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DISCLAIMER

The calculations contained in this document were developed by Bechtel SAIC Company, LLC (BSC) and
are solely intended for the use of BSC in its work for the Yucca Mountain Project.
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1. PURPOSE

The purpose of this calculation is to perform a seismic fragility evaluation of the Canister
Receipt and Closure Facility (CRCF) and to develop mean seismic fragility curves for the CRCF.
The seismic fragility curve is developed using the 1% probability of unacceptable performance,
Ci%, approximated by the deterministically computed Conservative Deterministic Failure Margin
(CDFM) methodology, and the composite logarithmic standard deviation,  (Ref. 2.2.4). The
mean seismic fragility curve is defined in terms of the peak horizontal ground acceleration of the
beyond design basis ground motion (BDBGM) given in Ref. 2.2.31.

The scope of this calculation includes the development of seismic fragility curves according to
two sequences:

Building just short of collapse
The seismic fragility curve developed for this limit state should be used when the
building collapse is the only event in the event sequence. For the purpose of this
calculation, this building state is considered Limit State A (Table 1-1, Ref. 2.2.6).

Essentially elastic building behavior
The seismic fragility curve developed for this limit state should be used when essentially
elastic behavior of the structure is required, such as ensuring building confinement
integrity, together with other events that contribute to the critical event sequence. For the
purpose of this calculation, this building state is considered Limit State D (Table 1-1,
Ref. 2.2.6).

The seismic fragility curves developed in this calculation will be used in a limited probabilistic
risk assessment of the CRCF.

The scope of this calculation does not include concrete and steel detailing.
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3. ASSUMPTIONS

3.1 ASSUMPTIONS REQUIRING VERIFICATION

3.1.1 The acceleration used for the out-of-plane seismic loads on walls is assumed as 1.5 times
the maximum horizontal acceleration at the upper elevation of the wall.

Rationale: Based on preliminary CRCF Tier 2 SASSI analysis, a uniform acceleration equal to
1.5 times the maximum horizontal acceleration at the upper floor elevation for all other walls is a
reasonable measure of the expected out-of-plane seismic accelerations for these walls.

3.1.2 NOT USED

3.1.3 NOT USED

3.1.4 Equipment dead loads are assumed as 50 psf on the floor and roof slabs. Equipment dead
loads include HVAC equipment, electrical equipment, etc. Also, miscellaneous hanging
equipment (cable trays, ductwork, etc.) is 10 psf.

Rationale: The CRCEF is not an equipment intensive structure with the major equipment for

diaphragm design being the HVAC equipment. 50 psf equipment load is a reasonable

assumption for this type of structure.

3.1.5 Roofing material dead load is assumed as 15 psf.

Rationale: This is a reasonable assumption for built-up roofing material.

3.1.6 Live load is assumed as 100 psf for floor live load and 40 psf for roof live load.

Rationale: This is a reasonable assumption for this type of structure, as the primary source of
live load is maintenance of HVAC and other equipment.

3.1.7 NOT USED

3.1.8 The amplified acceleration for out-of-plane seismic loads on a given slab is assumed as
2.0 times the vertical acceleration obtained from the CRCF seismic analysis (Ref. 2.2.5).

Rationale: The Tier-1 seismic analysis models did not include the effects of vertical floor
flexibility on the seismic demands for the floor slabs and interior steel columns supporting the
floor slabs. To obtain amplified vertical floor acceleration to be used in the design of floor slabs
and supporting steel the following process was used.

A SASSI (System for the Analysis of Soil-Structure Interaction) analysis was performed on the
Canister Handling Facility (CHF) (Ref. 2.2.34), a structure similar to the CRCF, which
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developed in-structure response spectra at hard points on the walls. Using the 7% damped
vertical response spectra give in Fig. F-3 of Ref. 2.2.34, a response ratio between the wall ZPA
(zero period acceleration) and the in-structure response was computed at various frequencies. A
plot was generated of response ratio versus frequency.

A study was performed for the CHF where floor frequencies were computed for various slab
geometry’s (Ref. 2.2.35). Looking at the results of this study one can determine the fundamental
vertical floor mode and obtain the frequency and mass participation for the various conditions
studied. For an 18” floor with columns spaced at approximately 20’ on centers the fundamental
mode is approximately 25 Hz with a mass participation of 50%. Thus, 50% of the mass is
responding at this frequency and 50% of the mass responds at other frequencies. Assuming the
remaining mass participates at the ZPA, the following equation can be written:

Response = (0.5*mass*ZPA) + (0.5*ratio*mass*ZPA)
Where ratio = (acceleration at 25 HZ) / ZPA

Using the Response Ratio versus frequency plot described above, the ratio for 25 Hz was found
to be 2.3. Using this value in the response equation above results in:

Response = 0.5*mass*ZPA + 0.5*%2.3*mass*ZPA
Response = 1.65*mass*ZPA

Where the ZPA for the slab is the vertical acceleration from the CRCF seismic analysis (Ref.
2.2.5) at the floor level under consideration.

This procedure was carried out for various slabs and the results indicated that 2.0*ZPA is a
reasonable approximation of the vertical floor amplification for this type of structural
configuration.

3.1.9 The final design of the CRCEF is assumed to follow the ductile detailing requirements of
ASCE 43-05 (Ref. 2.2.6).

Rationale: ASCE 43-05 (Ref. 2.2.6) is one of the design documents used for the CRCF

structural analysis and design. Therefore, assuming that the detailing requirements of ASCE 43-
05 will be followed is reasonable.

3.1.10 The forklift is assumed to not be included in the fragility event tree sequence. Therefore,
the forklift weight is not included in the HCLPF capacity calculations.
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Rationale: The operation of the forklift is a low frequency event. Therefore, neglecting the
possibility of the forklift operation during the low frequency BDBGM seismic event is a
reasonable assumption.

3.1.11 It is assumed that the concrete placed at different times will intentionally be roughened to
a full amplitude of at least 4 inches, as specified in Section 11.7.9 of Ref. 2.2.2.

Rationale: Typical construction practice on nuclear power plant jobs specifies that interfaces
between concrete poured at different times be intentionally roughened. Therefore, assuming that
this practice will be followed is reasonable. This requirement will be implemented in the
detailed construction drawings and/or concrete specifications in the detailed design phase of the
project.

3.2 ASSUMPTIONS NOT REQUIRING VERIFICATION

3.2.1 Unless otherwise noted, the out-of-plane analysis of all walls assumes simply supported
vertical strips between diaphragms with uniform acceleration applied to the entire wall
strip.

Rationale: Analyzing the walls as simply supported, one-way vertical beam strips with a

uniform acceleration applied over the entire wall height, and neglecting two-way action of the
wall panel, is bounding.

3.2.2 All slabs are assumed to be one-way slabs.

Rationale: Analyzing the floor slabs as one-way slabs instead of two-way slabs is bounding.

3.2.3 Multiple span diaphragms, when analyzing for in-plane forces, are taken as simply
supported spans considering the largest span.

Rationale: Taking simple spans instead of multiple spans is bounding because the moments
compute as simple spans envelopes the positive and negative moments compute as multiple
spans.

3.2.4 The strong motion duration is assumed to be greater than 15 seconds. Therefore, per
Table 4-2 of Ref. 2.2.42, the effective number of strong nonlinear cycles (N) is assumed
as 4 and the frequency shift coefficient (Cy) is 2.7.

Rationale: This is a bounding assumption for the Fp factor calculation for shear walls and the
Fu reduction calculation for ratcheting.
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4.1

4.2

4.2.1

4.2.2

4 METHODOLOGY

QUALITY ASSURANCE

This calculation was prepared in accordance with EG-PRO-3DP-G04B-00037
Calculations and Analyses (Ref. 2.1.1). Section 4.1.2 of the Basis of Design for the TAD
Canister-Based Repository Design Concept (Ref. 2.2.3) classifies the CRCF structure as
ITS. The approved record version of this document is designated QA:QA.

USE OF SOFTWARE
Word, Excel, and MathCAD

Word 2003 and Excel 2003, which are parts of the Microsoft Office Professional Edition
2003 suite of programs, were used in this calculation. Microsoft Office 2003 is classified
as Level 2 software as defined in IT-PRO-0011, Software Management, (Ref. 2.1.2).
Microsoft Office 2003 is listed on the current Level 2 Usage Controlled Software Report.
Microsoft Office software with Software Track Number 610236-2003-00 is also listed in
000-PLN-MGRO0-00200-000, Repository Project Management Automation Plan, (Ref.
2.1.3). Checking of the Excel computations in this calculation is performed using a hand
calculator and/or by visual inspection.

MathCAD version 13 was utilized to perform mathematical computations in this
calculation. MathCAD version 13 is classified as Level 2 software as defined in IT-PRO-
0011, Sofiware Management, (Ref. 2.1.2). All MathCAD input values and equations are
stated in the calculations. Checking of the MathCAD results was done using a hand
calculator, by comparison to known solutions, and/or by visual inspection.

MathCAD version 13 is listed on the Level 2 Usage Controlled Software Report (SW
Tracking Number 61116-13-00), as well as in 000-PLN-MGRO0-00200-000, Repository
Project Management Automation Plan, (Ref. 2.1.3).

The software was executed on a PC system running Microsoft Windows 2003 operating
system.

SAP2000

SAP2000, Version 9, as used in this calculation, is classified as Level 1 software usage as
defined in IT-PRO-0011 (Ref. 2.1.2). This software is a commercially available
computer program qualified to perform static and dynamic analysis of structural systems.
The software validation report is given in 11198-SVR-9.1.4-00-WIN2000 (Ref. 2.2.45).
This software is listed in the Qualified and Controlled Software Report as qualified with
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Software Tracking Number 11198-9.1.4-00 as well as the Repository Project
Management Automation Plan (Ref. 2.1.3).

The software is operated on a PC system running the Windows 2000 operating system.

4.3 DESIGN APPROACH
4.3.1 Introduction

The seismic fragility curves for the CRCF are developed following the guidelines established in
Appendix B, Section B3 of the Seismic Analysis and Design Approach Document (SADA) (Ref.
2.2.4). The sections of Appendix B applicable to this calculation are summarized below for
traceability purposes.

A High-Confidence-Low-Probability-of-Failure capacity (Cycrpr) is the ground motion level at
which there is approximately 95% confidence of less than or about 5% probability of failure.
Worded differently, the HCLPF capacity corresponds to approximately the 1% probability of
failure point on the mean (composite) fragility curve (C;o). In this calculation, HCLPF
capacities are calculated in terms of the peak horizontal ground acceleration (PGA}) of the
BDBGM seismic input motion defined in Ref. 2.2.31. Also, the HCLPF capacities are estimated
using the Conservative Deterministic Failure Margin (CDFM) Method.

According to Ref. 2.2.28, the terms Cycrpr, Civ%, and Ccppm are essentially interchangeable terms
for the same Seismic Margin Capacity and are used as such in this calculation.

HCLPF calculations consider all failure modes in order to determine the “weakest link” of the
structure. Based on experience with seismic probabilistic risk assessments of nuclear power
plants, the HCLPF capacity is based on in-plane shear for shear walls and out-of-plane bending
for slabs. In order to demonstrate the adequacy of the entire structure, additional evaluations
must be carried out. The evaluations performed for the HCLPF capacity evaluation of the CRCF
structure are as follows:

Primary HCLPF Capacity Calculations
e In-plane shear of shear walls
e Out-of-plane bending and out-of-plane shear of floor diaphragms

Additional HCLPF Capacity Evaluations
e Out-of-plane bending of shear walls
e In-plane bending and in-plane shear of floor diaphragms
e Axial force in combination with in-plane bending of walls

The HCLPF capacity for the entire CRCF structure will be governed by the lowest in-plane shear
HCLPF capacity of the CRCF shear walls. Other failure mechanisms with HCLPF capacities
lower than the governing shear wall will be modified by revising the reinforcing provided to
increase the HCLPF capacity above the governing shear wall capacity.
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The mean seismic fragility curves will then be controlled by the minimum HCLPF capacity of
the CRCF shear walls.

4.3.2 Steps for Calculating Seismic Fragility Curves for the CRCF

The following steps describe the procedure used in this calculation to develop the seismic
fragility curves for the CRCF.

Step 1: Determine HCLPF Capacity (CucrLpr)
The HCLPF capacity of any structural element is estimated from:

Cherpr = Fs * F, * PGAyppen (Eq. 4-1)

where
PGAgpsam: peak horizontal ground acceleration (g) of the Beyond Design Basis Ground Motion
Fs = computed strength margin factor

F, = inelastic energy dissipation factor

Step 1a: Strength Margin Factor (F)
The strength margin factor for an individual element is given by:

_ C98% B DNS

F, = (Eq. 4-2)

D BDBGM

where

Cose, = element capacity computed using code capacity acceptance criteria (including code
specified strength reduction factors ¢)

Dns = expected concurrent non-seismic demand. For this calculation, the concurrent non-
seismic demand is considered as the dead load plus 25% of the design live load.

DgpBom = seismic demand computed for the BDBGM input in accordance with the
requirements of ASCE 4-98 (Ref. 2.2.32), Section 3.1.1.2. The seismic demand forces are
retrieved from the seismic analysis results in Ref. 2.2.5. From Ref. 2.2.5, the 100-ft Alluvium
Upper Bound soil condition case bounds all other soil case conditions. Therefore, all references
to the seismic results developed in Ref. 2.2.5 refer to the results of the 100-ft Alluvium Upper
Bound soil condition case.

If force redistribution to another element or a group of elements is possible, the strength margin
factor for the group of elements is given by:
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Z (C98% - DNS )
F, =42 (Eq. 4-3)

n
Z D BDBGM
i=1

where
n = number of elements to which demands can be redistributed

Examples of when redistribution is possible are individual wall elements (piers) that comprise a
wall with openings. Also, if the floor diaphragms can transmit the required demand, the strength
margin factor for a series of adjacent shear walls can be computed using Equation 4-3.

Step 1b: Inelastic Energy Dissipation Factor (F,)

General estimates for the inelastic energy dissipation (absorption) factor for a range of structural
elements and for a given Limit State are provided in ASCE/SEI 43-05, Tables 5-1 (Ref. 2.2.6).
If applicable, the F, factors given in Table 5-1 of Ref. 2.2.6 are reduced to account for weak
and/or soft story effects, as required by Section 5.1.2.1 of Ref. 2.2.6. Per Section 1.3 of Ref,

2.2.6, other methods for computing Fu factors may be employed, such as the Effective
Frequency Method discussed in Ref. 2.2.42 and Ref. 2.2.43.

For this calculation, Limit State A and Limit State D are considered. For Limit State D, the
inelastic energy dissipation factor is 1.0 for all structural elements. Therefore, the Limit State D
HCLPF capacities are obtained by dividing the Limit State A HCLPF capacity by the Fu factor
associated with the HCLPF capacity. See Section 6.8 for further discussion of Limit State D
evaluations.

Step 2: Determine Minimum HCLPF Capacity

Determine the minimum HCLPF capacity as the minimum of the HCLPF capacities of the CRCF
shear walls. Also, ensure that the HCLPF capacities for the other failure modes are greater than
the minimum shear wall HCLPF capacity.

Step 3: Estimate the Fragility Logarithmic Standard Deviation (B)

The fragility logarithmic standard deviation () is estimated by judgment following the guidance
in ASCE/SEI 43-05 (Ref. 2.2.6). For structures and major passive mechanical components
mounted on the ground or at low elevations within structures, 3 typically ranges from 0.3 to 0.5.

Step 4: Develop Fragility Curves

The mean fragility curve is defined with a lognormal distribution with a C,v, capacity and a

logarithmic standard deviation, 3. Recognizing that C,¢, = Cucrpr, the median capacity is given
by:

Csp, = Cp ™ (Eq. 4-4)

where 2.326 is the number of standard normal variants that the 1% point lies below the 50%
point (Ref. 2.2.28). For any other probability level x, the capacity is given by

C o = CSO%eZﬁ (Eq' 4_5)

x%
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where Z is the number of standard normal variants from the mean to the x-level of performance.

Equations 4-4 and 4-5 are used to develop the mean seismic fragility curves of the CRCF.

ATTACHMENT

ATTACHMENT
ATTACHMENT

ATTACHMENT

ATTACHMENT

ATTACHMENT

ATTACHMENT

ATTACHMENT

5 LIST OF ATTACHMENTS
Number of Pages

A: FLOOR PLAN AND WALL ELEVATIONS.................. 21

B:

SHEAR WALL DESIGN SUMMARY TABLE.... ............... 5

File: BDBGM 100 UPPER BOUND RESULTS.xls — Contains
BDBGM seismic analysis results from Ref. 2.2.5 used in this
calculation

Contains the SAP model and analysis results for the Beam Model
developed in Section 6.3 for the HCLPF capacity evaluation of the
slab at EL. 32°-0”

File: CRCF — Fragility — In-Plane Shear Wall xls — Contains the
results from the HCLPF capacity evaluation of the CRCF shear
walls in Section 6.2

File: CRCF — Shear Friction.xls — Contains the results from the
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6 BODY OF CALCULATION

6.1 SYMBOLS AND NOTATIONS

See LIST OF ACRONYMS section for the symbols and notations used in this
calculation.

6.2 HCLPF CAPACITY CALCULATIONS FOR IN-PLANE SHEAR OF SHEAR
WALLS

6.2.1 Seismic Analysis Results

The stick model and results of the CRCF seismic analysis (Ref. 2.2.5) are used in the in-plane
shear HCLPF capacity calculation for the CRCF. The seismic analysis results for the 100-ft
upper bound soil case from Attachment J of Ref. 2.2.5 are included in Attachment C. The
seismic analysis performed a modal analysis using the SRSS method to combine the spatial
components of the earthquake. The axial force and in-plane shear force for the seismic and non-
seismic load cases are the analysis results required for the in-plane shear HCLPF capacity
calculation. The SAP2000 results from Ref. 2.2.5 consider a negative axial force equal to a net
compression. However, for the purposes of the in-plane shear HCLPF calculation, a negative (-)
axial force indicates an element with net tension.

6.2.2 Element Properties

The element (stick) properties for each wall of the CRCF are determined from Attachment B of
Ref. 2.2.5. The element properties retrieved from Ref. 2.2.5 are shown on the “Frag. Shear
Calculation” sheet of the file “CRCF — Fragility — In-Plane Shear Wall.xIs” included in
Attachment E. The following table describes these element properties.

Table 6.2.1 Stick Element Properties

Excel Column* | Property Name Description

B Stick ID Beam element name

C Joint I ID of the starting node of the beam element

D Joint J ID of the ending node of the beam element

E Length Length of the beam element (feet)

F,GH X, Y, Z Centroid Global X,Y, and Z coordinate of the beam element
centroid (feet)

* Source - sheet “Frag. Shear Calculation” in file “CRCF — Fragility - In-Plane Shear Wall.xIs” in Attachment E
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6.2.3 Wall Design Parameters

The CRCF Shear Wall Design calculation (Ref. 2.2.29) is used to retrieve the wall design
parameters used in the shear wall design. The following table describes those parameters (Excel
columns J-P) retrieved from Attachment B of Ref. 2.2.29. The horizontal and vertical steel areas
for each stick element are shown in Attachment B. Also, the stick demand forces required for
the in-plane shear HCLPF calculations (Excel columns Q, AD, AE, and AF) are discussed.
These stick forces are retrieved from the results of the seismic analysis documented in Ref. 2.2.5

and are also given in Attachment C for usage in this calculation.
Table 6.2.2 Stick Element Wall Design Parameters and Stick Forces

Excel Column* | Parameter Name | Description

J hw Revised? (See Note 1)

K hy height of wall segment (feet)

L ly length of wall segment (feet)

M H distance between floor diaphragms (feet)

N thick wall thickness (feet)

O Agy vertical wall reinforcement (inz/ ft / face)

P Ash horizontal wall reinforcement (in”/ ft / face)

Q Na Maximum tension force on the stick element. (See Note
2)

AD In-Plane Direction | NS = stick element is part of a N-S shear wall; EW =
stick element is part of a E-W shear wall

AE Vuns In-plane shear due to the non-seismic load (DL+LL)
(See Note 3)

AF VUgrpBGM In-plane shear due to the BDBGM seismic load
(BDBGM_SRSS) (See Note 3)

* Source - sheet “Frag. Shear Calculation” in file “CRCF — Fragility - In-Plane Shear Wall.xls” in Attachment E
Notes:

(1) ACI 349-01 (Ref. 2.2.2) equations were used to calculate the in-plane shear strengths for the CRCF walls in
Ref. 2.2.29. These equations are based on hw/lw, but are not direct functions of hw/lw. However, the
HCLPF capacities for in-plane shear are based on equation 4-3 given in ASCE/SEI 43-05 (Ref. 2.2.6)
Section 4.2.3 (herein referred to as the Barda equation). The Barda equation is more sensitive to the value
of hw/lw than the ACI 349-01 equations. Therefore, if required, the values of hw given in Ref. 2.2.29 are
revised to produce a conservative HCLPF capacity. See Attachment H for further discussion of hw used in
this evaluation.

Calculated as the difference between the axial force due to the BDBGM SRSS load (positive vertical
direction case for maximum tension) and the axial force due to the DL+LL load from Ref. 2.2.5. See Sheet
“Element Forces — Na Calc” in the Excel file “CRCF — Fragility - In-Plane Shear Wall.xls” included in
Attachment E.

See Sheet “Element Forces — Vn Calc” , columns Z and AA, in the Excel file “CRCF — Fragility - In-Plane
Shear Wall.xIs” included in Attachment E.

2

3)
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6.2.4 Strength Margin Factor (F,) Calculation

The strength margin factor (F;) for in-plane shear of the CRCF shear walls is based on three
values: the in-plane shear demand from the concurrent non-seismic loads (Vuxs), the in-plane
shear demand from the BDBGM loads (Vugpsam), and the in-plane shear capacity of the shear
wall (¢V,). These values are determined for each stick element of the CRCF model as follows:

Vuns = in-plane shear force due to load case ‘DL+LL’ (from Ref. 2.2.5)
VUugpeGM = in-plane shear force due to the load case ‘BDBGM_SRSS’ (from Ref. 2.2.5)
dVq = in-plane shear capacity (See the following discussion)

Per Section 4.2.3 of Ref. 2.2.6, for hy, / 1, < 2.0, $V,, is given as follows:

n=¢&aﬁf—3%ﬁféu4up47;+pmg} (Eq. 6.2.1)
where
) = Capacity reduction factor (= 0.8)
Vu = Ultimate shear strength (psi)
£ = Concrete compressive strength (psi)
hy = Wall height (in.)
lw = Wall length (in.)
Na = Axial force (Ib) (- = tension; + = compression)
tw = Wall thickness (in.)
Pse = Apy + Bpy (shall not exceed 0.01)
= Steel yield stress (psi)
Pv = Vertical steel reinforcement ratio
Ph = Horizontal steel reinforcement ratio
A,B = Constants given as follows:
hy/l, <0.5 2>A=10,B=0
0.5<hy/ly<1.5 2> A =-hy/ly + 1.5, B=hy/l-0.5
hy/ly > 1.5 >A=0,B=1.0

Per ASCE 43-05 Section 4.2.3 (Ref. 2.2.6), the ultimate shear strength given in Eq. 6.2.1 shall
not exceed 20¢(f )2

The total shear capacity is
oV . =v, -d-t, (Eq. 6.2.2)

where d is the distance from the extreme compression fiber to the center of force of all
reinforcement in tension, and may be conservatively estimated from the following (Ref. 2.2.6):

d=06-1, (Eq. 6.2.3)
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Per Section 4.2.3 of Ref. 2.2.6, for hy, / 1, > 2.0, ¢V, is given as follows by ACI 349-01 (Ref.
2.2.2). Per section 11.3.2.3 of ACI 349-01, for members subject to significant axial tension,
equation 11-8 shall be used and is given as follows:

N
v, =¢| 2(1+ —= '+ Eq. 6.2.4
=P 2 5004, WS+ pif, (Eq )
where
) = Capacity reduction factor (= 0.6)
Vu = Ultimate shear stress (psi)
. = Concrete compressive strength (psi)
fy = Steel yield stress (psi)
Ph = Horizontal steel reinforcement ratio
N, = Axial force (Ib) (- = tension)
A, = gross area of wall =ty x I,

Per ACI 349-01 Section 21.6.5.6 (Ref. 2.2.2), the ultimate shear strength for wall piers sharing
loading shall not exceed 8¢(f’.)"%. Therefore, the ultimate shear strength for wall piers with
hw/lw > 2.0 is limited to the smaller of Equation 6.2.4 and 8¢(f° )2

The total shear capacity is
oV, =v, -d-t, (Eq. 6.2.5)

where d is the distance from the extreme compression fiber to the center of force of all
reinforcements in tension, and may be estimated from the following (Ref. 2.2.2 Section 11.10.4):

d=081 (Eq. 6.2.6)

6.2.4.1 Concrete Compressive Strength (f¢)

Ref. 2.2.1 gives the 28-day concrete compressive strength as 5,000 psi for the design of ITS
structures. For the HCLPF capacity evaluations the concrete compressive strength is specified as
the code specified minimum strength or at the 95% exceedance of the actual strength if test data
are available. Section 2, page 2-51 and 2-52 of Ref. 2.2.43 discusses typical concrete strength
increase factors that meet the requirements for HCLPF capacity evaluations. On page 2-52 of
Ref. 2.2.43, it is stated that “Concrete compressive strength increases are likely to range from
10% to 45% over minimum specified 28-day strengths...”. Therefore, a concrete compressive
strength increase factor of 1.10 is used in the HCLPF capacity evaluations in this calculation.

For concrete compressive strength, the 95% exceedance level is specified as follows -
28-day design strength: 5,000 psi

Increase factor: 1.10

£ cncrpr = 5,000psi x 1.10 = 5,500 psi € Concrete compressive strength used in the HCLPF
capacity calculations
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6.2.5 Inelastic Energy Absorption (Fu) Factor for Shear Walls

Table 5-1 of ASCE/SEI 43-05 (Ref. 2.2.6) gives the Fp factor for shear controlled shear
walls as 2.0 for Limit State A. Section 5.1.2.1 of Ref. 2.2.6 states that the Fu factor for a
structure with a weak or soft story must be reduced according to equation 5-2(a), where a
weak story is one in which the story lateral strength (defined as the capacity (C) to demand
(D) ratio (C/D) of the story) is less than 80% of the immediate story above.

The reduced Fp is calculated according to equation 5-2(a) in Ref. 2.2.6, and is given as

follows:
F =1+2(F 1)n_k+1
ureduced - 1) n-(n+ 1)
where
Fu = Inelastic energy absorption factor (= 2.0 for Limit State A per Table 5-1 in Ref. 2.2.6)
n = Number of stories in the structure (= 3 for the CRCF)
k = Story level of the highest weak story in the structure

Based on the C/D ratios given in Step 3 of the following calculation, the C/D of the first story is less than 80% of the
second story (i.e. the 1st story is a weak story). Also, the C/D of the second story is less than 80% of the third story
(i.e. the 2nd story is a weak story). The reduced Fp is calculated with k = 1 and k = 2 to determine the effects of the
weak story location on the reduced Fp calculation.

FM =20
n:=3
n-k+1
F (k)y=1+2(F,6 -1)———
M() ( u >n-(n+1)
1st story is the weak story Fu g = FM(I) Fuig = 1.50
2nd story is the weak story Fuong = FM(Z) Fuypg =133

The reduced Fp calculation shown above is quite conservative, given the conservative nature of the ASCE 43-05 Fu
factors.

In lieu of equation 5-2(a), Section 1.3 of Ref. 2.2.6 allows for the use of alternate methods in estimating the inelastic
energy absorption capacity factors for shear walls structures. One such alternate method is the Effective Frequency
Method discussed in Ref. 2.2.42 and Ref. 2.2.43.

The Effective Frequency Method is used to estimate the Fu factor used in the shear wall HCLPF capacity calculations

of the CRCF. Fp factors are estimated for the N-S shear walls and the E-W shear walls. The following calculation
follows the methodology discussed in Appendix M of Ref. 2.2.43

ORIGIN =1 Set the array origin to 1

Step 1: Determine Displacements, Shear Demands, and Capacities for each story

Three stories are considered in this calculation:
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Story 1: EL. 0'to EL. 32' (Stick Elements with starting nodes at EL. 0")
Story 2: EL. 32'to EL. 64' (Stick Elements with starting nodes at EL. 32')
Story 3: EL. 64' to EL. 100' (Stick Elements with starting nodes at EL. 64')

The stick elements from EL. 64' to EL. 72’ feet exist only in a small portion of the CRCF. Therefore,
these stick elements are not considered to constitute a separate story.

Story Drifts
The average story drifts at EL. 32", EL. 64' and EL. 100" due to the BDBGM load are used. The story

drifts are defined as the difference between the average displacement at the respective elevation and the
displacement at EL. 0'. The rigid body displacement of the soil-structure system does not contribute
any displacement demand on the structure and thus is not included in the story drift calculation.

The U1 (E-W) average story drifts are used for the E-W shear wall Fu calculation and the U2 (N-S)
average story drifts are used for the N-S shear wall Fu calculation.

ELOdis NS = 0.276in Cell "WT7" in Sheet "Joint Displ - Fu Calc" included in Excel file "CRCF - Fragility -
P In-Plane Shear Wall.xIs" included in Attachment E

ELOdis EW = 0.290in Cell "V7" in Sheet "Joint Displ - Fu Calc" included in Excel file "CRCF - Fragility -
P In-Plane Shear Wall.xIs" included in Attachment E

0.370) _ _ .
Average story displacements in the N-S direction.
StorydispNS =1 0425 |-in Calculated in Column W of Sheet "Joint Displ - Fu Calc" included in
Excel file "CRCF - Fragility - In-Plane Shear Wall.xIs" included in
0478} Attachment E

0.372) , _ o
Average story displacements in the E-W direction.
storydiS EW = 0.434 |~in Calculated in Column V of Sheet "Joint Displ - Fu Calc" included in
p Excel file "CRCF - Fragility - In-Plane Shear Wall.xIs" included in

0-491) Attachment E
0.094 )
StOry ANg = StorydispNS - ELOdispNS story aNg = | 0-149 |in Sizlslg\éz rit)r:i/s N
0-202) direction
0.082)
Sty Agw = StorydispEw ~ ELOdispEwW storyAgy = | 0-144 [in EEEZZZ?;’HS in E-W
0'201) direction

Story Shear Demands

The summation of the in-plane shear demands at EL. 0' (Story 1), EL. 32' (Story 2), and
EL. 64' (Story 3) due to the BDBGM load. The in-plane shear demands on the N-S stick
elements are used for the Fp calculation of the N-S shear walls and the in-plane shear
demands on the E-W stick elements are used for the Fu calculation of the E-W shear
walls.
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253200\ Story demands on the N-S shear walls.
Calculated in Columns AK, AM, and AO of Sheet "Fu Calculation"
storyyNg = | 129912 |-kip included in Excel file "CRCF - Fragility - In-Plane Shear Wall.xls"
included in Attachment E. The summation of all in-plane shear
39418 ) demands on the N-S sticks at EL. 0', EL. 32', and EL. 64' are
given in Row 6 of the columns listed above.

250188

storerEW = 130249 |~kip Story demands on the E-W shear walls.
Calculated in Columns AS, AU, and AW of Sheet "Fu
39603 ) Calculation” included in Excel file "CRCF - Fragility - In-Plane
Shear Wall.xIs" included in Attachment E. The summation of all
in-plane shear demands on the E-W sticks at EL. 0', EL. 32', and
EL. 64' are given in Row 6 of the columns listed above.
Story Capacities
The summation of the in-plane shear capacities for the stick elements at EL. 0' (Story 1), EL. 32' (Story 2),
and EL. 64' (Story 3). The individual stick element capacities are calculated using the methodology
discussed in Section 6.2.4.

348924 .
Story capacities of the N-S shear walls.
storyVCNS = 374909 |~kip Calculated in Columns S, U, and W of Sheet "Fu Calculation”
included in Excel file "CRCF - Fragility - In-Plane Shear
158871) Wall.xls" included in Attachment E. The summation of all
capacities of the N-S sticks at EL. 0', EL. 32', and EL. 64" are
given in Row 6 of the columns listed above.
410364
. Story capacities of the E-W shear walls.
storyy gy = | 282460 |-kip Calculated in Columns AA, AC, and AE of Sheet "Fu
1241 10} Calculation" included in Excel file "CRCF - Fragility - In-Plane
Shear Wall.xIs" included in Attachment E. The summation of all
capacities of the E-W sticks at EL. 0', EL. 32', and EL. 64' are
given in Row 6 of the columns listed above.

Step 2: Determine Structural Frequency and Structural Damping
Per the seismic modal analysis performed in Ref. 2.2.5, the structural frequencies of the CRCF
are given as follows:

FreqNS = 5.84Hz Structural frequency in the N-S direction from Table 7 of Ref. 2.2.5 - BDBGM
100" Upper Bound soil spring case

FrquW = 5.77Hz Structural frequency in the E-W direction from Table 7 of Ref. 2.2.5 - BDBGM
100" Upper Bound soil spring case

Also, 10% structural damping was considered in the BDBGM seismic analysis.
o = 10% Structural damping used in the BDBGM seismic analysis of Ref. 2.2.5

Step 3: Compute the elastic Capacity/Demand ratios for each story under the BDBGM loads

—;——————* 1.38)
story
C/DNS = ﬂ C/DNS =12.89 ‘ C/D ratios for the N-S shear walls
sto
TYVINS 403
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—_—
. 1.64
SIOTYVCEW i R
c/D — ¢ /D 1217 | C/D ratios for the E-W shear walls
EW t EW
SIOIYVIEW 313

Step 4: Check for Weak Story
Per ASCE 43-05 Section 5.1.2.1 (Ref. 2.2.6), if the C/D ratio of a given story is less than 80% of
the story above, then the structure has a weak story.

minlstNS = O'SO'C/DNS minlstNS =2.31 Minimum 1st story C/D for N-S walls
2

minlstEW = 0'80'C/DEW2 minlstEW = 1.73 Minimum 1st story C/D for E-W walls

weak g = if (C/DNS < minjNg- " There is a Weak Story in N-S direction" ,"No Weak Story")
1

weak gy = 1if (C/DEW < miny g, There is a Weak Story in E-W direction" ,"No Weak Story")
1

weakl SINS = "There is a Weak Story in N-S direction" Therefore, the inelastic energy absorption
factors must be reduced from those listed in

wealetEW = "There is a Weak Story in E-W direction"  Table 5-1 of Ref. 2.2.6. The Effective Frequency
Method is used to estimate the inelastic energy
absorption factors for the CRCF.

