEB is a cylindrical reinforced concrete structure,
228 ft tall, with an inside radius of 79 -0 in. that is enclosed at the top by a 1 ft-3 in. thick
hemispherical reinforced concrete dome. The wall thickness varies from 3 t-0 in. at the base to
2 ft-3 in. from El. 11 ft to El. 40 ft, and 1 ft-3 in. above EIl. 40 ft.

Several large openings penetrate the CEB wall. The Mech. Pen. and adjoining West Pipe
Chase are located on the west side of the CEB and are approximately 60 ft wide and 50 ft tall.
The Electrical Pen. is located on the north side of the CEB and is approximately 40 ft wide and
57 ft tall. Both the Mech. Pen. and the Electrical Pen. extend to the base of the structure. Other
openings of significant size include the East Pipe Chase, the Equipment Hatch, the Personnel
Hatch, and openings adjacent to the CEVA and the FSB. Openings in the CEB wall are

ilustrated in Figure 1.

The CEB wall is supported on a 10 ft thick concrete ring base footing. The top of the footing is
at El. (-)30 ft, approximately 50 ft below finished grade. The foundation is interrupted at the
Mechanical and Electrical Penetrations on the west and north sides of the CEB.

6.1.2 Structure Reinforcement

The reinforcement in the hoop direction is described below:

) Between El. (-)30 ft and El. (-)11 ft: #11@12 in. on each face, with the following
exceptions:
150252-CA-02 - 26 - Revision 0
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° The region between the Mechanical Penetration and the Electrical Penetration,
which has #11@86 in. on each face
o The pilasters adjacent to the Mechanical Penetration and the Electrical
Penetration are reinforced with additional #6@856 in. on each face.
. A 30 ft long region on the east side of the Electrical Penetration has #11@6 in.

on each face and #8@6 in. on the outside face.

Between El. ()11 ft and El. 22 ft: #10@12 in. on each face, with the following
exceptions:

o The region around the Equipment Hatch, which has #10@6 in.

. A 30 ft long region to the east of the Electrical Penetration, which has
#10@12 in. on each face and additional #8@12 in. on the inside face up to
El. O ft.

. The region between the Electrical Penetration and the Mechanical Penetration

has #10@§6 in. on each face between EL (-)11 ft and El. 3 ft-3 in.

Between El. 22 ft and 45 ft-6 in.: #10@12 in. on each face, with the following
exceptions:

) #10@6 in. on the inside face and two layers #10@6 in. on the outside face
directly above the Electrical Penetration.
o #10@86 in. on each face in the region around the Equipment Hatch.

o #10@6 in. on the outside face and #10@12 in. on the inside face directly above
the Mechanical Penetration.

Between El. 45 ft-6 in. and 75 ft-6 in.: #9@6 in. on each face above the electrical
penetration, #10@6 in. on each face above the Equipment Hatch up to El. 61 ft, and
#9@12 in. on each face elsewhere.

Between El. 75 ft-6 in. and the Springline at El. 119 ft: #8@6 in. on each face
above the electrical penetration and #8@12 in. on each face elsewhere.

Between El. 119 ft and El. 170 ft (40 deg above the Springline on the dome):
#8@12 in. on each face.

Between EIl. 170 ft-2 in. and EL 197 ft (80 deg above the Springline on the dome):
#6@12 in. on each face.

Within the top 10 deg of the dome: No hoop bars provided, however meridional bars
form a grid in this region.

The reinforcement in the meridional direction is described below:

Between El. (-)30 ft and El. (-)11 ft: One layer of #11@856 in. on inside face and fwo
layers of #11@86 in. on outside face, with the following exceptions:
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. To the east of the Electrical Penetration, one layer of #11@12 in. and

#14@12 in. (alternating, such that there is one bar per 6 in.) on the inside face
and two layers of #14@6 in. on the outside face.

. To the north of the Mechanical Penetration, one layer of #11@86 in. on the
inside face and two layers of #14@6 in. on the outside face.

. Additional #11@86 in. bars provided on the edge of the wall within the pilasters
on either side of the Mechanical Penetration and Electrical Penetration.

. Between El. (-)11 ft and El. 11 ft: One layer of #11@6 in. on inside face and two
layers of #11@6 in. on outside face. Additional #11@86 in. bars provided on the edge
of the wall within the pilasters on either side of the Mechanical Penetration and
Electrical Penetration.

. Between El. 11 ft and ElL 22 ft: #11@§6 in. on each face. Additional #11@6 in. bars
provided on the edge of the wall within the pilasters on either side of the Mechanical
Penetration and Electrical Penetration.

. Between El. 22ft and EI. 45 ft-6 in.: #11@8%6 in. on each face.

o Between EI. 45 ft-6 in. and 75 ft-6 in.: #9@6 in. on each face above the Electrical
Penetration, #11@$6 in. on each face adjacent to and above the Equipment Hatch up to
El. 69 ft, #3@12 in. on each face elsewhere.

. Between EIl. 75 ft-6 in. and the Springline at El. 119 ft: #8@6 in. on each face
above the Electrical Penetration, #8@12 in. on each face elsewhere.

. Between El. 119 ft and El. 170 ft (40 deg above the Springline on the dome}):
#8@12 in. on each face.

i . Between El. 170 ft-2 in. and EL 197 ft (80 deg above the Springline on the dome):
| #6@12 in. on each face.

o Within the top 10 deg of the dome: #6@6 in. on each face forming a grid pattern.
Transverse reinforcement (stirrups) are described below:

) Between EIl. ()30 ft and El. (-)11 ft: #8 stirrups spaced at 12 in. in both hoop and
meridional direction.

) Between El. (-}11 ft and El. 22 ft: #4 stirrups spaced at 12 in. in both hoop and
meridional direction. :

. Surrounding the Equipment Hatch: #4 stirrups spaced at 12 in. in both hoop and
meridional direction.

In addition to the reinforcement described above, additional “C-shaped” reinforcement is

provided around several of the penetrations, and diagonal reinforcement bars are provided at
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reentrant corners of penetrations. This calculation does not explicitly consider additional

capacity from this reinforcement.

6.1.3  Backfill Concrete and Surrounding Structures

As illustrated in Figure 3, concrete backfill occupies the space between the outside surface of
the wall and the bedrock up to El. 0 ft. A waterproofing membrane separates the outside
surface of the wall from the concrete backfill. Soil structural backfill is used between EI. O ft and
finished grade at El. 20 ft.

The triangular space between the CEVA structure, FSB, and CEB is filled with concrete fill
material up to El. +54 ft. According to design drawings, the CEB and FSB are isolated from this
wedge of concrete fill along its full height by a 3 in. wide seismic joint. In the Standard-Plus
Analysis Case, the calculations assume (JA08, Section 5.1) that this wedge of concrete fill may
be in contact with the CEB structure.

The CEB is structurally separated from all adjacent structures by nominally 3 in. wide seismic
gaps except for the inside edge of the CEB footing, which is directly adjacent to the CB footing.
Field measurements of the seismic gaps [2, 3, 5] have indicated that the actual width of seismic
gaps deviates from the 3 in. nominal design width at several locations. If the measured width of
the gap is less than 3 in., then the reduced seismic gap width is considered when evaluating

building clearances in this calculation.

6.2 Analysis Methodology

Structural analyses are performed to obtain structural demands due to self-straining loads and
all loads included in the original design criteria (referred to as “original SD-66 loads”). The
as-deformed condition of the CEB is simulated by applying unfactored sustained loads and self-
straining loads. All loads except for self-straining loads are applied to the structure when it is in
its as-deformed condition. The analysis procedure to compute demandé is broken into two

analysis steps:

. Analysis Step One
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. Simulate the as-deformed condition by applying unfactored sustained loads and

unfactored self-straining loads to the Undeformed 3D Model defined in
Section 6.2.1.1.

o Extract nodal deformations caused by these unfactored loads, which are used
to generate the As-Deformed 3D Model.
. Extract structural demands (forces and moments) caused by self-straining

loads (ASR and swelling) for combination with original SD-66 loads.

) Analysis Step Two
. Apply non-seismic loads to the As-Deformed 3D Model generated in Analysis
Step One. Extract non-seismic demands (forces and moments).
. Perform a static equivalent seismic analysis by applying the maximum seismic

acceleration profiles to the As-Deformed 3D Model. Extract seismic demands
(forces and moments).

This analysis methodology follows the procedure defined in Section 9.1 of the criteria document

[1].

The methods that are used to apply loads are listed in Section 6.3. Following completion of
Analysis Steps One and Two, structural demands are combined using the combinations and
load factors presented in Table 5. ASR-related demands are multiplied by the load factors in
Table 5 as well as by a threshold factor to account for possible future ASR expansion. The
threshold factor is defined in Section 7.3. Chapter 8 identifies recommendations for monitoring
the CEB structure to detect when ASR loads have met the selected threshold factor. When
measurements of field conditions show that the threshold limits are met or exceeded, then the

validity of the evaluations made in this calculation must be assessed.

6.21 Analysis Models

Analyses are performed using the models described in this section. All models are created with
ANSYS Mechanical APDL Version 15.0 finite element modeling software [18]. ANSYS
Version 15 was procured as a nuclear QA software package and has been validated and
verified in accordance with the SGH QANF Program [19, 20].

6.2.1.1 Undeformed 3D NModel

The undeformed 3D model is generated based on design drawings [12] and is used in Analysis

Step One to simulate the as-deformed shape of the CEB.
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Undeformed 3D Model Geometry

The undeformed 3D model consists of the entire CEB cylinder walls, dome, and foundation.
The CEB walls and dome concrete consist of four-node shell elements (SHELL181 [18])
modeled using centerline geometry. The CEB foundation consists of eight-node solid elements
(SOLID185). The CEB wall connects to the foundation using rigid beam elements (MPC184).
The concrete fill that is not separated from the CEB wall with a seismic isolation gap is modeled
using spring elements (COMBIN14) that are assigned stiffness in the radial direction only.
Membrane elements (SHELL181 with membrane stiffness only) model the steel reinforcement
in the CEB wall. These membrane elements are included in the model only to facilitate
computation of ASR expansion and concrete swelling related stresses, and are not included in
the model during application of other loads. The model contains a total of 13,613 shell
elements, 3,660 solid elements, 27,226 membrane elements, 3,334- spring / connector
elements, and 21,967 nodes. The model is in units of pounds-force (Ibf) and inches (in.). In the
model’'s rectangular global coordinate system, the positive x-direction is east, the positive y-
direction is north, and the positive z-direction is vertically upward. In the model's cylindrical
global coordinate system, the x-direction is radial, the y-direction is tangential, and the positive

z-direction is vertically upward.

Shell elements representing the CEB wall are approximately 3 ft by 3 ft in size. Penetrations in
the CEB wall exceeding this typical element size are included in the model. The penetrations

included in the model are listed below.

K Electrical Pen., centered at AZ 0°

. East Main Steam and Feed Water Pipe Chase opening, centered at AZ 90°

. FSB Penetration, centered at AZ 185°

. Equipment Hatch opening, centered at AZ 150°

. CEVA opening, centered at AZ 230°

. Mech. Pen. and West Main Steam and Feed Water Pipe Chase opening, centered at
AZ 270°

. Personnel Hatch opening, centered at AZ 315°
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Walls / slabs extending perpendicularly from the CEB wall, including the walls / slabs extending
towards the Main Steam and Feed Water Pipe Chases and missile shields, are modeled using
shell elements (SHELL181).

Undeformed 3D Model Boundary Conditions

The boundary conditions for the ASR expansion of the CEB wall and concrete swelling load

cases are described below:

o The base of the CEB foundation is restrained vertically.

. The base of the CEB foundation is permitted to slide in the tangential direction. Spring
elements with low stiffness are provided to provide numerical stability to the CEB
model. Sliding is permitted in these cases because the capacity for the CEB
foundation to resist sliding through friction is limited. Field measurements of movement
at the base of the CEB wall indicate between 0.5 and 1.0 in. of tangential displacement
(Figure 2), which is matched in the as-deformed condition simulations.

. The CEB wall below EI. 0 ft and the outside surface of the foundation are supported
radially with spring elements that are given stiffness equivalent to 10 ft of fill concrete.
The springs have no stiffness in the tangential and vertical directions.

The boundary conditions for the shrinkage, hydrostatic pressure, and ASR expansion of backfill

cases are described below. Note that the shrinkage load case is used to compute deformations

of the as-deformed condition, but is not used to compute structural demands.

) The base of the CEB foundation is restrained vertically.
° The base of the CEB foundation is restrained in the tangential direction.
. The outside surface of the foundation is supported radially with spring elements that

are given stiffness equivalent to 10 ft of fill concrete. The springs have no stiffness in
the tangential and vertical directions.

The boundary conditions for other loads are described below:

. The base of the CEB foundation is restrained vertically.
. The base of the CEB foundation is restrained in the tangential direction.
. The CEB wall below El. 0 ft and the outside surface of the foundation are supported

radially with spring elements that are given stiffness equivalent to 10 ft of fill concrete.
The springs have no stiffness in the tangential and vertical directions.
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6.2.1.2 As-Deformed 3D Models

The original SD-66 seismic and non-seismic loads are applied to the As-Deformed 3D Models.
Demands obtained from the As-Deformed 3D Models are combined with demands from self-
straining loads (ASR and swelling) as shown in Table 5.

As-Deformed 3D Model Geometry

The “As-deformed 3D Model” is generated using the deformed shape of the “Undeformed 3D
Model” with unfactored sustained loads and unfactored self-straining loads. The as-deformed
" model approximates the measured deformations presented in Section 4.4.

As-Deformed 3D Model Boundary Conditions

The boundary conditions for all original SD-66 loads are described below:

. The base of the CEB foundation is restrained vertically.
. The base of the CEB foundation is restrained in the tangential direction.
. The CEB wall below El. 0 ft and the outside surface of the foundation are supported

radially with unidirectional spring elements that are given stiffness equivalent to 10 ft of
fill concrete. The springs have stiffness in the radial direction only.

6.2.2 Analysis Cases

The CEB is analyzed and evaluated under four analysis cases (excluding analyses documented
in parametric studies). These cases are defined below, and the computer run identifier for each

analysis case is written in parenthesis beside each analysis case name,

. Original Design Analysis Case (10D_r0): This case uses the CEB model without
any self-straining loads (e.g., without ASR expansion of the wall, ASR expansion of the
fill, creep, shrinkage, and swelling). In this analysis case, loads are limited to those
considered during the original design of the CEB.

o Standard Analysis Case (10A_r0): This case uses the CEB model and simulates
self-straining loads in addition to all other design loads included in the original design
criteria. Applied expansion representing ASR expansion of the wall is tuned to
generally match field measurements (listed in Section 4.4), and applied pressures
representing ASR expansion of the fill is tuned such that deformations (due to
unfactored sustained loads and self-straining loads) match field measurements of
deformation at all locations except for AZ 230°.
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. Standard-Plus Analysis Case (10B7_r0): This case is identical to the Standard

Analysis Case, except additional radial-inward pressures are applied to the wall near
AZ 200° to better simulate field measurements of deformation in that particular region.
The additional pressures are applied in an area where concrete fill is adjacent to the
CEB, but is designed to be separated from the CEB with a 3 in. gap (based on design
drawings [12]). The additional pressures are applied in this area because (a) it is
possible that the concrete fill is currently in contact with the CEB at this location and (b)
the demands caused by this deformation are conservatively large if it is assumed they
are caused by an externally applied ASR load due (since ASR has a large load factor).
Additional information on the Standard-Plus Analysis Case is provided in Section 6.2.3.
The purpose and use of each analysis case is shown in Table 7. A summary of the features of
each analysis case is shown in Table 8. The design confirmation evaluation is performed on the
Standard Analysis Case (09A_r0) and the Standard-Plus Analysis Case (10B7_r0). Moment
redistribution is performed for elements that have axial-flexure interaction demands exceeding
capacity in the Standard and Standard-Plus Analysis Cases; the moment redistribution analyses
are labeled “Standard Analysis Case with Moment Redistribution (10AR_r0)” and “Standard-

Plus Analysis Case with Moment Redistribution {10BR7_r0).”

6.2.3 Standard-Plus Analysis Case to Simulate Inward Radial Deformations at
Azimuth 230°

The “Standard” analysis case described in Section 6.2.2 is performed using the assumption that
the CEB and all adjacent structures are constructed as shown on design drawings (JAOS,
Section 5.1). In the “Standard” analysis case, the CEB deformations generally simulate field
measurements of relative building movement with the exception of inward radial movement near
AZ 230°. Preliminary field observations indicate that the isolation gap between the CEB and the
CB at the missile shield above the CEVA structure has zero or near-zero width, indicating

possible radial deformations of up to 3 in. at this location.

A “Standard-Plus” analysis case is performed in addition to the “Standard” analysis case. The

“Standard-Plus” analysis differs from the “Standard” analysis in the following way:

. Inward pressures representing concrete fill are extended to include the portion of CEB
wall that is adjacent to the triangular “wedge” of concrete between the CEVA, FSB, and
CEB (from AZ 180° to 212°, EI. +19 to +54 ft). See Assumption JAO8 in Section 5.1.

Concrete fill pressure simulating ASR within the region adjacent to the concrete fill
“‘wedge” is taken as 50% of the overburden pressure acting on the fill at the top of the
“wedge” and 100% of the overburden pressure at the bottom of the “wedge.”
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The pressure profile described above was selected based on the parametric study provided in
Appendix J, such that the deformed shape at this location better simulates the observed

deformation.

Unfactored sustained loads and self-straining loads in the “Standard-Plus” analysis case result
in increased deformation at AZ 230°, as discussed in Section 6.4.2. Demands from the
“Standard Plus” analysis case are evaluated using the same acceptance criteria as the

“Standard” analysis case.

6.24 Methodology for Study of Impact of As-Deformed Condition on Maximum
Acceleration Profiles

To analyze the impact of the as-deformed condition of the CEB on the OBE and safe-shutdown
earthquake (SSE) maximum acceleration profiles, a study is performed by comparing the
dynamic properties of the CEB with and without the deformations computed in Analysis Step
One. The parameters evaluated in this study include center of mass, shear center, and stick
model moment of inertia. Cracked section properties are not considered by this study since
they do not affect the global seismic response of the CEB. Results of this study are

summarized in Section 6.4.3. Detailed documentation of this study is provided in Appendix F.

6.3 Description of Applied Loads

this section. A full description of these loads can be found in the SGH Criteria Document

|
\
|
Loads applied to the CEB in both Analysis Step One and Analysis Step Two are described in |
!
150252-CD-03 [1]. ;

|

6.3.1  Self-Straining Loads

Self-straining loads are applied to the model during Analysis Step One, as described in
Section 6.2.

Deflections caused by unfactored self-straining loads listed in this section are combined with
unfactored sustained loads to simulate the field measurements of the CEB as-deformed
condition recorded by SGH in March 2015, September 2015, and April 2016 [2, 3, 5].
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Creep

Creep causes deformations of hardened concrete subjected to sustained loads to increase over
time. The rate of creep deformations varies with time, among other factors, and is dependent
on the magnitude of stress caused by the sustained loads. Creep generally causes a portion of
a sustained load initially carried by concrete to transfer to the steel reinforcement over time.
Creep generally causes sustained load stresses (which are primarily compressive in the CEB)
to shift from the concrete to the reinforcement. Therefore, it is reasoned that excluding the
demands from creep will conservatively result in higher tensile stress in steel and higher -
compressive stress in concrete. Although the demands associated with creep are neglected
from this analysis, thé deflections caused by creep are included when simulating the as-
deformed condition of the CEB.

Lower-bound and upper-bound creep coefficients are computed in Appendix D using
ACl 209R-92 [21]. The lower-bound creep coefficient of 1.3 is used to model creep

deformations for the following two reasons:

° Using a smaller creep coefficient causes more of the as-deformed condition to be
attributed to other self-straining loads (such as ASR and swelling), which contribute to
the overall demands acting on the structure. Therefore, using the lower-bound creep
coefficient leads to more conservative demands.

. The ACI 209R-92 [21] computations do not explicitly account for the effects of
reinforcement on the creep coefficient. Reinforcement generally reduces creep
deformations; therefore, it is judged that the lower-bound creep coefficient is more
reasonable.

Creep deflections are computed by multiplying the sustained load deflections by the computed

creep coefficients. For example, if the sustained load deflection is 0.20 in., and the creep

coefficient is 1.3, then the creep defiection is 0.26 in. and the total deflection is 0.46 in.

Shrinkage

Shrinkage is the volume change that occurs during the hardening of concrete that is caused by
the loss of water as the concrete cures. Shrinkage strains are independent of the sustained
loads acting on a concrete section. The magnitude of shrinkage strains are computed in
Appendix D as (-)0.025% for 15 in. walls, (-)0.020% for 27 in. thick walls, and (-)0.010% for
36 in. thick walls.
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Shrinkage can cause a small compression stress in reinforcement. If included in the finite
element analysis, it would negate a portion of the ASR demands. For this reason, shrinkage
demands are excluded from this analysis. However, similar to creep, the deformations

associated with shrinkage are included when simulating the as-deformed condition of the CEB.

Shrinkage is applied to the model using thermal contraction (i.e., subjecting the elements to a
decrease in temperature). Varying levels of thermal loads are applied to the model based on

element thickness to achieve the desired shrinkage effects.

ASR Expansion of the CEB Wall

ASR is a chemical reaction between the alkali contained in cement and reactive silica minerals
contained in some concrete aggregates. The reaction produces an alkali-silica gel that swells if

moisture is present and causes the concrete to expand and crack.

Varying magnitudes of ASR expansion are applied to the CEB finite element model based on
field measurements of Cl. Physical tests have shown that Cl measurements provide a
reasonable and conservative approximation of the true engineering strain at a point in time for a
reinforced concrete member undergoing ASR expansion [16, 22]. Cl measurements have been
recorded at forty-two locations on the CEB wall [9]. Of these forty-two Cl measurements, thirty-
two are located at interior locations, ten are located at exterior locations, twenty-one are located
below-grade, and twenty-one are located above-grade. All Cl measurements are shown in
Table 12.

Using the Cl data, the CEB is divided into regions. Regions are selected to contain Cl values
that are generally within the limits of an ASR Severity Zone. ASR Severity Zones are defined in
SGH Report 160268-R-01 [6] as shown below:

. Zone l: Clfrom 0to 0.5 mm/m

. Zone ll; Cl from 0.5t0 1.0 mm/m

. Zone lll: CI from 1.0 to 2.0 mm/m

. Zone |IV: Cl from 2.0 to 3.5 mm/m
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Consideration is given to significant aspects of the CEB structure when selecting the extents of
each region; for example, the upper elevation of Regions R1, R2, and R3 is the approximate
elevation of grade (EL +20 ft). The extents of the five regions (Region R1, R2, R3, R4, and R5)

are shown in Figure 4.

The amount of nominal ASR expansion applied to the CEB wall in each direction (i.e., hoop and
meridional) for each region is approximately equivalent to the mean of all Cl measurements
within the region for the corresponding direction. Nominal ASR expansion magnitudes for each

region are shown in Table 13.

The mean CI for each region indicates that all regions belong to Severity Zone [, except for
metridional expansion in Region R3, which falls into Severity Zone 1l. A small number of
individual CI grids assigned to Severity Zone | regions exceed the upper limit of Severity Zone |
(0.5 mm/m). However, these are judged to be acceptable because the probability distribution
that is used to characterize Severity Zone | in Ref. 6 accounts for a small probability of
exceeding the upper limit of the selected zone. Furthermore, reliability computations in Ref. 6
show that Severity Zone | results in the highest load factors for ASR. The load factors for ASR
recommended by Ref. 6 are used in this calculation, and no reduction to the ASR load factors is

taken for ASR loads exceeding the upper limit of Severity Zone 1.

Since ASR expansion of the wall is largest below-grade, applying a small amount of ASR
expansion in the above-grade portion of the wall lessens the transition in expansion that occurs
around El. +22 ft and reduces the tension demands acting on the wall in that area. Therefore,
for the above-grade portion of the wall, using a lower ASR leads to a more severe transition in
expansion and is conservative for evaluation. For this reason, an ASR expansion magnitude of
0.01% (which is slightly smaller than the mean CI expansion of 0.016%) is used in the above-

grade region (Region R4).

Although CI measurements recorded at the springline indicate strains of about 0.1% in the hoop
direction and about 0.05% in the vertical direction, the Site Visit Report [9] notes that the
orientation and pattern of cracks at the springline elevation are not necessarily indicative of ASR
expansion. ASR cracking typically has a map pattern, which is generally less apparent at the

springline elevation than other ASR monitoring locations. Additionally, the cracking at the
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interior of the CEB at the springline does not show signs of moisture intrusion, efflorescence, or
ASR gel. ASR expansion is not applied to the CEB wall from ElL. +114 ft and above in the
Standard and Standard-Plus Analysis Cases. However, a study documented in Appendix J
shows that applying ASR expansion at the springline elevation causes elevated (but still
acceptable) demands local to the springline, but does not impact the demands elsewhere in the
CEB.

Abrupt transitions in ASR expansion can cause concentrated stresses near the locations of the
transition. These concentrated stresses are considered to be fictitious because their effects are
not observed in the field. For this reason, a taper is used between each region to gradually
transition between differing ASR magnitudes. The tapers are generally about 60 ft long, except
for the below-grade to above-grade ASR taper, which is given a shortér length due to the short
distance between groundwater and grade. The below-grade ASR magnitudes are applied up to
EL. +2 ft (the upper estimate of normal groundwater depth [29]), and then are linearly tapered to

- the above-grade magnitudes which begin at El. +20 ft. The above-grade expansion magnitude
tapers downward to zero from El. +50 ft to El. +114 ft (just below the springline elevation).
Horizontal transitions between different ASR magnitudes are applied gradually over a distance
of 40 deg (equivalent to about 55 ft).

The applied ASR expansion magnitudes and distribution are verified through comparison with

field measurement data in two different ways, as described below.

. Strain in the finite element model caused by unfactored ASR expansion of the CEB
wall is compared with field measurements of Cl in Section 6.4.1. The comparisons
show that the finite element simulation of ASR expansion generally matches the CI
values measured in the field.

. Deformations of the finite element model caused by unfactored sustained loads plus
unfactored self-straining loads are compared to field measurements of seismic gap
widths in Section 6.4.2. This comparison shows that the finite element model
simulation of the as-deformed condition generally provides a good match to field
measurements.

A method of applying ASR expansion to the model is developed to capture the behavior

observed by researchers in which the ASR in unrestrained or partially restrained reinforced

concrete causes the reinforcement to be stressed in tension and concrete to be subjected to

compression. This method of applying ASR expansion is summarized below.
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. ASR expansion is simulated by applying a thermal expansion to the elements

representing the CEB concrete. Steel reinforcement membrane elements are included
in the model and are given thickness based on the total area of reinforcement
provided. The expansion of the concrete creates tension in the steel membrane
elements, which also causes a corresponding compression force in the concrete
elements.

) In the absence of external restraint, the steel tensile force due to ASR and the concrete
compressive force due to ASR will sum to zero. However, external boundary
conditions, applied loading, and restraint from other portions of the structure can
restrict the concrete from expansion and cause a net force or moment to be developed.

. The steel membrane elements are only included in the model when applying ASR
expansion of the CEB wall and concrete swelling.

An alternative analysis (referred to as the Standard-Plus Analysis Case) is performed with

additional external pressure close to AZ 230 that could be due to ASR expansion of the

cohcrete fill wedge to better simulate deformation measurements on the CEB missile shield at

AZ 230° El. +31.5 ft. Input parameters for the alternative analysis are documented in Sec’éion

6.2.3.

ASR Expansion of Concrete Fill

ASR expansion of the concrete fill causes a radial inward pressure on the CEB wall. Design
drawings [12] indicate that the concrete fill is directly in contact with the exterior surface of the
CEB wall at El. 0 ft and below. Field data showing ASR expansion of the concrete fill is not
available; therefore, this calculation conservatively assumes that the concrete fill is expanding
due to ASR (JA04 in Section 5.1).

The magnitude of the concrete fill expansion is unknown. Therefore, ASR expansion of the fill is
modeled as an inward pressure acting on the wall with magnitude tuned such that the deformed
shape of the CEB due to unfactored sustained and unfactored self-straining loads (including
ASR expansion of the fill) generally matches field measurements [2, 3, 5]. Through comparison
with field measurements, it is found that modeling ASR expansion of the fill with an inward
pressure equivalent to 50% of the overburden pressure acting on the fill leads to a deformed

shape that reasonably approximates field measurements.

Since ASR expansion tends to occur in the direction of least resistance [30], it can be reasoned

that the concrete fill will initially expand in the radial inward direction (because expansion in the
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vertical direction is resisted by the overburden pressure of the concrete fill). ASR expansion in
the tangential direction will also occur, and is dependent on the stiffness and configuration of the
structures surrounding the CEB (such as the Electrical Pen., Mech. Pen., FSB, etc.). Expansion
occurring in the tangential direction does not directly impact the CEB and is therefore
considered to be negligible. Once the compression in the concrete fill in the radial direction is
equivalent to the overburden pressure acting on the fill, further expansion will generally occur in

the vertical direction.

Demands caused by the pressure representing ASR expansion of concrete fill are factored by
the load factor for ASR (which is as high as 2.0 in the static NO_1 combination defined in Table
5) and an additional threshold factor (as defined in Section 7.3). Therefore, the maximum
concrete fill pressure considered in this evaluation is larger than the total overburden pressure

at each depth.

Since the contractor was given the option to use either structural fill or backfill concrete to
backfill between El. 0 and El. +20 ft, the overburden pressure is conservatively computed using
the density of concrete (150 pcf). Therefore, the nominal pressure is equal to 1,500 psf at El.
0 ft and it increases linearly to 3,750 psf at EIl. -30 ft.

An alternative analysis, referred to as the “Standard-Plus Analysis Case,” is performed with
modified pressures representing ASR of concrete fill to better match deformation measurements
recorded on the CEB missile shield at AZ 230° El. +31.5 ft. Input parameters for the alternative

analysis are documented in Section 6.2.3.

Concrete Swelling

While concrete that cures in typical environments is caused to shrink due to loss of moisture,
concrete that is subjected to long-term water exposure exhibits a net increase in volume and
mass over time due to swelling. Based on an assessment of the groundwater exposure
conditions, the Seabrook CEB can be reasonably expected to have undergone swelling [23].
Research referenced by this assessment indicates that unreinforced concrete (if in conditions
similar to the CEB) can be expected to swell approximately 0.02% and reinforced concrete can

be expected to swell by approximately 0.01%.
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An assessment of groundwater conditions [29] indicates that normal groundwater is between
El. -10 ft and +2 ft. Therefore, swelling of 0.01% is applied to the wall below EIl. -10 ft where the
concrete is permanently exposed to groundwater. The swelling strains are tapered from 0.01%
to 0% along the width of two elements (approximately 6 ft) from EI. -7 ft to -13 ft to reduce large
fictitious strains caused by an abrupt transition in applied expansion. Much like ASR expansion,
concrete swelling generally causes tension in the reinforcement and compression in the
concrete. As with ASR expansion, membrane elements representing reinforcement are
coincident with the concrete elements during application of concrete swelling, and the swelling

is simulated by applying a thermal load to the concrete elements.

6.3.2 Original SD-66 Loads

Original SD-66 loads are applied to the structure during Analysis Step Two, as defined in
Section 6.2. These loads are listed in the UFSAR [7] and are defined with additional detail in

SD-66 [8]. These loads are described in this section as follows:

Dead Load

Dead load includes the weight of all CEB and foundation concrete as well as the permanently
installed formwork in the CEB dome. The total weight of the permanently installed formwork is
260 kips [24]. Hydrostatic pressure is considered as a dead load and is computed using a unit
weight of 64.4 pcf [24]. The water table is taken at El. 20 ft. As explained in Justified
Assumptions JAOS and JAOB, the self-weight of ladders, walkways, and the Plant Vent Stack

are excluded from this analysis.

Self-weight is modeled by applying a uniform acceleration equal to 1g to the model in the
vertical downward direction. The density of the concrete dome elements is increased to include
the permanently installed formwork. Hydrostatic pressure loads are modeled by applying
surface pressures to the shell elements representing the CEB wall. The surface pressures are
computed as y,, X h, where y, is the unit weight of water and h is the depth of the shell element

centroid below the water table.
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Live Load

Live load includes a normal snow load of 74 psf on the dome of the CEB [8]. No reduction is

used for the sloping roof of the CEB [8].

Snow loads are modeled by adjusting the density of CEB dome elements based on their

projected area on a horizontal plane.

Wind Load

Wind pressures acting on the CEB are computed using the ANSI A58.1-71 approach [8]. A
basic wind velocity of 110 mph at 30 ft above ground is used to calculate the wind velocity
pressures listed in Table 10. For the calculation of internal wind pressures, the structure is
considered enclosed without any openings. External pressure coefficients for a cylinder and
sphere are plotted in Figure 5. External wind pressures applied to the CEB (for the case where
wind hits the CEB at AZ 90°) are illustrated at various elevations in Figure 6.