Step 5: Determine Elastic Displaced Shape at Onset of Yielding (5e)

According to the information in Step 3, the lowest C/D ratio are for the 1st story (1.38 for the N-S
walls and 1.64 for the E-W walls). Therefore, yielding will initially occur in the 1st story walls and
the elastic displaced shape at the onset of yielding is given by the following:

Use the 1st story C/D to calculate e since this
corresponds to the first element which reaches yield

\ 0.130)
SeNS = (C/DNsl'StoryANS) SeNS =1 0.205 |in Elastig displaced shape in the
N-S direction at the onset of
0.278 ) yielding in the first story
N 0-134\ Elastic displaced shape in the
. E-W direction at the onset of
Sepyy = (C/ DEWI'StOI'YAEW) Segyy = | 0.236 |in yielding in the first story
0.330 )

Step 6: Estimate Inelastic Deformed Shape
According to Table 5-2 of Ref. 2.2.6, a permissible total story distortion for a shear controlled shear wall
(hw/lw < 2.0) at Limit State A is 0.75%.

drift := 0.0075 Allowable drift at Limit State A

The inelastic displacement of the 1st story (H = 32 feet) is then given by:
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8Tl .= drift-32ft 8Tl = 2.8801n Allowable inelastic displacement of the 1st story

A slightly conservative estimate of the inelastic deformed shape may be obtained by considering that
all of the nonlinear drift occurs in the story with the lowest Capacity/Demand ratio (the 1st story) and
the remaining stories maintain the same differential drifts determined in Step 5.

Differential drifts: A2NS = SeNS - SeNS A2NS = 0.0761n N-S differential drift of 2nd
2 1 story

. N-S differential drift of 3rd
A3Ns = OeNs, ~OeNs,  A3ns = 0.073in gy

E-W differential drift of 2nd
story

. E-W differential drift of 3rd
A3EW = 9Cgw, ~Ogw,  A3pw = 0.093in g4y

AzEW = BCsz — BCEWI AzEW = 0.1021n

Inelastic deformed shape:

oT1 ) 2.88)
STNS = BTI + AZNS ’ STNS =12.96 ‘in Inelas.tic dgformed shape in the
3 03) N-S direction
511 +A2NS T A3NS ) '
)
Tl \ 2-88\ Inelastic deformed shape in the
. E-W direction

o1y +A2EW + A3EW ) 3.08)

Step 7: Estimate System Ductility
According to equation 6-1 in Ref. 2.2.43, the system ductility can be estimated using the following

equation:

- Where:
Z (Wi'8T,i) n = total number of stories
=1 Wi = inertial weights applied at story i
W= dr; = total drift at story i corresponding to the permissible total story
n distortion occurring in the critical story (1st story)
Z (Wi'se.i) 8 = elastic drift at story i corresponding to an elastic Capacity/Demand

i=1 ratio of unity for the critical story (1st story)
u = total system ductility

Inertial Weights:

Wlst = 96930kip Inertial weight for 1st story = Weight at EL. 32' from Ref. 2.2.5
Attachment J (Mass x 32.2 ft/sec2)

Wond = 60807-kip Inertial weight for 2nd story = Weight at EL. 64' from Ref.
2.2.5. Attachment J (Mass x 32.2 ft/sec”2)

W3rd = 22424kip Inertial weight for 3rd story = Weight at EL. 72' plus

weight at EL. 100" from Ref. 2.2.5 Attachment J (Mass x
32.2 ft/sec*2). The stick elements from EL. 64' to EL.
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72' feet exist only in a small portion of the CRCF.
Therefore, these stick elements are not considered to
constitute a separate story and the weight lumped at EL.
72" in the stick model (Ref. 2.2.5) is incorporated into the
weight at EL. 100' for this evaluation.

Wi .8 + W5, -8 + Wx. 10
Ist ®TNS, 2nd’"TNS, 3rd’®TNS, N-S system

HNS = HNs = 1684 g ciility
Wist-OeNs ot Wznd'5est + W3rd'56Ns3

Wi .8 +Wh 8 +Wq_ 10
1st °TEW, * Wand O TEW, © W3rd °TEW, E-W system

MEW = MEW = 1522 quaiilty
Wist9Ew + Wand 9w, + W3rd 9EW

Step 8: Estimate Fyu using the Effective Frequency Method
Considering that the force-deflection relationship on initial loading is elasto-perfectly plastic with an
ultimate capacity equal to the story capacities defined in Step 1 then

The ratio of secant to elastic frequency is given by:

fo/f(p) = 1 (Equation M-6 in Ref. 2.2.43)

il
The ratio of effective frequency to elastic frequency is then given by:
fe/f(;,t ,A) =(1-A)+ A~fs/f(;,t) (Equation M-7 in Ref. 2.2.43)

where:

A(c ,u) = iff C (1-fo/f(p)) < 0.85,Cp-(1 - fs/f(1)),0.85] (Equation M-7 in Ref.
F F F 2.2.43)

Per Assumption 3.2.4, the strong duration of the BDBDGM ground motion is assumed to be greater

than 15 seconds. Therefore, per Table 4-2 of reference 2.2.42, the frequency shift coefficient, Cf, is
27.

CF =27
The effective damping may be estimated from:

Be(“’BaBH,A) = (ffS/f(“) \ '

m] (B + BH) (Equation M-9 in Ref. 2.2.43)

where:

B:=9d B =0.10 elastic damping = structural damping used in the BDBGM
seismic analysis of Ref. 2.2.5

By is the pinched hysteric damping which, for shear wall structures, can be approximated by

B (w) = 11%(1 - fo/f(p)) (Equation M-10 in Ref. 2.2.43)
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The inelastic energy absorption factor is then given by:

2
)" SA(f.B)
= S (Equation M-13 in Ref. 2.2.43)

FH ?s) ‘SA(fe’Be)

where:
f, = effective frequency

f, = secant frequency
S(f,B) = spectral acceleration at the elastic structural frequency (f) and the elastic structural damping (3)
Sa(fs.Be) = spectral acceleration at the effective frequency (f,) and the effective structural damping (B,)

Step 9: Fu Calculations for N-S Shear Walls

f:= FreqNS f=5.84Hz Elastic Structural frequency in N-S direction

B =10.0% Elastic Structural damping

ung = 16.84 System ductility in the N-S direction

Secant frequency: fSNS = fs/f(;,LNS)f fSNS = 1.42Hz
Effective frequency: feNS = fe/f(“NS’ANS)'f feNS = 2.09Hz
Hysteric damping: Bhyg = BH(“NS) Bhyng = 8.32%

Effective damping: Beng = Be(“NS’B , BhNS’ANS) Beng = 8.53%

Spectral Acceleration at effective frequency and effective damping
The BDBGM (10,000 APE) damped design spectra in Ref. 2.2.31 are given for 0.5%, 1%, 2%, 3%,
5%, 7%, 10%, 15%, and 20% for a range of frequencies between 0.1 Hz and 100 Hz.

In order to obtain the spectral acceleration at the effective frequency (fe) and the effective damping
(Be), the following procedure is used -

e Interpolate between the 2.009 Hz and 2.984 Hz spectral accelerations to obtain the spectral
accelerations at 2.09 Hz (the effective frequency) for all damping values.

e Plot the spectral accelerations at 2.09 Hz (y-axis) versus damping (x-axis)

e Fit an equation to the plotted acceleration vs. damping values using Mathcad built-in
equation-fitting functions.

o Determine the equation that best fits the spectral acceleration vs. damping data.

e Using the equation generated above, determine the spectral acceleration at the effective damping
8.53%.
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damping :=

Say 009Hz =

Say 9g4H7z =

0.5)

1

-%  Damping values at which the BDBGM horizontal spectra
acceleration curves are provided in Ref. 2.2.31

~N L W N

15
20 )

3.3925)
2.8626
2.3328

2.0229

1.6302 BDBGM horizontal spectral accelerations at 2.009 Hz for
0.5%, 1%, 2%, 3%, 5%, 7%, 10%, 15%, and 20%
1.3908 damping given in Ref. 2.2.31

1.1949
0.9722
0.8142 )

4.2016 )
3.5044
2.8072

2.3994

1.9339 BDBGM horizontal spectral accelerations at 2.984 Hz for
0.5%, 1%, 2%, 3%, 5%, 7%, 10%, 15%, and 20%
1.6479 damping given in Ref. 2.2.31

1.4222
1.1657
0.9838 )

36 November 2007



Canister Receipt and Closure Facility DOC ID: 060-SYC-CR00-01100-000-000A
(CRCF) Seismic Fragility Evaluation

2.009)
S8 09Hz = | X< |, 984 )
feNs Description:
A H This loop linearly interpolates between 2.009
z Hz and 2.984 Hz to determine the Sa values
for ie 1..rows(damping) at 2.09 Hz at all damping values.

Sal2.009Hzi\
y <«
S2) 984Hz. )
1

result; < linterp(x,y,z)

result
3.4561 )
29131
2.3701
2.0525
_ Spectral acceleration values at 2.09 Hz for
Sa2.09HZ = | 1.6541 the damping values
1.4110
1.2128
0.9874
0.8275 )
Figure 6.2.1 Sa vs. Damping at 2.009, 2.09 and 2.984 Hz
5 T T T
4N -
85,0091z
3
Sa3 984Hz
$83.09Hz
1
0 | | |
0 0.05 0.1 0.15 0.2
damping

Fit a curve to the spectral acceleration vs. damping curve at 2.09Hz

Fit a curve using the linear, exponential, and power regression and then determine the equation that
best fits the data.
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Linear Regression: line function returns values in the form of a + bx

2.6866 )

linear := line( damping, Sa linear =
values ( ping 2.09Hz) values (—11.4873)

linearg, (x) := linear + linear

X
values | Values2

Exponential Regression: expfit function returns values in the form of a*expb* + ¢

2.7273
€XPyalues = expﬁt(damping,Sa2_09HZ) eXPyalues = | —28.7873 |
0.9540 )
“Pvalues, *
eXpga(X) = “Pvalues, *© + “Pvalues,

Power Regression: pwirfit function returns values in the form of a*x® + ¢

0.2)

guess = | 2.0 ‘ initial guess values for a, b, and c for the power regression function

0 )

4.2164
PWIyalues = pwrﬁt(damping,Sa2.09HZ, guess.pwrvalues =|-0.1148 |
~4.2676 )
PWvalues,
PWIG,(X) 1= PWIvalues, ™% + PWvalues,
Figure 6.2.2 Sa vs. Damping Data at 2.09 Hz
4 T T T
582, 09Hz
linearg, (damping)
expg ,(damping)
pwrg, (damping)
0 | | |
0 0.05 0.1 0.15 0.2

damping
38
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From Figure 6.2.2, the power regression equation best fits the spectral acceleration vs.
damping data at 2.09 Hz. Therefore, this equation will be used to determine the spectral
acceleration at 2.09 Hz and the effective damping (8.53 %).

Sa(damping) := pwrg,(damping) Spectral acceleration at 2.09 Hz as a function of damping
Sagffective = Sa(BeNS) Sagfroctive = 1-33 Spectral acceleration at 2.09 Hz and

the effective damping

Fu Calculation for N-S shear walls
f=5.84Hz Elastic frequency in the N-S direction

Determine BDBGM spectral acceleration at the elastic frequency of 5.84Hz and 10% damping by linearly
interpolating between the 4.977 Hz and 5.995 Hz spectral values on the 10% damped curve given in Ref.
2.2.31.

(4.977\ (1.7245\ £
X = y =

X[ = — Xine = 5.84
5.995 ) 17519 ) loc ™ loc

Saglastic = linterp(x,y,xloc) Sagastic = 175

Sa 1.75 BDBGM spectral acceleration at the elastic frequency of 5.84 Hz and 10%

elastic = i
damping

Sa 1.33 BDBGM spectral acceleration at the effective frequency of 2.09 Hz and effective

effective damping of 8.53%

feNS =2.09Hz Effective frequency in the N-S direction

fSNS = 142Hz Secant frequency in the N-S direction

2
feNS\ Sag]astic

F = . F = 2.83 Fu factor for the N-S shear walls
NS NS
" NS ) Saeffective "

Step 10: Fp Calculations for E-W Shear Walls

f:= FrquW f=5.77Hz Elastic Structural frequency in E-W direction

B =10.0% Elastic Structural damping
LEw = 15.22 System ductility in the E-W direction
Secant frequency: fsEW = fs/f (“EW)'f fsEW = 1.48Hz

39 November 2007



Canister Receipt and Closure Facility DOC ID: 060-SYC-CR00-01100-000-000A
(CRCF) Seismic Fragility Evaluation

Effective frequency:  f gy = fe/f( HEW AEW) -f fopw = 2.12Hz
Hysteric damping: BhEW = BH(“EW) BhEW = 8.18%

Effective damping: Bepw = Be(“EW’B ,BhEW,AEW) Bepw = 8-83%

Spectral Acceleration at effective frequency and effective damping
The BDBGM (10,000 APE) damped design spectra in Ref. 2.2.31 are given for 0.5%, 1%, 2%, 3%,
5%, 7%, 10%, 15%, and 20% for a range of frequencies between 0.1 Hz and 100 Hz.

In order to obtain the spectral acceleration at the effective frequency (fe) and the effective damping
(Be), the following procedure is used -

e Interpolate between the 2.009 Hz and 2.984 Hz spectral accelerations to obtain the spectral
accelerations at 2.12 Hz (the effective frequency) for all damping values.

e Plot the spectral accelerations at 2.12 Hz (y-axis) versus damping (x-axis)

e Fit an equation to the plotted acceleration vs. damping values using Mathcad built-in
equation-fitting functions.

o Determine the equation that best fits the spectral acceleration vs. damping data.

e Using the equation generated above, determine the spectral acceleration at the effective damping
8.83%.

0.01)
0.01
0.02
0.03
damping = | 0.05 Damping values at which the BDBGM horizontal spectra
0.07 acceleration curves are provided in Ref. 2.2.31

0.10
0.15

0.20 )

3.3925)
2.8626
2.3328
2.0229

Sa2 009Hz = 1.6302 BDBGM horizontal spectral accelerations at 2.009
) Hz for 0.5%, 1%, 2%, 3%, 5%, 7%, 10%, 15%, and
1.3908 20% damping given in Ref. 2.2.31

1.1949
0.9722
0.8142 )
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4.2016)
3.5044
2.8072
2.3994

Saz 984Hz = 1.9339 BDBGM horizontal spectral accelerations at 2.984
) Hz for 0.5%, 1%, 2%, 3%, 5%, 7%, 10%, 15%, and
1.6479 20% damping given in Ref. 2.2.31

1.4222
1.1657
0.9838 )

(2.009\
X<

2.984) Description:
This loop linearly interpolates between 2.009
feEVV Hz and 2.984 Hz to determine the Sa values
Hz at 2.12 Hz at all damping values.

Say 12Hz =

Z <

for 1€ 1..rows(damping)

Sa2.009Hzi\
y —
Sa) 984Hz. )
1

result; < linterp(x,y,z)

result

3.4869
2.9375
2.3882
2.0668
SaZ.IZHZ =1 1.6656 Spectral gcceleration values at 2.12 Hz for
14208 the damping values

1.2214
0.9948
0.8340 )
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Figure 6.2.3 Sa vs. Damping at 2.009, 2.12 and 2.984 Hz
5 T I |

SaZ.OO9Hz3

Say 984H7

0 | | |
0 0.05 0.1 0.15 0.2

damping

Fit a curve to the spectral acceleration vs. damping curve at 2.12Hz

Fit a curve using the linear, exponential, and power regression and then determine the equation that
best fits the data.

Linear Regression: line function returns values in the form of a + bx
2.7080 )

linear := line( damping, Sa linear =
values ( 2. 12Hz) values (_1 15848 )

linearg, (x) := linear + linear

X
values | Values2

Exponential Regression: expfit function returns values in the form of a*expP* + ¢
2.7538 )

®XPvalues -~ expﬁt(damping,Saz'leZ) XPyalues = | ~28-9214 |
0.9623 )
Pvalues, *

eXpg,(X) 1= evaaluesl'e + evaalues3

Power Regression: pwirfit function returns values in the form of a*x® + ¢

0.2)

guess = | 2.0 ‘ guess values for a, b, and c¢ for the power regression function
0 )
4.1343
PWIyalues -~ pwrﬁt(damping,Saz‘leZ,guessipwrvalues =| -0.1172 |
~4.1816 )
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PWIyalues
pwrg,(X) = pwrvaluesl'X + pwrvalues3

Figure 6.2.4 Sa vs. Damping Data at 2.12 Hz
4 T T T

Say 12Hz

linearg, (damping)

expg, (damping)

pwrg, (damping)

0 0.05 0.1 0.15 0.2
damping

From the above plot, the power regression equation best fits the spectral acceleration vs. damping
data at 2.12 Hz. Therefore, this equation will be used to determine the spectral acceleration at 2.12
Hz and the effective damping (8.83 %).

Sa(damping) := pwrg,(damping) Spectral acceleration at 2.12 Hz as a function of damping

Saeffective = Sa(BeEW) Saeffective = 1.31 Spectral gcceleratipn at 2.12 Hz and
the effective damping

Fu Calculation for E-W shear walls
f=577Hz Elastic frequency in the E-W direction
Determine BDBGM spectral acceleration at the elastic frequency of 5.77Hz and 10% damping by linearly

interpolating between the 4.977 Hz and 5.995 Hz spectral values on the 10% damped curve given in Ref.
2.2.31.

4.977) 1.7245) £ -
X = y = X = — X = 5.

5.995 ) 1.7519 ) loc ™ jy, loc
Saclastic = linterp(x,y,xloc) Sagpastic = 175
Saelastic =1.75 BDBGM spectral acceleration at the elastic frequency of 5.77 Hz and 10%

damping
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1.31 BDBGM spectral acceleration at the effective frequency of 2.12 Hz and effective
damping of 8.83%

Sagffective =

feEW =2.12Hz Effective frequency in the N-S direction

fipw = 1.48Hz Secant frequency in the N-S direction

2
feEW\ Saelastic

F = . F = 2.74 Fufactor for the E-W shear walls
EW EW
H fsEw ) Sacffective H

Step 11: Fu Calculation Summary

Limit State A Fu per Equation 5-2(a) of Ref. 2.2.6 to account for weak story

F“lst =1.50 Fu considering the 1st story is the highest weak story (k= 1)
F“2nd =1.33 Fu considering the 2nd story is the highest weak story (k = 2)

Limit State A Fu per Effective Frequency Method (accounts for weak story by isolating all inelastic deformation in 1st

story)
N-S Shear Walls: FMNS =2.83

E-W Shear Walls: FMEW =2.74

Discussion
The above calculations give Fu factors for Limit State A between 1.33 and 2.83. The following observations are made
regarding the Fp factors determined above.

1. Based on the direction of ASCE 43-05, both methods for calculating Fu are acceptable.

Based on the discussion in C5.1.2.3 of Ref. 2.2.6 and Ref. 2.2.48, the Fp factors given in ASCE 43-05 Table 5-1
are inherently conservative for all Limit States.

3. The Fp factors tabulated in ASCE 43-05 Table 5-1 were derived from a series of literature reviews that aimed to
develop force reduction factors (Fu factors) (Ref. 2.2.48). One of the methods researched was the Effective
Frequency Method.

4. The Effective Frequency Method accounts for weak story effects by concentrating all of the inelastic deformation in
the story with the lowest C/D ratio.

5. Based on (2) and (3), using an Fu = 2.0 for a shear wall at Limit State A is a conservative measure of the inelastic
energy absorption that accounts for weak story effects.

6. Equation 5-2(a) of Ref. 2.2.6 conservatively assumes that all the inelastic displacement occurs in the highest weak
story. This assumption does not account for the fact that the story with the lowest C/D ratio (typically the 1st
story) will begin to yield before the highest weak story (2nd story in the CRCF). Therefore, an Fu = 1.50
reasonably accounts for weak story effects per Equation 5-2(a) of Ref. 2.2.6.

An Fu=1.75 is used in the in-plane shear HCLPF evaluation of the CRCF at Limit State A. This Fu value is a

reasonable inelastic energy absorption factor for the CRCF shear walls that accounts for (1) the inherit conservatism of
the Fu factors in Table 5-1 of Ref. 2.2.6 and (2) the need to account for weak story effects in the CRCF.
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6.2.6 In-Plane Shear HCLPF Calculations

The Excel file “CRCF — Fragility — In-Plane Shear Wall.xls” included in Attachment E contains
the in-plane shear HCLPF calculations for the CRCF. The majority of calculations are shown on
sheet “Frag. Shear Calculation”, while a summary of the HCLPF calculations at each floor story
for each wall are calculated and shown on sheet “In-Plane Shear Frag Summary”. The following
sections verify the calculations on these Excel sheets through an independent calculation.

6.2.6.1 Independent HCLPF Capacity Calculation

To show the validity of the Excel calculations, an independent calculation of the HCLPF
capacities for several stick elements is performed. Five stick elements are selected with different
hw/lw values to ensure that all branches of the in-plane shear capacity calculation are covered.
The stick elements selected for the sample calculation are as follows:

Table 6.2.3 Wall Design Parameters for Selected Stick Elements

Stick ID hy (ft) 1y (ft) hy /1y
2A.2 8.0 21.5 0.37
5A.1 32.0 48.0 0.67
G2.2 32.0 29.9 1.07
7TA2 32.0 19.0 1.68
4A.2 32.0 12.0 2.67

* Source - sheet “Frag. Shear Calculation” in file “CRCF-Fragility-In-Plane Shear Wall xIs” Attachment E

The Excel calculations are shown followed by the independent calculations for each stick
element.
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Table 6.2.4 Sample Output from Sheet “Frag. Shear Calculation” of Excel file “CRCF — Fragility — In-Plane Shear Wall xls”

Stick Element Properties

Source - “Frag. Shear Calculation” of Excel file “CRCF — Fragility — In-Plane Shear Wall.xls”" in Attachment E

46

Stick ID Joint | Joint J Length | X Centroid | Y Centroid | Z Centroid
2A.2 33 115 8.00 49.00 90.75 4.00
5A.1 42 123 10.00 153.00 34.00 5.00
G2.2 205 306 12.00 180.13 82.00 38.00
7A.2 51 257 32.00 237.00 168.50 16.00
4A.2 40 242 32.00 137.00 129.00 16.00
DL+ LL -
Wall Design Parameters BDBGM
StickID | hw (ft) Iw (ft) H(ft) | thick (ft) As, Asn Na (Kips)
(in’/ft/face) | (in’/ft/face) P
2A.2 8.00 21.50 32.00 4.00 1.56 1.56 -1,148.38
5A.1 32.00 48.00 32.00 4.00 1.56 1.56 -2,466.79
G2.2 32.00 29.92 32.00 4.00 1.56 1.56 -498.62
7A.2 32.00 19.00 32.00 4.00 1.56 1.56 -28.76
4A.2 32.00 12.00 32.00 4.00 1.56 1.56 -26.76
f'c 5,500 psi
fy 60,000 psi
PGA 0.9138 g
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CRCEF In-Plane Shear HCLPF Independent Calculations

ORIGIN = 1

f, := 5500psi

fy := 60000psi
PGA = 0.9138g

Stick Properties

Set the array origin to 1

Concrete compressive strength per section 6.2.4.1 of this calculation
Steel yield strength (Ref. 2.2.1, Section 4.2.11.6.2)

BDBGM peak horizontal ground acceleration (Ref. 2.2.31)

"2A2"
"SA.1"
Stick ID:= | "G2.2" Stick_IDj = "2A.2"
"7A.2"
"4A.2" )
8.00 ) 21.50 ) 0.37 )
32.00 48.00 —  10.67
hy, := | 32.00 |-ft Ly = | 29.92 |-ft h—wz 1.07
32.00 19.00 W 1.68
32.00 ) 12.00 ) 2.67)
2 1.56 1.56 ~1148.38 )
4 156 | 156 | —2466.79
|4 | Agy = | 1.56 % Ay, = | 1.56 % N, == | -498.62 |kip
4 1.56 1.56 ~28.76
4) 1.56 ) 1.56 ) -26.76 )
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Table 6.2.5 Intermediate HCLPF Calculations for Selected Stick Elements

8¢(Fc)’ (psi) | 356 204(fc)™® (psi)|  1186.59
Concrete Capacity Steel Capacity Total Capacity
Vc (psi) Vs (psi) dVn = Cqgo, (Kips)
Stick ID pv ph hw/iw | Barda-ASCE |ACI349-01Eq.| A B  |Barda-ASCE| ACI349-01 | Barda - ASCE | ACI 349-01 ‘W"k_' Cosn

43-05 Eq. 4-3 11-8 43-05Eq.4-3| Eq.11-8 | 43-05Eq.4-3 | Eq.11-8 (kips)
2A2 | 0.0054 | 0.0054 0.37 624.61 1.00 0.00 325.00 5,645 5,645
5A.1 0.0054 | 0.0054 0.67 551.21 0.83 0.17 325.00 11,628 11,628
G2.2 | 0.0054 | 0.0054 1.07 464.71 0.43 0.57 325.00 6,533 6,533
7A2 | 0.0054 | 0.0054 1.68 316.29 0.00 1.00 325.00 3,369 3,369
4A2 | 0.0054 | 0.0054 2.67 147.18 0.00 1.00 325.00 1,567 1,567

These calculations are performed in sheet “Frag. Shear Calculation” of Excel file “CRCF — Fragility — In-Plane Shear Wall.xIs” in
Attachment E.
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The following calculations verify the calculations given in Table 6.2.5.

HCLPF Calculations 0.0054 )
_—
0.0054
2-ASV-1ft
Vertical Steel Reinforcement Ratio = —_— =1 0.0054
Pv ty, 11t Pv
0.0054
0.0054 )
0.0054 )
_
0.0054
2-Ash-1ft
Horizontal Steel Reinforcement Ratio = —_— =1 0.0054
P L Ph
0.0054
0.0054 )

Concrete Shear Capacity

Y N
. a.
VcBarda(D =18.3: fc-psi— 34. fC-psi- —1_05 + ! Equation 6.2.1 in Section 6.2.4 (applicable for h/l < 2)
hy, ) 4y ty,
1 1 1
Stick 1Dy = "G2.2"
VcBarda(3) = 464.71 psi Identical to EXCEL Vc Barda capacity for Stick G2.2
Nai 1 ) (applicable for h/l > 2)
Ve3qo() =12 1+ —————— - [f psi Equation 6.2.4 in Section 6.2.4 PP
¢ 5001, t,, psi; V ©
P v )
Vc349(5) = 147.18 psi Identical to EXCEL Vc ACI 349-01 capacity for Stick 4A.2
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Steel Shear Capacity

A,D = |10 if

h
—1~—1 + 1.5 otherwise

A(hw1 ,1W1) = 1.00

Alh. | — 043
(Ws ]Ws)

PseBarda(D = mir(0.0l ’A(hwflwi)'

Pse349() = Pp,

VsBarda(® = P seBarda(i)'fY
V349 () = pge3q9 ()£,

VsBarda(3) = 325 pSl

B(h,l) := [0.0 if = <05

Py .+ B(hw.ﬂlwi) 'phi)

1

In the Barda equation, the steel capacity is a
function of the horizontal and vertical reinforcing
ratios as functions of A and B. These equations

are applicable for hw/lw < 2.0

PseBarda(3) = 0.0054

Limit steel to 1%
per ASCE 43-05
Section 4.2.3

In the ACI equations for steel capacdity the horizontal steel
provides the capacity. It should be noted that ACI 349

requires the vertical steel to be greater than or equal to the
horizontal steel. This equation is applicable for hw/lw > 2.0.

Identical to EXCEL Vc Barda capacity for Stick G2.2

Identical to EXCEL Vc ACI 349-01 capacity for Stick 4A.2
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Total Shear Capacity

rows(Stick ID) = 5

¢V, == | for ie 1..rows(Stick ID)
hw Description
) i This loop determines the shear capacity for
it — <20 each stick case. For hw/lw <= 2.0, the
; shear capacity is determined using the
Barda equation. For hw/lw > 2.0, the shear
A<V ) capacity is determined using ACI 349-01
cBarda equations.
b < ViBarda()
Viot € mir(a + b,20- fc-psi)
Area < 0.6-1, -t 5645
1 1
11628
¢ < 0.80 " , ,
¢Vn =| 6533 |kip All shear capacities are identical to
OV, « ¢ Vi t-Area those calculated in the EXCEL file
“i 0 3369
otherwise 1567 j
a<v C349(1)
Viot € mir(a +b,8- fc~psi)
Area < 0.8-1 -t
1 1
¢ < 0.60
Oy, < ¢ vy Area
1
A
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The following table is taken from calculations performed in Attachment E “CRCF — Fragility — In-Plane Shear Wall xls” Sheet “Frag.

Shear Calcualtion”.

Table 6.2.6 HCLPF Calculations for Selected Stick Elements

Fp iN-S) 175
Yugpecy > 0 Fpe (E -V 175
stick Ip | -Plane |y, N | VUEDEGM Fs Fpr | Checier (9)
Direction

2872 NS -2.81 3691.80 1.53 1.75 2.44
548 1 NS 12.09 10629 .48 1.09 1.75 1.75
G2.2 EVY -5.30 35850.654 1.70 1.75 2.71
7AD NS -0.18 173287 1.94 L5 3.11
4472 NS -0.08 E10.55 2.57 1.75 4.10

The following calculations verify the calculations given in Table 6.2.6.

Fs Calculation (_2'81 \
12.09
Non-Seismic In-Plane Shear VuNS = ‘ -530 kip (Ref. 2.2.5 and Attachment E
"CRCF - Fragility - In-Plane
-0.18 Shear Wall xls" sheet
k 0.08 ) Element Forces - Vn Calc.")
( 3691.80 )
10629.48
Seismic In-Plane Shear AV = ‘ 3850.64 kip (Ref. 2.2.5 and Attachment E
uBDBGM "CRCF - Fragility - In-Plane Shear
1732.87 Wall xls" sheet ""Element Forces -
610.55 ) Vn Calc.
_____ 5 (”ZA.Z” h ( 1.53 )
. V- [Vuns]| MEAY 1.09
" V,BDBGM Stick ID = ‘ "G2.2" ‘ Fg = ‘ 1.70 ‘
"TA.2" | 1.94
"4A2" ) 2.57 )
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As calculated in Section 6.2.5,an F |, = 1.75 is used for all stick elements.

1.75 )
1.75
F., =175
1.75
1.75 )

N
Crcrpr = (FsFy PGA)

"2A.2" \ 2.44 \ HCLPF capacities

"5A 1" 1 75 identical to those
) ) calculated in the

"TA.2" 3.11

"4A2" ) 4.10 )

The preceeding calculations verify the formulations used in compute HCLPF capacities in Attachment E
"CRCF-Fragility-In-Plane Shear Wall.xIs" sheet "Frag. Shear Calculation".
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6.2.6.2 Minimum HCLPF for Individual Stick Elements

Based on the results shown in Column Al on sheet “Frag. Shear Calculation” in file “CRCF —
Fragility — In-Plane Shear Wall.xls” included in Attachment E, the minimum HCLPF for the
CRCF shear walls is:

Minimum Cycppr = 1.75¢g (calculated for stick elements SA.1 and 5A.4)
6.2.6.3 HCLPF Combinations for Different Levels

Excel file “CRCF — Fragility — In-Plane Shear Wall.xls” included in Attachment E calculates the
in-plane shear HCLPF for each stick element in the CRCF stick model. As stated in Step 1a of
section 4.3.2, the Strength Margin Factor (F;) may be re-calculated to reflect the redistribution of
force between individual sticks comprising a given wall. This redistribution is permitted
between individual wall piers because, as the rigid floor slab imposes a uniform displacement
along the top of the entire wall, the individual piers will attract force based on their relative
stiffness. As an individual wall pier begins to soften due to cracking, the force in that pier will
redistribute to the adjacent piers in the wall.

Sheet “In-Plane Shear Frag Summary” in the Excel file “CRCF — Fragility — In-Plane Shear
Wall.xls” in Attachment E contains the calculations for Fs considering the redistribution of forces
between each individual piers of each wall of the CRCF. These calculations are summarized
below:
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Level Definitions

Table 6.2.7 Level Definition Information

Excel o e
Columns* Value ID Description
B Level This number represents the level number
C Lower Node | Lowest numerical value of the starting node for all stick
Bound elements at a given level in the CRCF stick model (Ref.
2.2.5)
D Upper Node Highest numerical value of the starting node for all stick
Bound elements at a given level in the CRCF stick model (Ref.
2.2.5)
E Z Bounds Lowest Z coordinate of a starting node point for all stick
Lower (ft) elements at a given level in the CRCF stick model (Ref.
2.2.5)
F Z Bounds Highest Z coordinate of a starting node point for all stick
Upper (ft) elements at a given level in the CRCF stick model (Ref.
2.2.5)
G Level A repeat of the value contained in Column B used for the
Excel VLOOKUP function contained in Column K

* Source - Sheet “In-Plane Shear Frag Summary” in Excel file “CRCF — Fragility — In-Plane Shear.Wall.xls” in

Attachment E

For example, the following level definitions state that all elements with starting node numbers

(Joint I) between 1 and 100 are located in Level 1 and that these nodes have Z coordinates = 0.0

feet. Similarly, all elements with starting node numbers (Joint I) between 101 and 199 are

located in Level 2 and these nodes have Z coordinates between 0.001 and 31.999 feet. The stick
elements in Levels 2 and 4 represent the piers from the floor slabs at EL. 0 and EL. 32 to the tops

of the openings located within the walls.