Wind loads are modeled by applying surface pressures to the shell elements representing the

above-grade portions of the CEB wall and dome.

Tornado Wind Load

Tornado wind pressure acting on the CEB is computed using the ANSI A58.1-71 approach
(Section 4.4.2.2.1[8]). The average velocity pressure due to tornado winds is computed as
235 psf (based on a maximum velocity pressure of 332 psf and a size factor of 0.70). For the
calculation of internal tornado wind pressures, the structure is considered enclosed without any
openings. A pressure drop of 432 psf caused by the design tornado is considered
(Section 4.4.2.3 [8'])._;Tornado missile loads acting on the CEB are not considered (Table 3.3-1

[8D).

Tornado wind loads are modeled by applying surface pressures to the shell elements

representing the above-grade portions of the CEB wall and dome.

Static Soil Pressure

To be consistent with the original design-basis, buoyant soil unit weight, y;, is taken as 62.5 psf

and a coefficient of static (at rest) soil pressure, K,, of 0.5 is used when computing lateral soil
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pressure [8]. The CEB wall is considered a rigid wall [8]. In addition to the above load, a
300 psf compaction load and a 500 psf surcharge load are applied as design loads [8]. The
surcharge load and compaction loads are not applied to the structure during Analysis Step One
when computing the deformations of the as-deformed condition. During Analysis Step Two, the

full static soil pressure (including surcharge and compaction loads) is used.

Static soil pressures are modeled by applying surface pressures to the shell elements
representing the CEB wall at locations of soil backfill.

Unusual Snow Load

A credible but highly improbable unusual snow load of 126 psf is used (Section 4.2.2.1 [8]). No

reductions in snow load are used for the sloping roof of the CEB.

Snow loads are modeled by adjusting the density of CEB dome elements based on their

projected area on a horizontal plane.

Accidental Pressure

Accidental differential pressure load of (+)3 psig due to a postulated pipe break is considered
(Section 4.8 [8)).

Accidental pressure is modeled by applying surface pressures to the shell elements

representing the CEB wall and dome.

Seismic Loads

The original design-basis maximum acceleration profiles for SSE and OBE computed by UE are
used in this calculation [24]. The maximum acceleration profiles are presented in Figures 7 and
8 for OBE and SSE, respectively. These maximum acceleration profiles were originally
computed by UE using the spectra shown in Figures 9 and 10 and tabulated in Table 11. As
specified in SD-66 [8], 7% and 4% of critical damping was used for SSE and OBE analyses,
respectively. Response spectra analysis was performed using a simplified “stick” model. For
lateral analyses, the model was fully fixed below EL O ft. For vertical analyses, the model was
fixed at the base at El. (-)30 ft.
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The as-deformed condition of the CEB is analyzed to verify that the observed deformations do
not significantly impact the seismic response of the structure. See Sections 6.2.4 and 6.4.3 for

more information.

The final acceleration profile in each direction (east-west, north-south, and vertical) is computed
by combining the in-line acceleration profile with cross-term accelerations using the square root
of the sum of squares (SRSS) approach. For example, the north-south (N-S) maximum
acceleration profile is computed by combining the N-S accelerations due to N-S excitation with
the N-S accelerations due to east-west (E-W) excitation using SRSS. N-S and E-W
accelerations due to vertical motion are not provided by UE and therefore are not included in

this calculation.

Seismic loads are applied independently for each direction (E-W, N-S, and vertical) using a
static equivalent approach. A force is applied to all nodes of the CEB equivalent .to the
acceleration at the given elevation multiplied by the node’s tributary mass. The seismic mass of
the CEB dome is increased by an amount equivalent to 25% of the design snow load (74 psf)
acting on the total area of the dome projected onto a horizontal plane. Linear interpolation is

used to obtain the maximum acceleration at elevations not provided in the UE acceleration

profiles. Demands from the east-west, north-south, and vertical cases are combined using the
100-40-40 rule as shown in Table 6.

Dynamic Soil Loads

Dynamic soil loads are computed in accordance with Section 8.2.2.2 of SD-66 [8]. The CEB
wall is considered a rigid wall. To be consistent with the original design calculations, the water
table is considered to be at El. 20 ft. The saturated soil unit weight, y;, is taken as 125 pcf. The
coefficient of dynamic earth pressure, K, is taken as 0.28 for SSE and 0.15 for operating basis
earthquake (OBE) [8]. ‘

Dynamic soil loads are modeled by applying surface pressures to the shell elements

representing the CEB wall at locations of soil backfill.

150252-CA-02 -45 - Revision 0

FP 100985 Page 45 of 526




SIMPSON GUMPERTZ & HEGER 1

. PROJECT NO: 150252
Engineering of Siructures
and Building Enclosures DATE: 31 July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit

6.4 Analysis Results

Strains and deformations computed for the as-deformed condition are compared with field
measurements in Sections 6.4.1 and 6.4.2. Results of the study on the impact of the as-
deformed condition on seismic acceleration profiles are presented in Section 6.4.3. Computed
demands (i.e., forces and moments) are summarized in Section 6.4.4, and are presented more
thoroughly in the attached 150252-CA-02-CD-01 (which is summarized in Appendix C).

6.41 Comparison of ASR Strains and Crack Index Measurements

In this section, strains computed from the ASR load case (for the standard analysis without a
load factor) are compared with Cl measurements recorded in April 2016 [9]. Computed strains

due to concrete swelling and shrinkage are not included in this comparison for the following

reasons:

. Concrete Swelling: Swelling causes concrete to expand directly, whereas ASR
causes an expansive gel to crack the concrete. Therefore, swelling strains would not
be captured by a crack index measurement and are not used while comparing the
simulation of the as-deformed condition to measured CI values.

. Shrinkage: Shrinkage and ASR both cause concrete cracking, but through different

mechanisms. Shrinkage cracks are early age cracks that are caused by the outer layer
of concrete shrinking more quickly than the inner-core concrete. Since ASR strain and
shrinkage strain have opposite signs, including both strains would seemingly reduce
the total strain; however, cracks from shrinkage and ASR would both increase a
measured CI value. To address this, this calculation generally assumes that cracks
measured by CI are not shrinkage related. This is a conservative assumption because
it ultimately increases the ASR expansion magnitude.

Results of comparisons between ASR Strains and Crack Index Measurements are provided
below:

. Below Grade: Comparisons of Cl recorded at below-grade ASR monitoring locations
to ASR strains computed by FEA are shown in Figures 11 and 12 for horizontal (hoop)
and meridional directions, respectively. These figures show that the FEA strains
provide a reasonable representation of Cl data, and the FEA simulations provide a
good match of the mean of Cl data.

. Between Grade and Springline: Cl measurements indicate that above-grade ASR
strains are smaller than those below grade. The transition from high to low ASR
expansion causes an axial tension in the hoop direction at the location of transition.
The axial tension is made worse if the transition between below-grade and above-
grade ASR magnitudes is made larger. Therefore, it is reasoned that targeting an
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6.4.2

above-grade ASR expansion magnitude slightly smaller than measured CI values is
conservative in the areas of highest concern. Comparisons of Cl strains to ASR strains
computed by FEA are shown in Figures 13 and 14 for hoop and meridional directions
between El. +25 ft and +50 ft. The FEA strains are, on average, slightly smaller than
recorded Cl values at these elevations.

Springline: Ref. 9 notes that the orientation and pattern of cracks at the springline
elevation are not necessarily indicative of ASR expansion. ASR cracking typically has
a map pattern, which is generally less apparent at the springline elevation than other
ASR monitoring locations. Additionally, the cracking on the interior of the CEB at the
springline does not show signs of moisture intrusion, efflorescence, or ASR gel. ASR
expansion is not applied to the CEB wall from El. +114 ft and above in the FEA
analyses; therefore, no comparison is made at these elevations in this section. A study
documented in Appendix J evaluates the impact of modeling ASR demands at the
springline.

Above Springline: Cl measurements are not available above the springline elevation,
since the original formwork is left in place and the concrete surface is not exposed from
the inside.

Comparison of Simulated Deformations and Field Measurements

Field deformation measurements, recorded and interpreted as described in Section 4.4, are

compared to deformations simulated by the finite element model in this section. Finite element

deformations are computed as listed in the first row of Table 4. The ASR threshold factor ki

(defined in Section 7.3) is not used when comparing the finite element simulation to recent field

measurements.

Section cuts comparing the simulated deformations with field measurements are provided at

several different elevations, as listed below. Deformations in these section cuts are magnified

to improve visibility. The deformations associated with different analysis cases (e.g., Standard

and Standard-Plus) are shown in different colors in the following figures.

Figure 15: Elevatioh approx. +6 ft
Figure 16: Elevation approx. +22 ft
Figure 17: Elevation approx. +50 ft

Figure 18: Elevation approx. +119 it .

These figures show that the deformed shape for all analysis cases generally simulates the

deformed shape indicated by field measurements. Field measurements tend to have a large
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variability due to irregularities in concrete surfaces, such as formwork imperfections and
construction tolerances; additionally, seismic isolation joints are covered in seal material, limiting
measurement accuracy. For these reasons, measurements are estimated to have an accuracy
of £1/2 in. [2] and the extent that finite element analysis can simulate field measurements is
limited. These ﬁgljres show that the Standard analysis case generally approximates the
magnitude of radial deformations throughout the CEB with the exception of the area around
AZ 230°. The Standard-Plus analysis case simulates additional deformation around AZ 230° by
applying additional radial pressures in that area, which could be due to ASR of the concrete fill
adjacent to the CEVA structure (see Section 6.2.3 for a description of the Standard-Plus
analysis case). This additional pressure also impacts the deformations between AZ 270°. and

360°.

Sustained loads and self-straining loads are unfactored when comparing FEA simulations to
field measurements of deflections. It should be noted that the CEB structure is evaluated under
the factored conditions presented in Table 5, and the deformations associated with these

factored load combinations greatly exceed those presented in this section.

6.4.3 Results of Study on Impact of As-Deformed Condition on Maximum Acceleration
Profiles

A study is performed by analyzing the change of the CEB center of mass, shear center, and

stick model equivalent moment of inertia at a selection of elevations due fo the as-deformed

condition of each analysis case. The study shows that the center of gravity and shear center of

the CEB moved less than 1 in. due to the as-deformed condition at all elevations analyzed,

which is considered very small for a structure with an inside radius of 79 ft. The moment of

inertia of the CEB changed by less than 0.5% at all elevations analyzed.

The information above demonstrates that the effects of the as-deformed condition on the CEB
structural dynamic properties are negligible. Therefore, the OBE and SSE maximum
acceleration profiles are not impacted by the as-deformed condition obtained in Analysis Step
One (defined in Section 6.2).

Additional documentation for this study is provided in Appendix F.
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6.4.4 Summary of Computed Demands

Forces and moments computed for the static and representative seismic OBE cases are
presented in this section. The primary purpose of this section is to describe the mechanisms
leading to demands in the CEB structure. In this section, demands are shown for static load
combination NO_1 (as defined in Table 5) and seismic combination OBE_1 with 100%
acceleration in the east direction, 40% acceleration in the north direction, and 40% acceleration
in the vertical-up direction. Similar figures for other load combinations are provided in the
attached 150252-CA-02-CD-01 (see Appendix C for description of CD contents).

All element demands presented in this calculation are computed by combining demands of the
concrete element, with the coincident hoop and meridional reinforcement membrane elements.
The coincident reinforcement membrane elements are active in the model only when analyzing
the ASR of wall and swelling load cases. The ASR portion of the demands in each combination
is multiplied by the threshold factor of 1.2 in addition to the corresponding load factor for ASR,

as described in Section 7.3.

Demands are shown in this section using contour plots, which highlight regions of the structure
with different colors based on the magnitude of demands. Colors used for each contour do not
have any inherent meaning (i.e., red and orange colors fof these plots do not necessarily
indicate regions of overstress). Axial and shear demands are presented with units of Ibf per
inch of element width. The sign convention for axial demands is that tension is positive and
compression is negative. Bending moments are presented with units of Ibf-in. per inch of
element width. The sign convention for bending moments is that positive moment causes

tension on the outside face of the wall.

Axial forces acting in the hoop direction are plotted for the NO_1 and the representative OBE_1
load combinations for the Standard analysis case in Figures 19 and 20. The region of axial
compression between El. -30 ft and 0 ft are caused primarily by the applied ASR and swelling
expansion being constrained by internal stifinesses of the CEB structure. The regions of hoop
tension between El. 0 ft and +30 ft are caused by the transition from below-grade to above-
grade magnitudes of applied ASR expansion. The regions of axial tension at the base of the
wall are caused by the mechanism resisting out-of-plane loads acting on the base of the wall,

which is described with more detail in Section 7.6.1. Axial forces acting in the hoop direction for
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the NO_1 load combination for the Standard-Plus Analysis Case are plotted in Figure 21. The
additional concrete fill pressures modeled in the Standard-Plus Analysis Case primarily cause
additional hoop tension demands at the base of the wall between AZ 180° and 270° and
additional hoop compression demands about 10 to 20 ft above the base of the wall within the

same range of azimuths.

Axial forces acting in the meridional direction are plotted for the NO_1 and the representative
OBE_1 load combinations for the Standard analysis case in Figures 22 and 23. The pilasters
on either side of the Electrical and Mechanical Penetrations aftract meridional demands
because of their high stiffness relative to the CEB wall. The pilaster on the east side of the
Electrical Penetration has more tensile demand than that on the west side due to the dissimilar
vertical ASR expansion magnitudes acting on the wall on either side of the penetration (0.06%
on the west side, 0.015% on the east side). Seismic overturning also contributes to the axial
demands acting on the wall and pilasters; in the OBE_1 combination plotted in Figure 23, the
resultant of lateral accelerations is in the northeast direction, causing additional tension ih the
pilaster on the south side of the Mech. Pen. Dead loads cause meridional compression in the
wall; however, these compressive demands are small relative to those from ASR and seismic
overturning. Axial forces acting in the meridional direction for the NO_1 load combination for
the Standard-Plus Analysis Case are plotted in Figure 24. The additional concrete fill pressures
modeled in the Standard-Plus Analysis Case cause additional meridional tension at the base of
the wall near AZ 225° and additional meridional compression at the base of the wall near AZ
180° and AZ 240°.

In-plane shear forces are plotted for the NO_1 and the representative OBE_1 load combinations
for the Standard analysis case in Figures 25 and 26. Regions of elevated in-plane shear
demand are located adjacent to each of the penetrations at the base of the CEB. In-plane
shear demands in these regions are caused by ASR expansion of the concrete fill. Elevated
in-plane shear demands are also computed near the reentrant corners of openings where
additional diagonal reinforcement is provided. The seismic accelerations lead to additional in-
plane shear demands at the base of the CEB. In-plane shear forces for the NO_1 load
combination for the Standard-Plus Analysis Case are plotted in Figure 27. The additional
concrete fill pressures modeled in the Standard-Plus Analysis Case further increase the
elevated in-plane shear demands near the opening on the south side of the Mech. Pen.
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Out-of-plane shear forces are plotted for the NO_1 and the representative OBE_1 load
combinations for the Standard analysis case in Figures 28, 29, 31, and 32. Out-of-plane shear
forces can act along the hoop-radial or the meridional-radial planes, and corresponding
demands are plotted separately. The most significant of the out-of-plane shear demands are
those acting on the hoop-radial plane near the base of the CEB. Other out-of-plane shear
demands are generally localized near openings and changes in geometry. Out-of-plane shear
forces for the NO_1 load combination for the Standard-Plus Analysis Case are plotted in
Figures 30 and 33. The additional concrete fill pressures modeled in the Standard-Plus
Analysis Case further increase the elevated out-of-plane shear demands at the base of the wall
between AZ 180° and 270".

Bending moments about the meridional axis are plotted for the NO_1 and the representative
OBE_1 load combinations for the Standard analysis case in Figures 34 and 35. Positive
bending moments occur above the Electrical and Mechanical Penetrations, where sustained
loads and self-straining forces cause outward deformation. Negative bending moments occur
on either side of the West Pipe Chase (e.g., near the Personnel Hatch and the CEVA opening),
where inward deformation occurs. Bending moments about the meridional axis for the NO_1
load combination for the Standard-Plus Analysis Case are plotted in Figure 36. The additional
concrete fill pressures modeled in the Standard-Plus Analysis Case increase the elevated

bending moments further, particularly positive bending moments above the West Pipe Chase.

Bending moments about the hoop axis are plotted for the NO_1 and the representative OBE_1
load combinations for the Standard analysis case in Figures 37 and 38. Elevated bending
moments are computed at the base of the CEB where the wall connects to the foundation; these
demands are caused primarily by the pressures representing ASR expansion of the concrete fill.
The pilasters adjacent to the Electrical Penetration and Mechanical Penetration generally attract
more bending moments than the wall due to their higher stiffness. The pilasters have positive
bending moment demand at the base, and negative bending moment demand at approximately
El. 0 ft where the concrete fill pressures subside. Bending moments about the hoop axis for the
NO_1 load combination for the Standard-Plus Analysis Case are plotted in Figure 39. The
additional concrete fill pressures modeled in the Standard-Plus Analysis Case lead to additional
bending moments at the base of the CEB wall between AZ 180° and AZ 270°.
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7. STRUCTURAL EVALUATION

Structural capacities are evaluated for all analysis cases listed in Section 6.2.2 and for load
combinations in Table 5 using the element-by-element approach described in Section 7.1 as
well as the section cut approach described in Section 7.2. Evaluation criteria for strength of
reinforced concrete components are taken from ACI 318-71 [11]. The threshold factor, which
amplifies ASR demands to account for future ASR expansion, is described and quantified in
Section 7.3. Results of the evaluation are given in Section 7.5. Special cases are evaluated
using “Alternative Evaluation” procedures, which are documented in Section 7.6. Maximum
displacements of the CEB are evaluated against clearances with adjacent structures in
Section 7.7. Global stability of the CEB is evaluated in Section 7.8.

71 Element-by-Element Evaluation Methodology

The computation of capacities for the element-by-element evaluation is outlined in this section.
Evaluating a structure on an element-by-element basis is considered a conservative approach
because it does not allow for concentrations of high demands to be distributed locally within the
structure. Factored demand exceeding capacity in the element-by-element evaluation does not
necessarily indicate a structural deficiency. Since a relatively small finite element size is used in
the analyses, stress concentrations can cause localized capacity exceedances in the element-
by-element evaluation which may not have any real structural impact. If an element’s capacity
is exceeded in the element-by-element evaluation, the area is evaluated again using a section
cut approach. If the element-by-element capacity exceedance is identified as insignificant
(i.e., a stress concentration that will not impact stfuctural performance), then further

analysis/evaluation is not performed.

711  Axial Compression

Axial compression is evaluated using the criteria in Chapter 10 of ACI 318-71 [11]. The
equation used to compute axial compressive strength is shown in Equation 1. While computing
axial compression capacity, the strain in the reinforcement at the point of concrete crushing is
computed by taking into account the strains caused by self-straining loads. This computation is
consistent with ACI 318-71 Section 10.2.4 [11].
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ACI 318-71 Section 10.3.6 specifies that the reinforced concrete member must be designed for
a minimum eccentricity of 0.1h. Modern versions of ACI 318 have replaced this requirement
with a constant reduction factor of 0.8 applied to computed axial compression capacities. The
ACI code commentary explains that the 0.8 factor is intended to be approximately equal to the
ACI 318-71 approach. For simplicity of implementation, the constant reduction factor approach
is used in this calculation. The use of this factor has been verified for four section configurations
of varying thicknesses and reinforcement, which show that the constant 0.8 factor is either

equivalent to or more conservative than the 0.1h minimum eccentricity.
$B, = ¢ x 0.8 [0.85f; (4. — As) + min(—&s.Es, f,)As] Equation 1

Es¢ = Esq t Ecc — Ecq

Where:

¢ = Strength reduction factor for compression, 0.70

P, = Nominal axial compressive strength

fi = Design concrete compressive strength

A, = Area of concrete

Eoc = Compressive strain in the steel when concrete reaches compressive strain of
g.c. Following typical unit convention for this analysis, &, is negative to
represent compression.

E; = Elastic modulus of steel

fy = Yield strength of steel

Ag = Total area of steel oriented in direction of evaluation

&sg = Strain in steel due to as-deformed condition. Typically this strain is positive
(tensile) because ASR and swelling cause the steel to lengthen.

Ecc = Strain at which concrete crushes, -0.003

£co = Strain in concrete due to as-deformed condition. Typically this strain is

negative (compressive) because ASR and swelling cause the compression in
restrained concrete.

71.2 Axial-Flexure Interaction

Axial-flexure interaction is evaluated using the criteria in Chapter 10 of ACI 318-71 [11]. Axial-
flexure interaction capacities are calculated using the computer program spColumn [25].

spColumn has been verified and validated in accordance with the SQH QANF program [10, 26].
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Additional information on the computation of axial-flexure interaction capacities can be found in

Appendix E.
Flexural demands for the axial-flexure interaction evaluation are computed using Equation 2.
Mpoop,1 = M11 + [M12] Equation 2
Mpoopa = M11 — |M12]
Mmerigionas = M22 + [M12]

Mmeridional,z =M22 - |M12]

Where:

Mpoop,1 @Nd Mpgop,2 are bending moments that are combined with hoop-direction
axial demands during axial-flexure interaction checks

Muperidionat,s @nd My erigionai2 @re bending moments that are combined with meridional-
direction axial demands during axial-flexure interaction checks

M11 and M22 are the element bending moments acting about the meridional
and hoop axes, respectively
M12 is the element torsional bending moment

Axial-flexure interaction checks do not include a reduction of the compressive strength due to
accidental eccentricity because compressive strength is evaluated independently
(Section 7.1.1).

Note that in the present calculation, the torsional moments are explicitly considered in
evaluation of flexural reinforcement following the methodology outlined by Wood and
Armer [27]. This approach differs from that used in the UE calculations, where UE determined
that the level of torsion was small enough to not warrant explicit consideration as allowed by
ACI 318-71. The M12 contribution to total flexural demands is often most pronounced at
discontinuities such as reentrant corners, which could lead to larger flexural demands at corners

and openings in this calculation compared to those computed by UE.
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7.1.3 Axial Tension

Axial tension is evaluated as part of the axial-flexure interaction checks. The axial tensile
strength is proportional to the amount of reinforcement developed in the section. Although ASR
expansion causes the reinforcement to develop tensile siress, no reduction to axial tensile
strength due to ASR is considered because the corresponding ASR-induced compressive stress
in the concrete must be unloaded by an applied tension before the entire cross section loses its

tensile stiffness [15].

71.4 In-Plane Shear

In-plane shear is evaluated using the criteria in Sections 11.4 and 11.16 of ACI 318-71 [11].
The formulation used to compute in-plane shear capacity for the element-by-element evaluation

is presented as Equation 3.

. N Equation 3
Vg =2 (1 +0.0005 z’f)\/ﬁ a
g

N,
vep = 35Jf |1+ 0.002;4—“-
. g

N,
Ve =max|2{1+0.002—]+/f,,0.0
» Ag
Ve = V¢ if Ny, is tensile, otherwise v, = min(v, 4, Ve p)

_ Ay

v
S bys

dv, = ¢ X min (vc + v, 10 fc’)

Where

Veq = Nominal concrete shear strength for section in compression

Vep = Nominal concrete shear strength upper limit for section in compression

Ve = Nominal concrete shear strength for section in tension

Vg = Nominal shear strength of steel reinforcement

o) = Strength reduction factor for shear, 0.85

vy = Nominal shear strength of reinforced concrete section
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N, = Axial force (Ibf) normal to the cross section occurring simultaneously with the

design shear force, taken as positive for compression and negative for tension*

Ay = Gross area of the section

4, = Area of shear reinforcement

b, = Width of wall strip under consideration
s = Spacing of shear reinforcement

*Note: This sign convention differs from the convention used throughout this analysis.
Reinforcement oriented in the hoop direction is used when evaluating the in-plane shear
reinforcement, as stipulated by ACI 318-71 Section 11.16.4.1. Since axial compression
increases in-plane shear capacity, axial loads caused by self-straining loads (such as ASR and
swelling) are excluded if they are compressive.

In the element-by-element evaluation, in-plane shear demand is computed as shown below.
Vuy = |Vugy| Equation 4
Vug = |Vucd + Vu,_.‘sweul
Vu, = |Vucd + VuC'ASRI
Vup = |Vueg + Ve swen + Ve asrl

Vu = max(Vuy, Vug, Vue, Vup)

Where:

Vucq =. Factored in-plane shear demand due to design loads (excluding self-straining
loads)

Vue swen = Factored in-plane shear demand due to concrete swelling

Vug a5 = Factored in-plane shear demand due to ASR loads (includes threshold factor)

Vu = Factored shear demand

7.1.5 Out-of-Plane Shear

Out-of-plane shear is evaluated using two separate approaches. In the first approach, the
criteria of ACI 318-71 Section 11.4 are used, in which the design shear capacity ¢v, is
calculated as shown in Equation 3 and v, is computed using the amount of transverse

reinforcement provided (v is taken as zero in areas without stirrups). Alternatively, the shear

150252-CA-02 - 56 - Revision 0

FP 100985 Page 56 of 526



SIMPSON GUMPERTZ & HEGER

. PROJECT NO: 150252
Engineering of Structures
and Building Enclosures DATE: 31 July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit

capacity is also calculated using a shear friction approach, which is based on ACI 318-71
Section 11.15. The exceedance of criteria of the first approach does not imply a non-
conformance as the section may still have sufficient shear friction capacity. In the shear friction
approach, the amount of reinforcement available to resist out-of-plane shear is computed by
subtracting the reinforcement area utilized by tensile demands and in-plane shear demands
(Equation 5 and Equation 6) from the total amount of reinforcement provided. The amount of
reinforcement required to resist out-of-plane demands (Equation 7) is compared to the
remaining reinforcement available to obtain a demand-to-capacity ratio for the shear-friction
approach. A friction coefficient of 1.0 is used (as opposed to 1.4 for monolithic concrete) in

shear-friction calculations to account for the construction joints within the CEB wall.

The smaller demand-to-capacity ratio of the ACI 318 71 Section 11.4 and 11.15 approaches is

taken as the DCR for out-of-plane shear.

b Equation 5
RAy =——
Ty
(Viip — Vi) X d /2) Equation 6
RAsvip =
fy
RA ~ Vaoop Equation 7
svoop ¢v.ufy
RA i
DCRypop = svoop Equation 8
As - RAst - RAsvip
Where:
RAg = Area of steel reinforcement required to resist tensile demand
P, = Axial tensile demand
b = Strength reduction factor for tension, 0.9
fy = Yield strength of reinforcement
RAsyip = Area of steel reinforcement required to resist in-plane shear demand
Vaip = In-plane shear demand
V. = In-plane shear capacity of concrete
RAspoop = Area of steel reinforcement required to resist out-of-plane shear demand
Vioop = Out-of-plane shear demand
o = Strength reduction factor for shear, 0.85
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) = Friction coefficient for concrete placed against hardened concrete, 1.0
fy = Yield strength of reinforcement
Ag = Area of steel provided

7.2 Section Cut Methodology

Structural evaluation on an element-by-element basis is a conservative approach because the
behavior of reinforced concrete is generally represented by the section response due to its
capability for local inelastic redistribution of demands. Generally most physical tests supporting
the strength criteria of ACI are based on section behavior, not localized behavior represented by
element-by-element evaluation. Therefore, in regions where a conservative element-by-
element evaluation shows exceedance, section cuts are used to evaluate compliance with the
requirements of ACI 318-71 [11]. A section cut approach is applied to investigate whether, after
load redistributions within the CEB wall, the capacity is sufficient for a given failure mode.
Particular section cuts are only evaluated for limit states deemed significant based on

exceedances identified in the element-by-element evaluation.

Section cuts are defined in the model along a series of nodes comprising a cross-section of the

CEB wall in a region of interest. A post-processing script identifies all wall elements acting

along one side of this set of nodes, forms a local coordinate system with orientation specific to ‘
that cut, and calculates the sum of forces and moments acting at the centroid of the cut cross |
section. For ASR-affected regions where reinforcing bars are modeled with equivalent shell !
elements, reinforcement elements are also considered in the calculation of total section forces ;
acting on the cut. For a given cut, this approach calculates a resultant axial force, in-plane |
shear force, out-of-plane shear force, in-plane (overturning) moment, out-of-plane moment, and
torsion. The resultant moments are comprised of both the sum of element nodal moments
acting at each node along the section cut and the moment effects arising from element nodal |
forces acting at each node along the section cut with associated internal moment arms back to

the cut centroid. An illustration of a section cut, selected elements which contribute demand to

the cut, formation of the cut coordinate system, and orientation of section cut resultant forces

and moments is shown in Figure 61.

The average section geometry over the length of the cut is used for the evaluation. The

thickness is taken as the average thickness of all concrete wall elements along the cut. The
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length of the cut is taken as the chord length for limit states involving overturning and in-plane
shear. It is slightly conservative to use the chord length for in-plane shear evaluations, rather
than the arc length. The average hoop and meridional steel reinforcement area is calculated
along the section cut using the same reinforcing bar definitions used in the element-by-element
evaluation. [n-plane shear effects are evaluated using the total reinforcement parallel to the cut
that is effective for the section. Axial-flexure interaction checks are performed based on the
average reinforcement per foot length of the section. Evaluation of horizontal shear is
performed on cuts up to a length of a quarter of the building perimeter. For other limit states the
length is limited to eight times the wall thickness. This limit is based on engineering judgment
and is analogous to approaches used for calculating effective influence areas for shear in other
design contexts. Since the element size is approximately 36 in. square, for 36 in. thick regions
the section cut may be eight elements wide, for 27 in. thick regions six elements wide, and for

15 in. thick regions three to four elements wide.
Section cut capacities are calculated as discussed in the following subsections.

7.21 In-Plane Shear

In-plane shear is evaluated using the criteria in Section 11.16 of ACI 318-71 [11]. The
formulation used to compute in-plane shear capacity for the section cut evaluation includes
ACI 318-71 Equations 11-31 through 11-33 and is presented in this calculation as Equation 9.
Reinforcement oriented in the hoop direction is used when evaluating the in-plane shear
reinforcement, as stipulated by ACI 318-71 Section 11.16.4.1.
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N, Equation 9
Voo = 33F + 4l:h d
Ly (1.25f +0.2 ﬂ)
- w . [ . lwh
Vep = 0.6f + T
My lw
i, 2
Ve = 2 fc,
v, = min(vc‘a, vc'b)
In compression, v. may be taken as ZJE
A
o = Aok
byS
¢V, = ¢ X min (vc +v,,10 fc’)
Where:
Veg = Concrete shear strength upper limit 1
Vep = Concrete shear strength upper limit 2
Ve = Concrete shear strength for section in compression
v, = Nominal concrete shear strength
Ug = Nominal shear strength of steel reinforcement
) = Strength reduction factor for shear, 0.85
v, = Nominal shear strength of reinforced concrete section
N, = Design axial force (Ibf) normal to the cross section occurring simultaneously
with the design shear force, taken as positive for compression and negative for
tension
V, = Design shear force (Ibf) parallel to the cross section axis
M, = Design in-plane (overturning) moment (Ibf-in) occurring simultaneously with the
design shear force
Ly = Length of wall
h = Thickness of wall
Ay = Area of shear reinforcement
by, = Width of wall strip under consideration
s = Spacing of shear reinforcement
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7.2.2 Shear Friction

Section cuts at the base of the structure are evaluated for shear demands following shear-
friction provisions in Section 11.15 of ACI 318-71 [11]. The shear capacity ¢v, is calculated
using the equations in ACI 318-71 Section 11.15.3 and 11.15.3 and is presented in this

calculation as Equation 7, which is also used for the element-by-element evaluation.

This evaluation at the base of the wall considers a reduction in the available length for shear
friction to account for in-plane overturning moment. At each end of the wall, 15% of the wall’
length is allocated for tension and compression zones to resist overturning. Therefore, only
70% of the wall length is assumed available to resist shear by shear-friction; this assumption is
confirmed by hand calculation for the most critical case for shear-friction. The vertical area of
steel reinforcement required to resist net tension on the section is calculated, and the vertical
reinforcing steel in the remaining length of the section is reduced by this amount to calculate the
total area of vertical steel available to resist shear. For all cases, the coefficient of friction is
taken as 1.0, which corresponds to the case of concrete placed against hardened concrete.

The section is evaluated for the SRSS of the in-plane and out-of-plane resultant shear forces.

7.2.3 Axial-Flexure Interaction

Axial-flexure (PM) interaction for section cufs is evaluated using the criteria in ACI 318-71 [11].
Axial-flexure interaction capacities are calculated using the computer program spColumn [25],
which has been validated and verified in accordance with the SGH QANF program [10, 26]. PM
capacities for section cuts are computed using concrete cover over reinforcement bars that is
between 1 to 2 inches larger than actual design values. This is done to conservatively account
for possible variations in reinforcement configuration within the section. The total axial force
and out-of-plane moment are calculated and used to compute the average axial force and
moment demand acting on a per-foot basis along the wall section using the average vertical

reinforcement available over the length of the section cut.