Table 6.2.8 Level Definition Output

Level Definitions

Node Bounds Z Bounds (ft)
Level Level
Lower Upper Lower Upper
1 1 100 0 0 1
2 101 199 0.001 31.999 2
3 200 299 32 32 3
4 300 399 32.001 63.999 4
5 400 499 64 64 5
6 500 599 72 72 6
7 600 699 100 100 7

* Source - Sheet “In-Plane Shear Frag Summary” in Excel file “CRCF — Fragility — In-Plane Shear. Wall.xIs” in

Attachment E
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Note on Story Definitions:
The level definitions shown above indicate that there are 7 levels in the CRCF. However, there
are three major stories in the CRCF: EL. 0’-0” to EL. 32°-0”, EL. 32°-0” to EL. 64’-0”, and EL.
64°-0” to EL. 100’-0”. (The floor slab at EL. 72°-0” is not considered to constitute a separate
Story because this slab is small in comparison to the floor slab at EL. 64°-0"). The CRCF Stories
relate to the Levels defined above as follows:

Table 6.2.9 CRCF Story/Level Relationship

CRCF Story | CRCF Level
1 1
2 3
3 5

Column Line Definitions

Table 6.2.10 Column Line Definition Information

Excel

Value ID Description
Columns*
| Stick ID Name of the individual stick element
J Joint [ ID of the starting node of the beam element
K Level Level that the Stick ID is located in. This value is
determined based on the numerical value of Joint I and the
Level Definitions
L In-Plane In-Plane direction of the shear wall in which the Stick ID is
Direction located. This value is NS for walls running in the North-
South direction and EW for wall running in the East-West
direction
M Column Line | Column line that defines the wall in which the individual

stick element is located.

* Source - Sheet “In-Plane Shear Frag Summary” in Excel file “CRCF — Fragility — In-Plane Shear.Wall.xIs” in

Attachment E

For example, stick element ‘1A.1°, with a starting node (Joint I) = 31, is located on the 1% level
in the North-South (NS) direction and is located along column line 1. Also, stick element ‘2B.4’,
with a starting node = 320, is located on the 4™ level in the North-South direction and is located
along column line 2.

Table 6.2.11 Column Line Definition Sample
* Source — Sheet “In-Plane Frag. Summary” in Excel file “CRCF — Fragility — In-Plane Shear Wall.xls” in

Attachment E
Column Line Definitions
StickID | Jointl | Level | IM-Plane | Column
Direction Line
1A.1 31 NS 1
[ 2B4 | 320 [ 4 NS 2
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Individual HCLPF Data
Table 6.2.12 Individual HCLPF Data Definitions
Coli::l‘::llls* Value 1D Description
N ®V, = Cogo, | In-plane shear capacity; value taken from Column AC on Sheet
“Frag. Shear Calculation”
O Vuns In-plane shear due to non-seismic loads; value taken from
Column AE on Sheet “Frag. Shear Calculation”
P VuBDBGM In-plane shear due to BDBGM seismic load; value taken from
Column AF on Sheet “Frag. Shear Calculation”
Q F; Strength Margin Factor for the individual stick element; value
taken from Column AG on Sheet “Frag. Shear Calculation”
R Fy Inelastic Energy Absorption Factor; value taken from Column
AH on Sheet “Frag. Shear Calculation”
S Cucrrr (g) HCLPF capacity for individual stick element; value taken from
Column Al on Sheet “Frag. Shear Calculation”

* Sheet “In-Plane Shear Frag Summary” in Excel file “CRCF — Fragility — In-Plane Shear.Wall.xls” in Attachment

E

HCLPF Combination Calculations

Equation 4-3 given in Section 4.3.2 of this calculation is used to calculate strength margin factors
considering redistribution of forces at each level of a given wall (column line). Table 6.2.13
below shows the Excel calculations performed for Column Line 5. To reproduce this
calculation, a value of 5 is placed in cell “V7”, a value of “NS” is placed in Cell “V5”, and a
value of 0.9138 is placed in cell “X3” in sheet “In-Plane Shear Frag. Summary” in the Excel file
“CRCF - Fragility — In-Plane Shear Wall xIs”. A sample hand calculation created using
MathCAD is shown below to further validate the Excel results. References to columns are for
sheet “In-Plane Shear Frag Summary” in Excel file “CRCF — Fragility — In-Plane Shear

Wall xIs” included in Attachment E.

Table 6.2.13 HCLPF Combination Sample OQutput

|  peay | 09138 |q
In-Plane
Direction NS
Column Line 5 E(Cany - Vuns) | EMuppesn | FScorbired Fp CHCLPF (g
1 35 485 31,188 1.14 1.75 1.82
2 a6 ,325 31.188 1.81 1.75 2.89
3 59 820 20 244 285 1.76 4.73
Level 4 75,030 20 244 =LA 1.76 5.93
b} 0 ] [A, 1.75 NA
6 ] ] [, 1.75 NA
Fi ] ] [, 1.75 NA

* Source — Sheet “In-Plane Frag. Summary” in Excel file “CRCF — Fragility — In-Plane Shear Wall.xIs” in

Attachment E
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CRCF In-Plane Shear HCLPF Redistribution Calculations
for Column Line 5

QRIGIN:= 1 Set the array origin to 1
fc := 5500psi Concrete compressive strength

fy = 60000psi Steel yield strength

PGA = 0.9138g BDBGM Peak ground acceleration

Properties for Column Line 5§ 4\
Information is retrieved from Column Line Definitions (Columns | to M)
— i i 2
levels:= 4 Number of levels in column line 5 level num= Number of individual sticks at each level

3

1)

Level 1 Level2 Level3 Level4d

USA.lﬂ HSA.SH "5B.1" H5B,4H\
"5A.2" HSA.6H HSB.2" YINA"
Stick ID:= Stick IDs at each level (each column represents a level)
- HSA'3" HNAVV HSB.3" VINA"

USA.4" "NAH IINAII HNA" )

o 258" -D
B T
. oo
‘ a7
I 51D 5714 127"
> 547 -2 98' -0 L z"
T = e — —» Level 4
™ : — J— — A — [ -
N Sl oy S - -~ S *j"ggw e > Leve| 3
B 7 244
2 Tws 5h-5 > Level 2
Y A E \zsw%é/ A ) e N
I il oen v, N i e e 0 > Level 1
oy - &
43 43 44 L1
1z’-o" <8'-0” w0°-n"| z5'&" 217-n" z1'o” z1'&" za' —n" &' —0"
15 —n" 12'—-0"
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individual HCLPF Data for Column Line 5
Information is retrieved from Individual HCLPF Data (Columns N to S)

11628 28185 16573 75030 )

6136 28180 26668 0 i . » i
= ‘kip Shear Capacities for Column Line 5 Individual Stick Elements.
6135 0 16579 0 These values are from column AC on Sheet "Frag. Shear Calculation" in the Excel file
"CRCF - Fragility - In-Plane Shear Wall.xIs" included in Attachment E.
11625 0 0 0o )
12 18 0 0\ In-plane shear due to non-seismic loads for Column Line 5 Individual Stick
Elements.
i 6 -2200 . These values are from column AE on Sheet "Frag. Shear Calculation" in the Excel file
Vuys = 7 0 00 kip "CRCF - Fragility - In-Plane Shear Wall.xls" included in Attachment E.
-15 0 00)
10629 15594 5727 20244\ In-plane shear due to BDBGM seismic loads for Column Line 5
Individual Stick Elements.
- 4964 15594 8790 0 ki These values are from column AF on Sheet "Frag. Shear Calculation”
VuBDBGM = p in the Excel file "CRCF - Fragility - In-Plane Shear Wall.xIs" included in
4964 0 5727 0 Att
tachment E.
10629 0 0 o )
FoRedistributed= | for ie 1..levels
a< 0.0
b« 0.0
for je 1. level num
a<a+ ((I)Vn. = ‘VuNS, . )
)1 1.1
b« b+ VugppgMm. .
1,1
a
Fg «—
Si b
Fg
1.14)
_ 1.81 Strength Margin Factor identical to
FsRedistributed™ 2.95 the Fs values shown in Table
. 6.2.18 for levels 1 to 4 for Column
3'71) Line 5.
F =1.75 Inelastic energy absorption used for the N-S
H shear walls stick elements

CHCLPFRedist™= FsRedistributed ‘PGA

1.82)
2.89
CHCLPFRedist: Redistributed HCLPF capacities
4.73 identical to those shown in Table 6.2.18
for levels 1 to 4 for Column Line 5.
593 )
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Column Line HCLPF Summary

The following tables show the redistributed HCLPF calculations at each level for each column
line. The N-S column lines and E-W column lines are shown separately.

Table 6.2.14 to Table 6.2.25 — Redistributed HCLPF Calculations for the North-South Column

Lines
Table 6.2.26 to Table 6.2.32 — Redistributed HCLPF Calculations for the East-West Column

Lines

Note: a “NA” value indicates that the column line does not contain individual stick elements at
that level.

Table 6.2.14 Redistributed HCLPF Capacity Calculations — Column Line 1

Ctli:lr:n 1 Z\(,Cug:;s/; ZVugpgem Fs Fu | CHCLPF (g)
1 6,732 2,461 2.74 1.75 4.37
2 0 0 NA 1.75 NA
3 0 0 NA 1.75 NA
Level 4 0 0 NA 1.75 NA
5 0 0 NA 1.75 NA
6 0 0 NA 1.75 NA
7 0 0 NA 1.75 NA
Table 6.2.15 Redistributed HCLPF Capacity Calculations — Column Line 2
C‘I’_'i‘r'::“ 2 Z\(,?;’:S/) SVugpsem | Fs Fu | CHCLPF (g)
1 52,528 35,452 1.48 1.75 2.37
2 55,913 34,725 1.61 1.75 2.57
3 66,749 18,446 3.62 1.75 5.79
Level 4 74,881 18,446 4.06 1.75 6.49
5 0 0 NA 1.75 NA
6 0 0 NA 1.75 NA
7 0 0 NA 1.75 NA
Table 6.2.16 Redistributed HCLPF Capacity Calculations — Column Line 3
C‘I’_'i‘;:‘“ 3 2\(,?19:8/; SVugpsem | Fs Fu | CHCLPF (g)
1 38,794 27,556 1.41 1.75 2.25
2 45,871 27,556 1.66 1.75 2.66
3 39,050 11,980 3.26 1.75 5.21
Level 4 46,127 11,980 3.85 1.75 6.16
5 0 0 NA 1.75 NA
6 0 0 NA 1.75 NA
7 0 0 NA 1.75 NA
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Table 6.2.17 Redistributed HCLPF Capacity Calculations — Column Line 4

CCI’_'i‘r‘l:‘“ 4 2\(,?'9:5’; TVugpsem | Fs Fu | CHCLPF (g)
1 8,287 4,008 2.07 1.75 3.31
2 0 0 NA 1.75 NA
3 26,663 7,574 3.52 1.75 5.63
Level 4 0 0 NA 1.75 NA
5 0 0 NA 1.75 NA
6 0 0 NA 1.75 NA
7 0 0 NA 1.75 NA
Table 6.2.18 Redistributed HCLPF Capacity Calculations — Column Line 5
CCI’_'i‘r‘l:‘“ 5 2\(,?'9:5’; TVugpsem | Fs Fu | CHCLPF (g)
1 35,485 31,188 1.14 1.75 1.82
2 56,325 31,188 1.81 1.75 2.89
3 59,820 20,244 2.95 1.75 4.73
Level 4 75,030 20,244 3.71 1.75 5.93
5 0 0 NA 1.75 NA
6 0 0 NA 1.75 NA
7 0 0 NA 1.75 NA
Table 6.2.19 Redistributed HCLPF Capacity Calculations — Column Line 6
CT_Iil:\:m 6 2\(,?'9:5’; SVugpaem | Fs Fu | CHCLPF (g)
1 38,818 30,790 1.26 1.75 2.02
2 52,513 30,790 1.71 1.75 2.73
3 50,923 21,035 242 1.75 3.87
Level 4 72,534 21,035 3.45 1.75 5.51
5 66,614 16,972 3.93 1.75 6.28
6 72,423 16,972 4.27 1.75 6.82
7 0 0 NA 1.75 NA
Table 6.2.20 Redistributed HCLPF Capacity Calculations — Column Line 7
Ccl’_'i‘:]':" 7 Z\(,?:s/; SVugpsem | Fs Fu | CHCLPF (g)
1 6,736 3,466 1.94 1.75 3.1
2 0 0 NA 1.75 NA
3 0 0 NA 1.75 NA
Level 4 0 0 NA 1.75 NA
5 0 0 NA 1.75 NA
6 0 0 NA 1.75 NA
7 0 0 NA 1.75 NA
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Table 6.2.21 Redistributed HCLPF Capacity Calculations — Column Line 8

CCI’_'i‘r‘l:‘“ 8 2\(,?'9:5’; TVugpsem | Fs Fu | CHCLPF (g)
1 41,096 32,779 1.25 1.75 2.00
2 54,844 32,779 1.67 1.75 2.68
3 0 0 NA 1.75 NA
Level 4 0 0 NA 1.75 NA
5 0 0 NA 1.75 NA
6 0 0 NA 1.75 NA
7 0 0 NA 1.75 NA
Table 6.2.22 Redistributed HCLPF Capacity Calculations — Column Line 9
CCI’_'i‘r‘l:‘“ 9 2\(,?'9:5’; TVugpsem | Fs Fu | CHCLPF (g)
1 39,200 32,614 1.20 1.75 1.92
2 54,787 32,614 1.68 1.75 2.69
3 65,418 23,950 2.73 1.75 4.37
Level 4 72,496 23,950 3.03 1.75 4.84
5 66,687 18,853 3.54 1.75 5.66
6 72,364 16,436 4.40 1.75 7.04
7 0 0 NA 1.75 NA
Table 6.2.23 Redistributed HCLPF Capacity Calculations — Column Line 11
CT_Iil:\:m 11 2\(,?'9:5’; SVugpsem | Fs Fu | CHCLPF (g)
1 25,978 14,665 1.77 1.75 2.83
2 29,442 14,665 2.01 1.75 3.21
3 0 0 NA 1.75 NA
Level 4 0 0 NA 1.75 NA
5 0 0 NA 1.75 NA
6 0 0 NA 1.75 NA
7 0 0 NA 1.75 NA
Table 6.2.24 Redistributed HCLPF Capacity Calculations — Column Line 12
Ccl’_'i‘:]:‘" 12 2\(/(1:1183/; SVugpsem | Fs Fu | CHCLPF (g)
1 49,804 36,307 1.37 1.75 2.19
2 54,844 36,307 1.51 1.75 2.42
3 66,217 26,683 2.48 1.75 3.97
Level 4 74,350 26,683 2.79 1.75 4.46
5 25,569 3,593 7.12 1.75 11.38
6 0 0 NA 1.75 NA
7 0 0 NA 1.75 NA
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Table 6.2.25 Redistributed HCLPF Capacity Calculations — Column Line 13

63

C‘I’_'i‘r‘l:‘“ 13 2\(/?:3/; SVugpsem | Fs Fu | CHCLPF (g)
1 4,987 1,915 2.60 1.75 4.16
2 0 0 NA 1.75 NA
3 0 0 NA 1.75 NA
Level 4 0 0 NA 1.75 NA
5 0 0 NA 1.75 NA
6 0 0 NA 1.75 NA
7 0 0 NA 1.75 NA
Table 6.2.26 Redistributed HCLPF Capacity Calculations — Column Line D
C‘I’_'i‘r‘::“ D 2\(/?:;; *VUgosew | Fs Fu |CHCLPF (g)
1 77,366 51,423 1.50 1.75 2.41
2 104,402 51,423 2.03 1.75 3.25
3 86,275 41,072 2.10 1.75 3.36
Level 4 102,522 41,072 2.50 1.75 3.99
5 27,026 8,774 3.08 1.75 4.93
6 0 0 NA 1.75 NA
7 0 0 NA 1.75 NA
Table 6.2.27 Redistributed HCLPF Capacity Calculations — Column Line E
Ctlil:\r:n E 2\(/?:;; SVugosem | Fs Fun |CHCLPF (g)
1 86,859 49,066 1.77 1.75 2.83
2 0 0 NA 1.75 NA
3 53,151 24,825 2.14 1.75 3.42
Level 4 65,877 24,825 2.65 1.75 4.24
5 34,953 11,071 3.16 1.75 5.05
6 10,951 4,864 2.25 1.75 3.60
7 0 0 NA 1.75 NA
Table 6.2.28 Redistributed HCLPF Capacity Calculations — Column Line E.3
Ccl’_'i‘r‘]':" E3 2\(/(1:19»183/; SVUugosew | Fs Fu |CHCLPF (g)
1 32,084 18,555 1.73 1.75 2.77
2 0 0 NA 1.75 NA
3 0 0 NA 1.75 NA
Level 4 0 0 NA 1.75 NA
5 0 0 NA 1.75 NA
6 0 0 NA 1.75 NA
7 0 0 NA 1.75 NA
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Table 6.2.29 Redistributed HCLPF Capacity Calculations — Column Line F

C‘I’_'i‘::“ F 2\(/?:3/; =Vugosem |  Fs Fu |CHCLPF (g)
1 32,109 | 18593 | 1.73 | 1.5 2.76
2 0 0 NA | 175 NA
3 0 0 NA | 175 NA
Level 4 0 0 NA | 175 NA
5 0 0 NA | 1.75 NA
6 0 0 NA | 175 NA
7 0 0 NA | 175 NA

Table 6.2.30 Redistributed HCLPF Capacity Calculations — Column Line F.7
Column Z(Cosy, -

Line F.7 VuNS) EVUBDBGM Fs Fp, CHCLPF (g)

1 32,079 18,633 1.72 1.75 2.75

2 0 0 NA 1.75 NA

3 0 0 NA 1.75 NA
Level 4 0 0 NA 1.75 NA

5 0 0 NA 1.75 NA

6 0 0 NA 1.75 NA

7 0 0 NA 1.75 NA

Table 6.2.31 Redistributed HCLPF Capacity Calculations — Column Line G

C‘I’_'i‘r“:‘“ G 2\(/?:3/; =Vugosem |  Fs Fu |CHCLPF (g)
1 80,552 | 46,330 | 1.74 | 1.75 2.78
2 18872 | 8886 | 212 | 1.75 3.40
3 53,182 | 24573 | 216 | 1.5 3.46
Level 4 65,879 | 24573 | 268 | 1.75 4.29
5 34,955 | 10986 | 3.8 | 1.75 5.09
6 10951 | 4,864 | 225 | 1.75 3.60
7 0 0 NA | 175 NA

Table 6.2.32 Redistributed HCLPF Capacity Calculations — Column Line H

C‘I’_'i‘::“ H E\(Zfsf; SVugosew | Fs Fu |CHCLPF (g)
1 69,157 | 47,589 | 1.45 | 1.75 2.32
2 95688 | 47,589 | 2.01 | 1.75 3.22
3 89,702 | 39,779 | 2.26 | 1.75 3.61
Level 4 102,511 | 39,779 | 258 | 1.75 4.12
5 27,026 | 8,773 | 3.08 | 1.75 4.93
6 0 0 NA | 1.75 NA
7 0 0 NA | 1.75 NA
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6.2.7 In-Plane Shear HCLPF Capacity Summary

Section 6.2.6.2 indicates that the minimum in-plane shear HCLPF capacity for an individual
stick element is 1.75g and was calculated for stick elements 5A.1 and 5A.4 located in the shear
wall along column line 5.

Table 6.2.14 to Table 6.2.32 in Section 6.2.6.3 indicates that the minimum in-plane shear

HCLPF capacity for an entire wall is 1.82g and was calculated for the 1% story of the shear wall
along column line 5.
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6.3 HCLPF CAPACITY EVALUATIONS FOR DIAPHRAGMS

General Information and Data

ORIGIN := 1 Set the array origin to 1
f. == 5500psi Concrete compressive strength per section 6.2.4.1 of this calculation
fy :=60000psi  gieel yield strength (Ref. 2.2.1, Section 4.2.11.6.2)

PGAh = 0.9138¢ BDBGM peak horizontal ground acceleration (Ref. 2.2.31)

cover := 0.75in  Concrete clear cover for bottom bars of slabs per Section 7.7.1 of Ref. 2.2.2

dy(num) := [0.375in if num = 3 A, (num) == |0.11in> if num = 3
0.500in if num = 4
0.6251n if num= 5

0.750in if num = 6

2 _ ]
0.875in if num= 7 0.44in"~ if num= 6 ;.azk?feA 1 of Ref.

0.20in> if num = 4

0.31in2 if num=35

1.00in if num = 8 0.60in2 if num =7
1.128in if num = 9
1.270in if num = 10
1.410in if num = 11

0.79in> if num = 8
1.00in° if num = 9

1.27in2 if num = 10

0.0in otherwise

1.56in> if num = 11

O.Oin2 otherwise

6.3.1 HCLPF Capacity for Diaphragms - Out-of-Plane Forces

Similar to Ref. 2.2.30, five slab cases are considered in the out-of-plane diaphragm fragility calculation.
These cases bound all diaphragms for out-of-plane considerations in the CRCF. Also, the out-of-plane
HCLPF capacity evaluation does not include the HCLPF capacity calculation of the steel decking. The
purpose of the steel decking is to support the weight of the wet concrete during placement and is not
considered in the slab HCLPF capacity evaluations.

Note: Case 4 and Case 5 are the slab at EL. 32' bounded by grid lines 6-9 and E-G. This slab is 48" in
some areas, but in other areas there is a 18" depression due to the presence of the slide gates (Ref.
2.2.37). The uniform loadings are the same for Cases 4 and 5. However, the demands and capacities for
Case 4 are those associated with the full section (48") and Case 5 considers the demands and

capacities associated with the reduced section (30").

The diaphragm cases are determined from Ref. 2.2.30 and from drawings in Ref. 2.2.7 thru Ref. 2.2.26.

case num =5
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(Note: 18" roof slab at EL. 100 bounds 18" roof slab at EL. 64")

Cases :=| "33" roof slab at EL. 64"
"48" floor slab at EL. 32"
"30" floor slab at EL. 32" )
6.3.1.1 Loads
Concrete Dead Loads
Weone = 150pcf Unit weight of concrete Ref. 2.2.1, Section 4.2.11.6.6
All slabs, except for the 4-ft thick slab at EL. 32", are constructed on a 3" (0.25 ft) metal deck. Consider
1/2 the depth of the deck in the slab dead load calculation.
For the Case 4 and Case 5 slab dead load, consider 48" and 30" thickness, respectively.
18in + 1.5-in ) 244
18-in+ 1.5-in 244
SDL = | 33-in+ L.5-In |-W ;¢ SDL = | 431 |psf
48-in 600
30in ) 375 )
Steel Framing Dead Loads
50 50.0")
50 50.0
SFDL :=| 80 |-psf See Section 6.4.1 of this calculation for SFDL = | 80.0 |psf
structural steel weight (Conservatively
0 consider steel framing loads in the 0.0
0 ) out-of-plane diaphragm evaluation). Case 4 0.0 j
and 5 are not supported by structural steel. )

Equipment Dead Loads + Miscellaneous Hanging Equipment Load

50+ 10
50 + 10
50+ 10 |-psf
50 + 10
50+ 10 )

EDL =

(Assumption 3.1.4) EDL =

67

60.0")
60.0
60.0 |psf
60.0
60.0 )
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Roof Material Dead Loads
15) 15.0)
0 0.0
RMDL :=| 15 |-psf (Assumption 3.1.5) RMDL = | 15.0 |psf
0 0.0

0) 0.0 )
Design Live Loads

40 40.0

100 100.0 e 40 psf live load for roof slabs
. _ e 100 psf live load for floor slabs

LL :=| 40 [-psf (Assumption 3.1.6) LL =| 40.0 |psf

100 100.0

100 ) 100.0 )

Acceleration Factors for Seismic Loads

The following accelerations are the maximum horizontal (envelope of X and Y directions) and vertical
accelerations at each elevation due to the BDBGM_SRSS seismic load case (Ref. 2.2.5). See
Attachment C for the seismic analysis results of Ref. 2.2.5. Note: Table 15 of Ref. 2.2.5 gives the

X and Y maximum accelerations at the center of gravity of each elevation. The following values are
the maximum accelerations for all nodes at each elevation.

1.31\ EL- 32" Max. Horizontal 1.06\ EL. 32
CCp = 160 ‘8 EL.72 BDBGM_SRSS CCy = 105 ‘& EL. 72 dueto
' load in Ref. 2.2.5 ' BDBGM_SRSS
1.83 ) EL. 100" 1.10 ) EL.100' load in Ref.

225
amplify := 2 Vertical amplification factor (Assumption 3.1.8)

Seismic Load Combination

EQrc:=DL+0.25LL Per Ref. 2.2.4, 25% of the design live load is considered to act
concurrently with the seismic load.

Total Dead Loads
The total dead load (DL) includes the slab dead load, steel framing dead load, equipment dead load,
and roofing material dead load.

T
DL := SDL + SFDL + EDL + RMDL DL = (369 354 586 660 435)psf

Seismic Loads
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AccV4\
ACCV "18" roof slab at EL. 100" \ 2.20\ Amplified
1 "18" floor slab at EL. 32" 2.12 vertical
seismic
SACC,, := amplify- ACCV2 Cases = | "33"roof slab at EL. 64™ | SACC, = | 2.14 |g accelerations
| for Cases 1
Acc,, "48" floor slab at EL. 32" 2.12 to 5
! "30" floor slab at EL. 32" ) 2.12)
Acc
Vl]
SACCZ T
E =|(DL+0.25-LL)-— E = (833 803 1276 1452 975)psf
g
Non-Seismic Loads
T
WUNS = DL + 0.25LL WUNS = (379 379 596 685 460 )psf
BDBGM Seismic Loads
T

6.3.1.2 Moment and Shear Demands for Slabs
See structural design drawings (Ref. 2.2.7 to Ref. 2.2.26) and Attachment A for plan and wall elevations of
the CRCF structure.

Slab Cases 1t0 3

Ref. 2.2.38 contains the calculations for the structural steel framing system. The beam spacing in Ref.
2.2.38 ranges from 5.3 feet to 6.67 feet. Therefore, the maximum spans considered for the slabs
constructed on the 3" metal deck with more than 2 continuous spans is 7'-0". The 18" slabs at EL. 32, 64,
72, and 100 and the 33" slab at EL. 64 are such slabs.

All slabs are treated as one-way slabs (Assumption 3.2.2).

Using the equations for moments and shear from ACI 349-01 (Ref. 2.2.2 Section 8.3),

Max. positive moment = wL2/14 (end span: discontinuous end integral with support governs)
Max. negative moment = wL2/10 (more than two spans) Governs

Max. shear force = 1.15wL/2 (shear in end members at face of interior support)

Slab Case 4 and 5

The 48" thick slab bounded by col. lines 6-9/E-G at EL. 32 is not supported by structural steel framing or a
metal deck. It has more than two continuous spans, assuming one-way action in the N-S direction
(Assumption 3.2.), with spans of 15', 32', 32', and 15' between column lines E & G.

A SAP2000 model (Ref. 2.2.44) is developed in Attachment D to determine the maximum moments and
shears for Slab Case 4 and Case 5. In this model, the beam stiffness variation along the length of beam
due to the 18" depression for the slide gates (see Ref. 2.2.9) is considered. Also, the uniform loading on
the beam strip in this model is arbitraily set equal to 1 kip/ft. The moments and shears for the seismic and
non-seismic loading can be determined using results from this analysis by simple ratio.
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The maximum moments and shears at the reduced 30" section (in the area of the 18" depression) and the
full section (48" slab) are determined and checked against the respective capacities at these locations in

the HCLPF evaluation.

b = 1ft Perform all calculations for 1-ft wide strip

"18" roof slab at EL. 100" \
"18" floor slab at EL. 32"
Cases = | "33" roof slab at EL. 64"
"48" floor slab at EL. 32"
"30" floor slab at EL. 32" )

Maximum moment and shear for Cases 1 to 3

Note:

span := 7ft Moments and shear for Case 4 and 5
are determined from the SAP2000
analysis in Attachment D. Therefore,
the span value is used for Cases 1 to
3, which are 7-ft spans.

W-L2
Mu w,L) :=—b
max(¥.1) 1=
1.15w-L
VU ax(W,L) 5 b
0.38) 0.83)
0.38 0.80
ki ki
t t
0.69 1.45
0.46 ) 0.98 )
Case 1 Design Moments and Shears:
MuNsl = Mumax(WuNsl’Span) MuNsl = 1.86kip-ft
MyBDBGM, = Mumax(WuBDBGMl aSPan) MyBpBGM, = 408kip-t
VuNSI = Vumax(wuNsl,span) VuNSI = 1.52kip
VuBDBGM, = Vumax(WuBDBGM1 ’Span) VuBDBGM, = 3-33kip

Case 2 Design Moments and Shears:
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MuNS2 = Mumax(wust,spanj MuNS2 = 1.86kip-ft
MyBDBGM, = Mumax(WuBDBGMz’Spanj MyBDBGM,, = 3-93kip-t
Vust = VumaX(Wust,spanS Vust = 1.52kip
VuBDBGM, = Vumax(WuBDBGM2=SPanj VuBDBGM, = 3-23kip

Case 3 Design Moments and Shears:

MuN83 = Mumax(wuNSS,spanj MuN83 = 2.92kip-ft
MyBDBGM, = Mumax(WuBDBGM3’Span§ MyBDBGM, = 6-25kip-t
VuNS3 = VumaX(WuNS3,span§ VuNS3 = 2.40kip
VuBDBGM, = Vumax(WuBDBGMS’Spanj VuBDBGM, = >-14kip

Case 4 and Case 5:

A SAP2000 model is created to determine the moments and shear for the slab for Case 4 and Case 5.
(See Attachment D for the SAP2000 model and results). The beam model represents a 1-ft wide strip of
the slab at EL. 32'-0" between grid lines 6 and 6.8 and running from grid line E to grid line G. This strip
bounds the response of the slab in this region.

Figure 6.3.1 shows a plan view of the beam strip location at EL. 32'-0".

Figure 6.3.2 shows the joint IDs and the restraint locations of the model. The joint IDs correspond to the
following locations that can be identified on the plan view shown in Figure 6.3.1:
Joint 1 -Wall E

Joint 2 - Wall E.3

Joint 3 - Location where slab between Wall E.3 and Wall F goes from 48" to 30"
Joint 4 - Location where slab between Wall E.3 and Wall F goes from 30" to 48"
Joint 5 - Wall F

Joint 6 - Location where slab between Wall F and Wall F.7 goes from 48" to 30"
Joint 7 - Location where slab between Wall F and Wall F.7 goes from 30" to 48"
Joint 8 - Wall F.7

Joint 9 - Wall G

The joint restraints are pinned connections.
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Figure 6.3.1 Plan View Showing Location of Case 4/Case 5 Beam Strip at EL. 32'-0" (Ref. 2.2.9)
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Figure 6.3.2 Joint IDs and Restraints of SAP2000 Beam Model
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Figure 6.3.3 shows the section properties IDs used in the beam model. The 30SPAN corresponds to the
section with a 30" depth and the 48SPAN corresponds to the section with a 48" depth.

Figure 6.3.3 Joint IDs and Frame Sections of SAP2000 Beam Model
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For a uniform loading of 1 kip-ft, the moment and shear diagrams for the SAP2000 beam model are shown in Figure

6.3.4 and Figure 6.3.5, respectively.

Figure 6.3.4 Moment Diagram due to 1 kip-ft Loading

Figure 6.3.5 Shear Diagram due to 1 Kkip-ft Loading
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Based on the moment and shear diagram shown above, the maximum moments and shears for a 1-kip uniform
load placed over each span are as follows:

Case 4. Max. moment on 48" thick section: moment at joint 5 = 106 kip-ft
Max. shear on 48" thick section: shear at joint 5 = 17.5 kips
Case 5. Max. moment at 30" thick section: moment at joint 2 = 59 kip-ft
Max. shear on 30" thick section: shear at the end of the member from joint 1 to joint 2 = 11.5 kip

The maximum moments and shear occuring at the location of a wall/slab interface are conservatively taken at the

centerline of the supporting wall and not a the face of the wall.
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Case 4 and Case 5: Uniform load on beam
strip for Non-Seismic Loads per ft width:

Case 4 and Case 5: Uniform load on beam
strip for BDBGM Loads per ft width:

Maximum moment ratios:
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kip
W ‘b =0.69—
uNs, ft
kip
W ‘b =046—

kip
W ‘b=145—
uBDBGM 4 ft

kip
w b =0.98—
uBDBGMj fi

The maximum moments computed from the SAP2000 beam model (Attachment C) are multiplied by the
following ratios to determine the maximum moments used in the HCLPF calculations.

WuNS 4'b
ratio =
NS4 | kip
ft
WuBDBGM, ®
ratio =
BDBGM4 1 kip
ft
WuNSS'b
ratio =
NS5 | kip
ft
WuBDBGM ®
ratio =
BDBGMS5 1 kip
ft

Case 4 Design Moments and Shears:

48" section -

Non-seismic loads MuNS4

A\
uNS 4

ratioNS4 = 0.69

ratloBDBGM4 =145

ratioNSS =046

rat10BDBGM5 = 0.98

:= 106kip-ft-rationg4 MNs = 72.6kip-ft
4

:= 17.5kip-ratioNgy Vuns. = 12.0kip
4
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Case 5 Design Moments and Shears:

30" section -

Non-seismic loads MuN85
VuNs,

BDBGM loads MuBDBGM5
VuBDBGM

Non-Seismic Demands for Case 1 to Case 5

:= 59kip-ft-rationgs

:= 11.5kip-ratioNgs

DOC ID: 060-SYC-CR00-01100-000-000A

Seismic Demands for Case 1 to Case 5

1.9 )

1.9
2.9 |kip-ft
72.6

27.1)

1.5 )

1.5
24 |kip
12.0

53 )

6.3.1.3 Slab Design Capacities (Cggo,)

MyNs =

4.1 )

3.9
6.3
153.9
575 )

MuBDBGM = kip-ft

3.4 )
3.2
5.1
25.4
11.2)

VuBDBGM = kip

For the moment and shear capacity calculation for Case 5, the effective depth (d) is calculated considering
the 18" depression for the slide gates (48" - 18" = 30").