7.2.4 Torsion

The effect of torsion is discussed in ACI 318-71 Section 11.7 (Combined Torsion and Shear for
Nonprestressed Members) [11]. These provisions suggest that resultant torsional effects acting

on a cross-section may be decomposed as acting on a series of component rectangles, each
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subjected to a shear stress with magnitude calculated from the total torsion. This section of the
- code focuses on rectangular and / or flanged cross sections and is not appropriate for cross
sections that are restrained due to participation in a monolithic shell structure such as the CEB.‘
Therefore, no further evaluation is provided using section cuts for torsion on the basis of
engineering judgment. Torsional demands are considered when evaluating flexural demands in

the element-by-element evaluation as discussed in Section 7.1.2.

7.3 Definition and Selection of ASR Threshold Factor

In the analysis and evaluation of the CEB, ASR loads are amplified by a threshold factor
(referred to as k) in addition to a load factor. While the load factor accounts for uncertainty in
the ASR load, the threshold factor accounts for additional ASR load that may occur in the future.
The threshold factor is selected to be the largest factor in which the structure meets evaluation
criteria using the approaches described in this calculation. Selection of the threshold factor for
the CEB is primarily governed by axial-flexure interaction and tensile demands acting on the
CEB wall. A threshold factor of 1.2 is selected for evaluation of the CEB, which indicates that

ASR-related demands are amplified by 20% beyond the factored values.

7.4 Results of Evaluation without Self-Straining Loads

Each load combination in Table 5 is evaluated without the effects of self-straining forces (i.e.,
without ASR and swelling demands) to verify, with the modeling and analysis procedures used
in this calculation, that the original design of the CEB meets design requirements. This |
evaluation is defined as the Original Design Analysis Case in Section 6.2.2 and Table 7. The
evaluation indicates that the CEB meets ACI 318-71 evaluation criteria for the Original Design

Analysis Case. Additional information on this analysis case is provided in Appendix G.

7.5 Evaluation Results

In this section, evaluation results are presented for each resistance mechanism (i.e., axial
compression, in-plane shear, out-of-plane shear, etc.). Evaluations are first performed using the
element-by-element approach described in Section 7.1. The element-by-element evaluations
are conservative and are used to identify regions of the structure that require further evaluation.
Based on the element-by-element evaluation results, section cut evaluations are performed.

The section cut evaluations are more representative of structural behavior than the element-by-
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element evaluations because they can account for local redistribution of loads that is known to
occur within reinforced concrete structures. Evaluations are performed for all Section Cuts
defined in Appendix N for all load combinations and analysis cases. Additional section cut
checks (beyond those shown in Appendix N) are used in this section to supplement the
element-by-element evaluation as needed. Additional evaluations are performed if a section cut

evaluation is unable to qualify a localized region of the structure.

The evaluation of the CEB in the as-deformed condition is governed by static and OBE load
combinations. Static load combinations often govern the evaluation due to the relatively large
load factor for ASR demands (S,) in the static combinations. The large ASR load factors are
related to the high reliability against structural deficiency that is targeted by the static
combinations [6]. OBE load combinations govern a portion of the evaluation because these
combinations include the largest non-self-straining lateral forces affecting the CEB. This finding
is consistent with the original design calculation for the CEB, which states that OBE
combinations control design [24]. Wind, tornado, and SSE load combinations generally have
lower lateral loads and/or use lower ASR load factors than the static and OBE load

combinations, and therefore generally do not govern the evaluation.

For each evaluation check, contour plots of element-by-element evaluation results are shown
for static load combination NO_1 (as defined in Table 5) and a representative seismic
combination OBE_1 with 100% acceleration in the east direction, 40% acceleration in the north
direction, and 40% acceleration in the vertical-up direction. Demands for these two load
combinations were provided in Section 6.4.4. Although the static load combination NO_1 often
controls the design, evaluation results for these two particular load combinations are shown in
this section to provide an understanding of behavior as well as the regions of high demands.
Similar figures with DCRs for other load combinations are provided in the attached 150252-CA-
02-CD-01. The naming convention of load combination results is described in Table 9, and
additional description of CD contents are provided in Appendix C. The evaluation is performed
for all load combinations, and the most critical combinations are discussed in the following

sections.
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Element-by-element evaluation DCRs are illustrated using contour plots with fixed contour

limits. Note that DCRs exceeding the upper limit of the contour intervals (1.5) are colored light

gray.

7.5.1  Axial Compression in the Hoop Direction

Contour plots of DCRs for axial compression in the hoop direction from the element-by-element
evaluation for load combination NO_1 and the representative OBE_1 load combination for the
Standard Analysis Case are plotted in Figures 40 and 41. In the standard analysis case, the
portion of the wall between EI. -20 ft and El. 0 ft is in compression, but the DCRs in this area are
generally below 0.7. Contour plots of DCRs for axial compreséion in the hoop direction for load
combination NO_1 for the Standard-Plus Analysis Cases are plotted in Figure 42. This analysis
case shows an increase to the size of the region of compression demand below the CEVA

opening (near AZ 230°); however, the DCRs remain below 0.7.

This evaluation shows that axial compression in the hoop direction meets evaluation criteria for

all analysis cases and all load combinations.

7.56.2 Axial Compression in the Meridional Direction

Contour plots of DCRs for axial compression in the meridional direction from the element-by-
element evaluation for load combinations NO_1 and the representative OBE_1 load
combination for the Standard analysis case are plotted in Figures 43 and 44. Compreséion in
the meridional direction is generally low and DCRs for the Standard Analysis are generally
below 0.5. The pilasters have higher meridional compression demands than the wall, and have
single-element localized capacity exceedances at the base in the controlling OBE load
combinations. These single-element exceedances are less severe than those identified in the
Standard-Plus Analysis Case; therefore, further evaluation of this exceedance is deferred to that

case (see below).

A contour plot of DCRs for axial compression in the meridional direction for load combination
NQO_1 for the Standard-Plus Analysis Case is plotted in Figure 45. The additional concrete fill
pressure modeled in the Standard-Plus analysis case causes increased compression demands,
particularly in the pilaster on the south side of the Mechanical Penetration. The controlling load

combination for compression in this pilaster is static combination NO_1, due to its large load
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factor for ASR loads. As a bounding case, meridional compression in this pilaster (and the
adjacent wall) is evaluated for load combination NO_1 using Equation 1 below. The evaluation
is performed using a section cut length equal to four wall thicknesses, which is computed using
the width of the CEB wall (36 in.) rather than the width of the pilaster (48 in.). The average axial
compression demand along this cut is -72,100 Ibf/in or 72.1 kip/in.

Es¢ = &5 T Eec " Ecg
ggc = (1.12x 1073) 4+ (-=3.00 x 1073) — (—1.08 X 107%) = —0.00187
PP, = ¢ x 0.8 [0.85f; (A, — A;) + min(—&s.Es, £,)As]

3 x 1.56in2

- - — in?
As = 3#11@6" = ———=0.780 '™ [y,
A = 48in X 5ft + 36in x 13ft

¢ 18ft

i 2
=39 %/

min{—e&g.E;, f,) = min[(0.00187) x (29 x 10°psi), (60,000 psi)] = 54,230psi
y

$P, = (0.7) x (0.8)[(0.85)(4,000ps:) (39in — 0.78in) + (54,230psi)(0.78in)]

Ibf kip
¢Pn = 96,400— = 964-—
in in
kip kip . .
¢B, = 96.4? > P, = 72.1E (OK- Compressive strength is adequate, DCR=0.75)

This evaluation shows that axial compression in the meridional direction meets evaluation

criteria for all analysis cases and all load combinations.

7.5.3 In-Plane Shear

Contour plots of DCRs for in-plane shear from the element-by-element evaluation for load
combination NO_1 and the representative OBE_1 load combination for the Standard analysis
case are plotted in Figures 46 and 47. A contour plot of DCRs for in-plane shear for load
combination NO_1 for the Standard-Plus Analysis Case is plotted in Figure 48. Several regions

of the CEB are critical for in-plane shear; each region is assessed below.

. Based on the element-by-element evaluation, in-plane shear demand exceeds capacity
beside each of the large openings at the base of the wall. The mechanism resisting
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out-of-plane loads at the base of the wall causes in-plane shear stress to occur, as
described in Section 7.6.1. However, in-plane shear demands engage a large portion
of a wall structure as a membrane, and are therefore more reasonably evaluated using
section cuts. The in-plane shear forces acting at the base of the wall are assessed in
Section 7.6.1 along with other strength checks associated with the aforementioned
resistance mechanism.

. The element-by-element evaluation shows in-plane shear exceedances at the
reentrant corners above the Mechanical and Electrical Penetrations. This exceedance
is most severe at the west side of the Electrical Penetration (approximately AZ 330°,
El +27 ft) in the Standard-Plus Analysis Case. Shear on this side of the Electrical
Penetration is particularly critical due to the short distance between the Electrical and
Mechanical Penetration. In-plane shear in this area is evaluated using a section cut
(Section Cut 7 in Appendix N). The maximum DCR for in-plane shear for Section Cut 7
is 0.37, which occurs in load combination OBE_1. The Section Cut in-plane shear
check is performed using horizontal reinforcement bars; however, additional diagonal
steel is provided at the corners of the Electrical Penetration, which are not considered
in this evaluation. Based on these assessments, in-plane shear strength at the
reentrant corners is judged to be adequate.

This evaluation shows that in-plane shear meets evaluation criteria for all analysis cases and all

load combinations.

7.5.4  Out-of-Plane Shear Acting on the Hoop-Radial Plane

Contour plots of DCRs for out-of-plane shear acting on the hoop-radial plane from the element-
by-element evaluation for load combination NO_1 and the representative OBE_1 Iload
combination for the Standard analysis case are plotted in Figures 49 and 50. The base of the
wall has high out-of-plane shear demands due to the pressures caused by ASR of the concrete
fill and hydrostatic loads. The element-by-element evaluation shows that these out-of-plane
shear demands are less than capacity for the Standard analysis case. A contour plot of DCRs
for out-of-plane shear acting on the hoop-radial plane for load combination NO_1 for the
Standard-Plus Analysis Case is plotted in Figure 51. The element-by-element evaluation of the
Standard-Plus Analysis Case shows a minor single-element capacity exceedance near the
reentrant corner above the electrical penetration; this exceedance is judged to be insignificant
when consideration is given to local averaging of stresses. Section cut evaluations of out-of-
plane shear at the base of the structure (utilizing shear-friction) show maximum DCRs of 0.58
for the Standard and Standard-Plus Analysis Cases, occurring between AZ 0 and AZ 90.
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This evaluation shows that out-of-plane shear meets evaluation criteria for all analysis cases

and all load combinations.

7.5.5 Out-of-Plane Shear Acting on the Meridional-Radial Plane

Contour plots of DCRs for out-of-plane shear acting on the meridional-radial plane from the
element-by-element evaluation for load combination NO_1 and the representative OBE_1 load
combination for the Standard Analysis Case are plotted in Figures 52 and 53. A contour plot of
DCRs for out-of-plane shear acting on the meridional-radial plane for load combination NO_1 for
the Standard-Plus Analysis Case is plotted in Figure 54. Only minor and localized capacity
exceedances are identified for out-of-plane shear acting on the meridional-radial plane,
occurring at the corners of openings. These exceedances are judged to be insignificant by

giving consideration to local averaging of demands.

7.5.6  Axial-Flexure Interaction in the Hoop Direction

Contour plots of DCRs for axial-flexure (PM) interaction in the hoop direction from the element-
by-element evaluation for load combination NO_1 and the representative OBE_1 load
combination for the Standard analysis case are plotted in Figures 55 and 56. The deformed
shape of the CEB, consisting of outward radial movement at AZ 270 and inward radial
movement at AZ 225 and AZ 300 between El. 0 and El. +50 ft, indicates that high flexural
demands will occur within these regions. The element-by-element evaluation reflects this by
showing capacity exceedances near the Personnel Hatch (AZ 315) and the CEVA opening
(AZ 230°). The flexural demands are primarily caused by ASR loads, and therefore are most
severe in the static case where the ASR load factor is highest. The transition from high ASR
load in the below-grade region of the CEB to lower ASR load above grade causes a tension in
the hoop direction in the region where this flexure is occurring, which reduces the section’s
capacity for PM interaction. Axial-flexure evaluation results for the Standard Analysis Case are

discussed below.

. Axial-flexure demands in the hoop direction at the base of the CEB wall meet
evaluation criteria for the Standard Analysis Case.

. Based on the element-by-element evaluation of the Standard Analysis Case, PM
demands in the hoop direction exceed capacity in the areas adjacent to the Personnel
Hatch and the CEVA opening between El. O ft and El. 50 ft. These capacity
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exceedances are addressed by redistributing the bending moment in excess of the PM
interaction capacity. The redistribution causes changes in bending moments and, to a
lesser-extent, membrane forces. in adjacent areas of the structure. For the Standard
Analysis Case, the moment redistribution study is performed for the controlling static
load combination (NO_1). Documentation of the moment redistribution is provided in
Appendix H. A summary of the moment redistribution is provided in Section 7.6.2,

A contour plot of DCRs for PM interaction in the hoop direction for load combination NO_1 for

the Standard-Plus Analysis Case is plotted in Figure 57. Evaluation of PM interaction for the

Standard-Plus Case shows similar regions of capacity exceedance as the Standard Case, and

some additional regions of exceedance caused by the added pressures between AZ 180 and

270. Evaluation results for PM interaction in the hoop direction for the Standard-Plus Analysis

Case are discussed below.

Based on element-by-element evaluation, the base of the wall between AZ 180 and
270 shows capacity exceedance for PM interaction in the hoop direction. Due to the
nearby foundation and out-of-plane restraint of the concrete fill, the capability of the
wall to bend about the vertical axis at the base is limited; therefore, the bending
demand at this section is small (less than 100 kip-ft/ft). This exceedance is primarily
driven by tensile demands caused by the out-of-plane force resistance mechanism
acting at the base of the wall (this mechanism is described in Section 7.6.1). These
tensile demands are evaluated below using a section of length equal to three wall
thicknesses, which is equivalent to the entire width of the tensile region. The average
tensile demand in this cut is 5,500 Ibffin (5.5 kip/in).

. 2(1561in%) in2
4s = 2#11@12" = —————==0.26 "'/},
in? _ Ibf kip
¢Pn = ¢Asfy = (09) <026F> (60,000 pSl) = 14,000;1— = 14—”7
kip kip . .
¢b, =14 >PB, =55 (OK- Tensile strength is adequate, DCR=0.39)

in in
Based on the element-by-element evaluation of the Standard-Plus Analysis Case, PM
demands in the hoop direction exceed capacity in the areas adjacent to the Personnel
Hatch and the CEVA opening between El. 0 ft and EI. 50 ft as well as a localized region
at El. +60 to +90 ft at AZ 200 (above the location where additional concrete fill
pressures are applied). These capacity exceedances are addressed by redistributing
the bending moment in excess of the PM interaction capacity. The redistribution
causes changes in bending moments and, to a lesser extent, membrane forces in
adjacent areas of the structure. For the Standard-Plus Analysis Case, the moment
redistribution study is performed for the controlling static load combination (NO_1) as
well as an OBE load combination (OBE_4). Documentation of the moment
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| : redistribution is provided in Appendix H. A summary of the moment redistribution is
provided in Section 7.6.2.

. Based on the element-by-element evaluation of the Standard-Plus Analysis Case, PM
demands in the hoop direction exceed capacity in an area to the east of the Electrical
Penetration. This exceedance is evaluated using two section cuts (Section Cuts 14

| and 15, as defined in Appendix N). The section cut evaluations show that the wall

i meets acceptance criteria for PM interaction in this region for all load combinations

| (Figures 72 and 73).

|

|

The information presented above shows axial-flexure interaction meets evaluation criteria for all
analysis cases and all load combinations.

7.5.7 Axial-Flexure Interaction in the Meridional Direction

‘ Contour plots of DCRS for PM interaction in the meridional direction from the element-by-
| element evaluation for load combination NO_1 and the representative OBE_1 load combination
1 for the Standard Analysis Case are plotted in Figures 58 and 59. Meridional flexure demands

(i.e., bending about the hoop axis) are most critical at the base of the CEB wall and at the
| pilasters on either side of the Electrical and Mechanical Penetrations. Axial-flexure evaluation

results for the Standard Analysis Case are discussed below.

. The element-by-element evaluation of the Standard Analysis Case indicates meridional
axial-flexure interaction capacity exceedances at the base of the wall between AZ 270
and 360. This portion of the wall is between the two large penetrations (Electrical and
Mechanical Penetrations). Out-of-plane ASR of fill loads contributes most to the
out-of-plane flexure demands at the base of the wall. The evaluation of these
demands is controlled by the static NO_1 load combination because of the large ASR
load factors. This wall segment is subdivided into three section cuts, each between 15
and 27 ft wide (approximately eight wall thicknesses wide), for evaluation of axial-
flexure interaction. The section cuts on either end of this wall segment have increased
PM capacity due to the pilasters adjacent to the penetrations. The section cut
evaluations also indicate exceedance of axial-flexure interaction capacity. Therefore a
moment redistribution analysis is performed at the base of the wall to redistribute
bending moment in excess of the PM interaction capacity. The redistribution causes
changes in bending moments and, to a lesser extent, membrane forces in adjacent
areas of the structure. For the Standard Analysis Case, the moment redistribution
study is performed for the controlling static load combination (NO_1). Documentation
of the moment redistribution is provided in Appendix H. A summary of the moment
redistribution is provided in Section 7.6.2.

. The element-by-element evaluation of the Standard Analysis Case indicates meridional
axial-flexure interaction capacity exceedances at the pilasters on either side of the
Electrical and Mechanical Penetrations. Section cut evaluations of these locations
(Section Cuts 8, 9, 10, and 11, as defined in Appendix N) indicate that the pilasters on
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either side of the Electrical Penetration (Section Cuts 8 and 11) exceed capacity, while
the pilasters on either side of the Mechanical Penetration (Section Cuts 9 and 10) meet
evaluation criteria. Moment redistribution analysis is performed at these pilasters to
redistribute bending moment in excess of the PM interaction capacity. The
redistribution causes changes in bending moments and, to a lesser-extent, membrane
forces in adjacent areas of the structure. For the Standard Analysis Case, the moment
redistribution study is performed for the controlling static load combination (NO_1).
Documentation of the moment redistribution is provided in Appendix H. A summary of
the moment redistribution is provided in Section 7.6.2.

o The element-by-element evaluation of the Standard Analysis Case indicates small
regions of minor and localized capacity exceedances at El. +45.5 ft near AZ 30 and
240. These capacity exceedances are primarily caused by tensile demands acting on
the wall due to different ASR expansion magnitudes acting at different portions of the
wall. As shown in Table 13, between AZ 0 and 180 the applied ASR strain is 0.015%
in the vertical direction and between AZ 180 & 270 and 270 & 360 the applied ASR
strain is 0.04% and 0.06% in the vertical direction, respectively. These changes in
vertical expansion cause tensile demands in the wall. These tensile demands are
studied for the most severe case, which occurs in the Standard-Plus Analysis Case
(see additional info below).

Contour plots of DCRs for PM interaction in the meridional direction for load combination NO_1
for the Standard-Plus Analysis Case are plotted in Figure 60. Axial-flexure evaluation results for

the Standard-Plus Analysis Case are discussed below.

o Similar to the Standard Analysis Case, element-by-element evaluation of the Standard-
Plus Analysis Case shows regions of capacity exceedance at the base of the wall
| between AZ 270 and 360 as well as at the pilasters on either side of the Electrical and
| Mechanical Penetrations. The Standard-Plus Analysis Case also shows a region of
\ meridional PM interaction exceedance along the base of the wall between AZ 180
| and 270; this exceedance is caused by the added pressures considered in this analysis
| case. These exceedances are confirmed by section-cut analyses, and moment
redistribution analysis is performed for these exceedances for the controlling static
(NO_1) combination as well as an OBE combination. Documentation of the moment
redistribution is provided in Appendix H. A summary of the moment redistribution is
provided in Section 7.6.2.

. The element-by-element evaluation of the Standard-Plus Analysis Case indicates a
localized region of capacity exceedance at El. +45.5 ft near AZ 240. This demands in
this region are similar to those previously identified at El +45.5 ft in the Standard
Analysis Case. This exceedance is most critical in the static combination (NO_1) of
the Standard-Plus Analysis Case at AZ 240 because meridional tension demands
caused by additional pressure possibly due to ASR of the concrete fill wedge are
additive to those caused by the differential ASR expansion of the CEB wall. The
transition in wall thickness from 27 in. to 15 in between El +40 and +45.5 ft causes the

150252-CA-02 -70- Revision 0

FP 100985 Page 70 of 526



-
SIMPSON GUMPERTZ & HEGER b

PROJECT NO: 150252
Engineering of Struciures
and Building Enclosures DATE: 31 July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit

wall’s centerline to shift by 6 in., which causes the tensile demands to impart a bending
moment on the wall about the hoop axis.

The tension demands at El +45.5 ft AZ 240 for this localized area are larger than the
modulus of concrete rupture (as defined in ACl 318-71 Section 9.5.2.2 [11]). In the
linear elastic model of the CEB, demands are computed conservatively by not
considering stiffness reductions associated with concrete cracking. Concrete cracking
occurring in this area would reduce the meridional stiffness of the area, and promote
further tensile demands to take alternate load paths with higher stiffness. Furthermore,
the differential ASR expansion loads causing these tensile demands are displacement
controlled, which indicates that demands would be partially reduced by the reduction in
stiffness due to concrete cracking.

An analysis is performed by reducing the stiffness of a strip of elements at El. +45.5
AZ 240 to be equivalent to the stiffness of the steel reinforcement in that area to
simulate concrete cracking. This reduction in stiffness is only used in ASR load cases
(ASR of CEB wall and ASR of concrete fill). This analysis shows that concrete
cracking reduces the tensile and flexural demands acting on the section, and a section
cut evaluation shows that evaluation criteria are met. The PM interaction diagram
before and after the adjustment to stiffness is shown in Figures 62 and 63. Additional
information on this analysis is provided in Appendix M.

The information presented above shows axial-flexure interaction meets evaluation criteria for all

analysis cases and all load combinations.

7.6 Results of Additional Evaluations

Additional evaluations are performed if the element-by-element and section cut evaluations are
unable to qualify a region of the structure. In the additional evaluations, areas with elevated
demands are identified, and the mechanisms resisting the demands are identified. A detailed
analysis of the resistance mechanisms is performed, and all critical aspects of the mechanism

are checked against evaluation criteria.

7.6.1 Evaluation of Base of Wall Adjacent to Penetrations

The base of the CEB wall resists out-of-plane demands using a resistance mechanism that
consists of out-of-plane shear, flexure about the hoop axis, and the formation of a compression-
tension couple as illustrated in Figure 76. The ASR expansion of the concrete fill contributes
the most to the out-of-plane loads, and the factored demands caused by these loads must be
resisted along with those from all other factored design loads. To maintain this resistance

mechanism, the following items are evaluated:

150252-CA-02 -71- Revision 0

FP 100985 Page 71 of 526



SIMPSON GUMPERTZ & HEGER

) PROJECT NO: 150252
Engineering of Struciures
and Building Enclosures DATE: 31 July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: _ Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit
) Out-of-plane shear strength at the base of the wall
. Meridional axial tension at the base of the wall
. Meridional axial compression at the base of the wall near openings
¢ Axial tension at the base of the wall in the hoop direction
J In-plane shear strength at the base of the wall
) Out-of-plane bending about the hoop axis at the base of the wall

Many of these items have already been qualified in Section 7.5 using element-by-element and
section cut evaluations. However, the evaluation of each of these items is discussed below
within the context of the base of the CEB wall.

Out-of-Plane Shear Strength at the Base of the Wall

Out-of-plane shear at the base of the wall is evaluated using section cuts taken at the base of
the wall. For each section cut, shear demand is computed as the SRSS of the in-plane shear
and out-of-plane shear demands. Shear demand is compared to the shear friction capacity,
which is computed using a friction coefficient of 1.0 to account for a construction joint between
the foundation and CEB wall concretes. As stated in Section 7.5.4, the maximum DCR for out-

of-plane shear at the base of the wall is 0.58.

Therefore, it is concluded that out-of-plane shear at the base of the wall meets evaluation

criteria.
Meridional Axial Tension at the Base of the Wall

The tension-compression couple illustrated in Figure 76 occurs due to the curved shape of the
CEB wall. This couple creates a region of meridional tension demand at locations away from
large penetrations (i.e. Electrical and Mechanical Penetrations). The tension demand is most
severe in the Standard-Plus Analysis Case at approximately AZ 225° due to the additional
concrete fill pressure in this case, and the controlling load combination is the static NO_1
combination (as defined in Table 5). The maximum net axial demand on the wall at this location
is 9,800 Ibf/in or 9.8 kip/in, which is significantly lower than the axial tension capacity of 42

kip/in., as computed below.
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1.56in? X 3 , .
@B, = PAsf = (0.9) x e ) % 60ksi = 42kip/in

Therefore, it is concluded that axial tension at the base of the wall meets evaluation criteria.

Meridional Axial Compression at the Base of the Wall on the Edge(s)

The tension-compression couple illustrated in Figure 76 occurs due to the curved shape of the
wall. The couple creates meridional compression in the pilasters adjacent to the Electrical and
Mechanical Penetrations. Section 7.5.2 shows that compression demands meet evaluation

criteria at these locations.
Axial Tension at the Base of the Wall in the Hoop Direction

The tension-compression couple illustrated in Figure 76 also causes a narrow region of hoop
tension demand at the base of the wall. The element-by-element evaluation indicates that this
tensile demand exceeds capacity in the Standard-Plus Analysis Case. However, the section cut

evaluation performed in Section 7.5.6 demonstrates that the wall meets evaluation criteria.
In-Plane Shear Strength at the Base of the Wall

In-plane shear is evaluated at the base of the CEB wall using section cuts. Since in-plane shear
demands engage a large portion of the wall as a membrane, in-plane shear is typically
evaluated using longer section cuts than out-of-plane demands. For evaluation of in-plane
shear for the CEB, section cuts up to 90° in length are used. In some cases, such as between
the Electrical and Mechanical Penetrations, ASR loads can cause in-plane shear demands to
act in two different directions within a single section cut. In these cases, in-plane shear is
evaluated for the net demand in the entire section cut and the potential for the wall to split apart
is evaluated by checking membrane demands in the hoop and meridional directions. Section
cut evaluations of in-plane shear at the base of the wall indicate a maximum DCR of 0.56, which
occurs in Section Cut 3 (between AZ 180° and 270°) in the OBE_3 combination in the Standard-

Plus Analysis Case.

Out-of-Plane Bending about the Hoop Axis at the Base of the Wall
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Out-of-plane bending about the hoop axis occurs at the base of the wall and is caused by out-

of-plane pressures applied to the wall (primarily caused by ASR of concrete fill). The base of

the wall is subdivided into sections with length approximately equal to eight wall thicknesses,
It is found that sections between AZ 270 and
360 exceed PM capacity in the Standard Analysis Case. For the Standard-Plus Analysis Case,

and each section is evaluated for PM interaction.

it is found that PM interaction capacity is exceeded for sections between AZ 180 and 270 as

well as section between AZ 270 and 360. Both of these exceedances are controlled by the

static load combination (NO_1), as defined in Table 5. Moment redistribution analyses are

performed for these areas of exceedance. The analysis is summarized in Section 7.6.2 and

documented with additional detail in Appendix H.

7.6.2 Moment Redistribution Analysis and Evaluation

In areas where axial-flexure interaction capacity is exceeded by factored demands, a moment

redistribution analysis is performed to simulate possible localized cracking and formation of

localized plastic hinges to account for the impact of this redistribution on other parts of the CEB

structure. In moment redistribution analyses, all moment that is in excess of the computed

capacity is redistributed in the structure; this is to account for localized cracking and plastic

hinge behavior This procedure causes changes in bending moments and, to a lesser-extent,

membrane forces in adjacent areas of the structure. The moment redistribution analyses

simulate local plasticity within the structure, and simulate the redistribution of loads associated
with the plasticity.

Since a linear elastic model is used in this calculation, the moment redistribution is performed

with an approach that utilizes several conservative approximations. These conservative

approximations are listed below:

o In the moment redistribution analyses, the plastic moment capacity of each evaluated
wall section is taken as the code flexural capacity. Since the code flexural capacity is
computed using strength reduction (phi) factors, the wall may have remaining flexural
stiffness when the code flexural capacity (¢pM,,) is exceeded. This means that the
amount of moment that must be redistributed is over-predicted in these analyses. This
over-prediction is conservative because it requires adjacent wall sections to carry the
excess moment demand.
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) Cracked section properties are not considered in the analyses leading to moment

redistribution. Flexural cracking reduces the stiffness of the section, and therefore
reduces the demand in the element due to certain types of load.

. All moment redistributions are assumed to occur concurrently. This is a conservative
assumption because loads in all areas of the structure may not necessarily reach their
fully factored value at the same time.

The moment redistribution approach is documented and validated in Appendix L.

Three moment redistribution analyses are performed in this calculation. For the Standard
Analysis Case, moment redistribution is performed for the static load combination (NO_1) only,
which is the controlling case. For the Standard-Plus Analysis Case, moment redistribution is
performed for the static load combination (NO_1) as well as an OBE combination (OBE_4) that |

is found to control over other OBE combinations at several section cuts.

In all moment redistribution analyses, the moment in excess of capacity is redistributed such
that, after redistribution is complete, the PM interaction demand point is generally within the
capacity of the section. Impact on membrane forces due to moment redistribution is generally

small, as identified in Appendix H.

Section cuts (as shown in Appendix N) are defined in critical areas of the structure for PM
interaction. After moment redistribution is performed, demands at all relevant defined section
cuts are analyzed to determine if redistributed demands sufficiently increase in PM interaction to
cause capacity exceedance. If needed, additional iterations of moment redistribution are

performed to resolve such exceedances.

Diagrams illustrating PM interaction prior to moment redistribution for the Standard Analysis
Case are shown for Section Cuts 19 and 22 in Figures 64 and 65. It can be seen in these
figures that the static load combination NO_1 controls evaluation in these cuts. The PM
interaction diagrams after moment redistribution are shown in Figures 66 and 67. It can be
seen that the demand for static combination NO_1 at these cut locations has sufficiently been
redistributed. Similar diagrams are shown for the Standard-PIué Analysis Case for Section Cuts
19 and 22 in Figures 68 through 71. PM interaction diagrams for Section Cuts 14 and 15, which
do not require moment redistribution in the Standard-Plus Analysis Case, are shown in Figures

72 and 73. Diagrams illustrating PM interaction before and after moment redistribution for
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section cuts at the base of the structure between AZ 270 and 360 for the NO_1 combination in

the Standard-Plus Analysis Case are shown in Figures 74 and 75.

Additional documentation on the moment redistribution analyses, including assessment of
membrane forces, is provided in Appendix H of this calculation. This appendix shows that, in
some cases, moment redistribution can result in small increases in DCR for effects other than
PM interaction. However, this increases are small and they impact evaluations (in-plane shear,

out-of-plane shear, compression) that have sufficient remaining.

The ductility of the sections where moment redistribution is performed is evaluated in
Appendix O. Ductility is defined as the total strain in the tension reinforcement divided by the
strain at which the reinforcement yields. Appendix O shows that the maximum ductility
computed in this evaluation is 3.5, occurring in Section Cut 22 (as defined in Appendix N). All

other section cuts have a maximum ductility of 2.5 or less.

7.7 Evaluation of CEB Displacements

Potential interaction between the CEB and other adjacent structures is evaluated in this section.
When available, measurements made of the widths of the seismic gaps between the CEB and
the adjacent structures (West Pipe Chase, Electrical Pen., FSB, and CB) are used when
performing these computations. The finite element analysis results are used to obtain (a)
seismic and transient load displacements of the CEB and (b) the reduction in seismic gap
widths due to possible progression of ASR associated with the threshold factor of 1.2. Although
the results of this computation are not greatly affected by the use of the Standard-Plus Analysis
Case rather than the Standard Analysis Case, the CEB displacements are checked for both
the Standard and the Standard-Plus Analysis Cases.

The remaining clearance between the CEB and an adjacent structure is computed using

Equation 10. The relative seismic movements of the CEB and adjacent structures are

combined as 2+/L% + L2, which is based on Section 7.3 of ASCE 43-05 [28]. This equation

provides a factor of safety against building contact due to seismic and transient motions.
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C = Lges — kip X Lops — Lg Equation 10

Where:

Ldes
kin =

Lobs

Clearance

Analysis Cases.

L =2%X(Ls + Lpo)? + 12

Minimum remaining joint clearance between CEB and adjacent structure.
Design seismic gap width, 3 in. [12]. '

Factor representing the increase in radial CEB deformation when ASR loads
are amplified by the threshold factor k;, (See Section 7.3). This factor is
computed as the FEA-simulated radial deformation amplified by the ASR

threshold factor divided by the FEA-simulated radial deformation without the
ASR threshold factor.

Measured radial displacement of CEB, taken as positive if in direction toward
adjacent structure. If seismic gap measurement is not available, L, is taken
as the displacement from FEA simulations of the as-deformed condition.

Computed factored non-seismic displacement of the CEB, not including
sustained loads (such as self-weight, hydrostatic pressure, and static soll
pressure) which are already included in L,,s. L, is taken as positive if in
direction toward the adjacent structure. L,; is taken as zero if it is in the
direction away from the adjacent structure.

Computed factored seismic displacement of CEB, taken as absolute value.
Maximum lateral displacement of adjacent structure. L, values are taken from
[31] whenever possible; otherwise it is assumed that L, is equal in value to L.

evaluations are shown in Tables 16 and 17 for the Standard and Standard-Plus

For Locations 7 and 8 in this table, existing seismic gaps are unknown;

therefore, it is assumed that the minimum remaining seismic gap during a seismic event is 0.0

in., and a minimum as-deformed condition seismic gap (i.e., due to sustained loads and self-

straining loads only) is computed. This computation takes into account a decrease in isolation

gap width due to possible progression of ASR related to the threshold factor of 1.2.

Results of the clearance evaluations are summarized below:

. With the exception of the locations at missile shields, the existing gap widths are
sufficient at all assessed locations to ensure that contact between buildings will not
occeur.

. For missile shield locations, the minimum current seismic gap to prevent contact with

the adjacent structure (CB) is 1 in. at the missile shield above the Personnel Hatch and
5/8 in. at the missile shield above the CEVA.
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7.8 Evaluation of Global Stability

The concrete fill that surrounds the CEB from El. 0 ft and below provides a substantial
resistance to global sliding and overturning. However, since ASR expansion of the CEB and the
surrounding fill introduces a new load the CEB, a conservative evaluation against sliding and
overturning is performed. The original design calculations checking for global flotation were
confirmed in Ref. 29 and are not affected by the addition of ASR loads; therefore flotation is not

reevaluated in this calculation.

The conservative stability evaluation with consideration of ASR demands is performed in
Appendix I and demonstrates that a factor of safety against sliding and overturning meeting the
requirements of SD-66 [8] is provided. This evaluation is considered to be conservative
because it accounts for demands caused by ASR expansion of the fill, but it does not consider

the resistance to sliding and overturning provided by the concrete fill.

|
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8. ESTABLISH THRESHOLD MEASUREMENTS FOR CONDITION MONITORING

In the analysis and evaluation of the CEB, ASR loads are amplified by a threshold factor in
addition to a load factor. While the load factor accounts for uncertainty in the ASR load, the
threshold factor accounts for additional ASR load that may occur in the future. As noted in
Section 7.3, a threshold factor of 1.2 is selected for the CEB, which means that ASR-related
demands are amplified by 20% beyond their factored values. Simulated ASR expansion of the
CEB is based on Crack Index (Cl) strain measurements performed in the regions of the
structure defined in Table 13. The analysis shows that ASR expansions occurring in the below-
grade portions of the structure (regions R1, R2, and R3) have a larger impact on demands and

deformations than those occurring above-grade.

Systematic monitoring of the CEB is required to verify that ASR loads have not exceeded the
selected threshold and to inform when threshold values are being approached to allow for
appropriate corrective action measures. Monitoring of strains and structure deformations is
appropriate to inform of potential internal ASR expansion to evaluate against the strain limits
established by the large-scale testing at FSEL, to understand the impact of potential ASR
expansion of concrete backfill, and to capture potential movement or deformation of adjacent
structures. Strains can be monitored by different means such as through CI, CCI, and

expansion measurements.

Because the analysis uses a mean strain value for each region, monitoring must be able to
track strains sufficiently to justify the use of a mean value in each of the below-grade regions
defined in Table 13 for below grade regions not to exceed 20% above strain values provided in
Table 13 for regions R1, R2, and R3. This may be achieved by using existing monitoring
locations within each region if sufficient data can be collected or by establishing new locations to

supplement or replace existing locations.

For purposes of explaining the methodology, this chapter discusses the use of CCI
measurements to monitor strains. While the use of the selected monitoring locations is
expected to produce the desired results, the intent is not to restrict development of threshold
monitoring program to the specific methods and monitoring locations identified in the text.
Similarly, this chapter discusses the use of the existing seismic gap measurement locations to

monitor structure deformations; alternative means and locations may be appropriate.
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A proposed approach is to monitor regions R1, R2, and R3 to confirm the average strains in
these regions don’t exceed 20% above the strain values provided in Table 13. Another
alternative prospective approach for monitoring of ASR strain using CCl is described below
where threshold measurements are divided into sets based on regions of the CEB structure. A
threshold limit is established for each set of threshold measurements. The average change in
the set of threshold measurements is compared to the threshold limit to determine if the
bredeﬁned threshold of ASR load is met. Averaging of threshold measurements is done
because the threshold amplification is applied to all ASR loads on the entire structure and a

localized increase in a monitored quantity is not indicative of threshold conditions being met.

Prospective threshold measurement sets and their corresponding limits are summarized in
Section 3. Further information on these measurements and limits is provided in the preceding
sections of this report. As field measurements approach the threshold limits, corrective actions
should be taken to ensure validity of the calculation conclusions. [f needed, further evaluation

may be required to qualify the structure under a larger set of ASR loads.

8.1 Alternate Prospective Crack Index Threshold Measurements and Threshold
Limits

The fifteen ASR monitoring grids established in 2011 [32] and re-measured in 2016 [9] comprise

a representative sample of the most severe regions of the CEB for ASR expansion. These

monitoring grids are located below-grade where ASR expansion tends to be the most severe.

Additionally, these monitoring grids are approximately evenly distributed at different azimuths on

the CEB.

These fifteen ASR monitoring grids are divided into two sets: one set consists of monitoring
grids on the east side of the CEB (between AZ 0° and 180°) where ASR strains are generally
lower, and the other set consists of grids on the west side of the CEB (AZ 180° to 360°) where
ASR strains tend to be higher. Monitoring is performed using combined crack index (CCI),
which takes into account both vertical and horizontal strains [33]. Threshold limits are
established by multiplying the average of the most recent CCl values by the threshold factor of
1.20. The two measurement sets are referred to as Threshold Measurement Set A and B, and
their corresponding threshold limits are referred to as Threshold Limit A and B. These

measurements and limits are shown in Tables 19 and 20.

150252-CA-02 -80- Revision 0

FP 100985 Page 80 of 526



SIMPSON GUMPERTZ & HEGER

X PROJECT NO: 150252
Engineering of Structures
and Building Enclosures DATE: 31 July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit
8.2 Prospective Deformation Threshold Measurements and Threshold Limits

A set of deformation threshold measurements throughout the CEB structure is defined in this
section. This set of threshold measurements is referred to as Threshold Measurement Set C.
The measurements within this group consist of seismic gap measurements and annulus width
measurements. The threshold limit for this set, referred to as Threshold Limit C, is defined and

evaluated using the equations below.

TM; < TL¢

n

_ 1

T™; = Z'dn,ﬁeld - dn,designl X (;)
i=0

nE 1
TLe = ) [ldnpasetine = dndesign] X kntns ] % (E)
i=0

_ dnrEsnz
kntny = i

n,FEA,baseline

Where:

TM, = Average deformation for locations in Threshold Measurement Set C
TLc = Threshold Limit C

n = Number of measurement locations in Threshold Measurement Set C

dy, rierq = Field measurement of threshold measurement n at time of monitoring
dy qesign = Design dimension of threshold measurement n

dy pasetine = Field measurement of threshold measurement n at time when TL. is
established and CEB evaluation is performed

drea 1., = Radial deformation of the CEB at location of threshold measurement n due to
unfactored sustained loads plus unfactored self-straining loads with a 1.2 threshold
factor

dn rrapaseline = Radial deformation of the CEB at location of threshold measurement n
due to unfactored sustained loads plus unfactored self-straining loads without threshold
factor amplification

The locations in Threshold Measurement Set C are listed in Table 21. For each threshold
measurement, a method must be established to perform the measurement in a repeatable way.
It is particularly important to perform the measurement in a well-defined location, otherwise
seemingly small deviations in the concrete surfaces can have a significant impact on the
repeatability of the threshold measurements. For some of the locations in Threshold

Measurement Set C, a repeatable measurement method has already been established and a
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baseline measurement has been obtained [3, 5]. Other locations in this set have previously
been measured, but they have not been measured in a suitably repeatable way for continued
monitoring. Once a baseline measurement is established for all locations in Threshold
Measurement Set C, then Threshold Limit C can be computed. A projected value of Threshold

Limit C is provided in Table 21 based on currently available measurement data.
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9. TABLES

Table 1. List of Load Symbols and Notation*

Load Symbol Description
D Dead load (includes hydrostatic pressure)
L Live load
H Lateral static soil pressure
W Wind load
Eo Operating basis earthquake (OBE)
Ess Safe shutdown earthquake (SSE)
He Dynamic earth pressure due to OBE
Hs Dynamic earth pressure due to SSE
Wh Tornado wind load
Pa Accidental Pressure load
Ls Unusual snow load
F Design basis flood load
Sa ASR expansion of wall and backfill concrete (self-straining force)
Sc Creep (self-straining force)
Sh Shrinkage (self-straining force)
Sw Concrete swelling (self-straining force)

*Note: This table includes loads that are considered in this evaluation

Table 2. List of .Loads Not Considered in Evaluation

Load Symbol See Note Description
Wn 1 Tornado missile loading
Ro 2 Pipe reaction loads during normal conditions
Ra 2 Accident piping load
Rij 2 Jet impingement load
R 2 Jet force reaction
Rem 2 Pipe whip load
Ta 2 Accidental temperature load
To 2 Operational temperature load
Po 2 Operational pressure load

1: Evaluation of Tornado Missile Loads is not required according to SD-66 [8]
2: Evaluation of piping loads, temperature loads, and operational pressure loads are not part of the original

design performed by UE [24].
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Table 3. Definition of Tornado Wind Load, Wt

__Combination’
Wt = Wt + Wi
W= Wp
W = Wwi + 0.5W,
1 Wi Tornado wind external pressure load

Wwe: Tornado wind internal pressure load
Wp: Tornado differential pressure load

Table 4. Combinations for Computation of Deformations

‘ Combination T
For Comparison with Field Measurements:
1.0D + 1.0H + 1.0Sa + 1.0Sw + 1.0Sc + 1.0Sh
To Establish Threshold Measurement Limits:
1.0D + 1.0H + 1.0*kn*Sa + 1.08w + 1.0Sc + 1.0Sh
For Computation of Demands Associated with the As-
Deformed Condition:
1.0D + 1.0H + 1.0*k*Sa + 1.0Sw
Notes:
1 The threshold factor kun is selected to be 1.2, see Section 7.3.
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Table 5. List of Load Combinations
Label’? ' Combination
NO_1 (2.0xkn)Sa + 1.4Sw+ 14D + 1. 7L+ 1.7H
NO_2 (1.5%kn)Sa + 1.4Sw + 1.05D + 1.28L + 1.28H
NO_3 (1.0xkin)Sa + 1.4Sw + 1.0D + 1.0L + 1.0H + 1.5Pa
OBE_1 (1.3%kn)Sa + 1.4Sw + 1.4D + 1.7L + 1.9Eo + 1.7H + 1.9He
OBE_2 | (1.0xkn)Sa + 1.4Sw + 1.05D + 1.28L + 1.43E, + 1.28H + 1.43He
OBE_3 | (1.3%km)Sa + 1.4Sw+ 1.2D + 1.9Ec + 1.7H + 1.9He
OBE_4 | (1.0%kin)Sa + 1.4Sy + 1.0D + 1.0L + 1.25E, + 1.0H + 1.25He + 1.25Pa
SSE_1 (1.0%kin)Sa + 1.4Sw + 1.0D + 1.0L + 1.0Ess + 1.0H + 1.0Hs
SSE_2 (1.0xkin)Sa + 1.4Sw + 1.0D + 1.0L + 1.0Ess + 1.0H + 1.0Hs + 1.0Pa
W_1 (1.7%ktn)Sa + 1.4Sw + 14D +1.7L +1.7W + 1.7H
W_2 (1.28xkn)Sa + 1.4Sw + 1.05D + 1.28L + 1.3W + 1.28H
W 3 (1.7%kin)Sa + 1.4Sw + 1.2D + 1.7W + 1.7H
W 4 (1.0%kth)Sa + 1.4Sw + 1.0D + 1.0L + 1.0W: + 1.0H
W_5 (1.0%kth)Sa + 1.4Sw + 1.0D + 1.0L + 1.0W + 1.0Ls
W 6 (1.0xkth)Sa + 1.4Sw +1.0D + 1.0L + 1.0W + 1.0Ls + 1.0F
1 NO: Normal load combinations (non-seismic and non-wind)

OBE = Load combinations including operating basis earthquake Eo
SSE = Load combinations including safe shutdown earthquake Ess
W = Load combinations including wind, W, and tornado wind, W

2 OBEandS
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Table 6. Seismic Excitation Combinations using 100-40-40 Rule
Seismic Excitation Directions

1 100% East 40% North 40% Vertical Up

2 100% East 40% South 40% Vertical Up

3 100% East 40% North 40% Vertical Down

4 100% East 40% South 40% Vertical Down

5 100% West 40% North 40% Vertical Up

6 100% West 40% South 40% Vertical Up

7 100% West 40% North 40% Vertical Down

8 100% West 40% South 40% Vertical Down

9 40% East 100% North 40% Vertical Up

10 40% West 100% North 40% Vertical Up

11 40% East 100% North 40% Vertical Down

12 40% West 100% North 40% Vertical Down

13 40% East 100% South 40% Vertical Up

14 40% West 100% South 40% Vertical Up

15 40% East 100% South 40% Vertical Down

16 40% West 100% South 40% Vertical Down

17 40% East 40% North 100% Vertical Up

18 40% West 40% North 100% Vertical Up

19 40% East 40% South 100% Vertical Up

20 40% West 40% South 100% Vertical Up

21 40% East 40% North 100% Vertical Down

22 40% West 40% North 100% Vertical Down

23 40% East 40% South 100% Vertical Down

24 40% West 40% South 100% Vertical Down
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Table 7. Description and Purpose of Analysis Cases
Analysis Case Computer
Name Run Conditions Purpose/Use
Original Design 10D_r0 CEB model without self-straining loads. Evaluate CEB structure to assess if

Analysis Case

original design was sufficient and to
verify performance of FEA model.

-

Standard Analysis

¢ ASR loads matching field measurements of Cl.
+ CEB deformations generally matching field measurements of building

Evaluate CEB structure.

with Moment
Redistribution

Case 10A_r0 movement at all [ocations except for AZ 230°.
e Concrete fill constructed in accordance with design drawings.
See Section 6.2.2 for full description of analysis case.
Same as the Standard Analysis Case, except moment redistribution is used at [ ¢ Evaluate axial-flexure interaction at
Standard Analysis localized areas where axial-flexure interaction demands are in exceedance of localized areas with exceedance in
Case with 10AR 10 capacity in the Standard Analysis Case. the Standard Analysis Case.
Moment — See Appendix H for documentation of moment redistribution. ¢ Identify areas where moment
Redistribution redistribution may impact membrane
demands.
e ASR loads matching field measurements of Cl. Evaluate CEB structure.
e CEB deformations are more representative of those measured in the field
at AZ 230°, and continue to reasonably match field measurements
elsewhere.
Standard-Plus 10B7 10 ¢ Inward pressures representing concrete fill are extended to include the
Analysis Case - portion of CEB wall that is adjacent to the triangular “wedge” of concrete
g . between the CEVA, FSB, and CEB (from AZ 180° to 212°, El. +19 to +54
ft). This assumes that the concrete fill is in contact with the CEB and
exerting lateral pressure from ASR expansion.
See Section 6.2.3 for full description of analysis case.
Same as the Standard-Plus Analysis Case, except moment redistribution is ¢ Evaluate axial-flexure interaction at
Standard-Plus used at localized areas where axial-flexure interaction demands are in localized areas with exceedance in
Analysis Case 10BR7 10 exceedance of capacity in the Standard-Plus Analysis Case. the Standard-Plus Analysis Case.

See Appendix H for documentation of moment redistribution.

» Identify areas where moment

redistribution may impact membrane
demands.
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Table 8. Summary of Analysis Cases
Generally
Generally Simulates
Analysis Case Consistent with Simulates CI Deformation Moment
Name Loads Considered | Design Drawings? | Measurements? Measurements? Redistribution
Original Design All Table 5 Yes No No No
Analysis Case combinations’
Standard Analysis All Table 5 Yes Yes Yes?® No
Case combinations
Standard Analysis Load combination Yes Yes Yes® Yes
Case with Moment | NO_1in Table 5
Redistribution (controlling load
combination)
Standard-Plus All Table 5 Design-Plus? Yes Yes No
Analysis Case combinations
Standard Plus Load combination Design-Plus? Yes Yes Yes
Analysis Case with | NO_1 and OBE_4
Moment in Table 5
Redistribution (controlling load
combination and an
OBE load
combination)

"1n the Original Design Analysis Case, all self-straining loads (including Sa and Sw) are excluded

2"Design-Plus” indicates that additional ASR loads are applied due to the assumption that the concrete fill is not isolated from the CEB
at certain Azimuths (see JA08 in Section 5.1)

3The Standard Analysis Case generally simulates deformation measurements at all locations except AZ 230° (see Section 6.2.2)
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Table 9. Summary of Analysis Results Naming Convention
SR_evA_LCB D12 t12 10
Example load combination output name:
(See notes on naming convention below)
Note Description Options
Analysis and
@ evaluation Specified as “SR” for all CEB analyses/evaluations
descriptor

Analysis Case
Descriptor

evA: Standard Analysis Case

evAR: Standard Analysis Case

evB7: Standard-Plus Analysis Case

evD: Original Design Analysis Case

evBR7: Standard-Plus Analysis Case with Moment Redistribution

See Section 6.2.2 for more information on analysis cases

Specifies if output is
for an independent
load case or load
combination

ILC: Independent load case (i.e. one single type of unfactored load
applied to the structure, such as hydrostatic pressure)

LCB: Load combination (i.e., several factored loads applied to the
structure)

See Table 5 for a list of load combinations considered in this evaluation.

Letter to specify
load combination

group

A: Combinations for computation of building deformations (See Table 4
for additional information)

B: Combinations consisting of ASR loads or other self-straining loads
only (Not used for evaluation)

C: Load combinations NO_1, NO_2, and NO_3 (as defined in Table 4)
D, E, F, G: Load combinations OBE_1, OBE_2, OBE_3, and OBE_4 (as
defined in Table 4)

H, I: Load combinations SSE_1, and SSE_2 (as defined in Table 4)

J: Load combinations W_1, W_2, and W_3 (as defined in Table 4)

K: Load combinations W_4, and W_5 (as defined in Table 4)

(No letter is used for independent load cases)

Independent load
case or load
combination number

Can range from 1 to 41, See Appendix B for more information

®

Descriptor for
threshold factor ki

t00: Threshold factor of zero (i.e., no self-straining loads)

t10: Threshold factor of one (i.e., ASR loads equivalent to currently
observed conditions)

t12: Threshold factor of 1.2

See Section 7.3 for a description of threshold factors.

@

Version number

Generally specified as “r0” for items discussed in this document
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Table 10. Wind Velocity Pressures (Section 4.4.1.1 of SD-66 [8])
Height qs, psf Op, psf Gm, psf
30 ft or less 40 46 31
Over 30 ft and up to 50 ft 46 51 36
Over 50 ft and up to 100 ft 53 59 44
Over 100 ft and up to 150 ft 58 65 49
Over 150 ft and up to 200 ft 62 69 53
Over 200 ft and up to 250 ft 85 72 57
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Table 11. SSE and OBE Spectra [8]
SSE Horizontal Spectra at 7% Damping
Control Pt A B C D
f, Hz 60 33 9.0 2.5 0.25
T,s| 0.017 0.030 0.11 0.40 4.0
a,g| 025 0.25 0.57 0.68 0.11
SSE Vertical Spectra at 7% Damping
Control Pt A B C D
f, Hz 60 33 9.0 3.5 0.25
T,s| 0.017 '0.030 0.11 0.29 4.0
a,g| 025 0.25 0.57 0.65 0.072
OBE Horizontal Spectra at 4% Damping
Control Pt A B C D
- f,Hz 60 33 8.0 2.5 0.25
T,s| 0.017 0.030 0.11 0.40 4.0
a, gl 0.13 0.13 0.38 0.46 0.066
OBE Vertical Spectra at 4% Damping
Control Pt A B C D
f, Hz 60 33 9.0 3.5 0.25
T,s| 0.017 0.030 0.11 0.29 4.0
a, gl 0.13 0.13 0.38 0.43 0.044
Notes: :
f = Frequency, T = Pericd, a = Acceleration
See Reference 4 for Control Point definitions
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Table 12. Crack Index Measurement Data
o Cl, Hoo Cl, Meridional
AS'E M°’.‘"°{'”9 Azimuth Elevation Directior?, Direction, Region?
ocation
mm/m mm/m
Cl-1 o2 -27.5 ft 0.22 0.11 R1
Cl-2 40 -20.5 ft 0.07 0.06 R1
Cl-3 53 -23.5 ft 0.00 0.11 R1
Cl4 73 -24.5 ft 0.12 0.17 R1
Cl-5 95 -24 ft 0.14 0.14 R1
CE101-05 104 +9.5 ft 0.08 0.06 R1
CE101-03 104 -23.5 ft 0.26 0.08 R1
CE101-04 106 -8.5 ft 0.04 0.41 R1
Cl-6 113 -27.5 ft 0.12 0.13 R1
Cl-7 124 -27.5 ft 0.11 0.14 R1
Cl-8 144 -24 ft 0.12 0.14 R1
CI-9 163 -27.5 ft 0.20 .28 R1
CI-10 175 -20 ft 0.09 0.28 R1
Cl-11 197 -19 ft 0.24 0.33 R2
Cl-13 214 +6 ft 0.96 0.22 R2
Cl-12 230 -19 ft 0.12 0.46 R2
CE101-10 302 +9.5 ft 0.58 0.41 R3
Cl-14 309 -24 ft 0.14 015 R3
Cl-15 318 -24 ft 0.22 0.87 R3
CE101-11 322 -22.5 ft 0.12 0.89 R3
CE101-12 332 -22.0 ft 0.35 0.52 R3
CEBE-05 0 +51.5 ft 015 0.22 R4
CEBE-07 35 +29.5 ft 0.13 0.06 R4
CEBE-02 45 +25.5 ft 0.14 0.03 R4
CEBE-09 65 +25.5 ft 0.19 0.03 R4
CE101-06 106 +26 ft 0.14 0.09 R4
CE101-07 108 +46.5 ft 0:25 0.16 R4
CE101-08 108 +81.5 ft 0.16 0.23 R4
CEBE-03 125 +23 ft 0.10 0.11 R4
CEBE-08 125 +29 ft 0.09 0.08 R4
CEBE-01S 150 +55 ft 0.67 0.82 R4
CEBE-10 200 +58.5 ft 0.05 0.03 R4
CEBE-06 275 +68.5 ft 0.02 0.11 R4
EM401-01 305 +25 ft 0.05 0.18 R4
CEBE-04 315 +55 ft 0.08 0.03 R4
CE101-18 47 +116.5 ft 0.84 0.31 R5
CE101-09 103 +116.5 ft 0.39 0.49 R5
CE101-13 163 +116.5 ft 1.27 0.74 R5
CE101-14 205 +116.5 ft 1.76 0.76 R5
CE101-15 245 +116.5 ft 0,58 0.28 R5
CE101-16 284 +116.5 ft 1.64 0.58 R5
CE101-17 347 +116.5 ft 0.45 0.58 R5
Notes:

1All measurements recorded in April and May of 2016 except for location CEBE-01S which was most
recently inspected in April 2014.
2ASR monitoring locations are divided into regions based on ASR severity. See Table 13, Section 6.3.1,

and Figure 4 for more information.
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Table 13. ASR Region Summary
Region R1 R2 R3 R4 R5
From grade to Above
g Below grade Below grade, Below grade 2 o
Description ' ’ springline, Springline,
AZ 0 to 180 AZ 18010270 | AZ 270 to 360 AZ 0 1o 360 AZ 0 to 360
Number of Cl Measurements Contained Within 13 3 5 14 7
0.12 mm/m 0.44 mm/m 0.28 mm/m 0.16 mm/m 0.98 mm/m
Average Hoop Cl, mm/m (%) (0.012%) (0.044%) (0.028%) (0.016%) (0.098%)
- 0.16 mm/m 0.34 mm/m 0.57 mm/m 0.16 mm/m 0.57 mm/m
Average Meridional CI, mm/m (%) (0.016%) (0.034%) (0.057%) (0.016%) (0.057%)
. . o 0.15 mm/m 0.40 mm/m 0.30 mm/m 0.10 mm/m 0.00 mm/m
Hoop expansion applied to model, mm/m (%) (0.015%) (0.040%) (0.030%) (0.010%) (0.00%)
- . . 0.15 mm/m 0.40 mm/m 0.60 mm/m 0.10 mm/m 0.00 mm/m
o .
Meridional expansion applied to model, mm/m (%) (0.015%) (0.040%) (0.060%) (0.010%) (0.00%)

Notes:

See Table 12 for individual Cl measurements. See Section 6.3.1 and Figure 4 for additional information on regions.
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- Table 14. Summary of Evaluation Results for Standard Analysis Case at Threshold Factor of 1.2

Direction

Electrical Pen.

Demand- {. Figure,
S « fo- Table, or
, , Load Combination : Capacity | Section

Evaluation (See Table 5 for Notation) _Location Ratio | Notes | Reference
In-Plane Shear at OBE_1 (100% E., 40% N., Base of CEB between AZ 270 and .
Base 40% Vert. Down) 360 (Section Cut 4) 0.47 2 Figure 77
In-Plane Shear at OBE_3 (100% E., 40% N., Base of CEB between AZ 270 and .
Base 40% Vert. Down) 360 (Section Cut 4) 0.47 2 Figure 78
In-Plane Shear OBE_1 (40% E, 100% N, Wall between Mech. Pen. and .
above Base 40% Vert. Down) Electrical Pen. 0.36 Figure 79
Out-of-Plane Shear . Base of CEB between AZ 0 and 90 .
at Base NO_1 (Static) (Section Cut 1) 0.58 2 Figure 49
Out-of-Plane Shear | OBE_1 (100% E., 40% N., Base of CEB between AZ 270 and 0.54 2 Fiqure 80
at Base 40% Vert. Down) 360 (Section Cut 4) ) 9
Axial Compression . .
in Hoop Direction NO_1 (Static) Between El. -20 and 0 ft <0.7 1 Figure 40
Axial Compression
in Meridional NO_1 (Static) Pilaster on south side of Mech. Pen. 0.75 2 Figure 43
Direction

A Areas adjacent to CEVA opening
o g‘;irag;f;‘cg:m NO_1 (Static) (AZ 230) and Personnel Hatch <1 3 | AppendixH
P Opening (AZ 300)

PM Interaction in Base of wall between AZ 270 and
the Meridional NO_1 (Static) 360, pilasters on either side of <1 3 Appendix H

1 Based on element-by-element evaluation, DCR value would further reduce if section cut evaluation performed for this load combination and

location.

2 Based on section cut evaluation.

3 Based on moment redistribution analysis (Appendix H).
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Table 15. Summary of Controlling Evaluation Results for Standard-Plus Analysis Case at Threshold Factor of 1.2

{ Demand- | . Figure,
| to- | Table, or
. . T RO { Capacity | - ‘I Section
Evaluation Load Combination g " Location(s) .Ratio | Notes | Reference
OBE_3 (100% W., 40% N., | Base of CEB between AZ 180 and :
In-Plane Shear 40% Vert. Up) 270 (Section Cut 3) 0.56 2 Figure 81
} OBE_1 (100% W., 40% N., | Base of CEB between AZ 180 and .
In-Plane Shear 40% Vert. Up) 270 (Section Cut 3) 0.55 2 Figure 82
In-Plane Shear OBE_1'(40% E, 100% N, Wall between Mech. Pen. and .
above Base 40% Vert. Down) Electrical Pen. 0.37 2 Figure 83
. Base of CEB between AZ 0 and 90 .
Out-of-Plane Shear | NO_1 (Static) (Section Cut 1) 0.58 2 Figure 51
vy OBE_1(100% E., 40% N., | Base of CEB between AZ 270 and :
Out-of-Plane Shear 40% Vert. Down) 360 (Section Cut 4) 0.55 2 Figure 84
Axial Compression . Between EL -20 and 0 ft, most .
in Hoop Direction NO_1 (Static) critical at AZ 230 <0.7 1 Figure 42
Axial Compression ; . .
in Meridional NO_1 (Static) Pllaster o7 jg)“th side of Mechanical | 75 2 Figure 45
Direction en. (
L Areas adjacent to CEVA opening
fu meraction™n | No_t (tatic) (AZ 230) and Personnel Hatch <1 3 | AppendixH
P Opening (AZ 300)
PM Interaction in Base of wall between AZ 180 and
the Meridional NO_1 (Static) 360, pilasters on either side of <1 3 Appendix H
Direction Electrical Pen. and Mech. Pen.

location.

2 Based on section cut evaluation.

3 Based on moment redistribution analysis (Appendix H).
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Table 16. Summary of Displacement Evaluation for Standard Analysis Case® *

Label Point 1 Point2 | Point3 | Point4 | Point5 | Pointé | Point7 | Point8
Elevation, ft 6.0 21.0 0.0 5.5 1.0 -22.0 50.0 31.5
Azimuth, degrees 260 305 335 182 20 175 315 225

Node Number| 2200142 | 22015662 | 2101350 | 2205657 | 2101473 | 2100493 | 2202850 | 2203008

Direction of CEB Displacement to Cause Contact| Radial+ | Radial+ | Radial+ | Radial- | Radial+ | Radial- Radial- Radial- |

Lggs Design Seismic Gap Width| 3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000
Adjacent Structure®| WPC WPC EP CB EFW CB CB CB

Seismic Gap Measurement ID (if available)| 2a.01 2d.02 2f.02 3a.01 6a.02 3b.01 Note 2 Note 2
Lyos — Lops Minimum Seismic Gap Width?| 2.000 1.938 2.000 1.500 1.625 1.188 0.925 0.614

ke Increase factor in CEB deformation to a°°°””,fhfgsﬁgl’§ 1.079 | 1.015 | 1073 | 1.012 | 1069 | 1.039 | 1.027 | 1.070
Minimum Measured Seismic Gap Width (adjusted for
ASE throshold)| 192" 1922 | 1927 | 1482 | 1530 | 1116 | 0950 | 0.657

Lg + L,s | Max. Factored Radial Seismic and Non-Seismic Disp. of

CEB in direction of Adjacent Structure® 0.616 0.361 _ 0.002 0.063 0.008 0.000 0.430 0.259

L Maximum Displacement of Adjacent Structure in
a Direction of CEB 0.009 0.121 0.145 0.085 0.145 0.085 0.202 0.202
Ly Required Minimum Gap Width,

2 x Lt L + IZ 1.232 0.762 0.290 0.212 0.290 0.170 0.950 0.657
S ns. a

Remaining Joint Clearance

; 0.688 1.160 1.637 1.271 1.240 0.946 0.000? 0.000
(Equation 10)

For footnotes, see Table 17.
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Table 17. Summary of Displacement Evaluation for Standard-Plus Analysis Case’ 4

Label Point 1 Point 2 Point 3 Point 4 Point 5 Point 6 Point 7 Point 8
Elevation, ft 8.0 21.0 0.0 55 1.0 -22.0 50.0 31.5
Azimuth, degrees 260 305 335 182 20 175 315 225

Node Number | 2200142 | 2201562 | 2101350 | 2205657 | 2101473 | 2100493 | 2202850 | 2203006

Direction of CEB Displacement to Cause Contact | Radial+ | Radial+ | Radial+ | Radial- | Radial+ | Radial- | Radial- | Radial-

Lges Design Seismic Gap Width |  3.000 3.000 3.000 3.000 3.000 3.000 3.000 3.000
Adjacent Structure® |  WPC WPC EP CB EFW CB CB CB
Seismic Gap Measurement ID (if available) | 2a.01 2d.02 2f.02 3a.01 6a.02 3b.01 Note 2 | Note?2
Lges — Lops Minimum Seismic Gap Width? |  2.000 1.038 2.000 1.500 1.625 1.188 0.923 0.612
ki, Increase factor in CEB deformation to account for

ASR threshold 1.081 1.012 1.073 1.043 1.069 1.042 1.026 1.072

Minimum Measured Seismic Gap Width (adjusted for
ASR threshold) 1.919 1.925 1.927 1.435 1.531 1.113 0.948 0.656

Lg+ Ly Max. Factored Radial Seismic and Non-Seismic Disp.
of CEB in direction of Adjacent Structure’® 0.614 0.360 0.002 0.063 0.008 0.000 0.429 0.258

Lg Maximum Displacement of Adjacent Structure in
Direction of CEB 0.009 0.121 0.145 0.085 0.145 0.085 0.202 0.202

Ly Required Minimum Gap Width,

2 Xy/(Lg+ Lp)? + L2 1.229 0.760 0.290 0.212 0.290 0.170 0.948 0.656

Remaining Joint Clearance
(Equation 10) 0.690 1.165 1.637 1.223 1.240 0.943 0.0002 0.0002

1 All displacements are in inches

Points 7 and 8 are located on the missile shields above the CEVA and Personnel Hatch openings; all other points are located on the CEB wall. The remaining
joint clearance for Points 7 and 8 is set to zero, and the minimum seismic gap width is computed.