7
7
9

10

10 )

slabbar = slab

space

12
12 ) . _
Slab reinforcing bar size and
12 |-in  spacing from Section 7.1 of
Ref. 2.2.30
6
6 )
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"18" roof slab at EL. 100" \
"18" floor slab at EL. 32"
Cases = | "33" roof slab at EL. 64"
"48" floor slab at EL. 32"
"30" floor slab at EL. 32" )

18in ) 15.94)
18in 15.94
Effective depth: d =1 33in | cover — 1~5'db(51—ab]mr§ d =130.56 |in
48in 45.34
30-in ) 27.35)

N
7

b )

Slab reinforcement A := (Asbar(SIabbar)'T
sla

T
Ay =(0.60 0.60 1.00 2.54 2.54)in’

per width (b) Space}

—_
Compression block — a == ——— a =(0.64 0.64 1.07 2.72 2.72)in
depth 0.835-f,-b
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Moment Capacity = ¢$Mn = ¢Cqgo,

¢b =09 Strength reduction factor for transverse bending per Ref. 2.2.2

422
> 422
oM, = [q)b-As-fy-( —%ﬂ oM, = | 135.1 |kip-ft
502.8
297.0 )

Transverse Shear Capacity = $Vn = ¢Cqgo,

¢s = (.85 Strength reduction factor for transverse shear per Ref. 2.2.2

: T .
OV, = bg 2 [T psi-bd OV, =(24.1 241 462 68.6 41.4)kip

6.3.1.4 Strength Margin Factor - Out-of-Plane Bending (Fs,,,,) and Out-of-Plane Shear (Fsg;,.,)

Per Equation 4-2 of Section 4.3.2 of this calculation -

9.9
10.2
' ¢Mn - MuNS
FsMom = M FsMom = | 211
uBDBGM
2.8
4.7 )
6.7
7.0
_ ¢Vn - VuNS
FoShear = v FsShear = | 8-
uBDBGM 29

3.2)

6.3.1.5 Inelastic Energy Absorption Factor - FA)

53)

5.3
span . -
=127 All span-to-depth ratios are less than 10. Therefore, use Fu = 2.25 for limit state
d A. (Slab/wall moment frames with span/depth ratios less than 10) per Table 5-1
1.9 of Ref. 2.2.6.
3.1)
FM =225 Fu for Limit State A per Table 5-1 of Ref. 2.2.6

However, per ASCE 43-05 Section C5.1.2.3, the Fp factor for slabs with significant gravity loads
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subject to vertical seismic motion must be reduced to account for ratcheting effects. The
following is a derivation of an effective Fu for floor slabs that accounts for potential ratcheting
effects.

When the static loading is sufficiently large that oscillatory dynamic loads result in
nonlinear response in one direction only (i.e., no nonlinear response reversals), then with multiple
nonlinear cycles, the nonlinear response ratchets in that one direction. On the first nonlinear
cycle, the total displacement d,, is:

81:1 = 86 + 8];)1 (631)

where & is the elastic displacement and Sp1 is the plastic displacement for this first nonlinear cycle. The
elastic displacement &, is recovered on dynamic response reversal. However, if the static load is
sufficiently large that there is no reversal of nonlinear response, then the plastic displacementSp1 is not
recovered. Defining the first cycle ductility factor n by:

841 ) Sp1
and  p.p=1l4+— (6.3.2)

e 5

the factor f; of non-recovered first cycle response is given by:
851 )

de )
For N cycles, the total ductility factor p is:

8¢ ) N
S_ej and p:=1 +i§1 (fi) (6.3.4)

f = and £ = (pep - 1) (6.3.3)

po=

Assuming the equivalent of N number of equal nonlinear response cycles each with cyclic
ductility p1., the total ratcheted ductility factor p is:

W= 1+N-(;,LC— 1) (6.3.5)
For a total ductility p, the permissible cyclic ductility p, per cycle is:

p—1
e =1+ N~ (6.3.6)

Assuming Fp is roughly proportional to i, the permissible effective FHe for situations of
one-way ratcheting is:

F, -1

. H
FMe =1+ N

(6.3.7)

where F is the permissible Fp for situations with complete reversal of nonlinear response.
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For actual situations, Equation (6.3.7) is conservatively biased for three reasons. First, unless the static
load is a large fraction of the capacity, a portion of the plastic deformation is recoverable on dynamic

response reversal. Secondly, Fp is closer to being proportional to uf where p is less than or equal to one.
Third, each actual nonlinear response cycle does not go to the full cyclic ductility p,..

Table 4-2 of NUREG/CR-3805 (Ref. 2.2.42) provides guidance on the number N of equivalent full nonlinear
response cycles as a function of strong motion duration. Per Assumption 3.2.4, the strong duration of the
BDBDGM ground motion is assumed to be greater than 15 seconds. Therefore, per Table 4-2 of reference
2.2.42, avalue of N = 4 is used.

N:=4 (Assumption 3.2.4)
Fu -1
F . .=1+ F, . =131
pe N pe
FuOOpM = Fue Fu factor for out-of-plane bending of slabs
F =1.0 Transverse shear is a brittle failure mechanism and thus no

poopsS - inelastic energy absoprtion is considered.

6.3.1.6 HCLPF for Out-of-Plane Bending of Diaphragms

T
HCLPFy = F ‘PGAy HCLPFy; = (11.84 12.29 25.36 3.35 5.63)¢g

sMom'F ue

T
HCLPFy := Foghear Fuoops PGA  HCLPFy = (6.15 639 7.80 2.04 294)g

HCLPF )\ = min( HCLPFy)

HCLPF = min( HCLPFy)

HCLPF =335¢g withanFp  F = 1.31  Minimum HCLPF for out-of-plane bending
oopM noopM of the CRCF diaphragms

HCLPFoopV =2.04¢g with an Fp F LoopS = 1.00  Minimum HCLPF for out-of-plane shear of

the CRCF diaphragms
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6.3.2 HCLPF Capacity for Diaphragms - In-Plane Forces

Similar to Ref. 2.2.30, eight cases are considered in the in-plane diaphragm fragility calculation. Analysis
cases 1 - 4 consider the 18" roof diaphragms at EL. 64', 72' and 100' and analysis cases 5 - 8 consider
the 33" slab at EL. 64', the 48" slab at EL. 32', and the 18" slabs at EL. 32. For each analysis case, the
diaphragm is evaluated with the BDBGM acting in the north-south (N-S) direction and the east-west
(E-W) direction. Therefore, the horizontal spans and depths considered for the in-plane evaluation of the
diaphragm are different, depending on the direction of seismic load considered. For graphical
representation of the cases considered see Attachment A of Ref. 2.2.30.

6.3.2.1 Diaphragms Properties and Loads for Analysis Cases 1 to 4

thick := 18in All slabs considered in analysis cases 1 to 4 are 18" thick.

case_num := §

"Case 1 (N-S): 18" roof @ EL. 100": Col. Line 6-9/D-H" \
"Case 1 (E-W): 18" roof @ EL. 100": Col. Line 6-9/E-G"
"Case 2 (N-S): 18" roof @ EL. 72": Col. Line 9-12/E-G"
"Case 2 (E-W): 18" roof @ EL. 72": Col. Line 9-12/E-G"

"Case 3 (N-S): 18" roof slab @ EL. 64": Col. Line 9-12/D-E(& G-H)"
"Case 3 (E-W): 18" roof slab @ EL. 64": Col. Line 9-12/D-E(& G-H)"
"Case 4 (N-S): 18" roof slab at EL. 64': Col. Line 2-3/D-E(& G-H)"
"Case 4 (E-W): 18" roof slab at EL. 64": Col. Line 2-6/D-E(& G-H)" j

Caseslt04 =

® , ® : I

(0) NORTH NORTH
Wall 1
@ 94' @
@ ] ]
|
% EI 100" |
o) <
o 5 2| =
= El 100" 3 =
3 dlhat
|
|
Wall 2
() -~
13 o -
Whns
Case 1 : N/S Case 1 : E/W

Note : For case 1 in the E/W direction the diaphragm is a 3 span system. (Ref. 2.2.11)
Conservatively take diaphragm as simple span using the largest span. (Assumption 3.2.3)
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) - (12)
I ~ ©) , (12)
® Wall 1 89
a —
) @ [ Wall 1
< -
T EI72' 2 H < - z
3 = El i XN = El 64 = g
ES =
|— @ | Wall 2
||
Wall 2

© - -~ trttrrt
A A e

Case 2 Case 3

e T T

NORTH

El 64' @

82'

El 64'

Wall 4
Wall 3

Wew

Case 4 : N/S Case4 : E/W

Note : For case 4 in the N/S direction the diaphragm is a 3 span system. (Ref. 2.2.10)
Conservatively take diaphragm as simple span using the largest span. (Assumption 3.2.3)

Diaphragm horizontal span Diaphragm depth Chord Steel (Total # of bars)
- All chord steel for Cases 1 to 4 is # 9 bars
per Ref. 2.2.30, Section 6.6.1.7

941t ) 258t 18
94t 94t 20
891t 94ft 14
94t 89ft 19
spany . = depth := ASchord = -1.00in2
891t 821t 12
82ft 89ft 12
62t 821t 6
82ft ) 144t ) 12 )
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Slab Steel
All slab steel for 18" slabs is # 7 bars @ 12" o.c., both ways, top & bottom (Ref. 2.2.30, Section 7.1.1)
Agpar(7)
sbar 1.2
Astop = T Astop = 0.60 Eln
Agpar(7)
sbar 1.2
Asp 4= ———  Asp = 0.60 —in

Maximum Horizontal Acceleration at diaphragm elevation
Per. Section 6.3.1.1, the maximum horizontal accelerations are EL. 32', 64', 72', and 100' are as follows:

1.31) EL. 32'
1.56 EL. 64'
Accy, = g
b= 1160 EL. 72
1.83 ) EL. 100'
Acch4\
Acep, 1.83)
Acch3 1.83
1.60
h ACCh3 h 160 Max. h | BDBGM accel h
a = a = g ax. horizonta accelerations at the
Itod Acch2 Itod 1.56 respective elevations for analysis cases 1 to 4
1.56
Accy
2 1.56
Acch2 1.56 )
Accy
2)

Governing Design Loads
Combine dead load and 25% of design live load for seismic load combination

378.8) "18" roof slab at EL. 100"
See Section 6.3.1.1 for
378.8 "18" floor slab at EL. 32" calculation of W,Ns
WyNS = | 596.3 |psf  Cases =| "33"roof slab at EL. 64"
685.0 "48" floor slab at EL. 32"
460.0 ) "30" floor slab at EL. 32" )

Wiltod = 378.8psf Non-Seismic load for 18" roof slab applies for

w =W
ultod uNsS, analysis cases 1 to 4

Wall Weight Tributary to Diaphragm
e For seismic excitation in N-S dir., Section 6.4.3.3 of Ref. 2.2.30 provides the wall weight trib. to the
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diaphragms for analysis cases 1 to 4
e For seismic excitation in E-W dir., Section 6.4.4.3 of Ref. 2.2.30 provides the wall weight trib. to the
diaphragms for analysis cases 1 to 4

40.8")
19.2
26.2
] 38.4 | kip
weightyiy 1104 = 26 | T’
30.0
19.2

49.2 )

6.3.2.2 In-Plane Moment and Shear Demands for Analysis Cases 1 to 4
o Treat the diaphragm as a deep beam with length = span, ..

e Uniform Seismic Load on beam w = ((DL + 0.25LL)*depth + weight,;,) * horizontal acceleration/g

7

ahlto4}

Wdiaphragm1to4 = {(Wulto4'depth + Weighttriblto4)' p

T
Wdiaphragmltod = (233.5 100.3 98.9 1154 82.1 994 784 161.8)kIf

7

2
Wdiaphragm1to4 SPalhor
8

Diaphragm Moment MomE1t04 =

T .
Momg o4 = (279976 110769 97908 127431 81335 83534 37672 136022 )kip-ft

Chord Force - determined by dividing the diaphragm moment by a lever arm equal to 90% of the
diaphragm depth (i.e. the chord steel is provided over a width equal to 10% of the diaphragm depth
per Ref. 2.2.30 and the distance between the center of reinforcing and the center of the compression
block is approximated as 0.9*d)
—_
MomElt
04
ChordE =
0.9-depth

T
Chordg = (1205.8 1309.3 1157.3 1590.9 1102.1 1042.9 510.5 1049.6)kip

7

Wdiaphragm1to4 SPahor

Diaphragm Shear ShearE =
2

T
Shearp = (11914 4714 4400 5423 3655 4075 2430 6635 )kip

&3 November 2007



Canister Receipt and Closure Facility DOC ID:_060-SYC-CR00-01100-000-000A
(CRCF) Seismic Fragility Evaluation

6.3.2.3 Design Capacities (Cqg0,)

e The in-plane moment demand on the diaphragm (translated to a chord force) is carried by the
cord steel and slab steel within an area equal to 10% of the diaphragm depth.

e The in-plane shear demand on the diaphragm is carried by the concrete and the slab steel along
the depth of the diaphragm.

e A check is made to show that the in-plane shear capacity of the concrete alone can carry 40%
of the seismic demand. This check will ensure that the slab steel considered in both the
in-plane moment and in-plane shear capacity is not considered twice.

Chord Capacity
The moment demand is translated to a chord force carried by the chord steel and the slab steel located

within 10% of the diaphragm depth. The capacity of this steel is used in the fragility evaluation for in-plane
moment on the diaphragms.

¢ :=09 Strength reduction factor for bending per ACI 349-01 (Ref. 2.2.2 Section 9.3.2.1)

T . 2
ASgporg = (18.0 20.0 14.0 19.0 12.0 12.0 6.0 12.0)in

N
7

(I)Tnchord = (q)'ASchord'f ) (I)Tnslab = |:¢'(Ast0p + ASbOt)nyOIOdepth Slab steel

capacity
within 10%
972 ) 1672 of the
diaphragm
1080 609 depth
756 609
oT 1026 ki Chord steel i oT 277 ki Slab steel it
n = ip ord steel capacity n = ip ab steel capacity
chord =1 48 slab =1 534 within 10% of depth
648 577
324 531
648 ) 933 )
In-Plane Shear Capacity of Diaphragms
hw ‘= spany . lW := depth height and length of diaphragms
_
As, + As
Steel Reinforcement Ratio: slab steel Py = top_—bOt py = 0.0056
is the same in both directions thick
Ph = Py pp = 0.0056

Concrete Shear Capacity

Na := Okip Neglect in-plane compression/tension forces in diaphragms
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hW

VeBarda(l) = | 8.3 [ fo-psi — 3.4 [f,-psi- 1—1—0.5 +
W

)

i

F

vesao() = (2[Topsi)

Steel Shear Capacity

DOC ID: 060-SYC-CR00-01100-000-000A

N

For hw/lw < 2.0; use
Barda (Eq. 6.2.1 in
Section 6.2.4)

41, -thick

1

or hw/lw > 2.0; use ACI 349-01 capacity

(Eq. 21-6 in Section 21.6.5.2 of Ref. 2.2.2)

A = |1.0 if % <0.5 B(h,D) == [0.0 if % <05
0.0 if % 5> 15 1.0 if % > 15
%—1 + 1.5 otherwise 1° 0.5 otherwise

A(hw3,lw3) — 0.55 B(hw3,lw3) = 0.45

PseBarda(l) = min(0.0l ,A(hwi,lwi)pv + B(h

w.?
1

Pse349() = pp

VsBarda() = pseBardal(i)'fy

Vs349(1) = Pge349(D)-fy Ve3

85

1

w.)'ph> Limit steel ratio 1%
i

V. Barda(1) = 649.8 psi

49(1) = 148.3 psi
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Total Shear Capacity

case num = 8.0

¢V, = | for ie1..case num Describtion
h This loop determines the shear capacity for
. W, each diaphragm case. For hw/lw <= 2.0,
if 1_ <20 the shear capacity is determined using the
w, Barda equation. For hw/lw > 2.0, the shear
capacity is determined using ACI 349-01
a< V.Barda() equations.
b < Vigarda()
26297
Viot € min(a+b,20- fc-psi) 2019
Area < 0.6-1;, -thick 8150
1
7462
¢ < 0.80 OV = kip  Total in-plane shear
n 6812 capacity of the diaphragms
OV, < &V Area
! 7775
otherwise 7518
a<= V349(1) 13905 )
b < V349(1)
Viot € min(a +b,8: fC-psi)
Area < I, -thick
1
o < 0.60
OV, « OV Area
1
oVy
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Concrete Shear Capacity and 40% Seismic Demand

DOC ID: 060-SYC-CR00-01100-000-000A

Determine if concrete capacity is enough to carry 40% of the in-plane diaphragm shear.

oV

conc =

for 1€ 1..case_num

\Y%

hy, .
i

if — <20

Iy
i

<= VcBarda(l)
b <« 0.0psi
Viot € min(a +b,20- fc-psi)

Area « 0.6-1W.-thick

1

¢ < 0.80

(1)Vni <« ¢-vy - Area

otherwise

a< VC349(1)
b < 0.0psi
Viot € min(a +b,8: fc-psi)

Area < lwi-thick

¢ < 0.60

(1)\/ni < ¢V Area

87

oV

Description
This loop determ

ines the shear capacity for

each diaphragm case considering only the
contribution of the concrete. For hw/lw <=
2.0, the shear capacity is determined using
the Barda equation. For hw/lw > 2.0, the

shear capacity is

determined using ACI

349-01 equations.

17380
4770
4901
4386 |
cone = | 3978 | P raeiyof e
4700 diaphragm concrete
4684
8929 )
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0.27)
0.40

0.36

0.4-Shearg 0.49
- @ = All D/C ratios are less than 1.0. Therefore, the distributed slab steel is not

¢Vconc 0.37 required to carry the shear due to the 40% seismic load and the full
distributed slab steel can be used to carry the chord force from the 100%
0.35 seismic load.
0.21
0.30 )

6.3.2.4 Strength Margin Factor

Per Equation 4-2 of Section 4.3.2 of this calculation -

N

OTn phord + 910G 4 — Okip  Chord force due to non-seismic demand is
Fschord = negligible and is set equal to O kips and all slab
ChOYdE steel within 10% of the diaphragm depth is
considered.

T
FSghord = (219 1.29 118 1.01 1.07 1.17 1.68 1.51)

_—
¢V, — Okip
Fsshear R In-plane shear force due to non-seismic demand is negligible and
Shearg is set equal to 0 kips.

T
Fschear = (221 1.70 1.85 1.38 1.86 1.91 3.09 2.10)

6.3.2.5 Inelastic Energy Absorption Factor - FA)

e Fufactors for in-plane shear of diaphragms is determined from Table 5-1 of Ref.
2.2.6 for Limit State A for reinforced concrete shear walls.

e Fufactors for in-plane bending of diaphragms is determined from Table 5-1 of Ref.
2.2.6 for Limit State A for slab/wall moment frames, beams and walls of reinforced
concrete.

Sp anh or
depth

All span-to-depth ratios (identical to hw/lw terminology for walls) are less than 2.0.
Therefore, use Fu = 2.0 for in-plane shear and Fu = 2.25 for in-plane bending (Cord
Force)

=(04 1.0 09 1.1 1.1 09 0.8 0.6)

Fushear =20 chhord =225 Table 5-1 of Ref. 2.2.6 for Limit State A

6.3.2.6 HCLPF for In-Plane Bending and Shear of Diaphragms

HCLPF py6rd = FSchord Fluchord POAR
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T
HCLPF g 4 = (451 2.65 2.43 2.07 2.20 2.41 345 3.10)g

HCLPF PGA},

shear = FSshe:»,lr'Fushear

T
HCLPF o = (4.03 3.11 338 2.51 3.41 3.49 565 3.83)g

HCLPFCaselt04Bending = min(HCLPFchord)

HCLPF cy5e1to4Shear = min(HCLPFshear)

HCLPF cy5e1t04Bending = 2078

DOC ID: 060-SYC-CR00-01100-000-000A

Minimum HCLPF for in-plane bending and in-plane

HCLPF g6e1t04Shear = 2-18

Cases1t044 = "Case 2 (E-W): 18" roof @ EL. 72": Col. Line 9-12/E-G"

HCLPF ghorg, = 2.07¢

6.3.2.7 Diaphragms Properties and Loads for Analysis Cases 5 to 8

case_num := §

CasesStOS =

89

shear of the diaphragms for Analysis Cases 1 to 4

"Case 5 (N-S): 33" roof @ EL. 64": Col. Line 2-5/E-G" \
"Case 5 (E-W): 33" roof @ EL. 64" Col. Line 2-5/E-G"
"Case 6 (N-S): 48" floor @ EL. 32": Col. Line 6-9/E-G"
"Case 6 (E-W): 48" floor @ EL. 32": Col. Line 6-9/E-G"
"Case 7 (N-S): 18" roof @ EL. 32": Col. Line 12-13(& 1-2)/E-G"
"Case 7 (E-W): 18" roof @ EL. 32": Col. Line 12-13(& 1-2)/E-G"
"Case 8 (N-S): 18" floor at EL. 32": Col. Line 2-3/D-E(& G-H)"
"Case 8 (E-W): 18" floor at EL. 32": Col. Line 2-12/D-E(& G-H)" )
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@ﬁr

94"

(2)

- 104' N
Wall 5 B
® =
T ' o -t
g El 64 =
Wall 6
A\ A A A A
Whns
Case 5

© o O,
: -
4 Wall 5
-
- NORTH
0 (-
3 El 32' ~ H
5| P 2
-
-
-
' Wall 6
© -~

94'

90

Wew

NORTH

Wall 8

ElI 32'

Wall 7
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®

0 = o

Wall 5

EL 32'

Case 8 : N/S

DOC ID: 060-SYC-CR00-01100-000-000A

NORTH

k—>
©—
®-

Case 8 : E/W

Note : For case 8 in the N/S direction the diaphragm is a 7 span system. (Ref. 2.2.9)
Conservatively take diaphragm as simple span using the largest span. (Assumption 3.2.3)

thick :=

2.75)
2.75
4
4
1.5
1.5
1.5

1.5 )

ft

Diaphragm horizontal span Diaphragm depth

spany . =

Slab Steel

104
94
94
94
43
94
62
82 )

-ft

depth :=

94
104
94
94
94
43
82
327

ft

Slab thickness for analysis cases 5 to 8

Chord Steel (Total # of bars)
- All chord steel for Cases 5 to 8 is # 9 bars
per Ref. 2.2.30, Section 6.6.2.7

221
18
22
25
2

.2
Aschord = -1.001in

10 )

e Slab steel for Analysis Cases 5 to 8 from Ref. 2.2.30, Section 7.1.1.
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e Top and bottom steel is the same per Ref. 2.2.30, Section 7.1.1

AstOp =

Aspot = Astop

Asbar(®) \
Asbar(®)
Apar(10)-2
Agpar(10)-2
Agbar(7)
Asbar(7)
Agpar()

Asbar(7) )

Case 5: #9 @ 12" top
and bottom, each way

Case 6: #10 @ 6" top
and bottom, each way

Case7 & 8: #7 @ 12" top
and bottom, each way

Maximum Horizontal Acceleration at diaphragm elevation

DOC ID: 060-SYC-CR00-01100-000-000A

1.00
1.00
2.54
25411 . 5
0.60 | ft

0.60
0.60
0.60 )

.2

T
Aspor = (1.00 1.00 254 2.54 0.60 0.60 0.60 0.60)—
ft

Per. Section 6.3.1.1, the maximum horizontal accelerations are EL. 32', 64', 72', and 100' are as follows:

Acch =

ahgyg =

1.31)
1.56
1.60
1.83 )

g

Acchz\
Acc}12
Acc}11
Acc}11
Acc}11
Acc}11

Acc
hl

Acc}l
1)

Governing Design Loads

EL. 32'

EL. 64

EL. 72'

EL. 100’
1.56
1.56
1.31
1.31

aMsio8 = | | 5
1.31
1.31
1.31)

g Max. horizontal BDBGM accelerations at the
respective elevations for analysis cases 5 to 8

Combine dead load and 25% of design live load for seismic load combination
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378.8)
378.8

"18" roof slab at EL. 100" \
"18" floor slab at EL. 32"

WyuNS = | 596.3 |psf  Cases =| "33" roof slab at EL. 64"

685.0
460.0 )

W
uNS3

W
uNS3

W
uNS 4

W
uNS 4

Wu5sto8 =

WuNSl

WuNSl

W
uNS2

W
uNS2

Case 5: EL. 64' roof
slab
Case 6: EL. 32'48"
slab
Case 7: EL. 100' roof
slab
Case 7: EL. 32' 18"
) roof slab

Wall Weight Tributary to Diaphragm

"48" floor slab at EL.
"30" floor slab at EL.

Wusto8 =

32"
32" )

596.3)
596.3
685.0
685.0
378.8
378.8
378.8
378.8 )

DOC ID: 060-SYC-CR00-01100-000-000A

See Section
6.3.1.1 for
definition of w g

psf Non-Seismic load for
analysis cases 5to 8

e For seismic excitation in N-S dir., Section 6.5.3.3 of Ref. 2.2.30 provides the wall weight trib. to the
diaphragms for analysis cases 5 to 8
e For seismic excitation in E-W dir., Section 6.5.4.3 of Ref. 2.2.30 provides the wall weight trib. to the
diaphragms for analysis cases 5to 8

weightyipsiog =

27.9 )
28.8
61.7
83.3 | kip
9.60 | ft
26.4
38.4
129.6 )

6.3.2.8 In-Plane Moment and Shear Demands for Analysis Cases 5 to 8

e Treat the diaphragm as a deep beam with length = span, ;.
e Uniform Seismic Load on beam w = ((DL + 0.25LL)*depth + weight,; ) * horizontal acceleration/g

93

November 2007



Canister Receipt and Closure Facility DOC ID:_060-SYC-CR00-01100-000-000A
(CRCF) Seismic Fragility Evaluation

N
7

ah5t08:|
g

Wdiaphragm5to8 = {(WuStOS'depth + WeighttribStOS)'

T
Wdiaphragmstog = (1310 141.7 1652 193.5 59.2 559 91.0 332.0)KIf

N
7

2
Wdiaphragm5to8 SPahor
8

Diaphragm Moment MomE =

T
Momyg = (177055 156467 182439 213692 13686 61763 43720 279064 )kip-ft

Chord Force - determined by dividing the diaphragm moment by a lever arm equal to 90% of the
diaphragm depth (i.e. the chord steel is provided over a width equal to 10% of the diaphragm depth
per Ref. 2.2.30)

T
Chordp = (20929 1671.7 2156.5 2525.9 161.8 1595.9 592.4 948.2)kip

Wdiaphragm5to8 SPahor

Diaphragm Shear ShearE =
2

T
Shearp = (6810 6658 7763 9093 1273 2628 2821 13613 )kip

6.3.2.9 Design Capacities (Cgg0;)

e The in-plane moment demand on the diaphragm (translated to a chord force) is carried by the
cord steel and slab steel within an area equal to 10% of the diaphragm depth.

e The in-plane shear demand on the diaphragm is carried by the concrete and the slab steel along
the depth of the diaphragm.

e A check is made to show that the in-plane shear capacity of the concrete alone can carry 40%
of the seismic demand. This check will ensure that the slab steel considered in both the
in-plane moment and in-plane shear capacity is not considered twice.

Chord Capacity

The moment demand is translated to a chord force carried by the chord steel and the slab steel located
within 10% of the diaphragm depth. The capacity of this steel is used in the fragility evaluation for in-plane
moment on the diaphragms.

¢ :=09 Strength reduction factor for bending per ACI 349-01 (Ref. 2.2.2 Section 9.3.2.1)

T .2
ASchord = (22.0 18.0 22.0 25.0 2.0 16.0 7.0 10.0)in

OTn hord = (¢'Aschord' fy)
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¢Tn =] ¢-( Astpy + ASpat) Ty, [-0.10-depth Slab steel capacity within
slab |7|7 ( top bOt) y—‘ —‘ 10% of the diaphragm

depth
1188 1015
972 1123
1188 2579
oT 1350 k Chord I oT 279 k Slab [
n = ip ord steel capacity n = ip ab steel capacity
chord = g slab ™ | 609 within 10% of depth
864 279
378 531
540 ) 2119 )
In-Plane Shear Capacity
hw = spany, . lw := depth height and length of diaphragms
Steel Reinforcement Ratio: slab steel is the same in both directions
_
0.0051) 0.0051)
= AStOp . ASbOt 0.0051 0.0051
Py thick ' '
0.0088 0.0088
Ph = Py o = 0.0088 o = 0.0088
V' 10.0056 0.0056
0.0056 0.0056
0.0056 0.0056
0.0056 ) 0.0056 )
Concrete Shear Capacity
Na := Okip Neglect in-plane compression/tension forces in diaphragms
B, ) Ny
A% (1) :=|83- [, psi—34 [f, psi:| — —0.5 +————| Forhw/w<2.0;use
cBarda ¢ ¢ ly. 4-1,, -thickj | Barda (Eq. 6.2.1 in
1 j 1 Section 6.2.4)
oo - For hw/lw > 2.0; use ACI 349 capacity (Eq.
Ve349(D) = (2'\/ fc'PSI) 21-6 in Section 21.6.5.2 of Ref. 2.2.2)
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Steel Shear Capacity

h
h _ . h
A(h,l) = |1.0 if N <05 B(h,l) := [0.0 if 1 <05

h
h o h
0.0 if T >15 1.0 if 1 >1.5

—1-—1 +1.5 otherwise 1 0.5 otherwise

B(h, ,1 = 0.61
A(hwl,lwl) =0.39 ( W, Wl)

B(h, ,1 = 0.50
A(hw3,lw3) = 0.50 ( W W3)

pseBarda(i) = min(0.0l °A(hwi°lwi)'pvi T B(hwi’lwi)'phi)imit steel ratio 1%

Pse349(D) = Pp,
VsBarda() = pseBarda(i)'fY

V5349(1) = Pse349()-fy
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Total Shear Capacity

case num = 8.0

¢V, = | for ie1..case num Describtion
h This loop determines the shear capacity for
. W, each diaphragm case. For hw/lw <= 2.0,
if 1_ <20 the shear capacity is determined using the
w, Barda equation. For hw/lw > 2.0, the shear
capacity is determined using ACI 349-01
A<« VcBarda(i) equations.
b < Vigarda()
13681 )
Viot € mln(a +b,20- fc-ps1) 16146
Area < 0.6-1;, -thickj 26473
1
26473
¢« 0.80 ¢Vn = kip  Total in-plane shear
v A 9352 capacity of the
OV, < §-Vir Area diaphragms
! 2684
otherwise 7518
2= Ve349(D) 34301
Viot € min(a +b,8: fC-psi)
Area < 1, -thickj
1
o < 0.60
OV, « OV Area
1
oVy
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Concrete Shear Capacity and 40% Seismic Demand
Determine if concrete capacity is enough to carry 40% of the in-plane diaphragm shear.

OVeone = | for ie1..case_num Description
This loop determines the shear capacity for

hw. each diaphragm case considering only the

if —L <20 contribution of the concrete. For hw/lw <=
1W 2.0, the shear capacity is determined using

i the Barda equation. For hw/lw > 2.0, the
. shear capacity is determined using ACI
a< VcBarda(l) 349-01 equations.
b <« 0.0psi 8266 \
Vior < min(a +b,20- [Topsi) 10155
Area < 0.6-1, -thick; 12721
! 12721 In-plane shear capacity of
oV = kip  the diaphragm concrete

¢ <« 0.80 conc 6104
(1)Vni <« ¢-vy - Area 827

otherwise 4684

: 23000
a < VC349(1) )
b < 0.0psi
Viot € min(a +b,8: fc-psi)
Area < 1, -thickj
1
b <« 0.60
OV, < &V Area
1
OVy
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0.33)
0.26
0.24
0.4-Shearg 0.29

OV eonc 0.08
1.27

0.24
0.24 )

Casess,[og6 = "Case 7 (E-W): 18" roof @ EL. 32": Col. Line 12-13(& 1-2)/E-G"

All D/C ratios are less than 1.0 except for Case 7 in the E-W direction. That is, the diaphragm
concrete in the E-W direction can not carry 40% of the BDBGM seismic force in that direction.
Therefore, to prevent double-counting of the Case 7 slab steel capacity, the following steel
reinforcement changes are made to these slabs -

e Increase the chord steel for N-S seismic excitation from 2 - #9 bars to 6 - #9 bars

e Increase the chord steel for E-W seismic excitation from 16 - #9 bars to 22 - #9 bars

e Decrease the steel spacing from #7 @ 12" top and bottom, each way to #7 @ 9" top and bottom,
each way

For the fragility evaluation of Analysis Case 7 in the N-S direction, the slab steel is not considered to
carry the chord force caused by the N-S seismic excitation. This will allow for the entire slab steel to
be included in the in-plane shear capacity needed to transmit the E-W seismic force in the diaphragm.

For all other cases, the slab steel is not required to carry the shear due to the 40% seismic load and
the full slab steel capacity can be used to carry the chord force from the 100% seismic load.

As = 6- 1,001112 Increase N-S seismic acceleration chord steel to 6 - #9 bars
chord5

Aschord = 22. 1,00in2 Increase E-W seismic acceleration chord steel to 22 - #9 bars
6

: 12 1 _ 12 1
Ast0p5 = Asbar(7)-?.E ASbOtS = Asbar(7).?.E

12 1 12 1 Increase the slab steel for Case 7 to #7 bars @ 9"
Astop6 = Asbar(7)-?.E Asb0t6 = Asbar(7).?.E

Redefine chord steel and slab steel axial capacity with new chord and slab steel for Case 7

OTnchord = (¢'Aschord' fy)
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¢Tn =] ¢-( Astpy + ASpat) Ty, [-0.10-depth Slab steel capacity within
slab |7|7 ( top bOt) y—‘ —‘ 10% of the diaphragm
depth

Define total steel capacity used to carry the chord force

OTngta1 = 9T g + TGy

¢Tnt0tal = ¢Tnch0rd Do not use the slab steel to carry the N-S seismic acceleration
5 5 chord force because this steel is required to carry the 40% seismic
acceleration in the E-W direction.

T
0Tnggip = (2203.2 2095.2 3766.6 3928.6 324.0 1559.5 909.4 2659.0)kip

Redefine slab shear capacity with new slab steel for Case 7

_
Astop + Aspor 0.0051) 0.0051)
=— 0.0051 0.0051
Py thick
0.0088 0.0088
— 0.0088 0.0088
Ph = Py Py = Ph =
0.0074 0.0074
0.0074 0.0074
0.0056 0.0056
0.0056 ) 0.0056 )

PseBarda() = min(0.0l ,A(hwi,lwi).pVi + B(hwi’lwi)'phi)imit tool ratio 1%
Pse349(D) = Pp.
VsBarda() = P seBarda(i)'fy

Vs349(1) = Pse349(D)-fy
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Total Shear Capacity

¢V = | for ie 1..case num

n

oV

hy,.
i

if — <20

L.
i

a< VcBarda(i)
b« VsBarda(i)
Viot € min(a +b,20- fc-psi)

Area < 0.6-1;, -thickj
1

d « 0.80
d)Vni < §-vyor Area

otherwise

a< VC349(I)
Viot € min(a +b,8: fC-psi)

Area < 1, -thickj
1

¢ < 0.60

<|)Vni < ¢V Area

6.3.2.10 Strength Margin Factor

Per Equation 4-2 of Section 4.3.2 of this calculation -

N

FSchord =

DOC ID: 060-SYC-CR00-01100-000-000A

case num = 8.0

Description
This loop determines the shear capacity for

each diaphragm case. For hw/lw <= 2.0,
the shear capacity is determined using the
Barda equation. For hw/lw > 2.0, the shear
capacity is determined using ACI 349-01
equations.