3 WPC = West Pipe Chase, EP = Electrical Penetration, CB = Containment Building.

If displacements are noted as “towards adjacent structure” or "towards CEB", then positive displacements are in the direction that would cause contact between
the two considered structures. Otherwise, positive displacements are in the radial outward direction and negative displacements are in the radial inward
direction.

As discussed in the text with Equation 10, non-seismic displacements are taken as zero if they are in the direction away from the adjacent structure.

Adjacent structure displacements are obtained from Reference 31 whenever possible. The displacement of the CB is not provided at EL +50, so this
displacement is linearly extrapolated from the provided displacements of 0.077” at El. +3 ft and 0.085” at El. +6 ft.
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Table 18. List of Reference Drawings

Drawing
Label Reference Information
D-1 United Engineers & Constructors Inc., 9763-F-101013 - Excavation Civil Plan - Sheet 5,
Rev. 5, 19 March 1981.
D-2 United Engineers & Constructors Inc., 9763-F-101024 - Site Boring Plan Civil Topo & Rock
Contours, Rev. 1, 4 June 1976.
D-3 United Engineers & Constructors Inc., 9763-F-101434 - Containment Concrete Sections
and Elevations - CEVA dimensions, Rev. 3, 14 April 2015.
D-4 United Engineers & Constructors Inc., 9763-F-101440 - Containment Concrete Equipment
Hatch Reinf - Sheet 1, Rev. 10, 30 November 1990.
D-5 United Engineers & Constructors Inc., 9763-F-101446 - Containment Enclosure Building
Concrete Shield Wall for Equipment Hatch, Rev. 3, 21 October 1983.
D-6 United Engineers & Constructors Inc., 9763-F-101448 - Containment Enclosure Building
Concrefe Section & Typical Dome Details, Rev. 11, 5 August 1983. '
D-7 United Engineers & Constructors Inc., 9763-F-101451 - Containment Enclosure Building
Concrete Plan at EL. (-)30 ft - 0 in., South, Rev. 8, 22 October 1979,
D-8 United Engineers & Constructors Inc., 9763-F-101452 - Containment Enclosure Building .
Concrete Plan at EL (-)30 ft - 0 in., North, Rev. 8, 16 December 1983.
D-9 United Engineers & Constructors Inc., 9763-F-101453 - Containment Enclosure Building
Concrete Plan at EL. 10 ft -0 in., South, Rev. 11, 27 January 1984.
D-10 United Engineers & Constructors Inc., 9763-F-101454 - Containment Enclosure Building
’ Concrete Plan at EL10 ft -0 in., North, Rev. 3, 19 March 1982.
D-11 United Engineers & Constructors Inc., 9763-F-101455 - Containment Enclosure Building
Concrete Plan at EL 37 ft-0 Yz in., South, Rev. 11, 11 November 1983.
D-12 United Engineers & Constructors Inc., 9763-F-101456 - Containment Enclosure Building
Concrete at EL 37 ft- 0 1/2 in. North, Rev. 3, 20 August 1982,
D-13 United Engineers & Constructors Inc., 9763-F-101457 - Containment Enclosure Building
Concrete Sections - Sheet 1, Rev. 12, 17 September 1982.
D-14 United Engineers & Constructors Inc., 9763-F-101458 - Containment Enclosure Building
Concrete Sections - Sheet 2, Rev. 14, 27 January 1984.
D-15 United Engineers & Constructors Inc., 9763-F-101459 - Containment Enclosure Building
Concrete Inside Elev. Strefch-out, East Half, Rev. 9, 22 October 1982.
D-16 United Engineers & Constructors Inc., 9763-F-101460 - Containment Enclosure Building
Concrete Inside Elev. Stretch-out, West Half, Rev. 7, 20 August 1982,
D-17 United Engineers & Constructors Inc., 9763-F-101545 - Pri. Aux. Bidg., RHR & CS Eqpt.
Vault Concrete Sections - SH. 20, Rev. 9, 22 December 1983.
D-18 United Engineers & Constructors Inc., 9763-F-101560 - Fuel Storage Building Concrete
PlanatEL. (-) 16 ft-43/4 & (-) 11t 9 1/2, Rev. 3, 8 September 1978.
D-19 United Engineers & Constructors Inc., 9763-F-101565 - Concrete Typical Details, Rev. 17,
18 March 1983.
D-20 United Engineers & Constructors Inc., 9763-F-101610 - Electrical Tunnel Concrete Plans
atEL. (-) 26 ft-0in. & (-) 20 ft-0 in., Rev. 11, 21 June 1985.
D-21 United Engineers & Constructors Inc., 9763-F-101611 - Electrical Tunnel Concrete Plans
atEL. Oft-Oin. & 8ft—2in., Rev. 13, 21 June 1985.
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Table 18. List of Reference Drawings

Drawing

Label Reference Information

D-22 United Engineers & Constructors Inc., 9763-F-101612 - Electrical Tunnel Concrete
Sections Sheet 1, Rev. 10, 2 December 1983.

D-23 United Engineers & Constructors Inc., 9763-F-101613 - Electrical Tunnel Concrete
Sections Sheet 2, Rev. 4, 29 December 1983.

D-24 United Engineers & Constructors Inc., 9763-F-101619 - Containment Enclosure Ventilation
Area Concrete Plans at EL 21 ft-6 in. & 53 ft-0 in., Rev. 11, 6 March 1985.

D-25 United Engineers & Constructors Inc., 9763-F-101620 - Containment Enclosure Ventilation
Area Concrete Section - Sheet 1, Rev. 5, 13 January 1984.

D-26 United Engineers & Constructors Inc., 9763-F-101621 - Containment Enclosure Ventilation
Area Concrete Section - Sheet 2, Rev. 5, 6 March 1985.

D-27 United Engineers & Constructors Inc., 9763-F-101622 - Containment Enclosure Ventilation
Area Steel Framing Plan at EL. 53 ft - 0 in., Rev. 5, 13 December 1984.

D-28 United Engineers & Constructors Inc., 9763-F-101625 - Mechanical Penetration Area
Concrete Plans at EL. (-) 34 ft - 6in. & (-) 8 ft-6in., Rev. 10, 6 May 1983.

D-29 United Engineers & Constructors Inc., 9763-F-101626 - Main Steam & Feedwater Pipe
Chase (West) Concrefe Plans at EL 3 ft-0in. & (-) 11 ft-2 1/2 in., Rev. 14, 10 February
1984.

D-30 United Engineers & Constructors Inc., 9763-F-101627 - Main Steam & Feedwater Pipe
Chase (West) Concrete Section - Sheet 1, Rev. 13, 18 November 1983.

D-31 United Engineers & Constructors Inc., 9763-F-101628 - Main Steam & Feedwater Pipe
Chase (West) Concrefe Section - Sheet 2, Rev. 9, 29 December 1983.

D-32 United Engineers & Constructors Inc., 9763-F-101629 - Main Steam & Feedwater Pipe
Chase (West) Concrefe Section - Sheet 3, Rev. 7, 5 August 1983.

D-33 United Engineers & Constructors Inc., 9763-F-101630 - Main Steam & Feedwater Pipe
Chase (West) Concrete Plans at EL 51 ft-6 in. & 64 ft-6 in., Rev. 9, 2 December 1983.

D-34 United Engineers & Constructors Inc., 9763-F-101631 - Main Steam & Feedwater Pipe
Chase (West) Concrete Section - Sheef 4, Rev. 7, 16 June 1982,

D-35 United Engineers & Constructors Inc., 9763-F-101632 - Main Steam & Feedwater Pipe
Chase (West) Concrete Section - Sheet 5, Rev. 8, 29 December 1983.

D-36 United Engineers & Constructors Inc., 9763-F-101633 - Main Steam & Feedwater Pipe
Chase (West) Concrete Section - Sheet 6, Rev. 5, 29 July 1983.

D-37 United Engineers & Constructors Inc., 9763-F-101641 - Pipe Tunnel Concrete Plans at EL.
4ft-11in. & 21 ft-6 in., Rev. 2, 18 June 1981.

D-38 United Engineers & Constructors Inc., 9763-F-101649 - Main Stm. & Feedwater Pipe
Chase (West)Steel Roof Framing Plan at EL. 50 ft-3 in., Rev. 7, 4 November 1983.
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D-39 United Engineers & Constructors Inc., 9763-F-101650 - Main Steam & Feedwater Pipe
Chase (East) Concrete Plans at EL. 3 ft-0in. & 22 ft-0 in., Rev. 12, 14 November 1985.

D-40 United Engineers & Constructors Inc., 9763-F-101651 - Main Steam & Feedwater Pipe
Chase (East) Concrefe Plans at EL. 5 ft-6 in. & 64 ft-6 in., Rev. 8, 14 November 1985.

D-41 United Engineers & Constructors Inc., 9763-F-101652 - Main Steam & Feedwater Pipe
Chase (East) Concrete Sections - Sheet 1, Rev. 7, 14 November 1985.

D42 United Engineers & Constructors Inc., 9763-F-101653 - Main Sfeam & Feedwater Pipe
Chase (East) Concrete Sections - Sheet 2, Rev. 8, 27 January 1984.

D43 United Engineers & Constructors Inc., 9763-F-101659 - Main Steam & Feedwater Pipe
Chase (West) Steel Plan and Sections - South Stair, Rev. 1, 8 April 1983.

D-44 United Engineers & Constructors Inc., 9763-F-101660 - Emergency Feedwater Pump
Building Concrete Plan at EL. 27 f-0 in. & 47 t-0 in., Rev. 9, 2 December 1983.

D-45 United Engineers & Constructors inc., 9763-F-101661 - Emergency Feedwater Pump
Building Concrete Sections - Sheet No. 2, Rev. 4, 16 June 1982,

D-46 United Engineers & Constructors Inc., 9763-F-101662 - Emergency Feedwater Pump
Building Concrete Sections - Sheet No. 3, Rev. 5, 1 July 1982,

D-47 United Engineers & Constructors Inc., 9763-F-101842 - Concrete General Notes &
Reinforcing Splice Lengths, Rev. 14, 21 October 1983.

D-48 United Engineers & Constructors Inc., 9763-F-101847 - Dewatering Systems for Plant
Bldgs & Structures Civil, Rev. 1, 27 June 1978.

D49 United Engineers & Constructors Inc., 9763-F-101918 - Containment Enclosure Building

. Steel - Pressure Seal Plate Assembly - Sheet 1, Rev. 1, 10 February 1984.

D-50 United Engineers & Constructors Inc., 9763-F-102153 - Containment Building Enclosure
Building Platform, Rev. 5, 10 February 1984.

D-51 United Engineers & Constructors Inc., 9763-F-103232 - Fill & Backfill Concrete Sections,
Rev. 2, 30 December 1983.

D-52 United Engineers & Constructors inc., 9763-F-111574 - Fuel Storage Building Concrete
Sections - Sheet 4, Rev. 6, 31 July 1981.

D-53 United Engineers & Constructors Inc., 9763-F-113225 - Fill & Backfill Concrete Profiles -
Sheet 1, Rev. 3, 30 December 1983.

D-54 United Engineers & Constructors Inc., 9763-F-113226 - Fill & Backfill Concrete Profiles -
Sheet 2, Rev. 3, 30 December 1983.

D-55 United Engineers & Constructors Inc., 9763-F-113229 - Fill & Backfill Concrete Plan &
Sections, Rev. 5, 30 December 1983.

150252-CA-02 -100 - Revision 0

FP 100985 Page 100 of 526




SIMPSON GUMPERTZ & HEGER

PROJECT NO: 150252
Engineering of Structures
and Building Enclosures DATE: 31 July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT:  Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit

Table 18. List of Reference Drawings

Drawing

Label Reference Information

D-56 United Engineers & Constructors Inc., 9763-F-113230 - Backfill Concrete Schedule, Rev.
5, 3 September 1982,

D-57 Bishopric Products Company, FP10980 - Plant Vent Stack Elevation, Rev. 1, 2 February
1984,

D-58 United Engineers & Constructors Inc., 9763-F-101912 — Containment Enclosure Building
Concrete Dome Reinforcing, Rev. 3, 5 August 1983.

D-59 United Engineers & Constructors Inc., 9763-F-101494 — Plant Vent Stack Plans,
Elevations, Sections & Details — Sheet 1, Rev. 2, 30 May 1986.

D-80 United Engineers & Constructors Inc., 9763-F-101917 — Plant Vent Stack Plans,
Elevations, Sections & Details — Sheet 3, Rev. 3, 30 May 1986.

D-61 United Engineers & Constructors Inc., 9763-F-101493 — Plant Vent Stack Breeching Plans,
Sections & Details, Rev. 2, 30 May 1986.
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Table 19. Prospective Threshold Measurement Set A

Baseline Baseline
Threshold Measurement Elevation & Measurement?, | Measurement®

Measurement Type Azimuth CCl, mm/m Date
Cl-1 CCl El.-27.5 ft, AZ 32 0.16+0.04 April 2016
Cl-2 CCl El. -20.0 ft, AZ 40 0.06£0.02 April 2016
Cl-3 Ccl El.-23.0 ft, AZ 53 0.0510.01 April 2016
Cl-4 cCl El.-24.0ft, AZ73 0.14+0.04 April 2016
Cl-5 CCl El. -24.0 ft, AZ 95 0.1410.04 April 2016
Cl-6 CCl El. -27.5 ft, AZ 113 0.12+0.04 April 2016
Cl-7 CCt El.-27.5 ft, AZ124 0.12+£0.04 April 2016
Cl-8 CCl El. -24.0 ft, AZ 144 0.13+0.04 April 2016
Cl-9 CCl El. -27.5 ft, AZ 163 0.21+0.06 April 2016
Cl-10 CCl El. -20.0 ft, AZ 175 0.1810.05 April 2016

Average of Baseline CCl Measurements 0.13 mm/m

Threshold Limit 0.16 mm/m

1 “Baseline measurement” refers to the measurements that are used to establish the Threshold
Limit, but do not represent the first time the ASR monitoring grid was measured.
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Table 20. Prospective Threshold Measurement Set B
Threshold Measurement | Elevation & Baseline Baseline
Measurement | Type Azimuth Measurement?, | Measurement!
CCl, mm/m Date
Cl-11 cCl El. -19.0 ft, AZ 197 0.28+0.05 April 2016
Cl-12 CCl El. -19.0 ft, AZ 230 0.28+0.05 April 2016
Cl-13 ccl El. 7.5 ft, AZ 214 0.61+0.08 April 2016
Cl-14 CCl El. -24.0 ft, AZ 309 0.15+0.04 April 2016
Cl-15 CCl El. -24.0 ft, AZ318 0.53+0.11 April 2016
Mean of Baseline CCl Measurements 0.37 mm/m
Threshold Limit 0.44 mm/m

1 “Baseline measurement” refers to the measurements that are used to establish the
Threshold Limit, but do not represent the first time the ASR monitoring grid was

measured.
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Table 21. Prospective Threshold Measurement Set C
Measurement 1D 3a.01-01 2d.02-01 2d.02-02 2f.02-02 6a.02-01 1h.01-07 1h.01-06 | 1h.01-05 | 3a.01-08 | 3a.01-09
Measurement Type Seismic Seismic Seismic Seismic Seismic Seismic Gap Seismic | Seismic Anr}ulus Annulus
Gap Gap Gap Gap Gap Gap Gap Width Width
Measurement Azimuth 180 305 310 335 20 260 270 280 220 240
Measurement Elevation +5.5 ft +21 ft +21 ft 0ft +1 ft +22 ft +22 ft +22 ft +9 ft +9 ft
Relative-to Structure Personnel Personnel W. Pipe EFW
CB Hatch Hatch Chas% Pump Bidg CB CB CB cB CB
Direction of deformation Inward Inward Inward Inward Inward Outward Outward [ Outward Inward Inward
Measurement taken from
Inside or Outside of Inside Outside Outside Outside Outside Inside Inside Inside Inside Inside
Annuius
Baseline Measurement
Date and Report {April 2016 [5]| April 2016 [5] | April 2016 [5] | April 2016 [5] | April 2016 [5]| Mar. 2015 [2] TBD TBD TBD TBD
Reference
dp pasetine ; N 1.5 1.97 2.41 1.99 1.63 4.25 4507 475" 51.00° 52.00*
Ay design » IN. 3.0 3.0 3.0 3.0 3.0 3.00 3.00 3.00 54.00 54.00
Baseline Measurement,
in. 1.50 1.03 0.59 1.01 1.37 1.25 1.50 1.756 3.00 2.00
|dn,baseline _ dn,designl
Ay rEApaseline » N ° -0.34 -0.65 -0.94 -0.66 -0.47 0.94 1.13 0.96 -1.01 -0.41
dprea1s , in. B -0.34 -0.69 -1.01 -0.75 -0.53 1.09 1.32 1.12 -1.18 -0.48
knny 1.01 1.05 1.07 1.13 1.14 1.16 1.16 1.17 1.17 1.17
Local Threshold Limit, in.
|dn,bmune - dn,designl 1.52 1.08 0.63 1.14 1.56 1.45 1.74 2.05 3.51 2.34
X kn,thf
Average of Baseline Measurements 1.50 in.
Threshold Limit (based on projected baseline 1.70 in.
values)

A Baseline measurement not yet taken, value for dnpasetine Shown in this table is a projected baseline value using measurements recorded during walkdowns in

March 2015.

B FEA simulated deformations are taken from Standard Analysis Case (as defined in Section ) except for the locations at Azimuths 220 and 240 which use the

Standard-Plus Analysis Case, which was performed to increase inward deformation at these azimuths.
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Electrical
Penetration N
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Mechanical 1/2in Not
Penetration - Measureable

Figure 2. Measurements of Tangential Movement at Base of CEB Wall [2]

Note: Seismic isolation joint between CEB and west wall of the Electrical Penetration could not be accessed for

measurement.
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CEB wall

Figure 3. Concrete Fill and Soil on Exterior of CEB Wall (Not to Scale)
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Figure 4. ASR Regions and Crack Index Measurement Locations

150R5256985-Pge 108 of 526

- 108 -

330 360

oy - Azimuth
VIVIILIL

Revision 0




SIMPSON GUMPERTZ & HEGER P

Engineering of Structures
and Building Enclosures

CLIENT: NextEra Energy Seabrook

SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB

PROJECT NO: 150252

DATE: 31 July 2016
BY: R.M. Mones
VERIFIER: A.T. Sarawit

Wind Pressure
Coefficients for
Cylinder

1.5

o
n

o

P
<

Pressure Coefficient, Cp

1
=
(9]

N

-2

Angle from Stagnation Point, degrees

0 30 60 90 120 150 180

Pressure Coefficient, Cp

Wind Pressure
Coefficients for
Sphere

1.5

©
n

S
w (e]
]

'
-

N

0 30 60 90 120 150 180
Angle from Stagnation Point, degrees

1
=
(%]

'
N
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Average Wind Pressures,
Wind hitting CEB at AZ 90 degrees, EI. 45 ft

Average Wind Pressures,
Wind hitting CEB at AZ 90 degrees, El. 75 ft

——External Wind Pressure
Wind hitting CEB at AZ 90 degrees
Plot of average wind pressures at El. 45 ft
Grey dashed lines represent bands of 50 psf

——External Wind Pressure
Wind hitting CEB at AZ 90 degrees
Plot of average wind pressures at El. 75 ft
Grey dashed lines represent bands of 50 psf

Average Wind Pressures,
Wind hitting CEB at AZ 90 degrees, El. 110 ft

Average Wind Pressures,
Wind hitting CEB at AZ 90 degrees, El. 175 ft

——External Wind Pressure
Wind hitting CEB at AZ 90 degrees
Plot of average wind pressures at EI. 110 ft
Grey dashed lines represent bands of 50 psf

—— External Wind Pressure
Wind hitting CEB at AZ 90 degrees
Plot of average wind pressures at El. 175 ft
Grey dashed lines represent bands of 50 psf

Figure 6. External Wind Pressures Acting on CEB at Various Elevations
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Figure 7. Maximum Acceleration Profiles for OBE
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Figure 8. Maximum Acceleration Profiles for SSE
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Figure 9. Horizontal SSE Spectra [8]

(Horizontal OBE Spectra are obtained by reducing SSE values by 50%)
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Figure 10. Vertical SSE Spectra [8]
(Vertical OBE Spectra are obtained by reducing SSE values by 50%)
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Figure 11. Comparison of Below-Grade Hoop ASR Strains with Crack Index Measurements

Note: FEA Strains for ASR are plotted at El. -30 ft and El. +10 ft, which correspond to the minimum and maximum
elevations of below-grade CI grids.
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Figure 12. Comparison of Below-Grade Meridional ASR Strains with Crack Index Measurements

Note: FEA Strains for ASR are plotted at El. -30 ft and El. +10 ft, which correspond to the minimum and maximum
elevations of below-grade ClI grids.

| A5 R9E5F42026 of 526 =116~ Revision 0



SIMPSON GUMPERTZ & HEGER

|
| PROJECT NO: 150252
\

Azimuth

= Hoop Strain, FEA, Unfactored ASR Load Case, El. 50 ft

Engineering of Structures
and Building Enclosures DATE: 31 July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit
0.0010
0.0008 -E
=
= L
e -
(%} L
& 0.0006 +
o L
I =
0.0004 +
[ °
0.0002 + o
E o® &
L < & <o
OOOOO 1--.:::-:--.xn--n::nunun:n:;;u|||||
| 0 90 180 270 360
|
|
i = Hoop Strain, FEA, Unfactored ASR Load Case, El. 25 ft
\
|
|

¢ Hoop Strain, based on 2016 Cl measurements

Plat 1h
g [8]1

Figure 13. Comparison of Above-Grade Hoop ASR Strains with Crack Index Measurements

Note: Comparison is for strains and Cl measurements between grade (El. +20 ft) and the springline (EIl. +119 ft).
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Figure 14. Comparison of Above-Grade Meridional ASR Strains with Crack Index Measurements

Note: Comparison is for strains and Cl measurements between grade (El. +20 ft) and the springline (EIl. +119 ft).
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Figure 15. Comparison between As-Deformed Condition Simulations and Field Measurements
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Figure 16. Comparison between As-Deformed Condition Simulations and Field Measurements
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Figure 19. Axial Force Acting in Hoop Direction for Combination NO_1 for
the Standard Analysis Case
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Figure 20. Axial Force Acting in Hoop Direction for Combination OBE_1 for
the Standard Analysis Case
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Figure 21. Axial Force Acting in Hoop Direction for Combination NO_1 for
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Figure 23. Axial Force Acting in Meridional Direction for Combination OBE_1 for
the Standard Analysis Case
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Figure 25. In-Plane Shear Force for Combination NO_1 for the Standard Analysis Case
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Figure 26. In-Plane Shear Force for Combination OBE_1 for the Standard Analysis Case
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Figure 27. In-Plane Shear Force for Combination NO_1 for
the Standard-Plus Analysis Case
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Figure 28. Out-of-Plane Shear Force (Along Meridional-Radial Plane) for Combination NO_1 for
the Standard Analysis Case
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Figure 29. Out-of-Plane Shear Force (Along Meridional-Radial Plane) for Combination OBE_1 for
the Standard Analysis Case
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Figure 30. Out-of-Plane Shear Force (Along Meridional-Radial Plane) for Combination NO_1 for
the Standard-Plus Analysis Case
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Figure 31. Out-of-Plane Shear Force (Along Hoop-Radial Plane) for Combination NO_1 for
the Standard Analysis Case
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Figure 32. Out-of-Plane Shear Force (Along Hoop-Radial Plane) for Combination OBE_1 for
the Standard Analysis Case
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Figure 33. Out-of-Plane Shear Force (Along Hoop-Radial Plane) for Combination NO_1 for
the Standard-Plus Analysis Case
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Figure 34. Out-of-Plane Bending Moment (About Meridional Axis) for Combination NO_1 for
the Standard Analysis Case
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Figure 35. Out-of-Plane Bending Moment (About Meridional Axis) for Combination OBE_1 for
the Standard Analysis Case
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Figure 36. Out-of-Plane Bending Moment (About Meridional Axis) for Combination NO_1 for
the Standard-Plus Analysis Case
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Figure 37. Out-of-Plane Bending Moment (About Hoop Axis) for Combination NO_1 for
the Standard Analysis Case
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Figure 38. Out-of-Plane Bending Moment (About Hoop Axis) for Combination OBE_1 for
the Standard Analysis Case
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Figure 39. Out-of-Plane Bending Moment (About Hoop Axis) for Combination NO_1 for
the Standard-Plus Analysis Case
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Figure 40. DCRs for Axial Compression in Hoop Direction for Combination NO_1 for
the Standard Analysis Case
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Figure 41. DCRs for Axial Compression in Hoop Direction for Combination OBE_1 for
the Standard Analysis Case
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Figure 42. DCRs for Axial Compression in Hoop Direction for Combination NO_1 for
the Standard-Plus Analysis Case
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Figure 43. DCRs for Axial Compression in Meridional Direction for Combination NO_1 for
the Standard Analysis Case
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Figure 44. DCRs for Axial Compression in Meridional Direction for Combination OBE_1 for
the Standard Analysis Case
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Figure 45. DCRs for Axial Compression in Meridional Direction for Combination NO_1 for
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Figure 46. DCRs for In-Plane Shear for Combination NO_1 for
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Figure 47. DCRs for In-Plane Shear for Combination OBE_1 for
the Standard Analysis Case
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Figure 48. DCRs for In-Plane Shear for Combination NO_1 for
the Standard-Plus Analysis Case
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Figure 49. DCRs for Out-of-Plane Shear (acting on hoop-radial plane) for Combination NO_1 for
the Standard Analysis Case
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Figure 50. DCRs for Out-of-Plane Shear (acting on hoop-radial plane) for Combination OBE_1 for
the Standard Analysis Case
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Figure 51. DCRs for Out-of-Plane Shear (acting on hoop-radial plane) for Combination NO_1 for
the Standard-Plus Analysis Case
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Figure 52. DCRs for Out-of-Plane Shear (acting on meridional-radial plane) for Combination NO_1
for the Standard Analysis Case
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Figure 53. DCRs for Out-of-Plane Shear (acting on meridional-radial plane) for Combination
OBE_1 for the Standard Analysis Case
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Figure 54. DCRs for Out-of-Plane Shear (acting on meridional-radial plane) for Combination NO_1
for the Standard-Plus Analysis Case
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Figure 55. DCRs for Axial-Flexure Interaction in the Hoop Direction for Combination NO_1 for
the Standard Analysis Case
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Figure 56. DCRs for Axial-Flexure Interaction in the Hoop Direction for Combination OBE_1 for
the Standard Analysis Case
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Figure 57. DCRs for Axial-Flexure Interaction in the Hoop Direction for Combination NO_1 for
the Standard-Plus Analysis Case
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Figure 58. DCRs for Axial-Flexure Interaction in the Meridional Direction for Combination NO_1
for the Standard Analysis Case
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Figure 59. DCRs for Axial-Flexure Interaction in the Meridional Direction for Combination OBE_1
for the Standard Analysis Case
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Figure 60. DCRs for Axial-Flexure Interaction in the Meridional Direction for Combination NO_1
for the Standard-Plus Analysis Case
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Figure 61. Section Cut Resultant Forces and Moments at Cut Centroid
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Figure 62. PM Interaction Diagram at Section Cut 28 Showing Elevated Tensile Demands (Prior to
Adjustment of Meridional Stiffness at El. +45.5 ft and AZ 240)
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Figure 63. PM Interaction Diagram at Section Cut 28 after Adjustment of Meridional Stiffness at
El. +45.5 ft and AZ 240)
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Figure 64. PM Interaction Check for Standard Analysis Case prior to Moment Redistribution
(Section Cut 19)
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Figure 65. PM Interaction Check for Standard Analysis Case prior to Moment Redistribution
(Section Cut 22)
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Figure 66. PM Interaction Check for Standard Analysis Case after Moment Redistribution
(Section Cut 19)
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Figure 67. PM Interaction Check for Standard Analysis Case after Moment Redistribution
(Section Cut 22)
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Figure 68. PM Interaction Check for Standard-Plus Analysis Case prior to Moment Redistribution
(Section Cut 19)
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Figure 69. PM Interaction Check for Standard-Plus Analysis Case prior to Moment Redistribution
(Section Cut 22)
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Figure 70. PM Interaction Check for Standard-Plus Analysis Case after Moment Redistribution
(Section Cut 19)
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Figure 71. PM Interaction Check for Standard-Plus Analysis Case after Moment Redistribution
(Section Cut 22)
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Figure 72. PM Interaction Check for Standard-Plus Analysis Case (Section Cut 14)
(No Moment Redistribution Needed)
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Figure 73. PM Interaction Check for Standard-Plus Analysis Case (Section Cut 15)
(No Moment Redistribution Needed)
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Figure 75. PM Interaction Checks at Base of Wall between AZ 270° and 360° for Standard-Plus
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Axial tension in meridional (vertical) direction
at base of wall away from edge

Axial compression in meridional (vertical) direction
at base of wall near edge(s)

Figure 76. lllustration of Axial Force Couple Resisting Out-of-Plane Pressures at the Base of Wall

(sketch only, not to scale)
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Figure 77. DCRs for In-Plane Shear for Combination OBE_1
(100% E., 40% N., 40% Vert. Down) for the Standard Analysis Case
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Figure 78. DCRs for In-Plane Shear for Combination OBE_3
(100% E., 40% N., 40% Vert. Down) for the Standard Analysis Case
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Figure 79. DCRs for In-Plane Shear for Combination OBE_1
(40% E., 100% N., 40% Vert. Down) for the Standard Analysis Case
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Figure 80. DCRs for Out-of-Plane Shear for Combination OBE_1
(100% E., 40% N., 40% Vert. Down) for the Standard Analysis Case
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Figure 81. DCRs for In-Plane Shear for Combination OBE_3
(100% W., 40% N., 40% Vert. Up) for the Standard-Plus Analysis Case
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Figure 82. DCRs for In-Plane Shear for Combination OBE_1
(100% W., 40% N., 40% Vert. Up) for the Standard-Plus Analysis Case
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Figure 83. DCRs for In-Plane Shear for Combination OBE_1
(40% E., 100% N., 40% Vert. Down) for the Standard-Plus Analysis Case
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Figure 84. DCRs for Out-of-Plane Shear for Combination OBE_3
(100% E., 40% N., 40% Vert. Down) for the Standard-Plus Analysis Case

150252-CA-02 - 156 - Revision 0

FP 100985 Page 156 of 526



SIMPSON GUMPERTZ & HEGER y

L PROJECT NO: 150252
Engineering of Structures
and Building Enclosures DATE: 31 July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit
1. REFERENCES
[1] Simpson Gumpertz & Heger, Inc., Criteria Document for Evaluation and

Design Confirmation of As-Deformed Containment Enclosure Building
at Seabrook Station in Seabrook, NH, Document No. 150252-CD-03,
Revision 0, Waltham, MA, 27 July 2016.

[2] Simpson Gumpertz & Heger, Inc., Phase 1A Investigation of Apparent
Movement of the Containment Enclosure Building at the NextEra
Energy Seabrook Station, NH, Report No. 150252-SVR-01-R1,
Revision 1, Waltham, MA, 25 June 2015. :

[3] Simpson Gumpertz & Heger, Inc., Joint Width Measuremenits at
Twenty-Five Seismic Isolation Joint Locations to Support Root Cause
Evaluation of Apparent Movement of CEB, NextEra Energy Seabrook
Facility, Seabrook, NH, Report No. 150252-SVR-02-R1, Revision 1,
Waltham, MA, 28 September 2015.

[4] Simpson Gumpertz & Heger, Inc., Annulus Width Measurements
between CEB and CB at Springline, Investigation of Movement
between CEB and CEVA Building, and ASR Inspection on the Exterior
of the CEB at NextEra Energy Seabrook Station, Seabrook, NH, Report
No. 150252-SVR-03-R0, Revision 0, Waltham, MA, 25 March 2016.

[5] Simpson Gumpertz & Heger, Inc., March 2016, Joint Width
Measurements at Twenty-Five Seismic Isolation Joint Locations fto
Support Root Cause Evaluation of Apparent Movement of CEB,
NextEra Energy Seabrook Facility, Seabrook, NH, Report No. 160144-
SVR-03-R0, Revision 0, Waltham, MA, 27 May 2016.

[6] Simpson Gumpertz & Heger, Inc., Development of ASR Load Factors
for Seismic Category | Structures at Seabrook Station, Seabrook, NH,
Report No. 160268-R-01, Revision 0, Waltham, MA, 27 July 2016.

[7] Seabrook, Updated Final Safety Analysis Report.

[8] Seabrook, System Description for Structural Design Criteria for Public
Service Company of New Hampshire Seabrook Station Unit Nos. 1 & 2,
Document No. SD-66, Revision 2, 2 March 1984.

[9] Simpson Gumpertz & Heger, Inc., Additional ASR-Related Inspections
and Cl Measurements at Forty-Two Locations to Support the Root
Cause Evaluation of Apparent Movement of CEB, NextEra Energy
Seabrook Facility, Seabrook, NH, Report No. 150252-SVR-05-RA,
Revision A, Waltham, MA, 11 July 2016.

[10] Simpson Gumpertz & Heger, Inc., Quality Assurance Manual for

Nuclear Facility Work, Revision 7, Waltham, MA, 18 November 2013.
[11] American Concrete Institute, Building Code Requirements for

Reinforced Concrete and Commentary, ACI 318-71, ACI Committee
318, American Concrete Institute, Detroit, MI, 1971.

150252-CA-02 - 157 - Revision 0

FP 100985 Page 157 of 526



SIMPSON GUMPERTZ & HEGER

i i PROJECT NO: 150252
Engineering of Structures
and Building Enclosures DATE: 31 July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit }
|
[12] United Engineers & Constructors Inc., Seabrook Station Structural |
Drawings. '
[13] Ellingwood, B. et al., Development of a Probability Based Load

Criterion for American National Standard A58, NBS Special Publication
577, June 1980.

[14] The Institution of Structural Engineers, Structural effects of alkali-silica
reaction, 1992.
[15] Clark, L.A., “Critical Review of the Structural Implications of the Alkali

Silica Reaction in Concrete”, Transport and Road Research Laboratory
Contractor Report 169, 1988.

[16] MPR, “Seabrook Station - Implications of Large-Scale Test Program
Results on Reinforced Concrete Affected by Alkali-Silica Reaction,”
MPR-4273 (Seabrook FP# 101050), Revision 0, July 2016.

[17] MPR, “Seabrook Station: Impact of Alkali-Silica Reaction on the
Structural Design Evaluations,” MPR-4288 (Seabrook FP# 101020),
Revision 0, July 20186.

[18] ANSYS Inc., ANSYS Mechanical APDL, Release 15, 2013.

[19] Simpson Gumpertz & Heger Inc., Verification and Validation of ANSYS
15.0 Structural, Revision 0, Waltham, MA, 28 May 2015.

[20] Simpson Gumpertz & Heger Inc., ANSYS 15.0 Structural Software
Requirements Specification (SRS), Revision 0, Waltham, MA, 28 May
2015.

[21] American Concrete Institute, Prediction of Creep, Shrinkage, and
Temperature Effects in Concrete Structures, ACl 209R-92, 1992.

[22] Mohammed, T. U. et al., “Alkali-Silica Reaction-Induced Strains over

Concrete Surface and Steel Bars in Concrete”, ACI Materials Journal,
V. 100, No. 2, March-April 2003.

[23] Simpson Gumpertz & Heger, Inc., Letter Report, Report No. 1560252-L-
04, Revision 0, Waltham, MA, 26 June 2015.
[24] United Engineers & Constructors Inc., Containment-Enclosure Building

(019), Calculations CE-3 (Rev. 3), CE-4 (Rev. 6), CE-5 (Rev. 3), CE-7
(Rev. 4), SBSAG-3CE (Rev. 1), and SBSAG-4CE (Rev. 0), Mar 1977 to

Aug. 1983.

[25] Structure Point, spColumn, Release v4.81, 2013.

[26] Simpson Gumpertz & Heger Inc, spColumn v4.81 Commercial Grade
Software Dedication Plan/Report, Revision 0, Waltham, MA, July 2014.

[27] Wood, R. H., “The reinforcement of slabs in accordance with a pre-
determined field of moments”, Concrete, Vol. 2 (2), February, pp. 69-
76, May 1968.

150252-CA-02 - 158 - Revision 0

FP 100985 Page 158 of 526




\\‘x
SIMPSON GUMPERTZ & HEGER y

o PROJECT NO: 150252
Engineering of Structures
and Building Enclosures DATE: 31 July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit
[28] American Society of Civil Engineers, Seismic Design Criteria for
Structures, Systems, and Components in Nuclear Facilities, ASCE/SEI
43-05, 2005.
[29] Simpson Gumpertz & Heger, Inc., Geotechnical Assessment of the
CEB, Report No. 150252-R-01, Revision 0, Waltham, MA, 22 June
2015.
[30] Saouma, V. and Perotti, L., “Constitutive Model for Alkali-Aggregate
Reactions”, ACI Materials Journal, V. 103, No. 3, May-June 20086.
[31] Seabrook, Seismic Isolation Gaps Between Structures Less Than
Specified Value, AR02044627, AR Assignment 2, Revision 2, 1 July
2015.
[32] Simpson Gumpertz & Heger, Inc., Field Investigation, Calculation No.
110594-CA-01, Revision 0, Waltham, MA, 20 March 2012.
[33] Simpson Gumpertz & Heger, Inc., Cracking Index (Cl) Determination,

SGH Z014-13, Revision 2, Waltham, MA, 27 May 2015.

150252-CA-02 =159 - Revision 0

FP 100985 Page 159 of 526



»\*"\
SIMPSON GUMPERTZ & HEGER »

i 3 PROJECT NO: 150252
Engineering of Structures
and Building Enclosures DATE: July 2016
CLIENT: NextEra Energy Seabrook BY: A.T. Sarawit
SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: N/A
INDEPENDENT VERIFICATION CHECKLIST
Project Number: Document No. and Revision No.: Document Type:
150252 150252-CA-02 Rev. 0 Calculation
Scope of Review:
Calculation Body and Appendices
Method of Verification: [X| Design Review [ ] Alternate Calculation [ ] Qualification Test
Y N N/A
X ! [0 | Are assumptions, opinions, judgments, and technical approaches correct?
X 1 O | 1) Are assumptions, used to perform the design or analysis activity identified?
X ! O | 2) Are the assumptions adequately described and reasonable?
X O [0 | 1) Are applicable codes, standards, and regulatory requirements properly identified?
| | X | 2) Are their requirements for design or analysis met?
X [ 1 | Is an appropriate design or analysis method used?
[ [1 | Are the calculations, drawings, graphs, and tables technically complete?
| O Are the design inputs correctly selected and incorporated into design?
X [ 1 | 1) Is the name and version of the computer program(s) or routine(s) used stated?
X I O |2) Have they been verified and approved for use in accordance with SGH approved
procedures?
X O [1 | 3)Is their use appropriate for the problem?
X | [1 | Are results interpreted correctly?
X | 1 | Are results, conclusions, and recommendations reasonable?
X 1 ] | Are the organization and clarity of calculations or other design documents adequate?
n ] X Are the necessary design inputs for interfacing organization specified in the design documents
or in supporting procedures or instructions?
~ Are Checker Assignment and Review Sheets Exhibit 3.7 used (see sheet attached) and
O | 0| KX
properly completed?
| Other items
for checklist,
1 if necessary,
added by the
] PIC or PM.
Independent Verifier:
Andrew T. Sarawit % = 31 July 2016
Printed Name Signature Date
*Any calculations, comments, or notes generated as part of this review should be signed, dated, and attached to this checklist. Such material should
be labeled and recorded in such a manner as to be intelligible to a technically qualified third party.

EP 3.1 EX3.5R4
Date: 12 October 2015

160252-CA-02 Appendix A -A-1- Revision 0

FP 100985 Page 160 of 526




CLIENT:

SUBJECT:

\\
SIMPSON GUMPERTZ & HEGER b

i 5 PROJECT NO: 150252
Engineering of Structures
and Building Enclosures DATE: July 2016
NextEra Energy Seabrook BY: A.T. Sarawit
Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: N/A

INDEPENDENT VERIFICATION COMMENT SHEET

SIMPSON GUMPERTZ & HEGER

Engineering of Structures
and Building Enclosures
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Independent Verifier: Andrew T. Sarawit

Comments

Resolution

Technical comments:

1) Page i, Objective Overview — What about
measurements prior to 2015, are they used at
in this calculation?

2) Page 18, 3™ builet — Is it true that the
assessment of CEB deformations is based on
measurements relative to the CB which is
assumed to not have deformed or moved? If
s0, this should be stated as an assumption.

3) Page 19, JAQ3, last sentence — please
describe how the crack section is modeled in
terms of flexural and axial stiffnesses.

4) Page 21, 1st paragraph, please clarify what
is meant by “performed and qualified”

5) Page 26, Section 6.2, description of
Analysis Steps 1 and 2 — In Step 1, sustained
load includes gravity. In step 2, gravity load is
applied again so the deflections from step 2
double counts gravity. Unlikely not an issue
for strength check, but deflections from step 2
would be off. This should be stated in this
section.

Technical comments:

1) For each measurement (including crack
indices), the most recent measurement is used
in this calculation. Measurements prior to
2011 are available, but those measurements
have been superseded by more recent
measurements.

2) This has been added to JAOS.

3) The model has been revised to not use
cracked section properties.

4) This paragraph is describing that both the
Standard and the Standard-Plus Analysis
Cases are evaluated against ACI 318-71
criteria. The text has been clarified.

5) This has been addressed in the Revision 0
criteria document for this calculation. A
reference to Section 9.1 of the Criteria
Document has been added to the calculation
report after listing analysis steps.
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Comments Resolution

6) Page 44, last sentence of Section 6.4.1 —
Why would the ASR strains computed by the
FEA be a conservative representation of the
Cl measurement?

7) Page 46, 3rd paragraph — why are the
tensile forces at the base of wall considered to
be fictitious?

8) Page 50, Section 7.1.2 — Why is it okay to
not take into account the effect the ASR-
induced prestress when performing axial-
flexure interaction evaluations?

9) Page 66, Section 7.4.6 — Add evaluation
results discussion for the springline location.

10) Page 69, Section 7.5.1 — Add discussion
on axial tension, in-plane shear, and out-of-
plane bending at the base of the wall.

11) Page 70, Section 7.6 — Add a discussion
to mention that preliminary field inspections
found gap between CEB and CB at the missile
shield is zero or near-zero.

12) Appendix H — Figures H27, H59, H88,
show high in-plane shear forces. The in-plane
shear demand forces goes down as the wall
section cut length increases, because the
shear demand at some point starts to reverse

direction. Please discuss and justify the
section cut wall length selected for
evaluation.

13) Appendix |, Revise stability calculations to
consider buoyancy.

6) It is assumed that all cracking associated
with the Cl measurement is from ASR of the
wall. This is conservative because some of
the cracks are realistically from effects such as
shrinkage and external loads.

7) This statement has been removed and the
tensile forces at the base of the wall are
described and evaluated.

8) This sentence was misleading and has
been removed. ASR demands are included
when performing PM interaction evaluations.
The section is evaluated as a reinforced
concrete section. Prestressed concrete
provisions are not used.

9) The elevated demands at the springline
identified in this section were related to
misplaced boundary conditions in a
development model and have been resolved.

10) See Section 7.6.1.

11) This has been added as Unverified
Assumption UAO1.

12) Section cut evaluations for in-plane shear
use cut lengths up to 90 degrees or about
125 ft. The use of this wall length is justified
because design in-plane shear demands
would cause the CEB wall to crack and
redistribute load to mobilize the entire wall
segment. Since these section cuts are used
for evaluation of in-plane shear in the main
body of the calculation, this is clarified in
Section 7.6.1 (within the in-plane shear
subheading)

13) Appendix | has been revised.
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14) Appendix O, Revise cover quantities for
critical section cut (Section Cut 22) to use
actual design values rather than conservative
values.

15) Cover page, overview of method of
approach - reads like it is unclear to us if CEB
and CB are already in contact at some
locations. Why can't we just give this as a fact
based on our field inspection findings.

16) Page 18, "... monitoring is performed by
comparing the average measurement" - okay
for CCI but for gap clearance | think should be
minimum instead.

17) page 18, “... action should be taken to
ensure validity if the calculation conclusions” —
recommend to change to say that corrective
action should be taken.

18) page 59, we should say some where
before “The small demand-to-capacity ratio
..." that exceedance of the first criteria does
not imply a non-conformance as the section
may still have sufficient shear friction capacity

19) It isn’t clear from reading on how we came

up with the 1 inch of needed clearance at the
missile shield.

20) Figures 68, 89, are not referenced.

Editorial comments/suggestions:

14) Revised in Appendix O.

15) The site visit report containing specific
measurement data has not been issued at this
time, therefore specific conditions at the
missile shield cannot be stated.

16) Threshold monitoring revised to
recommend performing that corrective action
when a threshold Ilimit for a given
displacement measurement is approached.

17) See response to item 16 above.

18) Revised.

19) The 1 inch of clearance needed at the
missile shield is computed by assuming a 0.0
in. remaining joint clearance and then back-
calculating the required seismic gap width.
Additional clarity has been added to the
equations in Section 7.7 and Tables 16 and
17.

20) Figure references have been added to the
text.

1) Page i, Overview of Method and | Editorial comments/suggestions:
Assumptions — Revise * by performing | 1) Revised

response spectrum analysis” to “... from

response spectrum analysis”
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2) Page 19, JAO2, revise “... as the section | 2) Revised
attempts to expand.” to “... as the concrete
attempts to expand.”
3) Page 22 and 99 — Figure 1 is not referred to | 3) Revised
in the text body of the calculation.
4) Page 27, Section 6.2.11 - Revise | 4) Revised
“Membrane elements (Shell181)” to
“Membrane elements (Shell181 with

membrane stiffness only)”

5) Page 32, 3rd bullet — adding a figure would
help describe the inward pressure
distributions.

6) Page 39, Section 6.3.2 — add a sentence
before subheading loads, “These loads are
described in this section as follows”.

7) Page 42, Section 6.4 — revise “...profiles in
presented in...” to “..profiles is presented
in..."

8) Page 49, Section 7.1, last sentence — revise
“exceedance is identified and justified” to
“structure satisfies the requirements”

5) The inward pressure distributions are
illustrated in Appendix J. Reference to
Appendix J added to this section.

B) Revised

7) Revised

8) This sentence has been changed to be
clearer.

9) Page 54, Section 7.2, 1st sentence - | 9) Revised
revised “although” to “because”

10) Page 61, last equation, revise “> P,” to “< | 10) Revised
P,

11) Page 67, Section 7.5.1, 3rd bullet, revise | 11) Revised
‘wall on the edge(s)” to “wall near the

openings”

12) Page 75, Table 4, in the 2nd equation, | 12) Revised
revise “... 1.0S, + 1.0 S,  to “... 1.0Sy’

13) Page 79, Table 8 — Revise “Table 4” to | 13) Revised
“Table 5”, at multiple places.\
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SUBJECT:

SIMPSON GUMPERTZ & HEGER >

Engineering of Structures
and Building Enclosures

CLIENT: NextEra Energy Seabrook

PROJECT NO: 150252

DATE: July 2016

BY: A.T. Sarawit

Evaluation and Design Confiation of As-Deformed CEB VERIFIER: N/A

Comments

Resolution

14) Appendix E — EF, IF, and OF should be
defined somewhere in the calculation as “Each
Face”, “Inside Face”, and “Outside Face”.

15) Appendix F, Section F7, 1st sentence —
revise “Figure 1” to “Figure F.1”

16) Appendix G, Page J-1 — Revise appendix
title “...Load Combinations without
As-Deformed...” to “...Load Combinations for
Original Design Analysis Case without
As-Deformed...”

17) Appendix G, Section G3 — Revise “... are
neglected in this analysis...” to *“ are
excluded in this analysis...”

18) Appendix H, Page H-1 — Revise wording of
sentence beginning with “The goal of the
moment redistribution...” to more clearly
explain that moment redistribution simulates
plasticity behavior.

19) Appendix J, no comments

20) Appendix K, Update PM Interaction
diagram example figures to match updated
example computation results

21) Appendix K, Clarify why DCR for out-of-
plane shear taken as minimum of two
computed values.

14) Revised

15) Revised

16) Revised

17) Revised
18) Revised
19) No revisions required
20) Revised

21) Section 7.1.5 in the main body of the
calculation discusses the out-of-plane shear
evaluation methodology.

22) Appendix L, Page L-2 — revise “a stress | 22) Revised

profile that satisfies” to “a stress profile that

satisfies static equilibrium”

23) Appendix L, Page L-2 — revise “initial | 23) Revised

stress of £100 psi” to “initial stress gradient of

+100 psi”

24) Appendix L, Figures L6, L7, and L8 | 24) Revised

legend labels, revise “Redistribution, Case M”

to “Redistribution, 12.2*Case M”"
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CLIENT:

SUBJECT:

SIMPSON GUMPERTZ & HEGER ;

X . PROJECT NO: 150252
Engineering of Structures
and Building Enclosures DATE: July 2016
NextEra Energy Seabrook BY: A.T. Sarawit
Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: N/A
Comments Resolution
25) Appendix M, Page M-2 - Revise “The | 25) Revised

static load combination NO_1 for the Standard
Analysis Case is reevaluated’, to Standard-
Plus.

26) Appendix M, Page M-2, Explain why
Figures M1 and M5 use different PM
interaction capacities.

27) Appendix N — Revise “Figure M-1" to
“Figure N-1”, “Figure M-2" to “Figure N-2”, and
KS[M-1]” to ZI[N-1]H.

28) Appendix N, Table N-1 — Revise “T" to
“Thickness”, and “in*2” to “in.?’

29) Figures are not in sequence

26) Sentence added to the appendix to clarify.

27) Revised

28) Revised

29) Some figures/tables have been resorted to
be in order, but not all.

30) Revised
30) On page 25, revise “Figure 7 and 8” to
“Figures 7 and 8”
Resolution by: p’f‘/ Mo 713112016
Accepted by: %S):’ 713112016
Form EP3.1 EX3.6 R2
Date: 28 April 2010
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SIMPSON GUMPERTZ & HEGER

Engineering of Structures PROJECT NO: 150252
and Building Enclosures DATE: July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: _ Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit
APPENDIX B N
COMPUTER RUN IDENTIFICATION LOG SIMPSON GUMPERTZ & HEGER »
Engineering of Structures
and Building Enclosures
Client: NextEra Energy Seabrook Page 1 of 13
Project: Evaluation and Design Confirmation of As-Deformed CEB
Project No.: 150252 Subcontract No.: N/A Calculation No.:  150252-CA-02
Run No. Title Program/Ver.* Hardware | Date Files
10A_r0 Standard Analysis Case ANSYS 15 Cluster3g® | 7/19/2016 Note C
10B7_r0 Standard-Plus Analysis Case ANSYS 15 Cluster3g® | 7/25/2016 Note C
10D_r0 Evaluation w/o ASR and SS loads Note D Cluster3g® | 7/19/2016 Note D
10E_r0 Parametric Study on ASR at Springline ANSYS 15 Cluster3g® | 7/19/2016 Note C
10G_r0 Analysis and Evaluation of Standard-Plus ANSYS 15 Cluster3g® | 7/28/2016 Note C
Analysis Case for Combination NO_1 with
Simulated Concrete Cracking at El. +45.5 and
AZ 240
10AR_r0 Standard Analysis Case with Moment ANSYS 15 Cluster3g® | 7/26/2016 Note C
Redistribution (limited to combination NO_1)
10BR7_r0 Standard-Plus Analysis Case with Moment ANSYS 15 Cluster3g® | 7/30/2016 Note C
Redistribution (limited to combination NO_1)
10BR7E_r0 Standard-Plus Analysis Case with Moment ANSYS 15 Cluster3g® | 7/27/2016 Note C
Redistribution (limited to combination OBE_4)
150252-CA-02 Appendix B -B-1- Revision 0 EP 3.1 EX 3.4 R2
Date: 1 Sept 2012
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SIMPSON GUMPERTZ & HEGER

Engineering of Structures PROJECT NO: 150252
and Building Enclosures DATE: July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit

Run No. Title Program/Ver.* Hardware | Date Files

10B_r0 Standard-Plus Analysis Case (for comparison ANSYS 15 Cluster3g® | 7/18/2016 Note C
with Analysis Case 10E_r0 in Appendix J)

10B4_r0 Parametric Study Comparison Case 1 ANSYS 15 Cluster3g® | 7/21/2016 Note C
(Referenced in Appendix J)

10B5_r0 Parametric Study Comparison Case 2 ANSYS 15 Cluster3g® | 7/22/2016 Note C
(Referenced in Appendix J)

Parametric_ Baseline for comparison of with Parametric ANSYS 15 Cluster3g® | 9/11/2015 Note C

Study_Set A Study Set H (Referenced in Appendix J)

Parametric__ Parametric Study with Reduced Concrete ANSYS 15 Cluster3g® | 9/14/2015 Note C

Study_Set H Elastic Modulus (Referenced in Appendix J)

H_15_601_705 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note D
H_15 601_705

H_15_602_703 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H 15 602_703

H_15_603_705 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_15 603_705

H_15_603_706 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_15 603 706

H_15_604_702 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_15 604 702

H_15_604_704 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_15 604_704

H_15_604_705 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_15 604_705 )

H_15_604_706 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_15_604_706

H_15_805_702 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_15 605 _702

H_15_605_705 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_15_605 705
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SIMPSON GUMPERTZ & HEGER

Engineering of Structures PROJECT NO: 150252
and Building Enclosures DATE: July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: _ Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit

Run No. Title Program/Ver.” | Hardware | Date Files

H_15_606_704 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a” | 6/6/2016 Note E
H_15_606_704

H_15_606_708 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_15 606 708

H_15_607_713 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_15 607 713

H_15_609_703 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H 15 609_703

H_15_615_703 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_15 615 _703

H_24 603 704 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_24 603 704

H_24 604_706 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H 24 604_706

H_27_602_703 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_27 602_703

H_27_609_703 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H 27 609 703

H_27_612_701 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H 27 612 701

H_27 _615_701 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H 27 615 701

H_27 _615_703 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H 27 615 703

H_27 615_709 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H 27 615 _709

H_27_617_709 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H 27 617_709

H_36_610_712 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E

H 36 610 712
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SIMPSON GUMPERTZ & HEGER ;

Engineering of Structures PROJECT NO: 150252
and Building Enclosures DATE: July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit

Run No. Title Program/Ver.A Hardware | Date Files

H_36_614_709 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_36_616_707 gg?neﬁirl;l\?/loliteraction Capacity of Section spColumn 4.81 | Cluster3a® | 6/6/2016 Note E
H_36_616_709 (Hlosr;splﬁclePl\ZIOItheraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_36_617_703 gofpuatéspl\jloliteraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_39_608_711 gosmspu(?c;?PlCloliteraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_39_613_710 gosmgﬁigsﬁlal:ﬂeraction Capacity of Section spColumn 4.81 | Cluster3a® | 6/6/2016 Note E
H_39 _615_703 (Hlssmgﬁi?l;l\?/:l?]teraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_39_619_710 lC_{)03m9pub;(1e5Pl\7/IOl?1terac’[ion Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_39_620_710 go?ngpuilgﬁl\znl?ﬂeracﬁon Capacity of Section spColumn 4.81 Cluster3a” | 6/6/2016 Note E
H_39_620_711 IC-l)oglgpufﬁoPl\7ll1l(r)1’teraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_39_622_711 l(-12—<;3m9pu(?cioPl\7ll1I:1teraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_48 611_710 CnggquuiizPl\TI:]teraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_48_618_710 (l-‘,io;Spus'c:Pl\?/nl?lteraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
H_48_621_710 go4meu§a1asPl\7/I1l(r)lteraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_15_601_705 §O%ZUZ%:PI\Z:)IOEteraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
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Engineering of Structures PROJECT NO: 150252
and Building Enclosures DATE: July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: _ Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit
Run No. Title Program/Ver.? Hardware | Date Files
M_15_602_703 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a” | 6/6/2016 Note E
M_15_602_703
M_15_603_705 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_15 603 705
M_15_603_706 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_15 603_706
M_15_604_702 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a” | 6/6/2016 Note E
M_15 604 702
M_15_604_704 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_15_604 704
M_15_604_705 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_15_604_705
M_15_604_706 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
_ M_15_604_706
M_15_605_702 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_15_605_702
M_15_605_705 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_15_605_705
M_15_606_704 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_15 606_704
M_15_606_708 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_15_606_708
M_15_607_713 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_15 607 713
M_15_609_703 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_15_609 703
M_15_615_703 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_15 615 _703
M_24 603_704 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_24 603 _704
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SIMPSON GUMPERTZ & HEGER

Engineering of Structures PROJECT NO: 150252
and Building Enclosures DATE: July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit

Run No. Title Program/Ver.* Hardware | Date Files

M_24_604_706 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a” | 6/6/2016 Note E
M_24 604 706

M_27_602_703 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_27 602 _703

M_27_609_703 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_27 609 703

M_27 612_701 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_27 612_701

M_27_615_701 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_27 615_701

M_27 615 _703 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_27 615 703

M_27_615_709 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_27 615_709

M_27_617_709 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M 27 617 709

M_36_610_712 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_36 610 712

M_36_614_709 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_36 614 709

M_36_616_707 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_36_616_707

M_36_616_709 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_36_616_709

M_36_617_703 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_36_617 703

M_39_608_711 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_39 608 711

M_39_613_710 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_39 613 710
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SIMPSON GUMPERTZ & HEGER ;

Engineering of Structures PROJECT NO: 150252
and Building Enclosures DATE: Juby 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: _ Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit

Run No. Title Program/Ver.? Hardware | Date Files

M_39_615_703 Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_39_619_710 Eﬂoi?)u?;il\mgteraction Capacity of Section spColumn 4.81 Cluster3a” | 6/6/2016 Note E
M_39_620_710 [\Cﬂoi?)u?;%hmgteraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_39_620_711 gﬂor?\?)uis (I)Dl\Tlgteraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_39_622_711 gﬂor?]?)u?(z (I)Dl\m:neraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_48 611_710 gori%u?ii’l\m:ﬂeracﬁon Capacity of Section spColumn 4.81 Cluster3a” | 6/6/2016 Note E
M_48 618 710 gﬂgri?)u?; 1Pl\z1lgteraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
M_48 621_710 go:qiu?;il\mgteraction Capacity of Section spColumn 4.81 Cluster3a® | 6/6/2016 Note E
Cut01_PM_mer gﬂo;iuf’fg LI\TIgteraction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut02_PM_mer gg:nogjute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut03_PM_mer gg:nopzute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut04_PM_mer ggtnopsute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut07_PM_mer ggkosute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut08_PM_mer gg:n0p7ute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut09_PM_mer gg:nopsute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E

Cut 09
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SIMPSON GUMPERTZ & HEGER ;

Engineering of Structures PROJECT NO: 150252
and Building Enclosures DATE: July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: _ Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit

Run No. Title . PrjogramNer.A Hardware | Date Files

Cut10_PM_mer Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut10

Cut11_PM_mer Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut 11

Cut14_PM_hoop Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut 14 ’

Cut15_PM_hoop Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut 15

Cut16_PM_hoop Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut 16 ‘

Cut17_PM_hoop Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut 17

Cut18_PM_hoop Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut 18

Cut19_PM_hoop Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut19 ' -

Cut20_PM_hoop Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut 20

Cut21_PM_hoop Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut 21

Cut22_PM_hoop Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut 22

Cut23_PM_hoop Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut23 ‘

Cut24_PM_hoop Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut 24

Cut25_PM_hoop Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut 25 :

Cut26_PM_hoop Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut 26
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and Building Enclosures DATE: July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit
Run No. Title Program/Ver.* Hardware | Date Files
Cut27_PM_hoop Compute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 6/28/2016 Note E
Cut28_PM_mer gg:n2p7ute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 7/26/2016 Note E
Cut29_PM_hoop gg:nzpsute PM [nteraction Capacity of Section spColumn 4.81 Cluster3a® | 7/26/2016 Note E
Cut30_PM_hoop gz:nngute PM Interaction Capacity of Section spColumn 4.81 Cluster3a® | 7/26/2016 Note E
m_15_el45az240 gg;?’poute PM Interaction Capacity of Section at | spColumn 4.81 Cluster3a® | 6/28/2016 Note E

El. +45.5 ft and AZ 240 (Referenced in
Appendix M)

See notes on next page
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Engineering of Structures
and Building Enclosures

CLIENT: NexiEra Energy Seabrook

SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB

Notes:
A ANSYS 15 is QA verified
spColumn 4.81 is QA verified

B Cluster3g information is provided below:
Model: Compute Blade E55A2
Serial Number: 4600E70 T201000293
Manufacturer: American Megatrends Inc.

PROJECT NO: 150252
DATE: July 2016
BY: R.M. Mones
VERIFIER: A.T. Sarawit

Operating System: Microsoft Windows NT Server 6.2 (x64)

Cluster3a information is provided below:
Model: Compute Blade E55A2

Serial Number: 4600E70 T148000168
Manufacturer: American Megatrends Inc.

Operating System: Microsoft Windows NT Server 6.2 (x64)

OO0

from 10A_r0.

E Input and output files for spColumn computer runs are listed in Table B3
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Engineering of Structures PROJECT NO: 150252

and Building Enclosures DATE: July 2016
CLIENT: NextEra Energy Seabrook BY: R.M. Mones
SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit

Table B1. Input files for ANSYS Computer Runs

SR_ILC_01_1_r0.apdl
SR_ILC_02_1 r0.apdl
SR_ILC_03_I r0.apdl
SR_ILC_04 _1_r0.apdl
SR_ILC_05_| r0.apdl
SR_ILC_06_|_r0.apd!
SR_ILC_07_|_r0.apd!
SR_ILC_08_| r0.apdl
SR_ILC_09_|_r0.apdl
SR_ILC_10_1_r0.apdi
SR_ILC_11_I_rO.apdl
SR_ILC_12_I_r0.apdl
SR_ILC_13_|_r0.apdl!
SR_ILC_14_]_r0.apdl
SR_ILC_15_]_r0.apdl
SR_ILC_16_]1_r0.apdI
SR_ILC_17_l r0.apd!
SR_ILC_18_] r0.apdl
SR_ILC_19 1 r0.apdl
SR_ILC_20 | r0.apd!
SR_ILC_21_]1_r0.apdl
SR_ILC_22 | r0.apdl
SR_ILC_23 |_r0.apdl
SR_1LC_24 | _r0.apd!
SR_ILC 25 | r0.apdl

SR_ILC_26_1_r0.apdl
SR_ILC_27_ 1 r0.apdl
SR_ILC_28 ] r0.apdl
SR_ILC_29 | r0.apdl
SR_ILC_30_| r0.apdi
SR_ILC_31_|_r0.apdi
SR_ILC_32_|_r0.apd!
SR_ILC_33 | r0.apd!
SR_ILC_34_|_r0.apdl
SR_ILC_35_1_r0.apdl
SR_ILC_36_]_r0.apdl
SR_ILC_38_|_r0.apdl
SR_ILC_39 | r0.apdl
SR_ILC_40_1 r0.apdl
SR_ILC_41_1_r0.apdl
SR_ILC_42_] r0.apdl
SR_ILC_43 ] r0.apdl
SR_ILC_44_|_r0.apdi
SR_ILC_45_|_r0.apdl
SR_ILC_46_|_r0.apdl
SR_ILC_47_]_r0.apd!
SR_ILC_48 | r0.apdl
SR_ILC_49 | r0.apdl
SR_ILC_50_1 r0.apdl
SR_ILC_51_1 r0.apd!

SR_MISC_ACCPROF_r0.apdl
SR_MISC_NODEMASS_r0.apd!
SR_MODEL1_BOUNDARY_A_r0.apdl
SR_MODEL1_CONN_BASE_HINGE_r0.apdl
SR_MODEL1_CONN_BASE_r0.apdl
SR_MODEL1_CONN_RADIAL_r0.apdI
SR_MODEL1_CONN_TANGENT_r0.apd]
SR_MODEL1_ELEMENTS_CONCRETE_r0.apdl
SR_MODEL1_ELEMENTS_STEEL_r0.apdl
SR_MODEL1_NODES_DEFORMED_r0.apdl
SR_MODEL1_NODES_r0.apdl
SR_MODEL1_PROPERTIES_A_r0.apdl
SR_MODEL1_PROPERTIES_B_r0.apdl
SR_MODEL1_PROPERTIES_C_r0.apdl
SR_MODEL1_PROPERTIES_D_r0.apdl
SR_RUN_DEFINE_CASENAMES_r0.apd]
SR_RUN_DEFINE_ILC_r0.apdl
SR_RUN_DEFINE_LCB_r0.apdl
SR_RUN_EXECUTE_r0.apd!
SR_RUN_SWITCHCOMBOSET _r0.apdl
SR_MODEL1_MKADJ5_r0.apdl
SR_MODEL1_MKADJ6_r0.apdl

Notes:

) Computer runs that use ANSYS 15 program utilize the input files listed in the above

table

. Files SR_ILC_43 1 r0.apdl through SR_ILC_51_|_r0.apdl,
SR_MODEL1_PROPERTIES_D r0.apdl, and SR_MODEL1_CONN_BASE_HINGE_r0.apdl
are used in computer runs 10AR_r0, 10BR7_r0, and 10G_rO only.