13681 )
16146
26473

26473 Ki Total in-plane
n 10435 P shear capacity of

the diaphragms

oV

3303
7518
34301 )

Chord force due to non-seismic demand is
negligible and is set equal to 0 kips and all slab

ChordE steel within 10% of the diaphragm depth is
considered.

T
FSghord = (1.05 1.25 1.75 1.56 2.00 0.98 1.53 2.80)
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_
oV, — Okip
Fsshear P — In-plane shear force due to non-seismic demand is negligible and
Shearg is set equal to 0 kips.

T
FSghear = (201 242 3.41 291 820 1.26 2.67 2.52)

6.3.2.11 Inelastic Energy Absorption Factor - Fé)

e Fufactors for in-plane shear of diaphragms is determined from Table 5-1 of Ref.
2.2.6 for Limit State A for reinforced concrete shear walls.

e Fufactors for in-plane bending of diaphragms is determined from Table 5-1 of Ref.
2.2.6 for Limit State A for slab/wall moment frames, beams and walls of reinforced
concrete.

T
Spalyor

depth

= (1.1 09 1.0 1.0 0.5 2.2 0.8 0.3)

Except for Case 7 in the E-W direction, all span-to-depth ratios (identical to hw/lw
terminology for walls) are less than 2.0. Use Fu = 2.0 for in-plane shear and Fu =
2.25 for in-plane bending (Cord Force) for all cases. Using a Fu = 2.0 for the
shear of Case 7 in the E-W direction is conservative because Table 5-1 of Ref.
2.2.6 permits an Fu for bending controlled walls(slab) (i.e. hw/lw > 2) for Limit
State A between 2.25 and 2.50.

Fushear =20 Fuchord =225 Table 5-1 of Ref. 2.2.6 for Limit State A

6.3.2.12 HCLPF for In-Plane Bending and Shear of Diaphragms
Use the horizontal PGA for the in-plane diaphragm HCLPF calculations

HCLPF oh0rd = FSchord Fuchord POAR

T
HCLPF g = (2.16 2.58 3.59 320 4.12 2.01 3.16 5.77)g

HCLPF ‘PGA},

shear = FSshear Fpushear

T
HCLPF = (3.67 4.43 6.23 532 1498 2.30 4.87 4.61)g

shear

HCLPF Cage5t08Bending = min(HCLPFchord)

HCLPF Cage5t08Shear = min(HCLPF shear)

HCLPF . =201g
Case5to8Bending Minimum HCLPF for in-plane bending and in-plane

_ shear of the diaphragms for Analysis Cases 5 to 8
HCLPF cy5e5t08Shear = 2-308

CaseSSt086 = "Case 7 (E-W): 18" roof @ EL. 32": Col. Line 12-13(& 1-2)/E-G"
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6.3.3 HCLPF Capacity Evaluations for Diaphragms - Summary
The results from the HCLPF capacity evaluations for the CRCF diaphragms are as
follows -

e The minimum HCLPF capacity for the out-of-plane bending failure mechanism of the CRCF
diaphragms is

1.31

HCLPF =3.35g with an Fp F

oopM poopM ~

e The minimum HCLPF capacity for the out-of-plane shear failure mechanism of the CRCF
diaphragms is

HCLPFo oy = 204g  withanFu  Fyoo0q = 1.00

e The minimum HCLPF capacity for the in-plane failure mechanisms (in-plane bending and
in-plane shear) of the CRCF diaphragms is

HCLPF;p, = min(HCLPFCase1t04Bending’HCLPFCaseSto8Bending)

HCLPF;

ipb =2.0lg Minimum HCLPF capacity for in-plane bending of the CRCF diaphragms

Fyichord = 225

HCLPFj,q == min(HCLPFCase1t04Shear’HCLPFCaseStoSShear)

HCLPFips =2.30g Minimum HCLPF capacity for in-plane shear of the CRCF diaphragms

Fushear = 2.00

HCLPF;, = min(HCLPFipb,HCLPFipS)

HCLPFi =2.0lg Minimum HCLPF capacity for in-plane bending and in-plane shear of the CRCF
p diaphragms

e In order to achieve the above shown HCLPF capacities, the slab reinforcement and chord
steel reinforcement of the CRCF must be changed from that established in Ref. 2.2.30.
These changes are as follows -

18" roof slabs at EL. 32' between col. line 12-13/E-G and between col. line 1-2/E-G

Chord Reinforcement
Provide 6 - #9 bars for N-S seismic excitation chord reinforcement
Provide 22 - #9 bars for E-W seismic excitation chord reinforcement

Slab Reinforcement
Provide #7 @ 9" on centers, both ways, top and bottom

e The above listed HCLPF capacities are larger than the HCLPF capacity for the CRCF shear walls
determined in Section 6.2.7. Therefore, the HCLPF capacity of the diaphragms is not the controlling
HCLPF capacity of the CRCF.
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6.4 HCLPF CAPACITY EVALUATIONS FOR STRUCTURAL STEEL

General Information and Data

ORIGIN := | Set the array origin to 1

PGA; = 0.9138¢ BDBGM peak horizontal ground acceleration (Ref. 2.2.31)

Structural Steel Material Properties

Fy = 50ksi Structural steel yield strength for ASTM A992 (Ref. 2.2.1)

F, = 65ksi Structural steel ultimate tensile strength for ASTM A992 (Ref. 2.2.1)

Fy36 = 36ksi Structural plate yield strength, ASTM A36 for plate girders & stiffeners (Ref. 2.2.1)
Fl36 = 58ksi Structural steel ultimate strength for ASTM A36 (Ref. 2.2.1)

E = 29000xksi Steel modulus of elasticity (Ref. 2.2.1)

pgi= 490pcf Unit weight of structural steel (Ref. 2.2.1)

Concrete Material Properties

Poi= 150pcf Unit weight of concrete (Ref. 2.2.1)

Design Loads

Dead Loads
18in+ 0.25f ) Concrete weight of 18" slab with 3" metal decking
2
e 0.251 | ¢
2. 756t + — Concrete weight of 33" slab with 3" metal decking
2 )
243.75)
DL = psf
143125
Miscellaneous Dead Loads
DLequip := 50psf Equipment load (Assumption 3.1.4)
DLhang = 10psf Miscellaneous hanging equipment load (Assumption 3.1.4)
DL ook = 3.58psf 3" steel decking weight per Ref. 2.2.39.
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DL of = 15psf Roofing material load (Assumption 3.1.5)
Live Loads

LL := 100psf Floor live load (Assumption 3.1.6)

LL, := 40psf Roof live load (Assumption 3.1.6)
Forklift Load

Per Assumption 3.1.10, the operation of the forklift is not included in the failure event sequence.
Therefore, the forklift weight is not included for the beam calculations.

Seismic Loads
The following accelerations are the maximum vertical accelerations at each elevation due to the
BDBGM_SRSS seismic load (Ref. 2.2.5). See Section 6.3.1 of this calculation for further discussion.

1.06) EL. 32

1.07 EL. 64'
A=l o5 |8 EL. 72"

110) EL. 100"

amplify := 2.0  Vertical amplification factor (Assumption 3.1.8)

Seismic Load Combination

EQ[ -:=DL+0.25LL Per Ref. 2.2.4, 25% of the design live load is considered to act
concurrently with the seismic load.

6.4.1 HCLPF Capacity Evaluations for Structural Beams

The beam cases for the HCLPF capacity evaluations are identical to the beam cases considered in
the structural steel design calculation (Ref. 2.2.38). Cases 1 to 7 are roof beams while cases 8 to
10 are floor beams. Beam Case 11 (W18x35), consisting of the floor beams around the openings at
EL. 32', is bounded by the other W18x35 at EL. 32' (Beam Case 8). Therefore, Beam Case 11 from
Ref. 2.2.38 is not considered in the HCLPF capacity evaluations for the CRCF structural beams.

(W) UNIFORM LOAD

* * Typical Beam loading diagram for simply

(|_) LENGTH supported beam (Ref. 2.2.40)
\Y
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Beamcases =

DOCID

: 060-SYC-CR00-01100-000-000A

"Bl - EL. 64' - Gridline 2to 5 & 9to 12 fromDto E & Gto H" )
"B2 - EL. 64' - Gridline 5 to 6 from D to E & G to H"
"B3 - EL. 64' - Gridline 4 to 6 from E to G"
"B4 - EL. 72' - Gridline 9 to 12 from E to G"
"B5 - EL. 64' - Gridline 2 to 4 from E to G"
"B6 - EL. 100" - Gridline 6 to 9 from D to H"
"B7 - EL. 36' - Gridline 12 to 13 from E to G at Vestibule"
"B8 - EL. 32' - Gridline 2-5 & 6-12 from D-E & G-H, 9-10 from E-G"
"B9 - EL. 32' - Gridline 5-6 from D-E & G-H "
"B10 - EL. 32' - Gridline 9-10 from E-G"

Moment and shear capacity are per Ref. 2.2.46 multiplied by the appropriate stress increase
factor given in Table Q1.5.7.1 of Ref. 2.2.46. For bending in beams, the stress increase factor
used in this evaluation is 1.5. For beam shear, the stress increase factor is 1.4.

The steel decking with the concrete slab provides continuous support against lateral
movement of the compression flange along the entire beam length. Therefore, the beam
strength is controlled by the yielding of the member and all other failure mechanisms do not

control.

Mpx = 1.5*Fa, * Sx
where: Fa, = 0.66 x Fy

Sx = Section modulus per Table 1-1 of Ref. 2.2.40

Vnx = 1.4*Fag * Aw
where: Fag = 0.4 x Fy
Aw = area of web = d x tw
Fab = 0.66~Fy Fab =33.00ksi
FaS = O.40-Fy FaS =20.00ksi

"W16x31")
"W24x68"
"W24x55"
"W18x40"
"W12x30"
Beamg;, . == — Mpy = 1.5-Fay;
"W21x44"
"W18x35"
"W18x40"

"W10x39" )

47.2)
154
114
68.4
38.6
98.3
81.6
57.6
68.4
42.1)

-in

106

Section Q1.5 Ref. 2.2.46

an = 1.4-Fas~

15.9.0.275)
23.7.0.415
23.6.0.395
17.9.0.315
12.3-0.260
18.1.0.390
20.7-0.350
17.7-0.30
17.9.0.315
9.92.0.315)

-in
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MpXT:(194.70 635.25 470.25 282.15 159.22 405.49 336.60 237.60 282.15 173.66)kip-ft

VnXT:(122.43 275.39 261.02 157.88 89.54 197.65 202.86 148.68 157.88 87.49)kip

trle cam =

6.5 )
6.0
4.5
6.5
5.29
6.43
6.67
6.5
6.5
6.4 )

-ft

LBeam =

14.5 )
26
225
17.75
12.0

2117

18.8
14.5
12.0
13.0

107

Tributary width and beam lengths
per Figure G.1to G.3in
Attachment G and Ref. 2.2.38.
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Structural Steel Framing Loadings

9678t | 7488 )

36-ft 78 ft 2808

48-1-90-ft 4320

85190 ft 7650

Area = 841901 Area = 7560 i Areas per Figure G.1to G.3in

901254 ft 22860 Attachment G

40-1- 901t 3600

961 78 ft 7488

36-78-ft 2808

13-£90-f ) 1170 )

The truss weight is not supported by the beams. Therefore, do not include the truss weight when
calculating the steel dead load for each beam case. However, the girder weight is included.

[31pif-14.57(63) + 116-pi£-26-f1-(15) + 210pit- 587 (2) + 359p1r- 387 (2) |
300p1£-36ft(2) + 68pif-261:-(15)
393pif-36ft-3 + 55pif-90f:-(7)
40pif-(12 + 70) -1 14
30pif-84-1- 16
55p1£:211:(12-13)
359p1£-40f(4) + 44pif-941:(5)
35p1£-961:(9) + 118pl-78-f-(5) + 232pi-58:-(2) + 393pif-38:-(2)
40pif-36£:-(9) + 130pif-78f:-(2) + 359pIf-36£1-2
39pif-131:(13) + 235p1£-94£:(1)-0

SteelDL =

Steelpy, | = (125.20 48.12 77.09 45.92 40.32 180.18 78.12 133.04 59.09 6.59)kip

EE—
SteelDL

DL =
steel Arca

DL, =(16.72 17.14 17.85 6.00 533 7.88 21.70 17.77 21.04 5.63)pst

steel =

A uniform loading of 25 psf can be used for the structural beam weight. Conservatively considering 50 psf for the
structural steel weight will be bounding for the diaphragm calculations in Section 6.3. Also, using 80 psf for the steel
weight in areas with steel trusses and beams is bounding.
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Non-Seismic Loads

Dead load of concrete slab for Beam Cases 1 to Live load for Beam Cases 1 to 10
10

Beam Case 3 and 5 support 3-ft slabs, all other
cases support 1.5-ft slabs

Dleabl\
DLjap, 243.75) ir\ 40.00 )
DLslaby 243.75 r 40.00
Dl 431.25 i 22-38
DLglap, 237 LLr 40.00
Phs = DL = P12 psf e = LLr F-Beam = 40.00 !
slaby *|243.75 r '
DLyjqp, 243.75 Hhr 40.00
DL, 243.75 i 122'22
_ 243.75 0 100-00
! 243.75) 00)
DLstab, )

Total Dead Load for Beam Cases 1 to 10 including roofing dead load for all cases

DLpeam = DLg + DL + DLhang + DL jeck + DLt + DL

equip roof

DLy, =(339.05 339.47 527.68 328.33 515.16 330.21 344.03 340.10 343.37 327.96)pst
Subtract the roofing material dead load from Cases 8 to 10 (the floor beam cases)

-DL DLBeam8 =325.10psf

DLBeam8 = DLBeam8 roof

DLBeam9 = DLBeam9 = DLigof

DLBeam9 =328.37 psf

- DL

roof DLBeamlo =312.96psf

DL .= DL
Beamlo Beamlo
Non-Seismic Loads for Beam Cases 1 to 10

DLpean = (339.05 339.47 527.68 32833 515.16 330.21 344.03 325.10 328.37 312.96) pst

LLgegy = (40.00 40.00 40.00 40.00 40.00 40.00 40.00 100.00 100.00 100.00) pst
Seismic Loads

Use the enveloped vertical acceleration at EL. 64' for the vertical
acceleration at EL. 72 case b/c the EL. 64' value is higher.
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Accvz\\
Acey, 2.14)
AccV2 2.14
A 2.14
cC
v
2 2.14
Al
e 2.14 e vert .
Acep ey = amplify- AcCReam = g Amplified vertical acceleration for each beam
Accy, 4 2.20 case
Acey, 2.12
N 2.12
cC
‘1 2.12
Accy, 2.12)
AccVl )

Seismic Load = (DL + 25% LL) * Acc per Ref. 2.2.4

Acc
) Beam} Seismic demand tributary to each beam case

EBeam = {(DLBeam +0.25-LLpey

T

Epeam = (746.97 747.86 1150.63 724.03 1123.85 748.47 750.54 74221 749.15 716.48) pst

Maximum uniform load on beams

_—
wu (W, tributary) := (w-tributary)
WlNg = Wumax(DLBeam + O'QSLLBeam°tribBeam) Uniform beam loading for non-seismic loads

wung =(2.27 210 2.42 2.20 2.78 2.19 236 2.28 2.30 2.16)%

WURDBGM = Wumax(EBeam’tribBeam) Uniform beam loading for BDBGM loads

T

wugpgay = (4.86 449 5.18 471 595 481 5.01 4.82 4.87 4.59)12

ft

Maximum moment and shear

—
L2
M (w,L) = r= Max. moment on simply-supported, uniformly loaded beam
—>
Vi (w,L) = Wb Max. shear on simply-supported, uniformly loaded beam
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M NS = Mu(wuNS, LBeam) Max. moment due to non-seismic loads

Mg = (59.63 177.18 153.11 86.61 50.01 122.55 104.33 59.81 4134 45.69)uip

VNS = Vu(wuNS’LBeam) Max. shear due to non-seismic loads

Vs = (1645 27.26 27.22 19.52 16.67 23.16 22.20 16.50 13.78 14.06)xip

M BDBGM = Mu(wuBDBGM’LBeam) Max. moment due to seismic loads

Mygppan = (127.60 379.16 327.66 18534 107.01 269.61 221.17 126.79 87.65 96.87)kipf

VUBDBGM = Vu(wuBDBGM’LBeam) Max. shear due to seismic loads

Vispean = (35.20 5833 5825 41.77 35.67 50.94 47.06 34.98 29.22 29.81)kip

Strength Margin Factor for Beams (Fsg,,\)

M _-M
) px uNS .
FS)fomBeam = —————— Strength margin factor for moment

MyBDBGM

T

FsptomBeam = (1:06 121 0.97 1.06 1.02 1.05 1.05 1.40 2.75 1.32)

V..-V
nx uNS .
FSqpearBeam = —————— Strength margin factor for shear

VuBDBGM

T

Fshearbean = (3-01 4.25 4.01 331 2.04 3.43 3.84 3.78 4.93 2.46)

Inelastic Energy Absorption Factor for Beams (Fu)

Per Table 5-1 of Ref. 2.2.6

=525 Fu for beams of SMRF steel moment frames - Limit State A

1:pMom :

Based on Section 6.3 of this calculation, the Fu for structural beams and girders must be reduced to
account for ratcheting effects. Using equation 6.3.7 in Section 6.3, the revised Fu is given by:

N=4 Number of equal nonlinear response cycles (Assumption 3.1.11)
F -1
pwMom
Fet= 1+ Fle=2.06
F F Fu for bending in steel beams and girders

pMomBeam = Fpe

1.0 Shear failure is a brittle failure thus no inelastic energy

1:pShear = - .
absorption is considered.
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HCLPF Capacity for Beams (HCLPF

Beams-)-

HCLPFy g pean = FSMomBeam'Fpe'PGAh HCLPF for bending moment of beams

HCLPFShearBeams = FSShearBeam'FuShear' PGAh HCLPF for shear of beams

HCLPFyso peams = (2:00 2.28 1.82 1.99 1.92 1.98 1.98 2.64 5.18 2.49)¢

HCLPFg . oo ' = (2.75 3.89 3.67 3.03 1.87 3.13 3.51 3.45 4.51 2.25)¢

Minimum HCLPF Capacity for Beams - Moment and Shear

HCLPFg .o = min(HCLPFMomBeams) HCLPFg,, = 1.82¢
HCLPFg,, - g = min(HCLPFShearBeams) HCLPFg,, o= 1.87¢

6.4.2 HCLPF Capacity Evaluations for Structural Girders

The girder cases for the HCLPF capacity evaluations are identical to the girder cases considered in
the structural steel design calculation (Ref. 2.2.38). Cases 1 to 6 are roof girders while cases 7 to
12 are floor girders.

Girder Case 11 consists of the floor girder along column line 10 that is used to support the
construction loads from the wall from EL. 32' to EL. 72'. After the concrete wall along column line
10 has been set, the wall acts as a deep beam spanning from column line E to G. Therefore, Girder
Case 11 is not considered in the HCLPF capacity evaluations.

Girder Case 13 and 14 (W18x35, W21x44), consisting of the floor girders around the openings at
EL. 32', are bounded by Beam Case 8 (W18x35 at EL. 32'). Also, Girder Case 15 (W33x118),
consisting of floor girders around the openings at EL. 32, are bounded by Girder Case 7 (W33x118
at EL. 32"). Therefore, Girder Cases 13, 14, and 15 from Ref. 2.2.38 are not considered in the
HCLPF capacity evaluations for the CRCF structural girders.

See Figure G.1 to G.3 in Attachment G for the locations of the steel girder cases.

"G1 - EL. 64' - Gridline 2 to 5 & 9 to 12 from D to E & G to H" )
"G2 - EL. 64' - Gridline 2 to 5 from D to E & G to H"
"G3 - EL. 64' - Gridline 3to 5 & 10to 12 from D to E & G to H"
"G4 - EL. 64' - Gridline 5 to 6 from D to H"
"G5 - EL. 64' - Gridline 4 to 5 from E to G"
Girder, o 1= "G6 - EL. 32' - Gridline 1 to 2 from E to G at Vestibule"
"G7 - EL. 32'- Gridline 2to 5 & 6 to 12 from D to E & G to H"
"G8 - EL. 32'-Gridline3to 5 & 10to 12 from D to E & G to H"
"G9 - EL. 32' - Gridline 5to 6 fromDto E& GtoH"
"G10 - EL. 32' - Gridline 5 to 6 from D to E & G to H"
"G12-EL.32'- Gridline2to4 & 6 to 9 from D to E & G to H" )
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Allowable moment and shear capacity are per Ref. 2.2.46 multiplied by the appropriate stress
increase factor given in Table Q1.5.7.1 of Ref. 2.2.46. For bending in beams, the stress
increase factor used in this evaluation is 1.5. For beam shear, the stress increase factor is
1.4.

The steel decking provides continuous support against lateral movement of the compression
flange along the entire beam length. Therefore, the beam strength is controlled by the yielding
of the member and all other failure mechanisms do not control.
Mpx = 1.5*Fa, * Sx
where: Fa, = 0.66 x Fy
Sx = Section modulus per Table 1-1 of Ref. 2.2.40
Vnx = 1.4*Fa, * Aw
where: Fag = 0.4 x Fy
Aw = area of web =d x tw

Fab =33.00ksi

FaS =20.00ksi

Note: Table 1-1 of Ref. 2.2.40 does not include the shape for Cases 3, 4, 5, 6, 8, & 10 (W36x359,
W36x300, W36x393). The allowable bending capacities of these sections are determined by obtaining the

Sx factor in the allowable stress design selection table in Part 2 of Ref. 2.2.41. The allowable shear
capacities of these sections is determined using the above equation for shear.

"W30x116" ) 329 ) 30.0.565 )
"W36x210" 719 36.7-.830
"W36x359" 1320 37.4.1.12
"W36x300" 1110 36.74.0.945
"W36x393" 1450 37.8.1.22
Girdergiye i= | "W36x359" | M Giuger = 1.5-Fay| 1320 |1in® VirGinder = 14Fag| 374112 |in®
"W33x118" 359 32.9.0.55
"W36x393" 1450 37.8.1.22
"W33x130" 406 33.1..580
"W36x359" 1320 37.4.1.12
"W36x232" ) 809 37.1.0.870

T

MoGirder = (1357 2966 5445 4579 5981 5445 1481 5981 1675 5445 3337)kip

T

anGirder

(475 853 1173 972 1291 1173 507 1291 538 1173 904)kip

Girder Loading Configuration

The girder loading configuration used in the HCLPF capacity evaluation is identical to the loading
configuration used in the girder design of Ref. 2.2.38.

The major loadings on the girders come from the shear reaction of the beams framing into the girder.
These shear reactions, calculated in Section 6.4.1, include the effects of dead load, live load, and
seismic load. In the case of girders that support a tributary width of the slab (Girder Cases 2, 3, 8, 10,
and 12 which are girder parallel to beams) the self-weight of the girder is the only steel framing load
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included in the dead load because the other structural steel weight is already included in the shear

reactions from the beams.

For the girder cases that do not support a tributary width of the floor or roof slab, the tribg;. 4, length is

set equal to 0.0 feet.

0) 26)
6.5 29
6.5 38
0 36
0 36
tibgiger = | 0 |ft LGirder = | 46 |t
0 26
6.5 38
0 26
6.5 36
6.5) 29)

Non-Seismic Loads

Tributary width and beam lengths
per Figure G.1to G.3 in
Attachment G and Ref. 2.2.38.

Live Load for Girder Cases 1 to 12

Dead load of concrete slab for Girder Cases 1 to 12
All girders support 18" slabs

p—
i

243.75)
243.75
243.75
243.75
243.75
DLyab,  DlyGirder = | 243.75 | psf LLGirder =
243.75
243.75
243.75
243.75
243.75)

DLGirder =

e S S U S G S G w—y

—_—
N—

114

LL,)

LL,

LL,

LL,
LL,
LL,

LL
LL
LL

LL
LL )

LLGirder =

Girder Cases 1 to 6 support roof slabs
while Case 7 to 12 support floor slabs

40.00
40.00
40.00
40.00
40.00
40.00
100.00
100.00
100.00
100.00
100.00 )

psf
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Girder self-weight is determined as a psf acting over the tributary area of the girder. When the girder
self-weight is multiplied by the tributary area, the resulting uniform loading on the girder will be the girder

self-weight

0.00)
6.50
6.50
0.00
0.00
tibGirger = | 0-00 | ft DLGirdersteel =
0.00
6.50
0.00
6.50
6.50)

trib -
Girder 10

0-psf \\

B

210pif
trib -
G1rder2

B

359p1f

trib -
Glrder3

Opsf
Opsf
Opsf

Opsf
—_—

393pif
trib
Glrderg
Opsf

_

359pif

_

232plf

tlribGirder 11 )

0.00 )
32.31
55.23
0.00
0.00
DLGirderSteel = | 0-00 | psf
0.00
60.46
0.00
55.23
35.69)

Note: Array location 11 is associated with Girder Case 12
(i.e. Girder Case 11 is not considered in the HCLPF capacity
evaluation).

Total Dead Load for Girder Cases 1 to 12 including roofing dead load for all cases (As
noted above, the only structural steel weight included is the girder self-weight.

DLGirder = PLsGirder DLequip + DLhang +DLgeck + PLioof + DLGirderSteel

DLgiger = (322.33 354.64 377.56 32233 322.33 32233 322.33 38279 322.33 377.56 358.02)pst

Subtract the roofing material dead load from Cases 7 to 12 (the floor beam cases)

DLGirder7 = DLGirder7 = DLigof
DLGirder8 = DLGirder8 = DLigof

DLGirder9 = DLGirder9 = DLigot
DLGirderl 0 = DLGirderl 0 = DLyoof

DLGirderl 1 = DLGirderl 1 = DLigof

DLGirder7 = 307.33 pSf

DLGirderg = 367.79 pSf

DLGirderg = 307.33 pSf

DLGlrderlo = 362.56 pSf

DLGlrderll = 343.02 pSf
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Non-Seismic Loads Tributary to Girder Cases 1 to 12

DLGirder =

322.33) 40.00
354.64 40.00
377.56 40.00
322.33 40.00
322.33 40.00
322.33 |pst LLGirger = | 40.00
307.33 100.00
367.79 100.00
307.33 100.00
362.56 100.00
343.02) 100.00 )

Seismic Loads
Girder Cases 1 to 5 are located at EL. 64', while Cases 6 to 12 are located at EL. 32'

psf
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Dead and Live Load
acting tributary to the
girders

Accvz\
Accy, 2.14)
AccV2 2.14
A°°v2 2.14
2.14
AccV
2 2.14
Amplified vertical seismic acceleration
— o | A _
ACCGirder = amplify-| “Cvy ACCGirger = | 2-12 |2 for each girder case
AccVl 2.12
Ace, 2.12
! 2.12
A
v 2.12
Acch 2.12)
Acc
Vl}
Seismic Load = (DL + 25% LL) * Acc per Ref. 2.2.4
0.25 ACGirder Seismic d d tributary to each gird
EGirder = (DLGirder+ . 'LLGirder)T eismic demand tributary to each girder case

Egirger = (7112 7803 829.4 7112 711.2 704.5 704.5 832.7 704.5 821.6 780.2) pst
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Maximum Moment and Shears on Girders

The maximum moment and shears on the girders due to the concentrated loading from the beams (or
girders) framing into the girder are determined using the Table 3-22a - Concentrated Load Equivalents (Ref.
2.2.40) for simple beams. For each girder case, the a and c coefficients are tabulated depending on the
concentrated loading configuration on the girder.

The maximum moment and shears due to the uniform loading on the girder case are calculated using
Mmax = w*L2 / 8 (a = 0.125) and Vmax = w*L/2 (c = 0.50)

The maximum moment and shear on the girder are calculated by superimposing the maximum moments
and shears from the concentrated loadings and from the uniform loading.

Concentrated Loading Configuration
The concentrated loading configuration on each girder are determined as follows:

Case 1: 3 equally spaced concentrated loadings from Beam Case 1
PG1 = 2 x shear reaction of Beam Case 1 (one reaction on each side of girder)

|:,G1 PG1 PG1
EQ. | EQ. | EQ. | EQ.
i * * + = Girder Case 1 Sketch
L LENGTH
VG1 ( G1) VG1

Case 2: Single concentrated loadings from Girder Case 1
PG2 = 2 x Shear reaction of Girder Case 1 (one reaction on each side of girder)

P
EQ. L % EQ.

(Wg,) UNIFORM LOADl

* i i i i i i i i i i i I i i * Girder Case 2 Sketch

(L.,) LENGTH
VGZ ez VGZ

Case 3: 2 equally spaced concentrated loadings from Girder Case 1
PG3 = 2 x Shear reaction of Girder Case 1 (one reaction on each side of girder)

P P
L, EQ. *  Ea. *  Eq. L
W) UNIFORM[LOAD {
& & ‘ & J ¢ & & l & l l ¢ & Girder Case 3 Sketch
1 i
(L..) LENGTH
sz e3 VG3
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Case 4: 5 equally spaced concentrated loadings from Beam Case 2 treated as a uniform loading
wG4 = 5 x Shear reaction of Beam Case 2 (use uniformly loaded beam coefficients of
a=0.125,¢c=0.5)

(W,,) UNIFORM LOAD

| | !

(Ls,) LENGTH ’ v

Girder Case 4 Sketch

G4 G4

Case 5: 7 equally spaced concentrated loadings from Beam Case 3 treated as a uniform loading
wG5 = 7 x Shear reaction of Beam Case 3 (use uniformly loaded beam coefficients of
a=0.125,¢c=0.5)

(W) UNIFORM LOAD

Girder Case 5 Sketch

(Lss) LENGTH

G5 G5

Case 6: 6 equally spaced concentrated loadings from Beam Case 7 treated as a uniform loading
wG6 = 6 x Shear reaction of Beam Case 7 (use uniformly loaded beam coefficients of
a=0.125,¢c=0.5)

(W) UNIFORM LOAD

Girder Case 6 Sketch

(Lse) LENGTH

G6 G6

Case 7: 3 equally spaced concentrated loadings from Beam Case 8
PG7 = 2 x shear reaction of Beam Case 8 (one reaction on each side of girder)

PG7 G7 PG7
/ll, EQ. || EQ. | EQ. | EaQ.
Girder C 7 Sketch
é % 4 ; ‘ Iraer c.ase elc
L) LENGTH
V;|7 ( G7) VG7

Case 8: 2 equally spaced concentrated loadings from Girder Case 7
PG8 = 2 x shear reaction of Girder Case 7 (one reaction on each side of girder)
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EQ. i Flos

G8
L L EQ. L
W) UNIFORNILOAD l

M Girder Case 8 Sketch

] (Leg) LENGTH
Vas Vas

EQ.

Case 9: 3 equally spaced concentrated loadings from Beam Case 9
PG9 = 2 x shear reaction of Beam Case 9 (one reaction on each side of girder)

Pao Pgo Pso
EQ. | EQ. || EQ. | EAQ.
% % ; Girder Case 9 Sketch
A A
(L,,) LENGTH
Veo 9 Vo

Case 10: 2 equally spaced concentrated loadings from Girder Case 9
PG10 = 2 x shear reaction of Girder Case 9 (one reaction on each side of girder)

P P
L, EQ. 2’ Ea. 2’ Ea. L
; % A
t e Girder Case 10 Sketch
] (Lgso) LENGTH ]
VG10 VG10

Case 12: Single concentrated loadings from Girder Case 7
PG12 = 2 x Shear reaction of Girder Case 7 (one reaction on each side of girder)

EQ. EG” EQ.