) Files SR_MODEL1_MKADJ5_r0.apdl and SR_MODEL1_MKADJ6_r0.apdl| are used in

computer run 10G_r0 only.

File SR_MISC_NODEMASS r0.apdl can be generated by SR_ILC_02_|_r0.apdI
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Table B2. Output files for ANSYS Computer Runs

SR_COMBOS_A r0.db
SR_COMBOS_B_r0.db
SR_COMBOS_C_r0.db
SR_COMBOS_D_r0.db
SR_COMBOS_E_r0.db
SR_COMBOS_F_r0.db
SR_COMBOS_G_r0.db
SR_COMBOS_H_r0.db
SR_COMBOS_|_r0.db
SR_COMBOS_J_r0.db
SR_COMBOS_K_r0.db
SR_ILC_01_I_r0.db
SR_ILC_02_|_r0.db
SR_ILC_03_| r0.db
SR_ILC_04_|_r0.db
SR_ILC_05_| _r0.db
SR_ILC_06_| _r0.db
SR_ILC_07_| _r0.db
SR_ILC_08_|_r0.db
SR_ILC_09_|_r0.db
SR_ILC_10_I_r0.db
SR_ILC_11__r0.db
SR_ILC_12_[ r0.db

SR_ILC_13_I_r0.db
SR_ILC_14_I_r0.db
SR_ILC_15_I_r0.db
SR_ILC_16_|_r0.db
SR_ILC_17_[_r0.db
SR_ILC_18_[_r0.db
SR_ILC_19_[_r0.db
SR_ILC_20_[_r0.db
SR_ILC_21_[_r0.db
SR_ILC_22 [ r0.db
SR_ILC_23_|_r0.db
SR_ILC_24_|_r0.db
SR_ILC_25_|_r0.db
SR_ILC_26_[_r0.db
SR_ILC_27_I_r0.db
SR_ILC_28_|_r0.db
SR_ILC_29_|_r0.db
SR_ILC_30_|_r0.db
SR_ILC_31_]_r0.db
SR_ILC_32_|_r0.db
SR_ILC_33_|_r0.db
SR_ILC_34_I_r0.db
SR_ILC_35_[_r0.db

SR_ILC_36_|_r0.db
SR_ILC_37_|_r0.db
SR_ILC_38_|_r0.db
SR_ILC_39_|_r0.db
SR_ILC_40_|_r0.db
SR_ILC_41_|_r0.db
SR_COMBOS_A_r0.I**
SR_COMBOS_B_r0.I**
SR_COMBOS_C_r0.I**
SR_COMBOS_D_r0.I**
SR_COMBOS_E_r0.I**
SR_COMBOS_F_r0.[**
SR_COMBOS_G._r0.I**
SR_COMBOS_H_r0.I**
SR_COMBOS_|_r0.I**
SR_COMBOS_J_r0.I**
SR_COMBOS_K_r0.I**

Notes:

. File extension “.I**" in above table represent “.101”, “.102”, “.103”, etc. up to “.[75".
s ANSYS computer runs generate one or more of these output files depending on the

purpose of the computer run.
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Table B3. Input and Output files for spColumn Computer Runs

Input Files {RunNumber}.cti }
Output Files {RunNumber}.out
{RunNumber}.emf
{RunNumber}.csv
{RunNumber}.iad

Notes:
s  The label {RunNumber} represents any spColumn run listed in the Computer Run
ldentification Log
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Appendix C
Description of 150252-CA-02-CD-01 Contents
C1. REVISION HISTORY
Revision 0:

Initial document.

C2. DESCRIPTION OF CD CONTENTS

The CD attached to this calculation (150252-CA-02-CD-01) contains key analysis input and

output files. These files are summarized below.

. The provided analysis cases are listed in Table C1.
. For each analysis case, the files listed and described in Table C2 are provided.
) Input and output files related to computation of axial-flexure (PM) interaction capacity ar

provided, as described in Table C3.
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C3. TABLES

Table C1. List of Analysis Cases Provided on 150252-CA-02-CD-01

Run No. Title/Description of Analysis Case Notes
10A_r10 Standard Analysis Case This analysis case contains all load combinations listed in Table 5 of the
calculation main body.
10B7_r0 Standard-Plus Analysis Case This analysis case contains all load combinations-listed in Table 5 of the
calculation main body.
10D_r0 Evaluation w/o ASR and SS loads This analysis case is treated as a computer run, but consists of a subset
of the output from 10A_r0.
For this reason, database files (*.db) and load case files (*.101, *.102, etc.)
are not provided
10E_r0 Parametric Study on ASR at Springline This analysis case is limited to deformation combinations (Combination
Set A) .
10G_r0 Analysis and Evaluation of Standard-Plus This analysis case is limited to combination sets A, B, and C.
Analysis Case for Combination NO_1 with
Simulated Concrete Cracking at El. +45.5
and AZ 240
10AR_r0 Standard Analysis Case with Moment This analysis case is limited to combination sets A, B, and C.
Redistribution (limited to combination NO_1) | Combination CO1 represents load combination NO_1 without moment
redistribution. Combination C02 represents load combination NO_1 with
the moment redistributions discussed in Appendix H.
10BR7_r0 | Standard-Plus Analysis Case with Moment This analysis case is limited to combination sets A, B, and C.
Redistribution (limited to combination NO_1) | Combination C01 represents load combination NO_1 without moment
redistribution. Combination C02 represents load combination NO_1 with
the moment redistributions discussed in Appendix H.
10BR7E_r0 | Standard-Plus Analysis Case with Moment This analysis case is limited to combination sets A, B, and G.

Redistribution (limited to combination
OBE_4)

Combination GO7 contains the load redistribution analysis for the
selected OBE load combination (as documented in Appendix H).
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Table C2. Description of Files Provided for Analysis Cases

File Type

Description

*.apd|

ANSYS input files. These files are used to define the CEB model,
modify the CEB model, define loads applied to the model, or define
parameters that are used by the CEB model (such as load factors).

*.db

ANSYS database files. All database files contain the CEB model
(nodes, elements, properties, boundary conditions, etc.).

Database files for independent load cases (ILCs) contain loads, forces,
moments, reactions, and displacements/deformations related to the
specific [LC.

Database files for combination sets (such as SR_COMBOS_A_r0.db)
contain the CEB model, but are otherwise a shell for importing load case
files (see next row).

*.101, *.102, etc.

Load case files. These files contain forces, moments, reactions, and
displacements/deformations related to a specific load combination.
Load combinations are defined in the files named
SR_RUN_DEFINE_LCB_r0.apdl and
SR_RUN_DEFINE_CASENAMES_r0.apdl. These files may be
imported by ANSYS using the LCFILE and LCASE commands.

*.png

PM Interaction results. These image files contain PM interaction
diagrams with results for the given analysis case.

* tif

Element contour plots. These image files show contour plots for specific
ILCs or load combinations.

File names named according to the convention described in Table 9 of
the calculation main body.

Table C3. Description of Files Provided for PM Interaction Capacity Computations

File Type Description

*cfti spColumn input files

*.emf spColumn image output files

*.out spColumn output file

*.csv spColumn comma-separated output of PM Capacity

*.pmd Same as *.csv file, but with capacities adjusted to meet ACl 318-71

strength reduction (phi) factors.
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Appendix D
Calculation of Creep Coefficient and Shrinkage Strain |

D1.0 Revision History
¢ Revision 0: Initial document

D2.0 Objective

In this calculation, the creep coefficient and shrinkage strain of the containment enclosure building (CEB) concrete are
calculated. The calculated values are to be used in the evaluation and design confirmation of the as-deformed CEB.
All creep and shrinkage calculations are performed using ACI 209R-92 [D1].

D3.0 Results and Conclusions .

Creep is calculated using two different approaches from ACI 209R-92; one approach is for standard structures (Section
2.4 of ACI 208R-92) while the other approach is specifically for massive structures that are more than 12 in. thick
(Section 2.8 of ACI 209R-92). Using the creep model for standard structures, the creep coefficient is calculated as
1.3. The creep coefficient is 2.3 if the massive structures model is used. According to the ACI 209R-92 creep model,
the creep coefficient is not dependent on wall thickness.

15 in. thick walls.

D4.0 Design Data / Criteria

The CEB mix design information below has been provided by Ted Vassallo [D2, D3, D4].

e Design compressive strength = 4000 psi

e Air entraining admixture (Master Builders MB-AE-10). Design air content of 4 to 8%. Actual measured air
content from 5.1 to 7.1%.

o Water to cement ratio (w/c) of 0.5. Water reducing admixture (Master Builders Pozzolith 300N). ‘

o Design slump of 2 to 4 inches. Actual measured slump of 2.75 to 3.75 inches.

e Cement content of 560 Ibf, fine aggregate content of 1300 [bf, #67 coarse aggregate content of 1780 Ibf, water
content of 280 Ibf.

This mix was used for CEB concrete placement from elevation (-)26-0" to (-)11-0" from Azimuth 18 to 33 degrees.

However, it has been indicated that this is a typical concrete mixture for the CEB, therefore the properties of this mix

are used to approximate the creep coefficient and shrinkage strain throughout the entire CEB.

Shrinkage strain is calculated using as 1.0x104 for 36 in. thick walls, 2.0x104 for 27 in. thick walls, and 2.5x10 for
|
|
|

Typical relative humidity in Seabrook, NH is approximated using weather data [D5] from Portsmouth, NH, which is
approximately 15 miles to the north of Seabrook Station. Relative humidity varies throughout the year, a constant
relative humidity of 65% is used in this calculation. A plot of relative average relative humidity throughout the year can
be seen in Section 7.1 of this calculation.
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D5.0 Assumptions

It is assumed that the CEB concrete is allowed to moist cure for 7 days, and that additional (non-self weight) loads

are not applied to the CEB concrete during this 7 days.

It is assumed that the relative humidity of the environment surrounding the CEB concrete is constantly 65%. The
actual relative humidity in Southem New Hampshire varies between from about 40% to 90%. Relative humidity within
the annulus of the operational facility are typically lower (about 25%); however, these relative humidities have a smaller
impact because creep and shrinkage primarily occur during the first year after placement.

D6.0 NMethodology

Calculation of creep coefficient and shrinkage strain use the models presented AClI 209R-92 [D1]. Shrinkage strain
and creep coefficient are calculated using Section 2.4 of ACI 209R-92 (Recommended Creep and Shrinkage Equations
for Standard Conditions). An altemative creep coefficient is also calculated using Section 2.8.1 of ACI 209R-92, which
is for massive structures that retain their moisture during their lifetime. The final creep coefficient and shrinkage
strains for use in FEA is selected in Section D8.0

All equation and section references are to ACI 209R-92 [D1] unless otherwise noted

D7.0 Computations

Computation contents are listed below.
7.1. Specify Input Parameters
7.2. Define Creep and Shrinkage Calculation Functions
7.3. Define Functions for Calculation of Creep Correction Factors
7.4. Define Functions for Calculation of Shrinkage Correction Factors
7.5. Calculate Creep Coefficient for use in FE Model
7.6. Calculate Shrinkage Strain for use in FE Model
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All equation and section references are to ACI 209R-92 [D1] unless otherwise noted
D7.1 Specify Input Parameters

(Section 2.4, take y=0.60) = 0.60
(Section 2.4, take d=10 days)  d:= 10day
(Section 2.4, take a=1) =1

(Section 2.4, take v, =2.35 v, =235

ion 2.4, tak = —
(Section take €51 = 780-10 6
780.0 * 10%)
(Section 2.4, take f=35 days)  f:= 35day
Duration of initial moist curing ¢, := 7day
Age of concrete at initial ty, := 7day
loading
Average Relative Humidity = 0.65 (See climate information below)

Relative Humidity

! 3
!

N . |
2% i et e
! PR A 16 ' [
.. |
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

The average daily high (blue) and low (brown) relative humidity with percentile bands (inner
bands from 25th to 75th percentile, outer bands from 10th to 90th percentile).

40% ( l
!

Plot and caption above are taken from www.weatherspark.com [D5] for Portsmouth,
NH.
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D7.1 Specify Input Parameters (Continued)

Volume to surface ratio
(varies w/ thickness of
CEB wall)

Slump

Fine Aggregate Content
(decimal)

Air Content (decimal)

Cement content (Ib/yd*3)

Calculation No. 150252-CA-02 Appendix D

FP 100985 Page 186 of 526

vsr_36in = @
- 2

slump := 3.25in

= 0.422
o= 0.06
Ibf
L= 560——3
yd

18i 151
vsr_27in := =t vsr_15in := =
2 2

Slump of 3.25" is based on information provided in 17
April 2015 email from Ted Vassallo [D3].

Fine aggregate content of 0.422 is based on information
provided in 20 April 2014 email from Ted Vassallo [D4].

Air content of 0.06 is based on information provided in 17
April 2015 email from Ted Vassallo [D3].

Cement content of 560 Ibflyd® is based on information
provided in 20 April 2014 email from Ted Vassallo [D4].
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D7.2 Define Creep and Shrinkage Calculation Functions

el

(Eqn 2-6)

Function for Wt d,_ . v)= —Vu
creep coefficient P
day day
;t. B
(Eqn 2-7) day
Function for sl b > fo on) = — shu
shrinkage strain S 3
day day

Normal ranges of the constants in Egs. (2-6) and (2-7)
were found to be:5’

¥ =0.40 to 0.80,
d =6 to 30 days,
v, =1.30to0 4.15,
a =0.90 to 1.10,
f =20 to 130 days,

(), =415x 10”0 1070 x 10 in/in. (m/m)

Reccommended creep and shrinkage constants under "standard

conditions" (Section 2.4)
w=0.60, d= 10 days, a = 1, f = 35 days, vu = 2.35, eshu = 780*10*-6
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D7.3 Define Functions for Calculation of Creep Correction Factors
Section 2.5.1: Loading Age

(Eqn 2-11) o
Function for adjustment factor _ba )
for loading age. w(_tw) = || 125 day if _t, > 7day
Input parameter t,, is the age

1.0 otherwi
of loading in days. otherwise

|

|

|

Notes:
The value of yla is less than 1.0 if a tla greater than 7 days is used. This
comrection factor causes the ultimate creep coefficient to decrease because
the concrete has cured prior to application of the load.

|

R
2
S 08 =
jaNi)
£
E 0.6 .
=
B 0.4~ -
e
e 02 =
<

0 1 1 1

0 10 20 30

Section 2.5.4: Ambient Relative Humidity

(Egn 2-14)
Function for adjustment factor

for ambient relative humidity. )= |10 _ <04

Input parameter A is relative (1.27-067_ ) if _ >0.40
humidity as decimal. "ERROR" otherwise
! ) 1
0.8 .
o 0.6
‘ 0.4~ -
0.21~ .
0 1 I. 1 |

0 0.2 0.4 0.6 0.8

Relative Humidity, decimal
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D7.3 Define Functions for Calculation of Creep Correction Factors (Continued)

Section 2.5.5b: Member Size (Volume-surface ratio method)

Note: Section 2.5.5a (Member thickness method) is not implemented because it is not supported for members
thicker than 15 in.

(Egn 2-21)

Function for adjustment factor ) (— 0.54- ‘?Sr)
for volume to surface ratio. vscl_vsr) = (—) 1+1.13-e o
Input parameter vsr is the 3

volume to surface ratio in

inches.

| T T
‘ 0.8 .
o 0.6 1

E:

0.4 1
0.2 -

1 |

0
0 10 20 30

Volume to surface ratio, in.

Section 2.5.6: Temperature
ACI 209R-92 recognizes temperature as a significant factor effecting creep, but does not provide correction factors
to account for temperatures other than 70 degrees F.

The text of ACl 209R-92 states that creep strains can be approximately two to three times greater at 122 degrees
F than at 70 degrees F.

Calculation No. 150252-~CA-02 Appendix D -D-7 - Revision 0

FP 100985 Page 189 of 526




D7.3 Define Functions for Calculation of Creep Correction Factors (Continued)

Section 2.6.1: Slump

(Egn 2-23) ) _slump
Function for slump correction so(_slump) := 0.82 + 0.067- =
factor.
Slump is input in inches. 1.5 , . , ,
1+ -
2
0.5 7]
1 1 1 i
00 2 4 6 8 10
slump, in.
Section 2.6.2:-Fine Aggregate Percentage
(Eqn 2-25)
Function for fine aggregate
percentage. L )=1088+024-_
Y is the ratio of fine aggregate '
to total aggregate by weight
expressed as a decimal.
1.5 T T T T
1/
Q
0.5 ]
0 | 1 1 1

Fine Aggregate Ratio, decimal
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D7.3 Define Functions for Calculation of Creep Correction Factors (Continued)

Section 2.6.3: Cement Content

According to AC| 209R-92 Section 2.6.3, cement content has a negligable effect on creep coefficient.

=1
Section 2.6.4: Air Content
(Eqn 2-29) {_ o :=min(1.0,046 + 9_ )
Function for air content
correction factor.
0, is the air content as 1.5 T T T
a decimal.
1+
Q
0.5 N
0 1 | |
0 0.05 0.1 0.15 0.2
Air Content, decimal
Calculation No. 150252-CA-02 Appendix D -D-9- Revision 0

FP 100985 Page 191 of 526




D7.4 Define Functions for Calculation of Shrinkage Correction Factors

Section 2.5.3: Duration of Initial Moist Curing

(Table 2.5.3)
Allow linear interpolation 7
between table values. table253x := day table253y =
Do not permit extrapolation. 14
28
90

1.2

1.1

1.0
0.93
0.86
0.75

Function for adjustment factor cp( t ) = Iinterp(table253x,tab16253y,_tcp) if lday <_te, < 90day

—cp
for duration of moist curing,

based on Table 2.5.3. "ERROR" otherwise

1.5 T T T T
1+ _
5)
0.5 7]
0 | 1 1 1
0 20 40 60 80 100
Duration of Moist Curing, days
Section 2.5.4: Ambient Relative Humidity
(Egn 2-14) L )=]10if _ <04
Function for adjustment factor .

—_ < <
for ambient relative humidity. (1.4-10_) Tf 04<_ =08
Input parameter A is relative (30-3.0_) if 08<_ <1
humidity as decimal. "ERROR" otherwise

T I 1
0.8 .
0.6 ]
0.4 T
0.2 .
0 1 1 I 1

0 0.2 0.4 0.6 0.8

Relative Humidity, decimal
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D7.4 Define Functions for Calculation of Shrinkage Correction Factors (Continued) ‘

Section 2.5.5b: Member Size (Volume-surface ratio method)

Note: Section 2.5.5a (Member thickness method) is not implemented because it is not supported for members
thicker than 15 in.

(Eqn 2-22)

Function for adjustment factor o
for volume to surface ratio. (— 0.12.= j
vss{_vsr) := max| 1.20-e 0.2

Input parameter vsr is the m
volume to surface ratio in
inches.

, U

.VSS

0 10 20 30

Volume to surface ratio, in.

Section 2.5.6: Temperature

ACI 209R-92 recognizes temperature as a significant factor effecting shrinkage, but does not provide correction
factors to account for temperatures other than 70 degrees F.
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D7.4 Define Functions for Calculation of Shrinkage Correction Factors (Continued)

Section 2.6.1: Slump

(Eqn 2-24)

Function for slump correction
factor.

Slump is input in inches.

Section 2.6.2: Fine Aggregate Percentage

(Eqgn 2-26 and 2-27)

Function for fine aggregate
percentage.

g is the ratio of fine aggregate
to total aggregate by weight
expressed as a decimal.
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ss(_slump) := 0.89 + 0.041-=

.88

slump

m

1.5 T T T T

0.5

slump, in.

)= |©030+14_ ) if _ <05

(0.90 + 0.2._ ) otherwise

1.5 T ) T T

Fine Aggregate Ratio, decimal
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D7.4 Define Functions for Calculation of Shrinkage Correction Factors (Continued)

Section 2.6.3: Cement Content

(Egn 2-28) _ c
Function for cement content os(_€) = 0.75 + 0.00036- o
correction factor. (—3)
Cement content, ¢, in [b/yd3 yd

1.5 T T

.C§
—
\
|

0.5 ]
0 | 1
0 400 800
Cement Content, 1b/yd"3
Section 2.6.4; Air Content
(Eqn 2-29) L §=095+08_

Function for air content
correction factor.

a, is the air content as L5 T T T
a decimal.
1_—_,/—"/
0.5 -
0 1 | ]
0 0.05 0.1 0.15 0.2
Air Content, decimal
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D7.5 Calculate Creep Coefficients for use in FE Model

Correction factor: B
Loading Age la(tla) =1

Correction factor:

Relative Humidity £ )=0.835

Correction factor:

Volume to surface ratio ysc(vsr_36in) = 0.667

Note: Volume-to-surface ratio correction factor is
vs(vsr_27in) = 0.673 around 0.67 for alf wall thicknesses in
consideration. Moving forward, use v, = 0.673.

vsc(vsr_15in) = 0.68

Correction factor: «(slump) = 1.038
Slump
Correction factor: d ) =0981

Fine Aggregate Percentage

Correction factor: =1
Cement Content

Correction factor: -
Air Content C( C) -
Cumulative correction factor creep - la(tla)' o ) vsvsr_27in) s(slump)- c( fa)' cc’ c( c)
creep = 0571
Ultimate creep coefficient Vu = Vub® creep
v, = 1.343
Calculation No. 150252-CA-02 Appendix D -D-14 - Revision 0
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Creep strain per unit of

elastic strain (first 100 days)

Creep strain per unit of

elastic strain (first 30 years)

Calculation No. 150252-CA-02 Appendix D
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D7.5 Calculate Creep Coefficients for use in FE Model (Continued)

1 T T T T
v
2
g
8
o
8
®)
0 20 40 60 80 100
Age, days
1.5 T T T
g
Z
._2.. 1 -
£
g
BT ot ~
8
O
0 | 1 B
0 10 20 30 40
Age, years
vt@1yr  v(lyrd, ,v,)=1.041
vt@5yrs:  v(syr,d, ,v,)=1.209
vt @ 10 yrs: vt(IOyr,d, ,Vu) =1.252
vt @25 yrs: v(25yr,d, ,v,)=1.289
vt @35yrs: v(35yr,d, ,v,)=1.298
Ve
€creep — = 9D .
e (Eqn 1-1)
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D7.5 Calculate Creep Coefficients for use in FE Model (Continued)

(Eqn 2-33) (—‘ lj 1
Refined creep coefficient 4 3 )8
for massive structures Vtz( g t) = 0.97_vy| — a2
IR ¥ day day
1.5 T T T T
S
>
Q
€ I .
g
O
Q.
g
O 0:5 =
el
g
i
Q
0~
0 1 1 | |
0 20 40 60 80 100
Age, days
3 T T T
Q
-
Q
= ]
o
=]
O
o
8
I | -1
-
=
=
Q
(=
0 1 | 1
0 10 20 30 40
Age, years

V2@ 1yt (v, ty, 1yr) = 1.424

V2@5 YS! vi(vy, b, Syr) = 1.741

(

(

V2@ 10 yrs: viy(vy, ty, 10yr) = 1.899

V2@ 25 yrs: viy(vy, by, 25y1) = 2.129
(

Vi2 @ 35 yrs: viy(vy, tyg, 35yr) = 2.221

Ve
it O (Eqn 1-1)
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Correction factor:
Initial Moist Cure Duration

Correction factor:
Relative Humidity

Correction factor:
Volume to surface ratio

Correction factor:
Slump

Correction factor:
Fine Aggregate Percentage

Correction factor:
Cement Content

Correction factor:
Air Content

Cumulative correction
factor for shrinkage strain
of 36 in. thick walls

Cumulative correction
factor for shrinkage strain
of 27 in. thick walls

Cumulative correction
factor for shrinkage strain
of 15 in. thick walls

D7.6 Calculate Shrinkage Strain for use in FE Model

CP(tCP) =1

()=075

vssCvsr_36in) = 0.2
vss(vsr_27in) = 0.408

vss(vsr_15in) = 0.488

ss(slump) = 1.023

o( ) =0.891
cs(c) = 0.952
s( o) =0.998

shrinkage 36 = cp(tcp)' () ves(vsr_36in)- cy(slump)-

shrinkage 36 = 0.13

shrinkage 27 -~ cp(tcp)' sC ) yes(vsr_27in)- s(slump)-

shrinkage 27 = 0.265

shrinkage 15 -~ cp(tcp)' sC )+ yes(vsr_15in)-

shrinkage 15 = 0.317

ss(slump)-

{ 8) @ o

o fa)' es(C) s( c)

{ 8) @ oo
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Ultimate shrinkage strain
for 36 in. thick walls

Ultimate shrinkage strain
for 27 in. thick walls

Ultimate shrinkage strain
for 15 in. thick walls

Calculation No. 150252-CA-02 Appendix D
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D7.6 Calculate Shrinkage Strain for use in FE Model (Continued)

o f
shu_36 = shub’ shrinkage 36 shu_ 36 = 1.013 x 10
shu 27 = shub’ shrinkage 27 shu_ 27 = 2.064 x 10
’ _4
shu 15 = shub’ shrinkage 15 shu_15 = 2.471 x 10
ax10”* - :
— 36 in. thick
----- 27 in. thick
zZ 3x10~ % - 15 in. thick _
g
S — — —
2 210 F i e R |
<% L ST e e
: T
> 1x10” 4—/ / : 4
’
0 ‘ 1
0 100 200 300
Age, days
4x10” 4 . , :
% 3x10° A -
2 2x10‘41[,-—------------------------------------__--___
(] ’
¥
-
5 1x10"* 36 in. thick
""" 27 in. thick
— = 15 in. thick
| 1 T
0
0 10 20 30
Age, years
-D-18 - Revision 0




Esht @1yr

€sht @ 5 yrs:

Egnt @ 10 yrs:
Egnt @ 25 yrs:

Egnt @ 35 yrs:

€t @1yr

Ent @ 5 yrs:

Egnt @ 10 yrs:
Egnt @ 25 yrs:

Egnt @ 35 yrs:

Ept @ 1y

Esht @ S yrs:

€t @ 10 yrs:
Egnt @ 25 yrs:

Esnt @ 35 yrs:

For 36 in. thick walls:

For 27 in. thick walls:

sht lyr’

sht Syr’

shil 25y,

sht 35)’1’,

For 15 in. thick walls:

(
(
ni( 10y,
(
(

FP 100985 Page 201 of 526

£, shu27)=1883% 10

o, by 27) =2.025% 10~

-3

)

4

4

—4

—4

-4

4

i shu_27) =2.056x% 10 .

(
(
ai(10¥7, ,f, ghy 27) = 2.044 x 10°
(
(

. shu 27) =2.058x 10~

. shu 15) =2255% 107

£, shu15) =2424x 10

4

4

. shu 15) =2.447x 107

4

4

£, sh_15) =2461x 10 $

£, shu_15) =2.464x 10~

Calculation No. 150252-CA-02 Appendix D
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D8.0 Conclusions
Creep coefficients of approx. 1.3 and 2.3 are computed in this appendix. The use of a lower creep coefficient is
most conservative for this calculation because it causes less of the CEB deformation to be attributed to creep (and

therefore more CEB deformation is attributed to other self-straining loads such as ASR expansion).
In design confirmation FEA, use creep coefficient of v, = 1.3. Creep strains will be calculated using the equation

below. oy, is the sustained dead load. E, is the initial concrete modulus of elasticity.
Ve

€Ecreep = E— Op
0

In design confirmation FEA, use the following shrinkage strains:
o gy, = 1.010 for 36 in. thick walls

o £y =2.0%10* for 27 in. thick walls
o &y, =2.5"10 for 15 in. thick walls.
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Appendix E
Computation of PM Interaction using spColumn
E1. REVISION HISTORY
Revision 0

[nitial document.

E2. OBJECTIVE

The objective of this calculation is to compute axial-moment (PM) interaction curves for the CEB
wall.

E3. RESULTS AND CONCLUSIONS

PM interaction capacity curves are used in the element-by-element evaluation of the CEB.
Plots and spColumn output data for all PM interaction capacity curves are available on
150252-CA-02-CD-01. A selection of PM interaction capacity curves and spColumn output data
are shown in this appendix for information.

E4. DESIGN DATA / CRITERIA

Wall geometry, reinforcement layout, and material properties are based on the structural
drawings listed in the project Criteria Document 150252-CD-03 [E-1].

ES. ASSUMPTIONS

Justified Assumptions

There are no justified assumptions.

Unverified Assumptions

There are no unverified assumptions.

E6. METHODOLOGY

The wall is divided into 12 in. wide strips along the hoop and meridional directions to facilitate

computation of PM interaction curves. Interaction capacity curves are generated using
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spColumn Version 4.81 [E-2], which has been verified and validated in accordance with the
SGH QANF program [E-3, E-4].

Based on ACI 318-71, strength reduction (phi) factors of 0.9 for tension-controlled failure and
0.7 for compression-controlled failure are specified in the spColumn software. However,
spColumn transitions between these phi factors linearly between the points where the tensile
reinforcement strain is 0.005 and 0.002 (this conforms to the modern ACI 318 building code).
The ACI 318-71 building code specifies that the phi factor should fransition between the point of
zero axial load and the lesser of the balanced point (point with 0.002 tensile reinforcement
strain) or the point at which axial load is 0.1f/4, (where A, is the gross area of the section).
Due to this difference in transition points, the PM interaction curves computed by spColumn are
modified by the project-specific routine “SR_cofrectPM_PhiFactor_rO.” This routine modifies the
PM interaction capacity curves output by spColumn to meet the phi factor transition specified by
ACIl 318-71. The functionality of this routine is demonstrated in the interaction diagrams

presented in Section E7.

E7. COMPUTATIONS

Plots and spColumn output data for all PM interaction capacity curves are available on
150252-CA-02-CD-01. PM interaction capacity curves and spColumn output data for the wall
sections listed below are shown in this appendix for information purposes. Only the second
page of the three-page spColumn output files is shown because p. 1 contains header
information and p. 3 is blank. The full spColumn output files are provided on 150252-CA-02-
CD-01.

) 15 in. thick wall segment with #8@12 in. on each face (EF) hoop reinforcement:

. PM Interaction Capacity Curve: Figure E1
) spColumn Output: Table E1

o 36 in. thick wall segment with one layer #11@§6 in. inside face (IF) and two layers of
#11@6 in. outside face (OF) meridional reinforcement:

. PM Interaction Capacity Curve: Figure E2
. spColumn Output: Table E2
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ES8. REFERENCES
[E-1] Simpson Gumpertz & Heger Inc., Criteria Document for Evaluation of As-Deformed
Containment Enclosure Building at Seabrook Station in Seabrook, NH, 150252-CD-03,
Revision 0, Waltham, MA, 27 July 2016.
[E-2] Structure Point, spColumn v4.81 Software, 2013.
[E-3] Simpson Gumpertz & Heger Inc, spColumn v4.81 Commercial Grade Software
Dedication Plan/Report, Revision 0, Waltham, MA, July 2014.
[E-4] Simpson Gumpertz & Heger Inc., Quality Assurance Manual for Nuclear Facility Work,
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E9. TABLES

Table E1 — spColumn Output for 15 in. Thick Wall Segment with #8@12EF Hoop Reinforcement

Line| spColum Text Cutplt . o
53 STRUCTUREPOINT ~ spColum v4.81 (TM) . Page 2
54 Licensed to: Simpson Gumpertz & Heger Inc. License ID: 63848-1047578-4-1ED95-1A93A 06/06/16
55 h 15 604 704.cti 09:14 aM
56
57
58 General Information:

59
60 File Name: h 15 604 704.cti
61 Project: 150252.12 Seabrook
62 Colurm: 15 604 704 Engineer: RMMones
63 Code: ACT 318-08 Units: English
64
65 Run Cption: Investigation Slenderness: Not considered
66 Run Axis: X-axis Column Type: Structural
67
68 Material Properties:
69
70 f'c =4 ksi fy =60 ksi
71 Ec = 3605 ksi Es = 29000 ksi
72 Ultimate strain = 0.003 in/in
73 Betal = 0.85
74
75 Sectiocn:
76 —_—
77 Rectangular: Width = 12 in Depth = 15 in
78
79 Gross section area, Ag = 180 in"2
80 Ix = 3375 in™4 Iy = 2160 in™4
81 rx = 4.33013 in ry = 3.4641 in
82 Xo= 0in Yo= 0in
83
84 Reinforcement:
85 —_——
86 Bar Set: User-defined
87 Size Diam (in) Area (in"2) Size Diam (in) Area (in"2) Size Diam (in) Area (in"2)
88 _— - ——
89 # 0 0.00 0.00 # 1 0.00 0.00 # 2 0.00 0.00
90 # 3 0.00 0.00 # 4 0.50 0.20 # 5 0.63 0.31
91 # 6 0.75 0.44 # 7 0.88 0.60 # 8 1.00 0.79
92 # 9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56
93 # 12 0.00 0.00 # 13 0.00 0.00 # 14 1.69 2.25
94 #15 0.00 0.00 # 16 0.00 0.00 # 17 0.00 0.00
95 # 18 2.26 4.00 # 19 0.00 0.00
96
97 Confinement: Other; #1 ties with #7 bars, #1 with larger bars.
98 phi(a) = 0.7, phi®) = 0.9, phi(c) =0.7
93
100 Pattern: Irregular
101 Total steel arxea: As = 1.58 in"2 at rho = 0.88% (Note: rho < 1.0%)
(Output continued on next page)
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Table E1 — spColumn Output for 15 in. Thick Wall Segment with #8@12EF Hoop Reinforcement

L.ine| spColum Text Output .
102 Minimum clear spacing = 0.00 in
103
104 Area in®2 X (in) Y (in) Area in™2 X (in) Y (in) Area in*2 X (in) Y (in)
105
106 0.79 0.0 ~5.0 0.79 0.0 4.0 0.00 0.0 0.0
107 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0
108 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0
109 0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0
110
111 | Control Points:
112 | =—m—m—m—m—m—m———
113 Axial Ioad P X-Marent Y-Moment NA depth Dt depth eps t Phi
114 Bending about ip k-ft k-ft in in
115
116 X @ Max carpressicn 491.0 2.61 -0.00 37.06 11.50 -0.00207 0.760
117 @ Allowable camp. 343.7 65.67 0.00 12.68 11.50 -0.00028 0.700
118 @ fs = 0.0 310.5 73.82 0.00 11.50 11.50 0.00000 0.700
119 @ fs = 0.5*fy 222.3 85.45 -0.00 8.55 11.50 0.00103 0.700
120 @ Balanced peint 160.6 86.40 0.00 6.81 11.50 0.00207 0.700
121 @ Tension control 115.5 87.61 -0.00 4.31 11.50 0.00500 0.900
122 @ Pure bending -0.0 40.44 ~0.00 1.94 11.50 0.01479 0.900
123 @ Max tension -85.3 -3.55 0.00 0.00 11.50 9.99999 0.900
124

125 -X @ Max campression 491.0 2.61 -0.00 40.28 12.50 -0.00207 0.700
126 @ Allowable camp. 343.7 -63.14 0.00 12.82 12.50 -0.00007 0.700
127 @ fs = 0.0 334.7 -65.75 0.00 12.50 12.50 0.00000 0.700
128 @ fs = 0.5*%fy 237.2 -83.03 0.00 8.29 12.50 0.00103 0.700
129 @ Balanced point 169.9 -86.84 0.00 7.40 12.50 0.00207 0.700
130 @ Tension control 116.9 -89.34 0.00 4.69 12.50 0.00500 0.900
131 @ Pure bending -0.0 -47.24 0.00 2.34 12.50 0.01300 0.300
132 @ Max tension -85.3 -3.55 0.00 0.00 12.50 9.99999 0.300
133

134

135 *** End of output ***

136
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Table E2 — spColumn Output for 36 in. Thick Wall Segment with 1#11@6” IF and 2#11@6” OF

Meridional Reinforcement

Line| spColum Text Output
53 STRUCTUREPOINT - spColum v4.81 (M) Page 2
54 Licensed to: Simpson Gumpertz & Heger Inc. License ID: 63848-1047578-4-1ED95-1A93A 06/06/16
55 | m 36 616 709.cti 09:15 AaM
56
57
58 General Information:
59
60 File Name: m 36 616 709.cti
61 Project: 150252.12 Seabrook
62 Colum: 36 616 709 Engineer: RMMones
63 Code: ACI 318-08 Units: English
64
65 Run Option: Investigation Slenderness: Not considered
66 Run Axis: X-axis Colurn Type: Structural
67
68 Material Properties:
69
70 f'lc =4 ksi fy =60 ksi .
71 Ec = 3605 ksi Es = 29000 ksi
72 Ultimate strain = 0.003 in/in
73 Betal = 0.85
74
75 Section:
76 —_—
77 Rectangular: Width = 12 in Depth = 36 in
78
79 Gross secticn area, Ag = 432 in™2
80 Ix = 46656 in™4 Iy = 5184 in™4
81 rx = 10.3923 in ry = 3.4641 in
82 Xo= 0in Yo= 0in
83
84 Reinforcement :
85 —_——
86 Bar Set: User-defined
87 Size Diam (in) Area (in®2) Size Diam (in) Area (in”™2) Size Diam (in) Area (in"2)
88 —_— -— -—
83 $# 0 0.00 0.00 # 1 0.00 0.00 # 2 0.00 0.00
90 # 3 0.00 0.00 # 4 0.50 0.20 # 5 0.63 0.31
91 $# 6 0.75 0.44 # 7 0.88 0.60 # 8 1.00 0.79
92 # 9 1.13 1.00 #10 1.27 1.27 #11 1.41 1.56
93 # 12 0.00 0.00 # 13 0.00 0.00 # 14 1.69 2.25
94 # 15 0.00 0.00 # 16 0.00 0.00 # 17 0.00 0.00
95 # 18 2.26 4.00 # 19 0.00 0.00
96
97 Confinement: Other; #1 ties with #7 bars, #1 with larger bars.
98 phi(a) = 0.7, phi®) =0.9, phi(c) =0.7
99
100 Pattem: Irregular
101 Total steel area: As = 9.36 in"™2 at rho = 2.17%
(Output continued on next page)
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Table E2 — spColumn Output for 36 in. Thick Wall Segment with 1#11@6” IF and 2#11@6” OF
Meridional Reinforcement

Line;

spColum Text OCutput

102
103
104
105
106
107
108
108
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135

Minimm clear spacing = 0.00 in

136

*** End of output ***

Area in™2 X (in) Y (in) Area in®2 X (in) Y (in) Area in"2 X (in) Y (in)
1.56 3.0 -14.3 1.56 3.0 -14.3 1.56 -3.0 -11.5
1.56 3.0 -11.5 1.56 =3.0 15.3 1.56 3.0 15.3
0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0
0.00 0.0 0.0 0.00 0.0 0.0 0.00 0.0 0.0
Control Points:
Axial Icad P X-Moment Y-Mament NA depth Dt depth  eps t  Phi
Berdling about kip k£t k-ft in in '
X @ Max campression 1399.0 107.91 -0.00 107.28 33.29 -0.00207 0.700
@ Allowable camp. 979.3 591.20 -0.00 30.79 33.29 0.00024 0.700
@ fs = 0.0 1055.5 524.76 -0.00 33.29 33.29 0.00000 0.700
@ fs = 0.5%fy 782.7 723.51 -0.00 24.76 33.29 0.00103 0.700
@ Balanced point 590.6 812.41 -0.00 19.71 33.29 0.00207 0.700
@ Tension control 487.2 918.69 -0.00 12.49 33.29 0.00500 0.900
@ Pure bending -0.0 449.31 -0.00 5.26 33.29 0.01588 0.900
@ Max tension -505.4 -147.07 ~0.00 0.00 33.29 9.99999 (.900
-X @ Max campression 1399.0 107.91 -0.00 104.06 32.30 -0.00207 0.700
@ Allowable comp. 978.3 -370.51 0.00 33.87 32.30 -0.00014 0.700
@ fs = 0.0 924.2 -420.96 0.00 32.30 32.30 0.00000 0.700
@ fs = 0.5%fy 597.9 -655.56 0.00 24.01 32.30 0.00103 0.700
@ Balanced point 353.6 =794.06 0.00 19.11 32.30 0.00207 0.700
@ Tension control 200.0 -969.25 0.00 12.11 32.30 0.00500 0.900
@ Pure bending 0.0 -790.17 0.00 6.52 32.30 0.01186 0.900
@ Max tension -505.4 -147.07 -0.00 0.00 32.30 9.99999 0.900
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E10. FIGURES
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Bending Moment, Kip-ft

—PM, Nominal (No Phi Factors)
——PM, Phi Factors Adjusted for ACI 318-71
—PM, From spColumn (Modern ACI Phi Factors)
Figure E1 — PM Interaction Capacity Curve for 15 in. Thick Wall Section with
#8@12EF in Hoop Direction

Notes:

Compression is positive in this diagram (this does not follow the sign convention generally used in this calculation).
Compression capacity is not reduced for accidental eccentricity in this diagram; this is done during the element-by-
element evaluation in a separate axial compression check as described in Section 7.1.1 in the main body of this

calculation.
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| Figure E2 — PM Interaction Capacity Curve for 36 in. Thick Wall Section with
| One layer #11@6IF and Two Layer #11@60OF in Meridional Direction
Notes:

Compression is positive in this diagram (this does not follow the sign convention generally used in this calculation).
Compression capacity is not reduced for accidental eccentricity in this diagram; this is done during the element-by-
element evaluation in a separate axial compression check as described in Section 7.1.1 in the main body of this
calculation.
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Appendix F
Input Seismic Accelerations for 3D Analysis
F1. REVISION HISTORY
Revision 0

Initial document.

F2. OBJECTIVE OF CALCULATION

The objective of this calculation is to evaluate the impact of alkali-silica reaction (ASR)
expansion, swelling, shrinkage, and creep on the Containment Enclosure Building (CEB)
structural dynamic properties, and determine whether the same input seismic accelerations for
the 3D analyses for an assumed structure without ASR expansion, swelling, shrinkage, and

creep effects can be used for the actual structure with the effects.

F3. RESULTS AND CONCLUSIONS

This study shows that ASR expansion, swelling, shrinkage, and creep have a negligible impact
on the CEB structural dynamic properties; therefore, the same input seismic accelerations for

the 3D analyses can be used for the CEB structure, either with or without the effects.

It is beyond the scope of this work to recompute seismic accelerations for the as-deformed CEB
structure. However, since this study shows that the as-deformed condition of the CEB does not
impact the dynamic properties, it is concluded that the original design seismic accelerations
computed by United Engineers & Constructors Inc. (UE) in their calculation SBSAG-4CE [F-1]
may reasonably be used in the seismic analyses in this calculation (see Section F5 for more

information).

F4. DESIGN DATA / CRITERIA

The finite element mesh and wall section properties of the CEB finite element model described
in the main body of the calculation for the (1) undeformed condition, (2) as-deformed condition
of the Standard Analysis Case, and (3) as-deformed condition of the Standard-Plus Analysis
Case are used as input to this calculation to compute the following CEB structure cross-section

properties:
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. AREA — Area value
. IYY, IYZ, 1ZZ — Moments of inertia
° WARP — Warping constant
. TORS - Torsion constant
» CGY, CGZ - Y or Z coordinate center of gravity
. SHCY, SHCZ - Y or Z coordinate shear center
. SCYY, SCYZ, SCZZ - Shear correction factors

where Y and Z are local cross-section axes pointing toward east and north directions. Note that

this local coordinate system is unique to the computations documented in this appendix.

The following criteria are used to determine if the cross-section properties of the undeformed

(structure without the effects) and deformed (due to the effects) are significantly different.

) If fractional difference is less than or equal to 5% then the property value is considered
to not significantly have changed. If the fractional difference is more than 5% then
check the absolute difference where:

|A—B]

Fractional Dif ference = ——
17 max(|4|, |B)

Absolute Dif ference = |A — B|

) If the absolute difference is determined to be small by engineering judgment then the
property value is considered to not significantly have changed. |If the fractional
difference is more than 5% and the absolute difference is large then the property value
is considered to have significantly changed.

F5. ASSUMPTIONS
Justified Assumptions

. The input seismic accelerations for the 3D analysis if computed using the dynamic
properties calculated in this study, and using boundary condition assumptions
accounting for SSI effects, could be somewhat different from the original design
accelerations provided by UE; further seismic analysis study could be performed to
evaluate this; however, it is beyond the current scope of this work.

. The modulus of elasticity of reinforced concrete is not significantly changed due to
ASR expansion, shrinkage, or creep [F-3].
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. Cracked section properties do not affect the global seismic response of the CEB. This

assumption is justified because the global response of the CEB to seismic motion
primarily causes in-plane shear and overturning stresses; both are resisted by the
membrane stiffnesses of the CEB wall that are not impacted by cracking.

Unverified Assumptions

There are no unverified assumptions.

F6. METHODOLOGY

The input seismic accelerations for 3D analysis are a function of structural dynamic properties,
structure boundary conditions, and seismic ground motion. The structural dynamic properties
are mass, stiffness, and damping. For the purpose of this calculation the structural dynamic
properties are considered to not change if the cross-section properties of the CEB have not
changed due ASR expansion, swelling, shrinkage, and creep effects. Note that as part of an
assumption to this calculation, the modulus of elasticity of reinforced concrete is deemed to

have not changed significantly due to ASR expansion, swelling, shrinkage, or creep effects.

The cross-section properties of the CEB are computed at multiple elevations for the
(1) undeformed condition, (2) as-deformed condition of the Standard Analysis Case,
and (3) as-deformed condition of the Standard-Plus Analysis Case. Assumptions associated
with these various configurations are described in the main body of the calculation. The cross-
section properties of these three cases are compared, and determination is made whether they

are significantly different per the criteria described in Section F4.

F7. COMPUTATIONS

Eight elevations along the height of the CEB structure as shown in Figure F1 were selected for
computing the cross-section properties. Elevations were selected at sections with major
differences in openings and wall thicknesses, and at various heights along the cylinder section
of the CEB. Elevations in the dome region were not selected for this study because the finite
element mesh in this region is irregular, and it would have required significant additional
calculations to interpolate the mesh geometry to a common elevation. The deformation in the
dome section is not more than the cylinder section, and therefore, for the purpose of this study,

additional evaluation in this region is not needed.
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The cross-section properties are computed using ANSYS finite element software [F-2] for the
(1) undeformed condition, (2) as-deformed condition of the Standard Analysis Case,
and (3) as-deformed condition of the Standard-Plus Analysis Case; the results are summarized
in Tables F.1 through F.3, respectively. The elevations at which cross-section properties are
computed are shown in Figure F.1. Plots of the cross-sections including its properties of the
undeformed structure are shown in Figures F.2 through F.10 for select elevations. ANSYS
cannot compute properties of a section with multiple disconnected wall sections; thus, thin wall
sections are used at the openings, which are deemed acceptable for comparing properties for

the purpose of this study.

The fractional difference between the undeformed condition and the as-deformed conditions for
each analysis case are computed; the results are summarized in Tables F.4 and F.6. Values
highlighted in gray are those having differences higher than 5%. Where the fractional
differences are higher than 5%, the absolute differences are computed; the results are

summarized in Tables F.5 and F.7.

As can be seen from Tables F.4 through F.7, most of the properties have fractional differences
of less than 5%, and where the fractional differences are more than 5%, the absolute
differences are small and deemed not significant (i.e., the center of gravity and shear center
moved less than 0.5 in., which is considered very small for a structure with an inside radius of
79 ft).
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F9. TABLES
Table F.1 — Cross-Section Properties of the Undeformed CEB
EL. Area Yy IYZ 1zZ WARP TORS
(ft) (x10*in.) | (x10%in.%) | (x10°in.) | (x10%in.") | (x10"°in.’) | (x10°in.%)
108.8 90.1 411 0.0 411 0.0 82.2
86.3 90.1 41.1 0.0 41.1 0.0 82.2
61.3 90.1 41.2 0.0 411 0.0 82.3
35.4 156.7 70.8 2.6 73.9 17.7 94.9
12.8 138.9 62.1 -0.2 65.1 8.2 48.1
-1.5 123.9 58.2 17 51.7 4.5 37.9
-15.1 164.1 77.6 26 68.8 6.2 46.0
-30 167.5 80.1 3.3 69.0 7.8 48.8
EL. CGY CGZ SHCY SHCZ
(ft) (in.) (in.) (in.) (in.) ScYyY SCYZ SCzz
108.8 0.0 0.0 0.0 0.0 0.50 0.00 0.50
86.3 0.0 0.0 0.0 0.0 0.50 0.00 0.50
61.3 0.5 -0.8 0.3 - -0.5 0.50 0.00 0.50
35.4 -19.2 34.0 -349.6 618.0 0.35 -0.09 0.47
12.8 -9.2 -94.4 -6.8 -659.5 0.24 0.00 0.18
-1.5 172.2 -87.3 788.0 -424 .3 0.20 0.06 0.25
-15.1 180.0 -93.6 819.8 -447.9 0.19 0.06 0.24
-30 174.8 -111.4 851.1 -598.1 0.26 0.10 0.26
Notes:
EL. — Elevation
AREA — Area value
IYY, IYZ, |ZZ - Moments of inertia
WARP ~Warping constant
TORS - Torsion constant
CGY, CGZ-Y or Z coordinate center of gravity
SHCY, SHCZ - Y or Z coordinate shear center
SCYY, SCYZ, SCZZ - Shear correction factors
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Table F.2 — Cross-Section Properties of Deformed CEB for the Standard Analysis Case
EL. Area Yy IYZ 1ZZ WARP TORS
(ft) (x10°in.%) | (x10°in.*) | (x10%in.%) | (x10°in.") | (x10"in.?) | (x10°in.?)
108.8 90.0 411 0.0 411 0.0 82.2
86.3 90.0 41.1 0.0 411 0.0 82.2
61.3 90.1 41.2 -0.1 41.1 0.0 82.3
354 156.7 70.8 2.6 73.9 17.7 94.9
12.8 138.8 62.1 -0.2 65.0 8.2 48.0
-1.5 123.8 58.1 1.7 51.7 4.4 37.9
-15.1 164.1 77.5 2.6 68.8 6.2 48.0
-30 167.5 80.1 3.3 69.0 7.8 48.8
EL. CGY CcGz SHCY SHCZ
(ft) (in.) (in.) (in.) (in.) SCYY SCyz sczz
108.8 -0.1 0.4 -0.1 0.4 0.50 0.00 0.50
86.3 -0.1 0.4 -0.1 0.4 0.50 0.00 0.50
61.3 0.3 -0.5 0.1 -0.1 0.50 0.00 0.50
354 -19.4 34.4 -349.8 618.2 0.35 -0.09 0.47
12.8 -9.4 -94.2 -7.1 -658.8 0.24 0.00 0.18
-1.5 172.2 -87.2 788.0 -424.0 0.20 0.06 0.25
-15.1 179.9 -93.4 819.7 -447.7 0.19 0.06 0.24
-30 174.7 -111.3 851.2 -598.0 0.26 0.10 0.26
Notes:
EL. — Elevation
AREA — Area value
IYY, IYZ, |ZZ — Moments of inertia
WARP - Warping constant
TORS — Torsion constant
CGY, CGZ - Y or Z coordinate center of gravity
SHCY, SHCZ - Y or Z coordinate shear center
SCYY, SCYZ, SCZZ — Shear correction factors
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Table F.3 — Cross-Section Properties of Deformed CEB for the Standard-Plus Analysis Case
EL. Area Yy IYZ 1ZZ WARP TORS
(ft) (x10*in.%) | (x10°in.%) | (x10°in.) | (x10°in.Y) | (x10"in.%) | (x10°in.})
108.8 90.0 41.1 0.0 411 0.0 82.2
86.3 90.0 411 0.0 411 0.0 82.2
61.3 90.1 41.2 -0.1 411 0.0 82.3
354 156.7 70.8 26 73.9 177 94.9
12.8 138.8 62.1 -0.2 65.0 8.2 48.0
-1.5 123.9 58.1 17 51.7 4.4 37.9
-15.1 164.1 77.5 2.6 68.8 6.2 48.0
-30 167.5 80.1 3.3 69.0 7.8 48.8
EL. CGY CGZ SHCY SHCZ ‘
(ft) (in.) (in.) (in.) (in.) SCYY SCYZ Sczz
108.8 -0.1 0.3 -0.1 0.3 0.50 0.00 0.50
- 86.3 -0.2 0.3 -0.2 0.3 0.50 0.00 0.50
61.3 0.3 -0.5 0.1 -0.2 0.50 0.00 0.50
354 -19.4 343 -349.8 618.2 0.35 -0.09 0.47
12.8 94 -94 .3 -7.2 -658.9 0.24 0.00 0.18
-1.5 1721 -87.2 787.9 -424.0 0.20 0.06 0.25
-15.1 179.9 -93.5 819.7 -447 .6 0.19 0.06 0.24
-30 174.7 -111.3 851.2 -598.0 0.26 0.10 0.26
Notes:
EL. — Elevation
AREA - Area value
IYY, IYZ, IZZ — Moments of inertia
WARP —Warping constant
TORS - Torsion constant
CGY, CGZ - Y or Z coordinate center of gravity
SHCY, SHCZ - Y or Z coordinate shear center
SCYY, SCYZ, SCZZ — Shear correction factors
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Table F.4 — Fractional Differences between Cross-Section Properties of Undeformed and
Deformed Standard Model

'(Ef't') Area IYY
108.6 0.0% 0.1%
86.3 0.0% 0.1%
613 0.0% 0.1%
35.4 0.0% 0.1%
12.8 0.0% 0.1%
15 0.0% 0.1%
5.1 0.0% 0.1%
30 0.0% 0.0%
EL. cGY cGz SHCY SHCZ scYy scYz sczz

354 | 1.0%

12.8 2.0% 0.2% 3.8% 0.1% 0.1%
-1.5 0.0% 0.2% 0.0% 0.1% 0.0%
-15.1 0.1% 0.1% 0.0% 0.0% 0.0% 0.2% 0.0%
-30 0.1% 0.1% 0.0% 0.0% 0.0% 0.1% 0.0%
Notes:
EL. — Elevation

AREA — Area value

IYY, IYZ, 1ZZ — Moments of inertia

WARP — Warping constant

TORS - Torsion constant

CGY, CGZ -Y or Z coordinate center of gravity
SHCY, SHCZ - Y or Z coordinate shear center
SCYY, SCYZ, SCZZ — Shear correction factors
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Table F.5 — Absolute Differences between Cross-Section Properties of Undeformed and Deformed
Standard Model

EL.
(ft)

Area
(x10° in.%)

Yy
(x10° in.*)

IYZ
(x10° in.*)

1zz
(x10% in.")

WARP
(x10" in.%)

TORS
(x10° in.%)

108.8

0.0

0.0

86.3

0.0

0.0

61.3

0.0

0.0

35.4

12.8

0.0

-1.5

-15.1

-30

EL.
(ft)

CGY
(in.)

CGZ
(in.)

SHCY
(in.)

SHCZ
(in.)

SCYZ

108.8

0.0

86.3

0.0

61.3

0.0

35.4

12.8

0.0

-1.5

-15.1

-30

Notes:
EL. — Elevation

AREA — Area value
IYY, IYZ, |1ZZ — Moments of inertia
WARP — Warping constant
TORS - Torsion constant

CGY, CGZ - Y or Z coordinate center of gravity
SHCY, SHCZ - Y or Z coordinate shear center
SCYY, SCYZ, SCZZ - Shear correction factors
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Table F.6 — Fractional Differences between Cross-Section Properties of Undeformed and
Deformed Standard-Plus Model

'(Ef't') Area Yy
108.8 0.0% 0.1%

86.3 0.0% 0.1%

613 0.0% 0.1% , ; B

354 0.0% 0.1% 0.2% 0.0% 0.0% 0.0%

128 0.0% 0.1% 1.2% 0.0% 0.1% 0.0%

15 0.0% 0.1% 0.2% 0.1% 0.1% 0.1%

51 0.0% 0.1% 0.2% 0.1% 0.0% 0.0%

30 0.0% 0.0% 0.1% 0.0% 0.1% 0.1%

ff't') CGY cGZ SHCY SHCZ scYy scyz sczz
108.8 0.0% 0.0%
86.3 0.0% 0.0%
613 0.0% 0.0%
354 1.1% 0.9% 0.1% 0.0% 0.0% 0.0% 0.0%
128 2.3% 0.1% 4.8% 0.1% 0.1% 0.1%
15 0.1% 0.1% 0.0% 0.1% 0.0% 0.2% 0.0%
5.1 0.1% 0.1% 0.0% 0.1% 0.0% 0.2% 0.0%
30 0.1% 0.1% 0.0% 0.0% 0.0% 0.1% 0.0%

Notes:
EL. — Elevation

AREA — Area value

IYY, IYZ, |ZZ — Moments of inertia

WARP — Warping constant

TORS - Torsion constant

CGY, CGZ - Y or Z coordinate center of gravity
SHCY, SHCZ - Y or Z coordinate shear center
SCYY, SCYZ, SCZZ - Shear correction factors
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Table F.7 — Absolute Differences between Cross-Section Properties of Undeformed and Deformed

Standard-Plus Model

Bl Area IYY IYZ 1ZZ WARP TORS
(ft) (x10°in.%) | (x10°in.*) | (x10%in.*) | (x10°in.*) | (x10"in.%) | (x10°in.%)
108.8 - - 0.0 - 0.0 -
86.3 - - 0.0 - 0.0 -
61.3 - - 0.0 - 0.0 -
35.4 - - - - - -
12.8 - - - - - -
-1.5 - - - - - -
-15.1 - - - - - -
-30 3 a - i B i
EL. CGY CGz SHCY SHCZ
(Ft) (in.) (in.) (in.) (in.) i b i
108.8 -0.1 0.3 -0.1 0.3 - 0.0 -
86.3 -0.2 0.3 -0.2 0.3 - 0.0 -
61.3 -0.2 0.3 -0.2 0.3 - 0.0 -
35.4 - - - - - - -
12.8 - - - - - 0.0 -
-1.5 - - - - - - -
-15.1 - - - - - - -
-30 = a - - - - -
Notes:
EL. — Elevation
AREA - Area value
IYY, IYZ, 1ZZ — Moments of inertia
WARP — Warping constant
TORS - Torsion constant
CGY, CGZ - Y or Z coordinate center of gravity
SHCY, SHCZ - Y or Z coordinate shear center
SCYY, SCYZ, SCZZ — Shear correction factors
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Figure F.1 — Elevations where Cross-Section Properties Are Computed
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1 SECTICN ID 2
X = Centroid o = ShearCenter DATA SUMMARY

66 . 4067 Section Name
Are

a
= 164050
Iyy
= .776E+11
Iyz
= _256E+10
Izz
= .688E+11 .
Warping Constan
= .624E+16
Torsion Constant
= . 460E+11
Centroid Y
= 180.037
Centroid Z#
¥ = —93,5753
Shear Center Y
= 819.787
Shear Center Z
= —447,898
_qa6 35 Shear Corr. YY
R = ,18588
Shear Corr. YZ
= 05896
Shear Corr. ZZ
= 235502

N

| |

—478.,857 &.749 480,355 983,90

Figure F.2 — Cross-Section Properties (in. based units) of Undeformed CEB at EL = (-)15.1 ft
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1 SECTIN ID 5
X = Centroid o = ShearCenter DATA SUMMARY

974,906 Section Name

////,,/—"'-‘"‘“‘*--\\\\\\ s P05

=Y
= 156713

\'%'%

= .708E+11
Iyz

= .261F+10
Izz

= ,739E+11

Warping Constant
= | 177E+17

Torsion Constant |
= _949F+11 |

Centroid Y
= ~19.2296
Centroid Z
= 33,9943 |
Shear Center Y |
= —349.578 |
Shear Center Z
= 617.961 ‘
_q07 449 Shear Corr. YY |
A = .352965 |
Shear Corr. YZ |
= —.093887 ‘
|
|

—. 012700 al

Shear Corr. ZZ
= _465828

—487.481 REEE 427,482 974,267

Figure F.3 — Cross-Section Properties (in. based units) of Undeformed CEB at EL. = 35.4 ft
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Figure F.4 — Cross-Section Properties (in. based units) of Undeformed CEB at EL = 108.8 ft
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Figure F.6 — Cross-Section Properties (in. based units) of Deformed CEB
from Standard Analysis Case at EL = 35.4 ft

150252-CA-02 Appendix F -F-18 - Revision 0

FP 100985 Page 229 of 526



SIMPSON GUMPERTZ & HEGER

PROJECT NO: 150252

Engineering of Structures
and Building Enclosures DATE: July 2016

CLIENT: NextEra Energy Seabrook BY: R.M. Mones

SUBJECT: Evaluation and Design Confirmation of As-Deformed CEB VERIFIER: A.T. Sarawit

1 SECTICN ID 8
x = Centroid o = ShearCenter DATA SUMMARY

G032, 450 Section Name

/ \ = pl08d8
Area

= 90033
I

YY

= ,411F+11
Iyz

= —.384F+07
Izz

= 411F+11
Warping Constant

= _563F+09
Torsion Constant

= ,822E+11
Centroid Y
L50749] 5 = —,123875
Centroid Z

= ,355523
Shear Center Y

= —,123025
Shear Center Z

= _355103
Shear Corr. YY

= ,500097
Shear Corr. YZ

= —.478E-04
Shear Corr. 7z
= .500005

—ufz 44 \_,_/

—983. 32 —4981. 817 —-. 014837 481,188 952,69

SR ILC 01 I r0, SEABROCK CEB, 150252

Figure F.7 — Cross-Section Properties (in. based units) of Deformed CEB
from Standard Analysis Case at EL = 108.8 ft
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Figure F.8 — Cross-Section Properties (in. based units) of Deformed CEB
from Standard-Plus Analysis Case at EL = (-)15.1 ft
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Figure F.9 — Cross-Section Properties (in. based units) of Deformed CEB
from Standard-Plus Analysis Case at EL = 35.4 ft
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Figure F.10 — Cross-Section Properties (in. based units) of Deformed CEB
from Standard-Plus Analysis Case at EL = 108.8 ft
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Appendix G
Evaluation Results for Load Combinations for Original Design Analysis Case without As-
Deformed Condition Demands

G1. REVISION HISTORY
Revision 0:

Initial document.

G2. OVERVIEW

This appendix contains evaluation results for the Original Design Analysis Case. The Original
Design Analysis Case is performed with all loads defined in the original SD-66 structural criteria
document, but does not include any self-straining loads (i.e., S, and S, in the load combinations
in Table 5 in the main body of this calculation are zero). The contour plots presented in this
appendix contain enveloped demand-to-capacity ratios (DCRs) for static and OBE

combinations, as those are the combinations that generally control the design of the CEB.

The Original Design Analysis Case represents the original design requirements for the structure
and are evaluated to demonstrate that the FEA model developed in this calculation gives

reasonable evaluation results for the condition without self-straining loads.

G3. METHODOLOGY

The methodology for structural analysis is documented in Section 6 of the main body of this
calculation. Evaluation methodology is documented in Section 7 of the main body of this
calculation. Self-straining loads (i.e., ASR and concrete swelling) are excluded in this analysis
case, and design loads are applied to the as-designed CEB instead of the as-deformed
condition of the CEB.
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G4. RESULTS AND CONCLUSIONS

The evaluation indicates that the CEB meets ACI 318-71 evaluation criteria for the Original

Design Analysis Case.

Contour plots showing the results of the element-by-element evaluation for OBE and Static
combinations are shown in Figures G1 through G14. In these enveloped contour plots, each
element is colored based on its maximum DCR for all combinations of the given type (OBE or
static). Therefore, the enveloped contour plots may show multiple areas of high DCR, but these

areas with elevated demand may actually occur in different load combinations.
The evaluation of the Original Design Analysis Case is summarized in the list below.

. Axial compression in the hoop direction.

Enveloped contour plots of DCRs from the element-by-element evaluation results are
shown in Figures G1 and G2 for the OBE and static combinations, respectively. No
capacity exceedances are identified.

) Axial compression in the meridional direction.

Enveloped contour plots of DCRs from the element-by-element evaluation results are
shown in Figures G3 and G4 for the OBE and static combinations, respectively. No
capacity exceedances are identified.

) In-plane shear.

Enveloped contour plots of DCRs from the element-by-element evaluation results are
shown in Figures G5 and G6 for the OBE and static combinations, respectively. No
capacity exceedances are identified in the static combinations. In the OBE
combinations, some minor in-plane shear capacity exceedances are identified at the
reentrant corners of the Electrical and Mechanical Penetrations. These capacity
exceedances are minor and localized, and are judged to be acceptable if consideration
is given to local distribution of demands within the wall. Additicnally, #8@6” diagonal
reinforcement is provided at the reentrant corners of the large penetrations, which are
not considered in the evaluation but would be effective at resisting these in-plane shear
demands.
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Odt-of-plane shear.

Enveloped contour plots of DCRs from the element-by-element evaluation results are
shown in Figures G7 through G10 for the OBE and static combinations. No capacity
exceedances are identified in the static combinations. In the OBE combinations, some
minor out-of-plane shear capacity exceedances are identified at the reentrant corners of
the Electrical and Mechanical Penetrations. These capacity exceedances are minor and
localized, and are judged to be acceptable if consideration is given to local distribution of
demands within the wall. Additionally, #6@6” transverse reinforcement are provided at
the edges of the pilasters, which are not considered in the evaluation but would be
effective at resisting these out-of-plane shear demands.

Axial-flexure interaction in the hoop direction.

Enveloped contour plots of DCRs from the element-by-element evaluation results are
shown in Figures G11 and G12 for the OBE and static combinations, respectively. The
element-by-element evaluation identifies localized capacity exceedances for axial-
flexure (PM) interaction on either side of the West Pipe Chase and near the reentrant
corners of the West Pipe Chase. The exceedances are more severe in OBE
combinations than static combinations. Section cut evaluation (Section Cut 19) is
performed in the area to the south of the West Pipe Chase where the element-by-
element evaluation identifies the most-severe capacity exceedances. The section cut
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