(We,,) UNIFORMlLOAD {

ii i i i ¢ l l i i l i l i ¢% Girder Case 11 Sketch

(L.,,) LENGTH
VG12 G12 /IVG12

119 November 2007



Canister Receipt and Closure Facility
(CRCF) Seismic Fragility Evaluation

Coefficients for Concentrated Loadings for Simple Beams (Girder Cases 1 to 12)

DOC ID: 060-SYC-CR00-01100-000-000A

4Concentrated =

a and c values used in Table 3-22a - Concentrated

Load Equivalents (Ref. 2.2.40) for simple beams to
determine maximum moment and shear for each girder

0.5 ) 1.5)
0.25 0.5
0.333 1.0
0.125 0.5
0.125 0.5
0.125 CConcentrated = | 0-3
0.5 1.5
0.333 1.0 case
0.5 1.5
0.333 1.0
0.25 ) 0.5)

Concentrated Loadings

Non-Seismic Loadings

Girder Case 1

Girder Case 2

Girder Case 3

Girder Case 4

Girder Case 5

Girder Case 6

Girder Case 7

Girder Case 8

Girder Case 9

Girder Case 10

Girder Case 12

PGlyg = 2~quSl
PG2yg = 2-PGlyg
PG3yg = 2-PGlyg
PGdyg = 2~VuN82~5
PGSy\g = 2~VuNS3~7
PG6yg = 2~VuNS7~6
PGTy\g = 2~VuN58
PGBy = 2-PG7\g
PGOy\g = 2~VuN59

PG10yg = 2-PGOyg

PG12y\q = 2-PGT\g

PGlyg = 32.90kip
PG2yg = 65.80kip
PG3yg = 65.80kip
PGdyg = 272.58 kip
PGSy g = 381.08 kip
PG6yg = 266.36 kip
PGT7yg = 33.00kip
PG8yg = 65.99kip
PGOyg = 27.56kip

PG105g = 55.13 kip

PG12yg = 65.99kip

120

Total load from beams is considered as
uniform on Girder Case 4, 5, and 6
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PGlxs | 32.90 )
PO2Ns 65.80
PGONs 65.80
PG4ns 272.58
PG5\g 381.08
PGirderns = | POONS PGirderns = | 266.36 |kip
PG7Ns 33.00
PG8ys 65.99
PGO\g 27.56
PG10Ng 55.13
PGI2ys | 65.99 )

Seismic Loadings

Girder Case 1 PGlgppGM = 2'VuBDBGM1 PGlgppgm = 70-40kip

Girder Case 2 PG25ppoM = 2 PGlgpBGM PG2pppaMm = 140.80kip

Girder Case 3 PG3pppaMm = 2-PGlgpBGM PG3pppaMm = 140.80kip

Girder Case 4 PGARpBGM = 2~quDBGM2.5 PGApppaMm = 283.33 kip
Total load from

Girder Case 5 PGS3pRGM = 2'VuBDBGM3'7 PGS3pBGM = 815.51 kip beams is
considered as

Girder Case 6 PGORpBRGM = 2'VuBDBGM7'6 PG6RpRGM = 564.69 kip uniform on Girder
Case 4, 5,and 6

Girder Case 7 PGT5pBGM = 2'VuBDBGM8 PGTpppaMm = 69-95 kip

Girder Case 8 PG8zpBGM = 2 PG7BpBGM PG8zppaMm = 139.91 kip

Girder Case 9 PG5 pBGM = 2'VuBDBGM9 PGO95ppGMm = 28-43 kip

Girder Case 10 PG105ppGM = 2 PG95pBGM PG10gppaM = 116.87kip

Girder Case 12 PG125p56M = 2 PG75pBGM PG125p56Mm = 139-91 kip
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PGlpppGa ) 70.40 )
"9%BDBGM 140.80
PG3gpBGM 140.80
PG4gpBGMm 583.33
PGSppBGM 815.51
PGirderBDBGM = | P99BDBGM PGirderBDBGM = | 364.69 | kip
PG7gpBGM 69.95
PG85pBGM 139.91
PGI9RDBGM 58.43
PG105ppGM 116.87
PG125ppGMm 139.91)

Uniform Loadings

WUGirderNS = Wumax(DLGirder + 0'ZSLLGirder’ tribGirder) Il-cj)zlcgzrm girder loading for non-seismic

Wigigens, = (0.00 237 2.52 0.00 0.00 0.00 0.00 2.55 0.00 2.52 2.39)%p

WUGirderBDBGM = Wumax(EGirder’tribGirder) Uniform girder loading for BDBGM loads

WigigermpBGM. = (0-00 5.07 539 0.00 0.00 0.00 0.00 5.41 0.00 534 5.07)%p

Maximum Moment and Shear on Girder

Non-Seismic Loadings

2
_ WUGirderNS LGirder
MUGirderNs = 3 + (aConcentrated'PGirderNS'LGirder)
_ WUGirderNS "Girder
VUGirderNSs = 2 + (CC0ncentrated'PGirderNS)
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MuGirderNs =

427.67 )
726.18
1287.29
1226.63
1714.85
1531.59 | kip-ft
428.96
1295.92
358.32
1068.95
729.93 )

Seismic Loadings

49.35 )
67.27
113.66
136.29
190.54
Vugirderns = | 133.18 [kip
49.49
114.50
41.34
100.47
67.68 )

WUGirderBDBGM' LGirder

2

DOC ID: 060-SYC-CR00-01100-000-000A

Moment and shear due to non-seismic uniform
loading and concentrated loading

+ (aConcentrated' PGirderBDBGM' LGirder)

Moment and shear due to seismic uniform
loading and concentrated loading

MUGirderBDBGM = 2
WUGirderBDBGM LGirder
VUGirderBDBGM = > + (cConcentrated'PGirderBDBGM)
915.22 ) 105.60)
1554.03 143.95
2754.80 24323
2624.98 291.66
3669.78 407.75
MugGirderBpBGM = | 3246.97 [kipft  Vugirgerppgm = | 282.35 | kip
909.39 104.93
2747.35 242.75
759.64 87.65
2266.18 213.00
1547.44) 143.49)

Strength Margin Factor for Girders (Fsg; 4e,)

FSMomGirder =

Mprirder ~ MugGirderNs

MuGirderBDBGM

123

November 2007



Canister Receipt and Closure Facility DOC ID:_060-SYC-CR00-01100-000-000A
(CRCF) Seismic Fragility Evaluation

T

FspomGirder = (1:02 1.44 1.51 1.28 1.16 1.21 1.16 1.71 1.73 1.93 1.68)

VnXGirder - VuGirderNS

FSShearGirder = v
UGirderBDBGM

T

FshearBean = (3:01 4.25 4.01 3.31 2.04 3.43 3.84 3.78 4.93 2.46)

Inelastic Energy Absorption Factor for Beams(Girders) (Fu)
Per Table 5-1 of Ref. 2.2.6

F | Mom = 5.25 Fu for beams (girders) of SMRF steel moment frames - Limit State A

Based on Section 6.3 of this calculation, the Fu for structural beams and girders must be reduced to
account for ratcheting effects. Using equation 6.3.7 in Section 6.3, the revised Fu is given by:

N:=4 Number of equal nonlinear response cycles (Assumption 3.2.4)
F -1
pwMom
Fle= 1 +T Fle= 2.06
F F Fu for bending in steel beams and girders

uMomGirder = Fpe

F\ Shear = 1.0 Shear failure is a brittle failure thus no inelastic energy
absorption is considered.

HCLPF Capacity for Girders (HCLPF ; 4q/s)

HCLPF\{omGirder = FSMomGirder T pe’ PGAy

HCLPFShearGirder = FSShearGirder ¥ pShear PGAp

HCLPFy 1o Girder = (191 2.72 2.84 2.41 2.19 2.27 2.18 3.21 3.27 3.64 3.18)¢

HCLPFg o Girder. = (3-68 4.99 3.98 2.62 2.47 3.36 3.98 4.43 5.17 4.60 5.32)¢

Minimum HCLPF Capacity for Girders - Moment and Shear

HCLPFGirgerm = min(HCLP F MomGirder) HCLPFGirgerm = 1.91¢

HCLPFGirgers = min(HCLP F ShearGirder) HCLPFGirgers = 2.47¢

HCLPF Capacity for Girders - Summary

HCLPFG; qorm = 1-91 ¢ (Bending)

HCLPF G gors = 247 ¢ (Shear)
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6.4.3 HCLPF Capacity Calculations for Interior Steel Columns

Case 1 - Columns at gridlines D.3-2.5, D.7-2.5, G.3-2.5, and G.7-2.5, elevation from 0'-0" to 64'-0".
Supports second floor and roof framing members.

Case 2 - Columns at gridlines D.3-6.8, D.7-6.8, G.3-6.8, and G.7-6.8, elevation from 0'-0" to 32'-0".
Supports floor framing members.

Case 3 - Columns at gridlines D.3-10, D.7-10, G.3-10, and G.7-10, elevation from 0'-0" to 64'-0".
Supports second floor and roof framing members.

Case 4 - Columns at gridlines E.3-10, F-10, and F.7-10, elevation from 0'-0" to 32'-0". Supports second
floor and roof framing members.

Case 5 - Columns at gridlines D.3-11, D.7-11, G.3-11, and G.7-11, elevation from 32'-0" to 64'-0".
Supports roof framing members.

Column Size Section Area Radius of Gyration Stability Factor
about weak axis

"W14x257") 75.6) 4.13) 1.0)
"W14x145" 42.7 3.98 1.0
Columngy o) = | "W14x233" | a:=|68.5 |-in® =410 lin K= 1.0
"W14x311" 91.4 4.20 1.0
"W14x176" ) 51.8) 4.02) 1.0)
Height of Column (Unbraced Column Length between Floors)
29)
29
L:=|29 | ft
29
29)

c.= 107 Equation Q1.5-1 Ref. 2.2.46

Allowable stress for compression members
Equations Q1.5-1 of Ref. 2.2.46
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8426\ F(K.,L,r):= | for ie 1.. rows(K) )
_, |87.44 (Ki‘Li\
BT 8488 PRSIV
r 2 y
82.86 2:C, KL
result; < if C. 2
86.57) 3 KL (Ki‘Li I
i + I B 15 )
3 8~CC 8 Cc3
12~Tc2~ES K;-L
result; > if C, <
23.(Ki'Li\
51 )
result
18.15)
17.48
Ferit = Fe(K, L1 Ferit=| 18.02 | ksi
18.44
17.67)
Allowable compressive force
1371.91)
746.57
 Emm—
Py = (Feriea) P, =|1234.33 |kip
1684.97
915.16 )
Roof Tributary Area Floor Tributary Area Wall Load
2629 ) 26.29 ) 0 )
0 26.29 0
Api= 26.25 -ftz Agp = 26.25 .ft2 wall:=| 0 Case 4 column supports
the wall from EL. 32' to EL.
32.8.875 6.5:32 384 72" along column line 10.

Non-Seismic Demand

x 40 ft height x 0.150 kcf =
384 kips)

The dead and live loads tributary to the columns are taken from the dead and live loads calculated for the
beams (DLg.,m,)- The dead loads include the slab weight, equipment weight, hanging equipment weight,
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the beam and girder weight, the steel decking and roofing material (if the column supports roof).
Dlge,m =(339.1 339.5 527.7 3283 5152 330.2 344.0 325.1 328.4 313.0)pst

"Bl - EL. 64' - Gridline 2to 5 & 9to 12 fromDto E & Gto H" )
"B2 - EL. 64' - Gridline 5 to 6 from D to E & G to H"
"B3 - EL. 64' - Gridline 4 to 6 from E to G"
"B4 - EL. 72' - Gridline 9 to 12 from E to G"
"B5 - EL. 64' - Gridline 2 to 4 from E to G"
"B6 - EL. 100' - Gridline 6 to 9 from D to H"
"B7 - EL. 36' - Gridline 12 to 13 from E to G at Vestibule"
"B8 - EL. 32' - Gridline 2-5 & 6-12 from D-E & G-H, 9-10 from E-G"
"B9 - EL. 32' - Gridline 5-6 from D-E & G-H "

Beame,coq =

"B10 - EL. 32' - Gridline 9-10 from E-G" )
Roof Dead Loads
Plocan; 339.05)
Opsf 0.00
ColumnDL = DLBeam1 ColumnDL ¢ = | 339.05 | psf
DLBeam4 328.33
DLBeamU 339.05)
Floor Dead Loads
Phacang | 325.10)
PhBeamg 325.10
ColumnDLg, := | DLpeamg ColumnDLg, = | 325.10 | psf
Dlgeam 312.96
Ot ) 0.00 )
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Roof Live Loads

HBeam; 40.00)
Opst 0.00
ColumnLL ¢ = LLBeaml ColumnLL,¢ = | 40.00 |psf
ML Beam, 40.00
- 40.00 )
Floor Live Loads
Haeamg | 100.00)
HBeamg 100.00
ColumnLLgy, := LLB%lm8 ColumnLLgy, = | 100.00 | psf
Wpeam 100.00
ot ) 0.00

The vertical seismic accelerations for the columns are taken as the maximum vertical acceleration from the
BDBGM_SRSS load combination (Ref. 2.2.5) at the upper elevation of the column.

1.06) EL. 32'
1.07 EL. 64'
Acc,, = g .
Vol1.05 EL. 72
EL. 100’
1.10)
Roof Vertical Seismic Accelerations
Acc \
v
2 2.14)
Og 0.00 e Case 2 column does not support a roof slab
Acc,p = amplify- ACCVZ Accp=1|2.14 |¢g o Amplify the vertical seismic load on the
column per Assumption 3.1.8
AccV3 2.10
2.14)
Acc
V2)
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Floor Vertical Seismic Accelerations

Aoy 2.12)
Acty) 2.12
e s | |22y * A veseresseoicadon
ACCV1 2.12
0.00) e Case 5 column does not support a floor slab at
0g ) EL. 32'-0".

Column Non-Seismic Axial Load

Non-seismic roof and floor loads

DNSrf = I:(ColumnDer + 0.25~Coluaner)~Arf:|

DNSﬂr = [(ColumnDLﬂr+ 0.25-C01uanLﬂr)~Aﬂr]

263.18)
0.00
Dngef = 226.88 |kip Non-seismic load acting the column supporting a roof
96.09
326.71)

263.97)
263.97
Dnsiie = | 227.56 | kip
70.30
0.00 )

Non-seismic load acting the column supporting a floor

PNS = (DNSrf+ DNSﬂr + Wall)

527.16)

263.97

Pyg = | 454.45 | kip Total non-seismic load acting on the columns
550.38

326.71)

Column Seismic Axial Load

Acc \ Acc \\ Acc \
f fl f . .
PRDBGM = [DNSrf'—r + (DNSﬂr'Tr + [Wau.Trj The dead load from Wall 10 is amplified by the

g J ) acceleration at the EL. 64' roof.
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1122.84)
559.62
PapBGM = | 967.96 | kip
1157.21
699.16 )

Total seismic load acting on the columns

Strength Margin Factor (F,)

Cogoy = 1‘5.pn 1.5 = Capacity increase factor for axial compression of columns per Table
Q1.5.7.1 of Ref. 2.2.49.
2057.86)
1119.86
C98%: 1851.50 klp
2527.46
1372.75)
1.36)
. , 1.53
98% ~ T NS
Fscolumn = P Fscolumn = 1.44
BDBGM
1.71
1.50)
Inelastic Energy Absorption Factor (Fp)
FUColumn = 1.0 Per Table 5-1 of Ref. 2.2.5, the inelastic energy absorption
factor for compression
Column HCLPF Capacity 1.25)
1.40
HCLPF o 1ymn = (F SColumn’ FHColumnP GAh) HCLPF (o 1ymn = 1.32 |¢
1.56
1.37)

Conclusion: The minimum HCLPF capacity for the CRCF columns is less than the HCLPF capacity
of the in-plane shear walls (HCLPF = 1.82g). Therefore, increase the column sizes to obtain a
HCLPF capacity of, at the least, 1.82g.
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"W14x398" ) 117) 4.31) 1.0)
"W14x233" 68.5 4.10 1.0
Columng;,. := | "W14x370" a:=|109 ~in2 r:=14.27 |-in K:=|1.0 R_evised columns
"W14x426" 125 4.34 1.0 erzo(i;?t?:s
"W14x257" ) 75.6) 4.13) 1.0)
18.86)
18.02
Fit = Fo(K, L, 1) Foit= | 18.71 [ksi
18.98
18.15)
Allowable compressive force
2207.04)
1234.33
P (Foica) P, =|2039.51 |kip
2371.94
1371.91)
Strength Margin Factor (F)
Cogoy, = 1_5.pn 1.5 = Capacity increase factor for axial compression of columns per Table
Q1.5.7.1 of Ref. 2.2.49.
3310.56)
1851.50
Cogo, = | 3059.27 | kip
3557.91
2057.86)
2.48)
. , 2.84
FSColumn = % FsCotumn = | 2-69
2.60
2.48)
Inelastic Energy Absorption Factor (Fu)
FUcolumn = 1.0 Per Table 5-1 of Ref. 2.2.5, the inelastic energy absorption

factor for compression
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Column HCLPF Capacity 2 27\
2.59

HCLPF o 1ymn = (F SColumn’ FHColumnP GAh) HCLPF o 1ymn = 2.46 |¢
2.37
2.26)

HCLPF Capacity for Columns - Summary

HCLPF (g = min{ HCLPF o)
HCLPF (g ymns = 2-20 2

Conclusion: All column HCLPF capacities are greater than the minimum HCLPF for the in-plane shear
walls of the CRCF (1.82g). Therefore, the minimum HCLPF of the CRCF is controlled by the in-plane
shear walls. The CRCF column sizes are given as follows:

"W14x398"
"W14x233"
Columng; . = | "W 14x370"
"W14x426"
"W14x257" )

Case 1 - Columns at gridlines D.3-2.5, D.7-2.5, G.3-2.5, and G.7-2.5, elevation from 0'-0" to 64'-0".
Supports second floor and roof framing members.

Case 2 - Columns at gridlines D.3-6.8, D.7-6.8, G.3-6.8, and G.7-6.8, elevation from 0'-0" to 32'-0".
Supports floor framing members.

Case 3 - Columns at gridlines D.3-10, D.7-10, G.3-10, and G.7-10, elevation from 0'-0" to 64'-0".
Supports second floor and roof framing members.

Case 4 - Columns at gridlines E.3-10, F-10, and F.7-10, elevation from 0'-0" to 32'-0". Supports second
floor and roof framing members.

Case 5 - Columns at gridlines D.3-11, D.7-11, G.3-11, and G.7-11, elevation from 32'-0" to 64'-0".
Supports roof framing members.

6.4.4 HCLPF Capacity Calculations for Truss T1

ROOF ELEV. 72'-0" - Truss Design between Gridline G to E, from 10 to 12, and
ROOF ELEV. 100'-0" - Truss Design between Gridline 6 to 9, from D to H.
Nominal concrete slab thickness = 1'-6"
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ELEV. =100’ ELEV. = 100’
G)ELEV.=72 ELEV.=72 (E
14 SPACES AT 6.4286' O.C. = 90'-0"
P 1

truss Ptruss Pt uss truss Ptruss Ptruss Ptruss Ptruss Ptruss truss truss Ptruss truss

2.0 2.0

14 Y15 Vi Y17 Vis VYo V20 V21 Y22 Vo3 VY24 V25 V25 Yor 28

=
A0 1 2 3 4 5 6 7 8 9 10 11 12 13 204
R-LT R-RT
TRUSS T1
Liyss = J0ft truss length
LtI'USS
sp = sp=0.431t panel point spacing
14
triby == 21.171t tributary loading (T1 Grids 6-9/D-H)
. truss depth center of top chord to center
dtruSS = 78.46in

of bottom chord (overall depth D = 8'-0")

h:= ’ sp2 + dtru352 h=9.171 diagonal web length

Di=dg .+ 0.5-( 17.54in + 17.54in) D =8.00f maximum outer dimensions of

truss

truss

dtI'llSS

cos® = 0.71

cosH =

Truss Self-Weight (Per Ref. 2.2.38)

Tlyeight = 2-342plf- 89+ 15-170pIf-dy o + 14-170plf Tlyeight = 99-37kip
Tl
DLyt = —a prLp = 1104.13pif
truss

Non-seismic load on truss T1 is the dead and live loads from Beam Case 6

DLty = Dlpegm, DLy, = 330.21 psf
LLp; = LLBeam6 LLp, = 40.00 pst
NSt =DLp; +0.25-LLp,; NSy = 340.21 psf Non-seismic load acting tributary to Truss T1

Seismic load on truss T1

Acepy = amp]ify.ACCV4 Acery = 2.20¢g Amplified vertical seismic acceleration at EL. 100'-0"
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Acc
T1 N . .
Seismic = NS - » Seismic| = 748.47 pst Seismic load acting tributary to Truss T1
Pis truss = (NSTl triby; + DLTmSSl) sp Pns_truss =53.40kip truss non-seismic panel point load
P truss = (SelsmICTl mbu) sp Py russ = 101.86kip  truss seismic panel point load
Rps = Phg truss 0+ R, = 347.09kip truss non-seismic reaction
Ry =Py rygs 0-3 R, = 662.10kip truss seismic reaction
6
Rns'7(Sp) - Z (n'Sp’Pns_truss)
=1 . -
m20_21, = m20_ 21, = 1286.3kip maximum non-seismic top-chord
truss compression demand
6
RS~7(sp) - z (n'Sp'ps_truss)
=1 . -
m20 21, = . m20 21, = 2453.7kip  maximum seismic top-chord
deruss compression demand
6
Ry 7(sp) B z n Sp'pns_truss)
mé_7, . = — m6_7, . = 1286.3 kip maximum non-seismic bottom-chord
d“[russ tension demand
6
RS-7(sp) - Z (n'Sp'Ps_truss)
n=1 ) maximum seismic bottom-chord
mé_Tg = d mé_7s = 2453.7kip tension demand
truss
mo_14, =R m0_l14, = 347.09kip ~ maximum non-seismic vertical web
compression demand
0 14_:=R . N .
= s m0_l4, = 662.10%ip maximum seismic vertical web
compression demand
ml_l4, =R cosd ! ml_l4, = 486.76kip ~ maximum non-seismic diagonal web
compression demand
ml_l4 = Rs.cos671 ml_14, = 928.52kip ~ maximum seismic diagonal web

compression demand
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TRUSS COMPONENTS

member section

size area
TRUSS T1 ——— -
—Top Chord W14x342" ) 101.0)
Diag. Web _ "W12x170" B 50.0
Vert. Web Tlowiax170" || 50.0 |

.2

DOC ID: 060-SYC-CR00-01100-000-000A

radius of stability member
gyration factor length

0.65) sp )
1.0 h

in K = L=
1.0 dtruss
0.65) s )

Note: The top and bottom chord are considered as continuously supported axial members. Therefore, per Table

C-C2.2 of Ref. 2.2.40, the K factor is 0.65.

Flexural buckling allowable stress for compression members

Fchl = Fcr(K,L,r)

Allowable compressive force

2938.71)
— 1331.11 |
Pn = (Fchl-a) Pnz 1391.06 ki
2938.71)
Allowable Tensile Load 3030.00)
1500.00 |
Piensile = 0'60'Fy'a Piensile = 1500.00 kip
3030.00)
Member Capacities
Pn1 ) Compression 2939
Pn2 Compression 1331
P = P = kip
o Pn3 Compression ntl 1391
Piensile 4) Tension 3030)
Non-Seismic Demand
20 21

s 1286.30)

mo_14,
- 347.09 |
e L DT

m0-Tns ) 1286.30

135
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Seismic Demand

m20 21, ) 2453.70)
m0_l14g 662.10
P = P = kip
ml_14g 928.52
m6_7g 2453.70)
CogoyT1 = 1,5.pnTl 1.5 = Capacity increase factor for axial compression of columns per Table Q1.5.7.1 of Ref.
2.2.49. Conservatively use 1.5 increase factor for the bottom chord (tension member)
4408.06)
1996.66 |
COTI™ | 2086.59 |
4545.00)
Strength Margin Factor (F,)
1.27)
o Co8%%T1~ Pns g 2.49
P 1.72
1.33)
Inelastic Energy Absorption Factor (Fu)
Fu:=5.25 The truss is treated as a deep flexural member. Therefore, per

Table 5-1 of Ref. 2.2.5, the inelastic energy absorption factor for
beams and columns of SMRF steel moment frames
at Limit State A is used.

Per Section 6.3.1.5 and Equation 6.3.7 of this calculation, the Fu must be reduced to account for ratcheting effects.

N:=4 (Assumption 3.2.4)

we = 1+ S Fle= 2.06

FuTruss = Fue FuTruss =2.06 Fu factor used for truss

HCLPF Capacity
2.40)
4.70

HCLPFp, = (FSTI-FHTmSSPGAh) HCLPF, = g
3.25
2.50)

6.4.5 HCLPF Capacity Calculations for Truss T2
TRUSS T2 CALCULATION (Total of 6 T2 trusses required)
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ROOF ELEV. 64'-0" - Truss Design between Gridline G to E, from 2 to 4.
Nominal concrete slab thickness = 2'-9"

9 :
17 SPACES AT 5.2941' O.C. =90-0"
Ptrus Ptluss Pu uss P!ms Ptrus :’truss Ptmss Ptruss Ptruss Ptrus Ptms :’truss Ptruss Ptmss Ptruss Ptrus
20" 20"
14 Y15 Y. Y17 V18 VY19 VYo V2r V2 VY3 VYu VY25 VY VYor ¥s VYo VYoo 31
_ci
Ao 1 2 3 4 5 6 7 8 9 10 11 12 13 R 3 % 3
RLT RRT
TRUSS T2
Liruss2 = 901t truss length
L
sp2 = truss2 sp2 = 5.29 1t panel point spacing
17
triby == 121t tributary loading (T2 Grids 2-4/E-G)
diussn = 78.46in truss depth
2 2 .
h2 = [sp2” +dyyee0 h=9.171 diagonal web length
D2 = d, o+ 0.5:(17.54in + 17.54in) D=28.00f maximum outer dimensions of
truss
d
cosO = fruss2 coso = 0.78
h2
Truss Self-Weight (Per Ref. 2.2.38)
T2y cight = 2.342p11-891t+ 15-170pif-d, o + 14-170plf-h T2y cight = 99.37 kip
T2 .-
weight
DL 12 = DL1.2 = 1104.13 pif
truss2

Non-seismic load on truss T2 is the dead and live loads from Beam Case 5

DLy = DLBeamS

LLpy = LLBeam5

NSty = DLy +0.25-LLp,
Seismic load on truss T2
Accpy = amplify~AccV2

o Acery
SelsmlcTz = NST2~

g

DLy, = 515.16 psf
LLpp = 40.00 psf

NS, = 525.16 psf

Acepy = 2.14¢

Seismicp, = 1123.85 psf

137

Non-seismic load acting tributary to Truss T2

Amplified vertical seismic acceleration at EL. 64'-0"

Seismic load acting tributary to Truss T2
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pns_tmssz = (NSTZ'tﬁb o+ DLTrussZ)'sz pns_tmssz =39.21kip truss non-seismic panel point load
Ps truss2 = (Seismicy,-tribyy)-sp2 Py yruss2 = 71.40kip  truss seismic panel point load
R = PnS_trus52'8 R, =313.67kip truss non-seismic reaction
Ry, = PS_trussz'S R, = 571.18kip truss seismic reaction
8
Rns2'9(5p2) - Z (n~ SpZ'PnsitruSSZ)
m22 23 = n-1 m22 23 5 = 1142.9kip maximum non-seismic
dtruss2 top-chord
compression demand
(Moment about point 9)
8
R52~9(sp2) - (n- sz'PsitruSSZ)
=1 . -
m22 23, := ! m22 23, = 2081.2kip  maximum seismic
deruss2 top-chord
compression demand
(Moment about point 9)
7
Rns2'8(5p2) - Z (n- sz'PnsithSZ)
n=1 . . -
m8 g2 = ] m8_ 9 = 1142.9kip  maximum non-seismic
truss2 bottom-chord
tension demand
7 (Moment about point
R52-8(sp2) - Z (n~ SpZ'PsitruSSQ) 22)
n=1 . maximum seismic
m8 9, = - m8 9, = 2081.2kip bottom-chord
truss2

m0_14, =Ry

m0_1452 = RSZ

-1
ml_14, 5 = R >-cos0

ml_14, = R52~cos6_ !
TRUSS COMPONENTS

member

tension demand (Moment
about point 22)

m0_14,, = 313.67kip maximum non-seismic vertical web
compression demand

m0_l4,, = 571.18kip ~ maximum seismic vertical web
compression demand
ml_14, = 403.60kip maximum non-seismic diagonal web
compression demand

ml_l4, = 734.94kip  maximum seismic diagonal web

compression demand

section radius of  stability member
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size area
TRUSS T2 o 2PV
Top Chord W14x342" ) 101.0)
Diag. Web . "W12x170" 130.0 ) 2
Vert. Web T "W12x170" | s00 [
Bott. Chord "W14x342" ) 101.0)

DOC ID: 060-SYC-CR00-01100-000-000A

gyration factor length
4.24) 0.65) 2 )
3.22 1.0 h2
r:= in = L:=
3.22 1.0 diruss2
4.24) 0.65) sp2 }

Note: The top and bottom chord are considered as continuously supported axial members. Therefore, per Table

C-C2.2 of Ref. 2.2.40, the K factor is 0.65.

Flexural buckling allowable stress for compression members

Forrp = Fe(K,Lon)

Allowable compressive load

2957.06 )

SN 1349.20 |

P, = (Fch2~a) P, = 1391.06 kip
2957.06)

Allowable tensile load
= 0.60Fy~a

P Q1.5.1.1 of Ref. 2.2.46

tensile *

Member Capacities

P )
" 2957)
P

ny 1349

P =

2711391
3030

PnT2 = klp

P
"3

P .
tensile 4 )

Non-Seismic Demand

—— 1142.91)

313.67
403.60
1142.91

m0_14n52

P

Ps= ki

ml_l14,,

m8_9nsz )

Seismic Demand
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m22 23 ) 2081.19)
m0_l4gy 571.18
b, = b, = ki
ml_144, 734.94
m8 95 ) 2081.19)
1.5 = Capacity increase factor for axial compression of columns per Table Q1.5.7.1 of Ref.
CogoeT2 = 1'S'PHTZ 2.2.49. Conservatively use 1.5 increase factor for the bottom chord (tension member)
4435.58)
2023.80 |
R 086,59 |
4545.00)
Strength Margin Factor (F,)
1.58)
Py Co8%12 ~ Pns Fp 2.99
Py 2.29
1.63)
Inelastic Energy Absorption Factor (Fu)
Fp:=5.25 The truss is treated as a deep flexural member. Therefore, per

Table 5-1 of Ref. 2.2.5, the inelastic energy absorption factor for
beams and columns of SMRF steel moment frames
at Limit State A is used.

Per Section 6.3.1.5 and Equation 6.3.7 of this calculation, the Fu must be reduced to account for ratcheting effects.

N=4 (Assumption 3.2.4)

Fu—l

Fpe = 1+ . Fle= 2.06

F\ Truss = Fpe Fu factor used for truss

HCLPF Capacity
2.98)
5.64

HCLPF, = (FSTleHTmSSPGAh) HCLPF, = g
4.32
3.08)

HCLPF Capacity for Trusses - Summary

HCLPFp, oo = min( HCLPFr,, HCLPFTZ)

140 November 2007



Canister Receipt and Closure Facility DOC ID:_060-SYC-CR00-01100-000-000A
(CRCF) Seismic Fragility Evaluation

HCLPF . cces = 2-40 g

BEAMS GIRDERS COLUMNS
"W16x31" )
x "W30X116"\ "W14X398"\
"W24x68"
x "W36x210" "W14x233"
"W24x55" . .
"W 18x40" W36x359 COlumnSize = "W14x370"
"W36x300" "W14x426"
"W12x30" . .
BeamSiZC = W18x55" W36x393 "W14X257")
GirderSiZe =|"W36x359"
"W21x44"
"W33x118"
"W1 "
WIBx35 "W36x393"
"W18x40"
x "W33x130"
"W10x39"
x39%) "W36x359"
"W36x232" )
TRUSS T1 TRUSS T2
"W14x342" ) "W14x342" )
"W12x170" "W12x170"
T1 = T2 =
"W12x170" "W12x170"
"W14x342" ) "W14x342" )

6.4.6: Structural Steel HCLPF Capacity Evaluation Summary

The minimum HCLPF capacities for the structural steel beams, girders, columns, and truss members are as follows -

HCLPFg., o= 1.82¢ HCLPF capacity for beam bending
F\ MomBeam = 2.06 Fu for bending moment in beams
HCLPFR 4168 = 1.87¢ HCLPF capacity for beam shear

F | Shear = 1.00 Fu for shear in beams

HCLPFG; gornv = 1.91 ¢ HCLPF capacity for girder bending
F\ MomGirder = 2.06 Fu for bending moment in girders
HCLPF G, gors = 247¢ HCLPF capacity for girder shear

F | Shear = 1.00 Fu for shear in girders

HCLPF( jumns = 2.26¢ HCLPF capacity for columns
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Ficotumn = 1-00 Fu for columns
HCLPF cces = 240¢ HCLPF capacity for truss members
F\ Truss = 2.06 Fu for trusses

Increasing the columns sizes is required to ensure that the HCLPF capacity of the shear walls is the
controlling HCLPF capacity for the CRCF.

Columns C1, C2, C3, C4 and C5 were increased in size as follows
Column C1 = W14x257 to W14x398
Column C2 = W14x145 to W14x233
Column C3 = W14x233 to W14x370
Column C4 = W14x311 to W14x426
Column C5 = W14x176 to W14x257

All other member sizes are the same.
After changing the columns sizes as indicated above, all HCLPF capacities for the interior structural

steel of the CRCF are greater than or equal to the minimum HLCPF capacity of the CRCF shear walls
(1.82g). Therefore, the minimum HCLPF capacity of the CRCF is not controlled by the structural steel.
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6.5 HCLPF CAPACITY EVALUATIONS FOR AXIAL FORCE IN COMBINATION WITH IN-PLANE
BENDING OF WALLS

For the HCLPF evaluation for the individual stick element under combined effects of in-plane bending and
axial force, a strain-compatible analysis is performed to obtain an interaction diagram. The strain and stress
diagrams considered in this analysis are shown in Figure 6.5.1. A point on this diagram represents the axial
load capacity, Pc, and the corresponding moment capacity, Mc, for a given eccentricity The next step is to
calculate the in-plane bending moment and the axial force corresponding to the minimum in-plane shear
HCLPF value for the entire structure (HCLPF = 1.82¢g for Wall 5 at EL. 0'-0"). That is to say the axial load,
P, and bending moment, M, in the wall when the Wall 5 reaches its HCLPF capacity. These moments and
axial forces are given as:

P
HCLPF
Fu
M
HCLPF

where:
PT = total axial demand

P\s = non-seismic axial force

PucLpr = seismic axial force once the minimum HCLPF level in the shear walls has been reached

M- = total in-plane bending moment demand

Mys = non-seismic in-plane bending moment

My cLpe = Seismic in-plane bending moment once the minimum HCLPF level in the shear walls has been reached
Fu = energy dissipation factor considered in the determination of the minimum HCLPF of the shear walls (1.75)

PucLpr @nd My, pr are given as follows:

> —p HCLPF
HCLPF = PBDBGM iy -

" Y HCLPF
HCLPF = MBDBGM T -

where:
Pgpegm = axial force due to BDBGM seismic loading

Mgpggm = in-plane bending moment due to BDBGM seismic loading

HCLPF = minimum HCLPF capacity of the CRCF shear walls (= 1.82g according to Section 6.2.7 of this calculation)
PGA,, = horizontal peak ground acceleration of BDBGM seismic ground motion. (= 0.9138g according to Ref. 2.2.31)

The Py pr @and My, o formulas above normalize the BDBGM in-plane bending moment (Mgpz),) @nd axial force
(Pgpeem) to the seismic level at which the in-plane shear walls reaches its minimum HCLPF capacity.

The total axial force, Py, and in-plane bending moment, M, calculated above are then plotted on the interaction

diagram. If the point falls within the diagram, the section is adequate. If not, the interaction diagram is altered, either
through increasing the vertical reinforcement of the wall or by considering any vertical steel lumped at the wall ends
due to openings or flange effects of perpendicular walls, and the evaluation is repeated until all points lie within the
interaction diagram.

The following steps describe the procedure for generating the interaction diagram and plotting Pr and M+ points in
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order to determine if the wall is adequate. All references to Excel sheets and Excel columns contained within these
sheets is for the Excel file "CRCF - Fragility - In-Plane Bending and Axial Force.xlIs" included in Attachment F.

Step 1: Input the required wall design parameters (sheet "Interaction Diagram")
The input are the cells highlighted in light turquoise (bluish color). All information contained in cells highlighted in
yellow and tan are determined by built-in Excel formulas (such as vlookup and hlookup).

Cell "C7" and "C8" contain the concrete compressive strength and steel yield strength used in the evaluation.

Column "B" - number of the stick given in column C.
Column "C" - stick element ID

Column "D" - wall length

Column "E" - wall thickness

Column "F" - vertical reinforcement of wall

Cell "J2" - minimum HCLPF for the CRCF shear walls given in Section 6.2.7.
Cell "J3" - horizontal PGA
Cell "J4" - Fu factor used in the determination of the HCLPF value given in Section 6.2.7

Cell "J6" - number of the stick for which the interaction diagram is created

Cell "K8" - number of vertical reinforcing bars lumped at each end of the wall that are to be included in the creation of
the interaction diagram. If no additional vertical bars are considered, this value = 0. Note: if considering additional
lumped vertical reinforcement, this additional reinforcement must be placed at each end of the wall.

Cell "K10" - bar number of the lumped vertical reinforcement

Cell "K11" - percentage of the wall length where the additional reinforcement is placed.

The following shows a snapshot of the information contained in the file "CRCF - Fragility - In-Plane Bending and Axial
Force.xls" included in Attachment F. This snapshot shows that the interaction diagram for stick element "5A.2" is
generated with 4-#11 bars added at each end of the wall placed over a length equal to 5% of the wall.

B | Cc | D [ E ] F [ ¢ | +H 1 J K
| 2 | HCLPF 1.2 g
| 3 | PGA 09138 |a
| 4 | FO 1.75
| 5 |
5 [ RequestedStickNo. | 28 | 5A2
7 fc | 550 | psi Seesection6.2.4.1 of this calculation
8 fy | 60000 | psi  Sted vield strength per Ref. 2.2.1 No. extra Vert. Bars on eachend of |
9 | wall (= 0 if no extra bars)
10 . Data from Extra Bar No. 11
T Data from figures in Attachment A Attachment B Extra Bar Location (% Iw) 0%
12 Wall Design Parameters

Step 2: Determine In-Plane Bending and Axial Force on the wall from BDBGM seismic and non-seismic loads
The controlling load combinations for this evaluation are:

Non-Seismic (Dygnseismic) = Load case DL+LL in seismic analysis results from Ref. 2.2.5

Seismic (Dgpggy) = Seismic load from seismic analysis results from Ref. 2.2.5. (Load cases "BDBGM 20-10HX",
"BDBGM-20-10HY" and "BDBGM-VERT" are the X (E-W), Y (N-S), and vertical direction seismic load respectively.)

For this evaluation, the seismic loads are combined using the 100% - 40% - 40% rule. The following are the seismic
load combinations, where EQX = "BDBGM 20-10HX", EQY = "BDBGM-20-10HY", and EQZ = "BDBGM-VERT".

The following are the seismic load combinations used in the In-Plane Bending + Axial HCLPF evaluation.
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Load Case #

1= 1.0EQX + 0.4EQY + 0.4EQZ
2= 1.0EQX + 0.4EQY - 0.4EQZ
3= 1.0EQX - 0.4EQY - 0.4EQZ
4= 1.0EQX - 0.4EQY + 0.4EQZ
5= -1.0EQX + 0.4EQY + 0.4EQZ
6= -1.0EQX + 0.4EQY - 0.4EQZ
7= -1.0EQX - 0.4EQY - 0.4EQZ
8 = -1.0EQX - 0.4EQY + 0.4EQZ
9= 0.4EQX + 1.0EQY + 0.4EQZ

10=0.4EQX + 1.0EQY - 0.4EQZ
11= 0.4EQX - 1.0EQY - 0.4EQZ
12=  0.4EQX - 1.0EQY + 0.4EQZ
13=  -0.4EQX + 1.0EQY + 0.4EQZ
14= -0.4EQX + 1.0EQY - 0.4EQZ
15= -0.4EQX - 1.0EQY - 0.4EQZ
16= -0.4EQX - 1.0EQY + 0.4EQZ

17= 0.4EQX + 0.4EQY + 1.0EQZ
18= 0.4EQX + 0.4EQY - 1.0EQZ
19= 0.4EQX - 0.4EQY - 1.0EQZ
20= 0.4EQX - 0.4EQY + 1.0EQZ
21= -0.4EQX + 0.4EQY + 1.0EQZ
22 =  -0.4EQX + 0.4EQY - 1.0EQZ
23 = -0.4EQX - 0.4EQY - 1.0EQZ
24=-0.4EQX - 0.4EQY + 1.0EQZ

The BDBGM seismic results for load cases "DL+LL", "BDBGM 20-10HX", "BDBGM-20-10HY" and "BDBGM-VERT"
for the individual stick elements are given on the sheet "Element Forces - Frames SAP2000". The axial force (P),
in-plane shear (V2), and in-plane bending moment (M3) for each stick element for the "DL+LL" and each of the 24
seismic load combinations are given on sheet "Stick Forces 100+40+40".

On Sheet "Interaction Diagram", columns I-K from rows 15 to 38 contain the P, V2, and M3 results for the 24
seismic load cases associated with the stick element identified in cell "K6". These values are retrieved from the
results contained on the sheet "Stick Forces 100+40+40".

On Sheet "Interaction Diagram”, columns N-P from rows 15 to 38 contain the P, V2, and M3 results for the "DL+LL"
load case associated with the stick element identified in cell "K6". Notice the P, V2, and M3 values are the same
for each seismic load case. (i.e. the "DL+LL" is the same for all seismic load combinations").

On Sheet "Interaction Diagram", column S rows 15 to 38 contain the P; (labeled P, ) results calculated using

equation 6.5.1 Column T rows 15 to 38 contain the M; (labeled M, ) results calculated using equation 6.5.2.

These results are in units of 10e3 kips and 10e3 kip-ft, respectively, and are the design load cases plotted on the
interaction diagram developed in Step 3.

Step 3: Develop Interaction Diagram
Figure 6.5.1 shows the strain and stress diagrams used to develop the interaction diagram
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Figure 6.5.1 Stress-Strain Diagram used in Interaction Diagram Development

=y =0.002
g5 [
|—

o ———__|ec=0.002

T e e

s

<
< —
E ——

b2 Cg

#4

plastic centroid

e The concrete strain is limited to 0.002 per SADA (Ref. 2.2.4).

e For a given wall length (Iw), wall thickness (tw), and vertical reinforcement uniformly spaced along the length of
wall, the distance from the compression face to the neutral axis (c) is arbitrarily selected.

e Next, using similar triangles, the following values are determined

es_max = maximum strain in steel

X1 = distance from plastic centroid to center of tension steel that has yielded

X2 = distance from plastic centroid to center of tension steel that has not yielded

X3 = distance from plastic centroid to center of compression steel

X4 = distance from plastic centroid to center of compression block

X1extra = distance from plastic centroid to center of tension steel lumped at the wall end that has yielded

X2extra = distance from plastic centroid to center of tension steel lumped at the wall end that has not
yielded

X3extra = distance from plastic centroid to center of compression steel lumped at the wall end

e Next, the following forces acting on the wall are determined

T1 = force in tension steel that has yielded

T2 = force in tension steel that has not yielded

Cs = force in compression steel

Cc = force in concrete compression block

T1extra = force in tension steel lumped at the wall end that has yielded
T2extra = force in tension steel lumped at the wall end that has not yielded
Csextra = force in compression steel lumped at the wall end

The vertical steel lumped at the wall ends is considered to be placed within a certain length of the wall defined as a
percentage of the total wall length. Also, this evaluation considers that equal amounts of steel are lumped at each
end of the wall.
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The total axial capacity of the wall is then given by
P=T1+T2+ Cs + Cc + T1extra + T2extra + Csextra
and the total moment capacity of the wall is given by

M= (T1xX1)+ (T2 x X2) + (Cs x X3) + (Cc x X4) + (T1extra x X1extra) + (T2extra x X2extra) + (Csextra x
X3extra)

The appropriate ¢ factors are then applied to P and M to determine the design capacities for the assumed ¢ value.
Another ¢ value is assumed and the proceeding steps are repeated until the entire interaction diagram is developed.

The following are the derivations for X1, X2, X3, X4, T1, T2, Cs, Cc, P, and M. These are the equations contained in
the appropriate columns in sheet "Shear Wall Design Template" in the file "CRCF - Fragility - In-Plane Bending and
Axial Force.xls" included in Attachment F.

Wall Design Parameters

£ 1= 0.002 Limit concrete compressive strength to 0.002 per SADA (Ref. 2.2.4)
f, 1= 5500psi Concrete compressive strength per section 6.2.4.1 of this calculation

E, := 29000ksi Steel elastic modulus (Ref. 2.2.1)

fy := 60ksi Steel yield stress (Ref. 2.2.1)
Bp:= 085 if f, <4000psi (Section 4-2 in Ref. 2.2.36)
fc 1
1.05 - 0.05-——— if 4000psi < f, < 8000psi
1000 ps1 Bp=078

0.65 otherwise

X1 = distance from plastic centroid to center of tension steel that has yielded

1
Xl(c,lw) = |-—c if c< 7W (Column J)

0ft otherwise

X2 = distance from plastic centroid to center of tension steel that has not yielded

1 1
5
XZ(C,IW) = |result « — -~ 2.¢ if ¢ < — (Column K)
2 3 2

1w 1\\, 1w
result < —-| — + —c¢ 1f—<c£lW
6 2

37)

result < 0ft if ¢ > lW

result

X3 = distance from plastic centroid to center of compression steel
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1

W Cc .
X3(c,1w) = 7 - E if c <l (Column L)
otherwise
c— 1W
Yo € €

C

Creyoly+ é-lw-(sc - yc)

1
MI < (lW-yC)-?W

M1 + M2
R «
Ct
1
2R
2

X4 = distance from plastic centroid to center of compression block

1 Bq-c
w1 (Column M)
2 2

X4(c, lw) =

X1extra = distance from plastic centroid to center of tension steel lumped at the wall end that has vielded

1 1

Xlextra(c,lw,%) = —7W-(1 - %) if c< FW (Column U)

0ft otherwise

X2extra = distance from plastic centroid to center of tension steel lumped at the wall end that has not yielded

1y Iy
XZextra(c 1 %) = T-(l - %) if c>2— (Column V)

9 b
w 2

0ft otherwise

X3extra = distance from plastic centroid to center of compression steel lumped at the wall end

1

w

X3extra(c 1 %) = -

s TW?

-(1 - %) (Column W)

T1 = force due to tension steel that has yielded

Tl(c,lw,tw,pv) = {(Es'gc)'pv'tw'(lw - zc)] if ¢ <17W (Column C)

Okip otherwise
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T2 = force due to tension steel that has not yielded

1W

1 .
TZ(c,lw,tw,pV) = |result « _E(Es'gc)'pv'tw'c if ¢< 7 (Column D)

I
if7w<c<lw

lw -c
Egteel < e

(¢
C

result « _%'(Es'gsteel)'pv'tw'(lw - c)

result «— Okip if ¢ =1,

result

Cs = force due to compression steel

1 )
Cs(c,lw,tw,pv) = |result « E(Es'gc)'pv'tw'c if c<1, (Column E)

otherwise

c—1w

€

€c1 € C

C

1

Cs1 < Egecrpytyly

1
Co « E'Es'(gc - 8cl)'pv'tw'lw

result < Csl + Cs2

result

Cc = force due to concrete compression block

Co(city) = 085-f-B oty (Column F)

T1extra = force in tension steel lumped at the wall end that has yielded

num = number of vertical bars lumped at each end of the wall
As = area of bar lumped at the end of each wall

|
Tlextra(c,lw,num,As,%) = —num-As~(sc-ES> if ¢c< 7W(1 - %} (Column R)

Okip otherwise

T2extra = force in tension steel lumped at the wall end that has not yielded
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1 %
TZextra(c,lw,num,As,%) = |result < Okip if ¢ < TW(I - 70) (Column S)

1
0 (18 o i %)
2 2 ) w 2 )

%\ €
1= 20 =
(-3

result <« —num-AS-8T2~ES

if ¢> lw'(l - %j

c—lW

ErHy -g
T2 c ¢

result < num-AS~(g TZ'ES)

result < Okip otherwise

result

Csextra = force in compression steel lumped at the wall end

%1y

Csextra(c 1 num,As,%) = |result « —num~As-(8c~Es) if ¢< (Column T)

b w’
€ %'lw\
result <« num-As- —-|c-
c 2 )

-ES:| otherwise

result

Total Nominal Axial Capacity considering only the uniform vertical wall reinforcement

Pu(c,lw,tw,pv> = Tl(c,lw,tw,pv) + TZ(C,lw,tw,pV) + CS(C,lw,tW,pV) + Cc(c,tw) (Column H)

Total Nominal In-Plane Bending Moment Capacity considering only the uniform vertical wall reinforcement

Mu(c,lw,tw,pv) = Tl(c,lw,tw,pv>-Xl(c,lw) + TZ(C,IW,tW,pV>-X2(c,1W)

+ Cs(c,lw,tw, pv)-X3(C,lw) + Cc(c’tw)'X4(Ca1W) (Column P)

Nominal Axial Capacity of the reinforcement lumped at the wall ends

(Column X)

c,l,,t num,As,%) = Tlextra(c 1 num,AS,%) + T2extra<c 1 num,AS,%) + Csextra(c 1 num,As,%)

Pextra( W W2 W W >TW?

Nominal In-Plane Bending Capacity of the reinforcement lumped at the wall ends

(ColumnY)

M I .t ,num,A_, %) := Tlextra(c,1, ,num,A_, %) Xlextra(c,1 ,,%) + T2extrac,l ,num,A_, %) -X2extra(c,1,,,%] ...
5:%) o 5+ %) Xlextralc, 1., %) o 5:%) (c:1w:%)

extra(c7 W’ W’ 9 W’ 2 W’ 9 w’ 2 W’
%)

+ Csextra(c s IW, num, AS R %)'X3extra(c R lw,

Total Nominal Axial Capacity

PT(c,lw,tw,pV,num,As,%) = Pu(c,lw,tw,pv) + Pextra(c,lw,tw,num,As,%)

Total Nominal In-Plane Bending Moment Capacity
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MT(c,lw,tw,pV,num,As,%) = Mu(c,lw,tw,pv> + Mextra(c,lw,tw,num,As,%)

Design Capacities

ACI 349-01 Section 9.3.2.2(b) (Ref. 2.2.2) states that the ¢ shall be 0.7 for axial compression. ¢ shall be permitted
to be increased linearly to 0.90 as ¢Pn decreases from the lesser of 0.10f'cAg or ¢Pb to zero, where ¢Pb is the axial
capacity at the balanced load condition (¢ = Iw/2 for the walls with uniform vertical reinforcement and ec = ey).

c])(c,lw,tw,pv,num,As,%) = ¢t <« 0.90
¢ « 0.70

1W

“— (Column AG)

balance 7
Py < ¢C'PT(Cbalance’ w’ W,pv,num,As,%)
Ag « tyly
§Pppiy < min(9Py, 0.10-A T )
P, < d)c'PT(C’lw’ W,pV,num,AS,%)
b« ¢ if P, = 0P
$ « b, if 9P, < Okip
if Okip < 6P, < ¢P
( okip
X <
Prmin )
o )
2y
o« linterp(x,y,q)Pn)

min

y <

Axial Design Capacity (Column AD)

¢PT( ) W,pV,num,As,%) = A < tyly

< 0.70- [0 85-f- ( 2~num-AS) + Es~sc~(pV~Ag + 2~num-AS):|

g~ Pvig
P, « (I)( ) - W,pV,num,As,%) (c,lw, W,pV,num,As,%)

¢Pmax

result < 0.80-¢P if P, > 0.80-¢P

max max

result < P if ¢P, < 0.80-¢P .

result

In-Plane Bending Design Capacity

c])MT( B W,pV,num,As,%> . (I)(c,lw, W,pv,num,As,%)-MT(c,lw,tw,pv,num,As,%) (Column AE)

Test of Interaction Diagram Equations - Generate Interaction Diagram for Wall 5A.2
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Case 1 - Only vertical wall reinforcement
For Case 1, the Excel file "Sample - Wall 5A.2.xIs" in Attachment F is used.

Wall 5A.2 design parameters  num := 0 A= oin> No vertical steel lumped at each end of the wall for Case 1

.2
t, = 4ft by = 2:1.56-n° p, = 0.005417  Stick 5A.2 contains #11 @ 12" c.c EF vertically

t. -1-ft
W
lw = 23.5ft
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0.001") 0.024 )
0.005 0.118

0.01 0.235
0.025 0.588

0.03 0.705
0.035 0.822

0.04 0.940
0.045 1.057

0.05 1.175
0.055 1.292

0.06 1.410
0.065 1.528

0.07 1.645
0.075 1.763

0.10 2.350

0.15 3.525

0.20 4.700

0.25 5.875

0.30 7.050

0.35 . 8.225 .

o/ly, = g/lw vglues can|dered . ci=cllyl, c= ft Identical
0.40 in the interaction generation. 9.400 values
0.45 10.575 given in
0.50 These values are given ir? column A . 11750 Column B
of sheet "Shear Wall Design Template" in the
0.52 excel files contained in Attachment F. 12.220
0.55 12.925
For the verification of the Excel formulas, all

0.60 references to Excel columns are to the file 14.100

0.65 "Sample - Wall 5A.2.xIs" in Attachment F. 15.275

0.70 16.450

0.75 17.625

0.80 18.800

0.85 19.975

0.90 21.150

0.95 22.325

1.0 23.500

1.02 23.970

1.05 24.675

1.1 25.850

1.15 27.025

1.2 28.200

125 ) 29375 )
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—4244") 2 )
-4210 -1
-4168 -2
—4040 —53
-3997 64
-3955 T4
-3912 -85
-3870 —%6
-3827 106
-3785 —i7
3742 128
-3700 138
-3657 —149
-3615 159
-3402 —213
-2977 —319
-2552 423
2126 —32
-1701 638
. =744 Identical values
N T i O e MO | B v

—425 957
0 -1063
0 -942
0 ~783
0 -567
0 —401
0 273
0 -177
0 -106
0 -56
0 24
0 -6

0 0

0 0

0 0

0 0

0 0

0 0

0 ) o)
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Cs(c’ Lyt pv)

2
11
21
53
64
74
85
96
106
117
128
138
149
159
213
319
425
532
638
744
851
957
1063
1106
1169
1276
1382
1488
1595
1701
1807
1914
2020
2126
2168
2228
2320
2404
2481
2552

kip

Identical values
give in Column E
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49

245
490
1226
1471
1716
1962
2207
2452
2697
2943
3188
3433
3678
4904
7356
9809
12261
14713

17165 .
kip Identical values

19617 give in Column F
22069

24521
25502
26973
29426
31878
34330
36782
39234
41686
44138
46590
49043
50023
51495
53947
56399
58851
61303 )
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Pu(c’lw’tw’ pv)

—4.20')
~3.96
-3.68
-2.81
-2.53
—2.24
-1.95
~1.66
~1.38
~1.09
~0.80
~0.51
-0.22
0.06
1.50
438
7.26
10.13
13.01
15.89
18.77
21.64
24.52
25.67
27.36
30.13
32.86
35.54
38.20
40.83
43.44
46.03
48.60
5117
52.19
53.72
56.27
58.80

61.33
63.85 )

10 kip

Identical values
give in Column H

_—>
Xl(c,lw)
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~0.02 )
~0.12
~0.24
~0.59
-0.71
~0.82
~0.94
~1.06
~1.18
~1.29
~1.41
~1.53
~1.65
~1.76
-2.35
-3.53
—4.70
-5.88
~7.05
-8.22
~9.40
~10.58
~11.75
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 )
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ft

Identical values
give in Column J
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Xz(c, 1W)

11.71
11.55
11.36
10.77
10.58
10.38
10.18
9.99
9.79
9.60
9.40
9.20
9.01
8.81
7.83
5.88
3.92
1.96
—-0.00
-1.96
-3.92
—5.88
—7.83
—=7.99
-8.23
—8.62
-9.01
-9.40
-9.79
-10.18
-10.58
-10.97
-11.36
-11.75
0.00
0.00
0.00
0.00
0.00
0.00

Identical values
given in Column K

X3(c,ly)
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11.74))
11.71
11.67
11.55
11.52
11.48
11.44
11.40
11.36
11.32
11.28
11.24
11.20
11.16
10.97
10.58
10.18
9.79
9.40

9.01 Nearly identical
8.62 fi values given in
Column L.

8.23
7.83 For the values where
¢ > lw, the values are
not exactly identical
7.44 because a value of
7.05 0.3333 is used in the
Excel equation given
in Column 0 while a
6.27 value of 1/3 is used
588 in the X3 definition in
this Mathcad sheet.

7.68

6.66

5.48
5.09
4.70
431
3.92
3.77
3.56
3.26
3.01

2.80

261 )
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X4(c, 1W)

11.74)
11.70
11.66
11.52
11.48
11.43
11.39
1134
11.29
11.25
11.20
11.16
11.11
11.07
10.84
10.38
9.93
9.47
9.02
8.56
8.11
7.65
7.20
7.01
6.74
6.29
5.83
5.38
4.92
4.46
4.01
3.55
3.10
2.64
2.46
2.19
1.73
1.28
0.82
037 )

Identical values
given in Column M

-

Mu(c’lw’tw’pv)
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0.68
337
6.70
16.54
19.76
22.96
26.12
29.25
32.36
35.44
38.48
41.50
44.49
47.45
61.82
88.38
112.04
132.81
150.67
165.63
177.70
186.87
193.13
194.91
196.98
198.86
198.69
196.44
192.08
185.59
176.95
166.14
153.15
137.98
131.30
120.62
101.07
79.31
55.35
29.17 )
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10° kip-ft

Identical values
given in Column P
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¢(c,lw,tw,pV,O,Oin2,0.05) =

0.90)
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.90
0.87
0.82
0.76
0.71
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70
0.70 )

Identical
values
given in
Column
AG

DOC ID: 060-SYC-CR00-01100-000-000A

¢PT(c,1W,tW, pV,O,Oinz,O.OS) =

159

-3.78)
-3.57
-3.31
-2.53
-2.27
-2.01
-1.76
-1.50
-1.24
-0.98
-0.72
—0.46
-0.20
0.06
131
3.58
5.54
7.19
9.11
11.12
13.14
15.15
17.16
17.97
19.15
21.09
23.00
24.88
26.74
28.58
30.41
32.22
34.02
35.82
36.53
37.61
37.63
37.63

37.63
37.63 )

i Identical
1000-Kip—y51ues given
in Column
AD
November 2007
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0.61

3.03

6.03
14.89
17.79
20.66
23.51
26.33
29.12
31.89
34.64
37.35
40.04
42.65
53.89
72.26
85.55
94.22
105.47

M ( I 0. 0in 005)_ 115.94 1000-kio. £ Identical values
OMr{c, Ly, tyy, Py, 0,0in7,0.05 ) = 124.39 Kip-It given in Column AE

130.81
135.19
136.43
137.89
139.20
139.08
137.51
134.46
129.91
123.86
116.30
107.21
96.59
91.91
84.44
70.75
55.52
38.74
2042 )
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PCasel = ¢PT(C > lwa tw) pva num, As, 005)

MCasel = ¢MT(09 lw’ tw) pV’ num, AS’ 005)

Figure 6.5.2 - Interaction Diagram for Stick 5A.2 for Case 1

40

P —

30 7

PCasel 20
1000kip '

Plasel AN
1000kip 10 <

Axial Capacity (x1,000 kip)

~1
9200 150 ~100 =50 0 50 100 150 200

MCasel - MCasel
1000kip-ft~ 1000-kip- ft

In-Plane Bending Capacity (x1,000 kip-ft)

Figure 6.5.3 shows the interaction diagram for stick element 5A.2 calculated using the equations
given on sheet "Shear Wall Design Template" in the file "Sample - Wall 5A.2.xIs" included in
Attachment F. A comparison of Figure 6.5.2 and Figure 6.5.3 shows that the formulas used in the
Excel sheet "Shear Wall Design Template" included in Attachment F are correct.
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Figure 6.5.3 - Interaction Diagram for Stick 5A.2 for Case 1 in file "Sample - Wall 5A.2.xIs"

Interaction Diagram

‘—O—Element 5A.2 m Design Load Cases ‘

Pn (x1,000 k)

T T T ‘f\ T T T
-2p0 -150 -100 -50 EQ M 50 100 150 200

Mn (x1,000 k-ft)

Case 2 - Vertical wall reinforcement and lumped vertical steel at each end of the wall
For Case 2, the Excel file "Sample - Wall 5A.2 - Add Bars.xlIs" in Attachment F is used.

Wall 5A.2 design parameters

ty = 4ft
lW = 23.5ft
2:1.56-in’
Py = Stk py = 0.005417 Stick 5A.2 contains #11 @ 12" c.c EF vertically
to1-ft
W

=4 A = 1.56in"
um==4 Ag = 120M 4 #11 bars lumped at each end of the wall for Case 2
% = 0.05 Consider the lumped steel at each end of the wall is contained within a distance
equal to 5% of the wall length

The values for X1, X2, X3, X4, T1, T2, Cs, Cc are not a function of the vertical steel lumped at each end of the
wall. Therefore, these values are the same as those shown in Case 1. For Case 2, a value of 4 is input into
Cell "K8", a value of 11 (#11 bars are lumped at each end of the wall) is input into Cell "K10", and a value of 5%
is input into Cell "K11" (all cell references are to those cells in sheet "Interaction Diagram").
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-361.92)
~361.92
~361.92
-361.92
~361.92
~361.92
~361.92
-361.92
~361.92
~361.92
~361.92
-361.92
~361.92
~361.92
~361.92
-361.92
~361.92
~361.92
~361.92

1 1 A o) = —361.92 i Identical values give in column R of sheet
eXtra(C’ wo UL s ") | Zs6102 | P "Shear Wall Design Template".

~361.92
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 )
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0.00 )
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
Tzextra(c,1w,num,As,%) = kip Identical values give in column S of sheet

0.00 "Shear Wall Design Template"
0.00

—343.82
-316.68
—279.67
—226.20
—-180.96
—142.18
—108.58
=79.17
-53.22
-30.16
-9.52
0.00
7.10
17.23
32.90
47.21

60.32
7238 )

164 November 2007



Canister Receipt and Closure Facility DOC ID:_060-SYC-CR00-01100-000-000A
(CRCF) Seismic Fragility Evaluation

-361.92)
~361.92
~361.92
-361.92
60.32
103.41
135.72
160.85
180.96
197.41
211.12
222.72
232.66
241.28
271.44
301.60
316.68
325.73
331.76

336.07
Csextra(c 1 num,AS,%) = kip Identical values give in column T of sheet

b W3
339.30 "Shear Wall Design Template"
341.81

343.82
344.52
345.47
346.84
348.00
348.99
349.86
350.61
351.28
351.87
352.40
352.87
353.05
353.30
353.69
354.05

354.38
354.68 )
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~11.16 ) 0.00 )
-11.16 0.00
—11.16 0.00
-11.16 0.00
-11.16 0.00
-11.16 0.00
—11.16 0.00
-11.16 0.00
-11.16 0.00
-11.16 0.00
—11.16 0.00
-11.16 0.00
-11.16 0.00
-11.16 0.00
—11.16 0.00
-11.16 0.00
-11.16 0.00
-11.16 0.00
5 _E‘iz Identical values give 0.00 Identical val .
Xlextra(c,lw,%) = " |ft incolumn U of —>X2 . o _| 000 ) entllca V?/U?S give
—11.16 sheet "Shear Wall ex ra(c,lw, A’) 0.00 ft Incolumn Vo
. " . sheet "Shear Wall
~11.16 Design Template 0.00 Design Template"
0.00 -11.16
0.00 -11.16
0.00 -11.16
0.00 -11.16
0.00 —11.16
0.00 -11.16
0.00 -11.16
0.00 —11.16
0.00 —11.16
0.00 -11.16
0.00 -11.16
0.00 —11.16
0.00 —11.16
0.00 -11.16
0.00 -11.16
0.00 —11.16
0.00 —11.16
0.00 ) -11.16 )
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11.16 ) 0.90)
11.16 0.90
11.16 0.90
11.16 0.90
11.16 0.90
11.16 0.90
11.16 0.90
11.16 0.90
11.16 0.90
11.16 0.90
11.16 0.90
11.16 0.90
11.16 0.90
11.16 0.90
11.16 0.87
11.16 0.82
11.16 0.76
11.16 0.71
11.16 0.70
5 11.16 Identical values give N 0.70
X3extra(c,l,,,%) = ft in column W of dlc, 1, ty,po,num, A, %) = Identical
w 11.16 " wrwrEv s 0.70 i
: sheet "Shear Wall : values give
11.16 Design Template" 0.70 in Column
11.16 0.70 AG
11.16 0.70
11.16 0.70
11.16 0.70
11.16 0.70
11.16 0.70
11.16 0.70
11.16 0.70
11.16 0.70
11.16 0.70
11.16 0.70
11.16 0.70
11.16 0.70
11.16 0.70
11.16 0.70
11.16 0.70
11.16 0.70
11.16 ) 0.70 )
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—4.43" 0.61

—4.22 3.03

-3.96 6.03

—3.18 14.89

—2.54 22.03

—2.25 25.34

-1.96 28.51

-1.68 31.58

—1.40 34.58

—-1.13 37.51

—0.86 40.39

-0.59 43.23

—0.32 46.02

—0.05 48.77

1.23 60.17

3.54 78.43

5.51 91.43

7.17 99.76

9.09 110.89
¢PT(°’1w»tw’Pv»num,As,%) [ 1000-kip ¢MT(C,1W,tW,pv,num,As,%): 12140 1000-kip- ft

13.12 129.87

15.14 136.30

17.16 :g%}g&ixﬂgs give 140.57 Identical values give

17.99 141.60 in Column AE

19.20 142.77

21.18 143.68

23.12 143.22

25.03 141.35

26.91 138.04

28.77 133.27

30.61 127.02

3245 119.28

34.26 110.04

36.07 99.35

36.79 94.62

37.86 87.06

38.00 73.25

38.00 57.91

38.00 41.04

38.00 ) 22,63 )
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7

Prasen = ¢PT(c,1W,tw,pV,num,As,%)

MCaseZ = ¢MT(C,1W,tW,pv,num,As,%)

Figure 6.5.4 - Interaction Diagram for Stick 5A.2 for Case 1 and Case 2

40
////’_'_'_'_ T
P ¢
—_ Case2 4 ~
£ Toookip 4
~ U 1p 7
S ”/
8 Plase2 I
— . 20 + \
»  1000kip \
N— . \\\
> \
E pCasel ‘\\\\
< R
S, 1000kip 10 AN
< NS
@) AN
E PCasel \\\\\\
S : T
2 1000p o .
pRES
=10
=200 —150 =100 =50 0 50 100 150 200

MCaseZ N MCaseZ MCasel N MCasel
1000kip-ft~ 1000-kip-ft  1000kip-ft ~ 1000-kip- ft

In-Plane Bending Capacity (x1,000 kip-ft)

Figure 6.5.4 shows the interaction diagram for stick element 5A.2 calculated using the
equations given on sheet "Shear Wall Design Template" in the file "Sample - Wall 5A.2 -
Add Bars.xIs" included in Attachment F with the addition of 4-#11 bars lumped within 5%
of the wall length. A comparison of Figure 6.5.4 and Figure 6.5.5 shows that the formulas
used in the Excel sheets included in Attachment F are correct.
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Figure 6.5.5 - Interaction Diagram for Stick 5A.2 Case 2 in file "Sample - Wall 5A.2 - Add Bars.xls

Interaction Diagram

‘—O—ElementSA.Z B Design Load Cases

40
40

35

Pn (x1,000 k)

10
+o-

Mn (x1,000 k-ft)

Step 4 - Plot the PT and MT values on the Interaction Diagram for individual stick elements
Subfolders included in the Attachment F show the the P; and My points plotted on the Interaction Diagram for each

stick element. Each wall of the CRCF has a subfloder in Attachment F that shows the interaction diagram for each
of the individual stick element comprising the wall. A review of these plots shows that 20 walls had points that laid
on or outside of the interaction diagram. These walls are listed below:

1) Wall 2A.2
2) Wall 2A.4
3) Wall 4A.1
4) Wall 4A.3
5) Wall 5A.1
6) Wall 5A.2
7) Wall 5A.3
8) Wall 5A.4
9) Wall 6A.2
10) Wall 6A.3
11) Wall 7A.1
12) Wall 7A.2
13) Wall 8A.2
14) Wall 8A.3
15) Wall 9A.1
16) Wall 9A.4
17) Wall D1.2
18) Wall H1.4
19) Wall 12A.2
20) Wall 12A.3

As expected, the above walls are all located at EL. 0'-0" near openings.
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For the above listed walls, the capacity of additional vertical reinforcing bars are added to the interaction diagram
until all points lie within the interaction diagram. For this evaluation, a value of 5% of the total wall length is
considered as the length of wall where the additional lumped steel is added. Cell "K8" on sheet "Interaction
Diagram" located in the applicable Excel file contained in Attachment F contains the number of additional bars
required at each end of the wall segment in order for all points to lie inside the interaction diagram. The files that
contain the "modified" interaction diagram are titled "Additional - Wall XXX - CRCF - Fragility - In-Plane Bending and
Axial Force.xls", where XXX is the wall ID.

A review of these "modified" interaction diagram plots included in Attachment F shows between 2 and 8 additional
vertical reinforcing bars are required for the walls to have all Py and My points inside the interaction diagram. The

list below shows the number of #11 bars required for each wall segment in order for the P; and M points to lie
within the interaction diagram.

Wall ID Additional #11 Vertical Reinforcing Bars
1) Wall 2A.2 2
2) Wall 2A.4 2
3) Wall 4A.1 4
4) Wall 4A.3 4
5) Wall 5A.1 4
6) Wall 5A.2 4
7) Wall 5A.3 4
8) Wall 5A.4 4
9) Wall 6A.2 8
10) Wall 6A.3 8
11) Wall 7A1 2
12) Wall 7A.2 2
13) Wall 8A.2 6
14) Wall 8A.3 6
15) Wall 9A1 4
16) Wall 9A 4 4
17) Wall D1.2 3
18) Wall H1.4 6
19) Wall 12A.2 4
20) Wall 12A.3 4

The largest number of #11 vertical bars required (8) is for walls "6A.2" and "6A.3". As shown on the drawings in
Attachment A, these wall segments are piers located between two large openings. A review of the other walls listed
above shows that they are also located near openings. Typical reinforcing detailing practice around openings is to
replace 1/2 of the vertical bars that were displaced by the opening at the end of the wall on both sides of the
opening. Following this practice for the 20'-0" openings on the south end of wall "6A.2" and on the north end of wall
"6A.3" would lead to 20 additional vertical reinforcing bars lumped at the wall ends (2-#11 bars / foot x (1/2 x 20 feet)
= 20 - #11 bars), which is more than enough to satisfy the vertical reinforcing bar requirements shown above. The
additional vertical reinforcing requirements for the other walls listed above would also be satisfied if this opening
detailing practice is followed.

Therefore, for the openings at EL. 0'-0", Figure 6.5.6 shows a detail required to meet the HCLPF capacity
requirements for in-plane bending and axial force on the walls of the CRCF.
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Figure 6.5.6 - Typical Reinforcing Detail Around Wall Openings at EL. 0-0" Required for HCLPF Evaluation

* Replace Y2 of the #11
vertical bars displaced
by the opening on each
side of the opening
with a maximum of 8 -
#11 bars on each side
of opening (4 bars on
each face)

6.5.1 HCLPF Capacity Evaluations for Axial Force in Combination with In-Plane Bending of Walls -
Summary

The results from the HCLPF capacity evaluations for axial force in combination with in-plane bending of the CRCF
shear wall are as follows -

e All CRCF shear walls above elevation 0'-0" can carry the in-plane bending moment plus in-plane axial force
corresponding to the HCLPF capacity of the CRCF shear walls without additional vertical wall reinforcing.

e Figure 6.5.6 shows the reinforcing detailing requirements around the openings at EL. 0'-0" in order for the shear
walls at this elevation to carry the in-plane bending moment plus in-plane axial force corresponding to the
HCLPF capacity of the CRCF shear walls.
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6.6 HCLPF CAPACITY EVALUATIONS FOR OUT-OF-PLANE FAILURE MECHANISMS
OF WALLS

General Information and Data

ORIGIN := | Set the array origin to 1
f = 5500psi Concrete compressive strength per section 6.2.4.1 of this calculation
fy = 60000psi Steel yield strength (Ref. 2.2.1, Section 4.2.11.6.2)

PGA; = 0.9138¢ BDBGM peak horizontal ground acceleration (Ref. 2.2.31)

cover := 2.0in Minimum clear cover for concrete walls exposed to earth with #6
to #11 bars per Section 7.7.1 of Ref. 2.2.2
p == 150pcf Concrete density (Ref. 2.2.1, Section 4.2.11.6.6)
Table A-1 of Ref. 2.2.36
d(num) := [0.375in if num =3 A gpgr(num) = 0.11in” if num =3
0.500in if num=4 0.20in2 if num =4

0.625in if num=35
0.750in if num=6
0.875in if num =7
1.00in if num =8 0.60in> if num =7

0.31in2 if num=15

0.44in2 if num=6

1.128in if um=9 0.79in if
1.270in if num= 10
1.410in if num= 11

num = 8
L2
1.00in” if num=9

1.27in2 if num= 10

0.0in otherwise

1.56in2 if num=11

2
0.0in” otherwise

Out-of-Plane Wall HCLPF Calculation Steps
The HCLPF capacity evaluation for the out-of-plane (0-o0-p) failure mechanism for the CRCF walls is
performed as follows:

o Define vertical wall strips at each elevation that are representative of all walls (thickness,
reinforcement, etc.)

e Considering a 1-ft wall strip width, determine the 0-0-p moment and shear on the wall using the
wall weight and a uniform lateral acceleration equal to the maximum lateral BDBGM
acceleration at the floor elevation at the top of the wall strip multiplied by the appropriate
amplification factor (see Assumption 3.1.1).

e Calculate the moment and shear capacity of the wall strip.

e Calculate the shear corresponding to the development of the plastic moment capacity of the
wall strip and show that the wall can transmit this shear.

e Calculate the Fs, Fu, and HCLPF for each wall strip. The minimum is the HCLPF capacity for
out-of-plane bending of the CRCF walls.

This evaluation is conservative for the following reasons:
1. A uniform acceleration is applied to the entire wall strip height.
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2. Only one face of vertical steel reinforcement is considered in the capacity.
3. Two-way action of the wall panel is ignored.
4. The entire wall panel is not excited at the amplified acceleration.

Note: This analysis does not consider any additional 0-o-p demand on the wall strips due to the
out-of-plane response of wall sections above adjacent wall openings. The wall strips adjacent to
the wall openings will be reinforced with the vertical reinforcement that is removed by the opening.
This reinforcement will provide enough capacity to prevent these wall strips from controlling the
HCLPF capacity for 0-o-p bending failure of the walls. Therefore, HCLPF capacities for the wall
strips adjacent to wall openings are not explicitly calculated.

6.6.1 Wall Strip Cases

Note: reinforcement listed in the Case descriptions are the vertical wall reinforcement

All wall design parameters (thickness, reinforcement, etc.) is per the CRCF Shear Wall Design (Ref.
2.2.29). Also, all calculations are based on a 1-ft wide wall strip

"Case 1: 2 ftwall-EL.0'to EL.32'-#11 @ 12" o.c." )

"Case 2: 4 ftwall-EL.0'to EL.32'-#11 @ 12" o.c."
"Case 3: 4 ftwall - EL. 32'to EL. 64' - #11 @ 12" o.c."
"Case 4: 4 ftwall - EL.32"to EL. 72'- #11 @ 12" o.c."
"Case 5: 4 ftwall - EL. 64'to EL. 100" - #11 @ 12" o.c."
"Case 6: 4 ftwall - EL. 32'to EL. 100" - #11 @ 9" o.c." )

Cases :=

These cases cover all combinations of wall spans and reinforcements found in the CRCF.

1.5)
1.5
1.5 o o )
amplifyoop = s Out-of-plane seismic amplification factors (Assumption 3.1.1)
1.5
1.5)
wally = 11 All wall reinforcing steel is #11 bars
Agpar(wally) )
2) 32) AS arE ) ; 1.56)
bar| V4'b
32 o 1.56
32 ASbar(Wallb) 1 56
. . : 2
thick :=| |-ft height := 40 ft As, = Asbar(wallb) As, = |56 in
36 Asoa el 1.56
4] 68) Asbar(wallb)’%) 208)
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Seismic Loads
The uniform 0-0-p seismic load equals the wall thickness x 1-ft x density x seismic acceleration x
amplification factor

Acceleration Factors for Seismic Loads
See Section 6.3.1.1 for the calculation of the maximum horizontal seismic accelerations given below.

EL. 32'
1.31)
EL. 64
1.56
Accy, = g !
h 1.60 EL. 72
EL. 100
1.83)
[ Acchl\_
1.97)
Acck1
I 1.97
Ach, 2.34
SACC;, := | amplify p SACCy, = g Amplified horizontal acceleration for each
Acc}13 2.40 wall strip case.
Acch4 2.75
2.75)
Acch
i 4]
0.59)
1.18
SACCy 1.40 | p . -
WUBDBGM = (thick~ 1~ft~p)~ WUBDBGM = — Uniform amplified BDBGM
g 1.44 | ft loading applied to the wall
1.65 strip.
1.65)

6.6.2 Moment and Shear Demands for Slabs

Max. moment = wL2/8

Max. shear force

For the out-of-plane shear evaluation, the maximum shear demand is computed as the shear
corresponding to the plastic moment capacity of the beam. The shear is evaluated at d away from the
face, where d is the effective wall depth.
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75.5)
150.9
2
WyBDBGM height 179.7 M t due t
M = M = kip- ft ax. moment due to
uBDBGM 8 uBDBGM 15880 amplified BDBGM uniform

266.8 loading on wall strip
952.0)

6.6.3 Design Capacities (Cggo,)

Effective depth: d := thick — cover — 1.5 .db(waub) Conservatively consider that the vertical
bar is the inside bar (i.e. subtract 1.5 bar
diameters when determining the effective

& =(19.89 43.89 43.89 43.89 43.89 43.89)in depth.)
. AsV~f'y T

Compression block ~ a=— ¥ 2 =(1.67 1.67 1.67 1.67 1.67 2.22)in

depth (per ft) 0.85-f,-12in

Moment Capacity = ¢Mn = ¢C%

Op = 0.9 Strength reduction factor for transverse bending per Ref. 2.2.2

oM, = [q)b.AsV.fy.(d_ﬂ oM, " = (133.7 302.2 3022 302.2 302.2 400.4)kipf

Shear Capacity = ¢Vn = ¢C&%

g = 0.85 Strength reduction factor for transverse shear per Ref. 2.2.2

oV, = g2 [Topsi- 12in-d v,  =(30.1 66.4 66.4 66.4 66.4 66.4)kip

Plastic Moment Capacity
The plastic moment capacity is set equal to the nominal moment capacity (no strength reduction factor).

oM

M, = q)“ M, =(148.6 335.8 335.8 3358 335.8 444.8)kipfi
b

Shear Corresponding to the Plastic Moment Capacity

e Calculate the uniform load required to cause the beam to reach its plastic moment capacity (wplastic).

e Then calculate the shear demand at d away from the face of the support due to wplastic per Ref. 2.2.2
Section 11.1.3

M-8 '
= T_(1.16 2.62 2.62 1.68 2.07 0.77)%

Wplastic = ) Wplastic :
height
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Vplastic = | Wplastic’ height d\ Shear at "d" away from the face of the support when the beam strip
2 ) reaches its plastic moment capacity.

Volstic = (16.7 324 32.4 27.4 29.7 23.4)xip

Check shear D/C corresponding to the plastic moment capacity

0.55)
0.49
Vplastic 0.49 All shear D/C are less than 1.0. Therefore, the wall strip can
oV - 0.41 carry the shear that occurs when the plastic moment capacity
n ' of the wall is reached.
0.45
0.35)

6.6.4 Strength Margin Factor - Out-of-Plane Bending (Fsy,m)

Per Equation 4-2 of Section 4.3.2 of this calculation and neglecting 0-0-p bending on the wall due to
non-seismic loading, the strength margin factor for 0-o-p bending of the wall strips is -

_
oM, — Okip T
Fm— F' =(1.77 2.00 1.68 1.05 1.13 0.42) Note: Non-seismic demand for
MyBDBGM out-of-plane bending is taken as 0.0
kip-ft
6.6.5 Inelastic Energy Absorption Factor - F&)

16.0)
8.0

height | 8.0 . .
= Per Ref. 2.2.6, Section 5.1.2.3, the Fu factors for out-of-plane behavior of walls

thick 10.0 shall be taken from the values for concrete moment frames. For Limit State A, for
9.0 span to depth ratios greater than 15.0, Fu = 2.5 and for span to depth ratios less
: than 10, Fu=2.25. For span to depth ratios between 10 and 15, interpolate
17.0) between 2.25 and 2.5. Note: the Fp values are for slab/wall moment frames and
not SMRF reinforce concrete moment frames.

Linear interpolation ranges for Fu determination when height-to-thickness is between 10 and 15
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2.25) 10.0)
yrange := 25 ) Xrange .= 15.0) nmerp(xrange,yrange,12.5):2.37Eorexample, for a

span-to-depth ratio of 12.5, Fu

FH = | for ie 1..rows(Cases) =2.375
height;
value, « 2.25 if —=1 < 10.0
thiCki
height;
valug; « 2.5 if —=11 > 15.0
thick;
height; )
value; < linterp| xrange, yrange, otherwise
thicki)
value
2.50)
2.25
2.05 Fu for Limit State A per
F = Table 5-1 of Ref. 2.2.6
Ho12.25
2.25
2.50)

6.6.6 HCLPF Capacity for Out-of-Plane Bending of Walls
Use the horizontal PGA for the out-of-plane bending HCLPF calculation

_

HCLPRyop, = (F Fy, PGAY) HCLPFy | = (4.05 4.12 3.46 2.16 233 0.96)¢
HCLPF  := min( HCLPFy;o, |
HCLPF o = 0.96¢ Minimum HCLPF for out-of-plane bending

of the CRCF walls
Cases6 ="Case 6: 4 ftwall - EL. 32'to EL. 100" - #11 @ 9" o.c."

The HCLPF capacity for Case 6 was calculated as 1.32 g, which is less than the HCLPF

capacity of the CRCF shear walls. Case 6 is associated with the wall between EL. 32' and EL.
100' along column lines D and H between column lines 6 and 9. This wall panel is actually a two
way slab. Since the HCLPF capacity using the conservative one way beam strip is less than the
in-plane shear HCLPF capacity a more refined analysis of the wall panel considered for Case 6 is
required.

6.6.7 HCLPF Capacity for Out-of-plane Bending of Wall Panel between EL. 32' and EL. 100’

ACI 349-01 Section 13.5.1 states that a slab system shall be designed by any procedure satisfying
conditions of equilibrium and geometric compatibility. The commentary of Section 13.5.1 states that
yield line analysis is an acceptable design method. Therefore, the HCLPF capacity of the entire panel
between column lines 6 and 9 between EL. 32' and EL. 100' (~ 94 feet x 68 feet) will be evaluated
considering the ultimate uniform loading of the panel as the Cyg,, capacity.

178 November 2007




Canister Receipt and Closure Facility DOC ID:_060-SYC-CR00-01100-000-000A
(CRCF) Seismic Fragility Evaluation

The following steps for the yield line evaluation are similar to those discussed in Section 15-3 of Ref.
2.2.36.

Steps involved in the yield line evaluation

Determine negative moment reinforcement (top bars) per foot along the wall panel boundaries
Determine positive moment reinforcement (bottom bars) per foot

Develop Yield Line Equations as followings

Select a trial yield line pattern

Give the panel a virtual displacement

Compute the external work done by the uniform load (w) moving along the displaced shape defined in
Step 4 (Weyternal = W X 8)) 8, = displacement of resultant load w,

e Compute the internal work done by the yield lines rotating through the displaced shaped defined in
Step 4 (W =m x 0 x L) where L = length of yield line, 6 = angle change of yield line

internal ~
Equate the external and internal work, solving for the uniform load (w).
Repeat Steps 3 to 7 until the lowest uniform load is found.

e o o LW N

o s

Panel Dimensions

L:= 94

b:= 68t

Step 1: Determine negative moment reinforcement (top bars) along the wall panel boundaries

The wall panel is bounded by the EL. 32 floor slab and the EL. 100’ roof slab at the top and bottom
(edges C-D and A-B in Figure 6.6.1 and Figure 6.6.2). For the yield line evaluation, the negative
moment reinforcement along line A-B (edge 4) is controlled by the moment capacities of the 18" roof
slab at EL. 100" (#7 @ 12") because the roof slab will develop its moment capacity before the 4-ft wall
panel will develop its negative moment capacity along line A-B. The negative moment capacity along
the other wall panel boundaries (lines A-C, C-D, and B-D) are controlled by the wall panel reinforcement
because the strengths of the perpendicular walls along col. lines 6 and 9 and the slab at EL. 32" are
comparable to that of the wall panel along these edges.

Wall Panel Parameter

t = 4 feet

Vertical Steel =# 11 @ 9"
Horizontal Steel = #11 @ 12"

EL. 100' Roof Slab Steel
t=1.5 feet
#7 @12"

tpanel = 4ft

cover = 2.0in

dpanel = Lanel ~

cover - 1.5-4,(11) | =43.9in

dpane

Agyll 1).fy .
—. apanel = 1.71I1
0.85~fc~ 12in

3panel =

Edge 1 (A-C) Negative Moment Capacity
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8 anel )
Mpc = 0.9'(Asbar(1 1),fy)-[dpanel ) %)

Edge 2 (B-D) Negative Moment Capacity (same reinforcement as Edge 1 (A-C) )

Edge 3 (C-D) Negative Moment Capacity

acp = apanel'1_92 acp = 2.2in afor#11 @ 9" =afor#11 @12" x 12/9
12 ) acp ) ,
Mep = 0.9-(?~Asbar(l 1)-fy}-(dpanel ) Mep = 400.4 ip i

Edge 4 (A-B) Negative Moment Capacity (negative moment capacity of roof slab @ EL. 100")

tslab = 15ft

cover = 2.01in

dslab = tslab — cover — 1 Sdb( 7) dslab = 147 in

Asbar( 7) ' fy

a e a =0.6in
#070.85.1,12in sl
~0.9(a, (7) " 38.8ki
Mup =Y '(Asbar 'fy)' dslab_Tj Mpp = 28.8kip-ft

Step 2: Determine positive moment reinforcement (bottom bars)
The positive moment capacity at the center of the panel is provided by #11 @ 9" vertically and #11 @
12" horizontally

Vertical Reinforcement M, = Mcp My = 400.4 xip-ft
#11@ 9"

Horizontal Reinforcement M, = Mpc M, = 302.2kip-ft
#11 @ 12"

Step 3: Develop Yield Line Equations

Select a trial yield line pattern (Fig. 6.6.1)

Depending on the vertical and horizontal reinforcement, as well as the panel dimensions, either the
yield line pattern in Figure 6.6.1 or Figure 6.6.4 will determine the ultimate uniform load capacity of the
panel. First, the yield line pattern in Figure 6.6.1 will be considered and the uniform load capacity will
be determined for a set of x1, x2, and y values.

Next, the yield line pattern in Figure 6.6.4 will be considered and the uniform load capacity will be
determined for a set of y1, y2, and x values. The minimum uniform load capacity of the panel for both
sets of yield line patterns will determine the ultimate uniform load capacity of the panel.
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Figure 6.6.1 - Yield Line 1 Schematic

Col. Line 6 B Col. Line 9
A 4+—
Edge 4 B EL. 100
T [N N /:
| Negative moment |
| yield lines I
i |
- : Positive moment :
ield li m
b % : £ yield lines F : (8_
ol x ®
Y L 1 N, XQ | )
I S/ |
| a |
ALlL y N L ]A
I/ |
x hd I/’—/ _________________ N o e s ol s —— — — & EL 32‘
c Edge 3 B D
L

Give the panel a virtual displacement (Fig. 6.6.1)
Line E-F in Figure 6.6.1 is given a virtual displacement of §

Figure 6.6.2 and Figure 6.6.3 show sections through Figure 6.6.1 to illustrate the displacement shape of
the panel under the virtual displacement.

ol Figure 6.6.2 - Section A-A' of Yield Line 1

Edge 1 Edge 2

Mm‘:gallm U Mnn;;ali'ﬁe
%ﬁd - I 3 M e /;%

~E F
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Figure 6.6.3 - Section B-B' of Yield Line 1

Edge 3
M

negativa.~—

6

Edge 4

HAM negalive

r\,q e M

postive posiive

o

-

Compute the external work (Fig. 6.6.1)

Segment A-C-E (Edge 1)

Load on segment A-C-E:

Deflection of centroid of segment A-C-E:

External work done on segment A-C-E:

Segment B-F-D _(Edge 2)

Load on segment B-F-D:

Deflection of centroid of segment B-F-D:

External work done on segment B-F-D:

Segment C-D-F-E (Edge 3)

Load on segment C-D-F-E:

1)
5, _
AACE = ? Triangular segment

WEACE(W’Xl ’b) = WACE(W’XI ’b) AACE

1)
5, _
ABFD = ? Triangular segment

WEBFD(W’XZ’b) = WBFD(W’XZ’b) ABFD

! ) in left tri I
WCDFEl(W’Xl’y) =w 5~X1~ ) ... in left triangular area

! ) in right tri I
WCDFEZ(W’XZ,Y) =W 5~X2~yj ... In right tnangular area
WeppEs(Wx12%.y,L) = W[ (L =x) = xp)y] . in central

rectangular area
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)

Deflection of centroid of segment C-D-F-E: Aj = _P Triangular segment
3
%
Ayi=— Triangular segment
3
%
Ayi=— Rectangular segment

External work done on segment C-D-F-E:
WECDFElz(W’Xl’Xz’y’L) = WCDFEI(W’XI’Y) A+ WCDFEZ(W’XZ’Y) A, ... work done by triangular segments

WECppg(WsX1:X0: ¥ L) = WECppg 1o(W. X1 X0, Y. L) + Weppgs(W.xp. ). v, L) Ay agl_?éa' work done by panel

Segment A-B-F-E (Edge 4)

1
Load on segment A-B-F-E: WABFEI(W,xl,y,b) — E-xl-(b -y)

WABFEz(W,Xz,y,b) =W EXz(b - y)

WaBFE3(W-X1: %Y. Lob) = wl (L =) —x) (b -y)]

Deflection of centroid of segment A-B-F-E: 5

Aj = L Triangular segment
3
%
Ayi=— Triangular segment
3
%
Ayi=— Rectangular segment
2
External work done on segment A-B-F-E:
WEABFElz(W,xl,XZ,y,L,b) = WABFEl(w,xl,y,b) Ap+ WABFEZ(W,xz,y,b) A, .. work done by triangular segments
WE ABFE(WsX1:X0: ¥ L) == WEARER15(W. X1, X, ¥, L,b) + W pER3(W.X[,Xp.¥,L.b) Ay A.BTFoE’taI work done by panel

Total External Work

Segments A-C-E and B-F-D
WEX(w,xl,xz,b) = WEACE(W’Xl’b) + WEBFD(W’XZ’b)

Segments C-D-F-E and A-B-F-E
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WEY(w,xl,xz,y,L,b) = WECDFE(W,xl,xz,y,L) + WEABFE(W’XI’XZ’Y’L’b)
Total External Work
WEYLI(W’XI’XZ’y’b’L) = WEX(W,xl,xz,b) + WEY(W,xl,x2,y,L,b)

Compute the internal work (Fig. 6.6.1)

Seagment A-C-E (Edge 1 Reinforcement)

Negative moment capacity My = 302.2kip-ft

Positive moment capacity M, = 302.2kip-ft

Rotation of yield line:
For small displacements, the rotation of the negative moment yield line is given by:
0 =8 /x4 (rad/ft)

Where: § = virtual displacement
x1 = distance from edge to yield line to virtual displacement location

8y 1) ( 5, 1\'b

WIACE(Mp-Mp.x).b) = [Mn'—'— b+

Segment B-F-D (Edge 2 Reinforcement)

Negative moment capacity Mpp = 302.2 kip-ft

Positive moment capacity M, =1 kip-ft
WI (M M b) % 1\ M. p 1\
>M, X, ——
BFD\ > p> 72 x2 ft) P X, ft}

Segment C-D-F-E (Edge 3 Reinforcement)

Negative moment capacity Mcp = 400.4 kip-ft

Positive moment capacity My =400.4 kip-ft
1) 1\
13 p
WI M_.M_,y,L|:= M. .
CDFE( o ) ( y ft} ( y ft)

Seagment A-B-F-E (Edge 4 Reinforcement)

Negative moment capacity M, g = 38.8kip ft

Positive moment capacity M, = 400.4 kip-ft
WI (M M._,y,b L) M % 1 °p 1
, ,y,b, = o——o— L+ —_—
ABFE{V'n>Vp-¥ "oy i) Phoy fi)

Total Internal Work
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Segments A-C-E (Edge 1 Reinforcement) and B-F-D (Edge 2 Reinforcement)

W 5(My 1My My 1. My X4 X5, b) 1= WI (Mg, My 5, b) + WIgpp( My My %), b)

Segments C-D-F-E (Edge 3 Reinforcement) and A-B-F-E (Edge 4 Reinforcement)

WI34(MH3,MH4,MP3,MP4,y,b,L) = MCDFE(MH3,MP3,y,L) +WIABFE(MH4,MP4,y,b,L)

Total Internal Work
WIyp1(Mp1-Mpp- My3. Mpg My . Mo M3 Mg X%, 5., 1) = [WIU(MHI’MnZ’Mpl’MpZ’Xl’XZ’b) =5
)

+ WIzy(My3, Mg, M3, Mgy, b.1)

Select a trial yield line pattern (Figure 6.6.4)

Next, the yield line pattern in Figure 6.6.4 will be considered and the uniform load capacity will be
determined. The minimum uniform load capacity of the panel for both sets of yield line patterns will
determine the ultimate uniform load capacity of the panel.

Figure 6.6.4 - Yield Line 2 Schematic

Col. Line 6 Col. Line 9
i Edge 4 B EL 100

Positive moment
/ yield lines

Negative moment
yield lines

o
Edge 1
Z ebp3

L
Q

\L EL. 32"
D

-

Give the panel a virtual displacement (Fig. 6.6.4)
Line E-F in Figure 6.6.4 is given a virtual displacement of §

Figure 6.6.5 and Figure 6.6.6 show sections through Figure 6.6.4 to illustrate the displacement shape of
the panel under the virtual displacement.
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& =11t
P Figure 6.6.5 - Section C-C' of Yield Line 2
Edge 1 , Edge 2
€
Mm‘.«;atl-.e ' BAMHBE’;UH‘IG‘
poslive M postive
« v 2
Figure 6.6.6- Section D-D' of Yield Line 2
Edge 3 Edge 4
M 0 '

negative -
%’&\&Mmm 18
p —

nagative

F

B _, M
Moo ~ ’/t?./'
i’
E

Compute the external work (Fig. 6.6.4)

Segment C-D-F (Edge 3)

Load on segment C-D-F:

Deflection of centroid of segment C-D-F:

External work done on segment C-D-F:

Segment A-B-E _(Edge 4)

Load on segment A-B-E:

Deflection of centroid of segment A-B-E:

External work done on segment A-B-E:

1)
Wepp(Woy L) = w E'yl'Lj
8p ]
Acpr = ? Triangular segment

WECDF(W’yl ’L) = WCDF(W’yl ’L) Acpr

1)
e}
AARBE = ?p Triangular segment

WEABE(W’ Y2 L) = WABE(W’ Y2 L) AABE
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Segment A-C-F-E (Edge 1)

1 A ... lower triangular segment
Load on segment A-C-F-E: WACFEI(W’YI ,x) = wo| =y g g
2 )
1) .
WACFEZ(W’YZ’X) = W[ =y, X ... upper triangular segment
27)
WACFE3(W’y1 ,y2,x,b) = w~|:(b ~y - yz).x] ... rectangular
segment
8P
Deflection of centroid of segment A-C-F-E: Ap=— Triangular segment
3
8P
Ayi=— Triangular segment
3
8P
Ay:=— Rectangular segment
2
External work done on segment A-C-F-E:
WEACEE12(W:¥1:¥2:%:b) = WA R (W ¥1.X) Ap + Wacppa(W.¥2.%) 4 --- triangular segments
WEACRE(W:¥1:¥2:%:b) = WEACFE12(W. Y12 2. %) + WA cpR3(W. Y122, %,b) Ay .- Total work done by
panel ACFE
Segment B-D-F-E (Edge 2)
B! ] ... lower triangular segment
Load on segment B-D-F-E: WBDFEI(W’yl ,x,L) = w- E.yl-(L— X)

... upper triangular segment

WepFE2(W: Y% L) = w: E'Yz'(L -X)

WipFE3(Wy1:2:%.b,L) = w[ (b =y —y)) (L= ... rectangular
segment
Deflection of centroid of segment B-D-F-E: 8p .

Ap=— Triangular segment
3
8P

Ayi=— Triangular segment
3
8P

Ayi=— Rectangular segment
2

External work done on segment B-D-F-E:
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WEBDEE12(W>¥1¥2:% b, 1) = Wppg (W, ¥1, %, L) Aj + Wpppa( W, 5, %, 1) Ay éég\;vr(;;kn?sone by triangular

WEBDFE(W’YI’YZ’X’b’L) = WEBDFE12(W’y1’y2’X’ b, L) + WBDFE3(W,Y1,}’2,X,b,L) A3 BD-I;:OEtaI work done by panel

Total External Work

Segments C-D-F and A-B-E

WEX(w,y1 ,y2,L) = WECDF(w,yl,L) + WEABE(w,yz, L)

Segments A-C-F-E and B-D-F-E

WEY(W’Yl’yz’X’b’L) = WEACFE(W’yl’yz’Xab) + WEBDFE(W,yl,yz,X,b,L)
Total External Work

WEYLZ(W,yI,yZ,x,L,b) = WEX(w,yl,yz,L) + WEY(w,yl,yz,x,b,L)

Compute the internal work (Fig. 6.6.4)

Segment C-D-F (Edge 3 Reinforcement)

Negative moment capacity Mcp = 400.4 kip- fi

Positive moment capacity M, = 400.4 kip-ft

Rotation of yield line:
For small displacements, the rotation of the negative moment yield line is given by:
0 =& /x4 (rad/ft)
Where: § = virtual displacement
x1 = distance from edge to yield line to virtual displacement location

1\ 1\
p %
WICDF(MH,Mp,yl, ) [M —— L+ ( —_—

yi ft) py1 ft)

Segment A-B-E (Edge 4 Reinforcement)

Negative moment capacity Mg = 38.8kip fi

Positive moment capacity M, = 400.4 kip-ft

1 8, 1)
p p

W ne(M.. M. ys.L) = | M —2.— M. L
ABE( > Vp Y2 ) ( vy ft) +{ Py, ft)

Segment A-C-F-E (Edge 1 Reinforcement)

Negative moment capacity My = 302.2kip fi

Positive moment capacity M, = 302.2kip-ft
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B, ( 1)

Segment B-D-F-E (Edge 2 Reinforcement)

Negative moment capacity Mpp = 302.2kip-ft

Positive moment capacity M, = 302.2kip-ft
6p 1\ 5p 1\\
WD Mo My L8] = My T (M)

Total Internal Work

Segments C-D-F (Edge 3 Reinforcement) and A-B-E (Edge 4 Reinforcement)

Wigy(Myy3. Mg M3 Moy .35, L) = Wcpp(Mp3-Mp3. Y1 L) + WA pp(Mpg. Mpg.¥5. 1)
Segments A-C-F-E (Edge 1 Reinforcement) and B-D-F-E (Edge 2 Reinforcement)

WI5(My 1My My M %, Lyb) = WIg cpp(Myy 1. Mpp.x,b) + Wigppp(My). My, x, L.b)

Total Internal Work

WiyLo(Mp1sMyo: M3 Mg M1 Mo M3 Mg,y yp.x, L b) o= WI34(Mn3’Mn4’Mp3’Mp4’yl’y2’L) )
+WIlz(Mnl,an,Mpl,Mpz,x,L,b) )

Test External and Internal work equations
The following calculations test the yield line equations previously developed using problems with know
solutions.

Test 1 - Example 15-3 on page 687 of Ref. 2.2.36
This test will use the external and internal work equations for yield line 1 (Figure 6.6.1) and yield line 2
(Figure 6.6.4)

Yield Line 1 (Figure 6.6.1)
e Positive reinforcement only (pinned edges, all Mn values = 0 kip-ft) and is equal for all
panel segments

e m=Mp1=Mp2=Mp3=Mp4
e b =L (square panel)
e x1=L/2
e Xx2=L/2
o y=L/2
Length Length Length \\
External(w, Length) := WEYLI w, s s , Length, Length
2 2 2

1 2 o . L
External(w, Length) — —-w-Length™-ft Equal to w*L2*§ / 3 (ft-kips) given in Step 3 of

3 Example 15-3 on pg. 687 of Ref. 2.2.36

85=1ft)

M, = Oxkip-ft
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Length Length Length

2 2

Internal(Mn, m, Length) = WIYLI(Mn’ Mn’ Mn’ Mn’ m, m, m,m, s , Length, Length\\
2

Internal( Mn, m, Length) —>8m

Equal to 4*(2*m*5) (ft-kips) given in Step 4 of
Example 15-3 on pg. 688 of Ref. 2.2.36
6=11t)

Equate external and internal work and solve for the moment capacity required to carry the uniform loading
(w) over the square panel with length (L)

Given

External(w, Length) — Intemal(Mn,m,Length) =0

M(w, Length, m) := Find(m)

Find the moment capacity (m) in terms of the uniform load (w)
and the length (L)

M(w, Length, m) —)L-W~Length2~ﬁ Thus, the reinforcement in both directions of this panel should

Yield Line 2 (Figure 6.6.4)

External(w, Length) := WEYLz(W’

be designed for w*L2/ 24.
This value exactly matches the result in Step 5 of Example
15-3 on pg. 688 of Ref. 2.2.36

Positive reinforcement only (all Mn values = 0 kip-ft) and is equal for all panel segments

]

e m=Mp1=Mp2=Mp3=Mp4
e b =L (square panel)

o yl1=L/2

o y2=1L/2

e Xx=1/2

Length Length Length

s , Length, Length\\
2

2 2

1 2 o 2 o
External(w, Length) — —-w-Length™ - ft Equal to w*L4*5 / 3 (ft-kips) given in Step 3 of

3 Example 15-3 on pg. 687 of Ref. 2.2.36

6=11t)
M, = Okip-ft
Length Length Length \\

Intemal(Mn,m,Length) = WIYL2 Mn,Mn,Mn,Mn,m,m,m,m, 5 R > s 5 , Length, Length

Internal( Mn, m, Length) —>8m

Equal to 4*(2*m*5) (ft-kips) given in Step 4 of
Example 15-3 on pg. 688 of Ref. 2.2.36
6=11t)

Equate external and internal work and solve for the moment capacity required to carry the uniform loading
(w) over the square panel with length (L)

Given
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External(w, Length) — Intemal(Mn,m,Length) =0
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M(w, Length, m) := Find(m) Find the moment capacity (m) in terms of the uniform load (w)

and the length (L)

1 . , N .
M(w, Length, m) —)—~w-Length2-ft Thus, the reinforcement in both directions of this panel should

be designed for w*L2/ 24.

This value exactly matches the result in Step 5 of Example

15-3 on pg. 688 of Ref. 2.2.36

Test 2 - Case 1 of Example 18.9.1 on page 747 of Ref. 2.2.27

This test will use the external and internal work equations for yield line 1 (Figure 6.6.1)

and yield line 2 (Figure 6.6.4)
o L =25feet
e b =20 feet

Yield Line 1 (Figure 6.6.1)

e Mn1=3.125 kip-ft (Mn1 + Mn2 = 6.25 kip-ft)
e Mn2 = 3.125 kip-ft

e Mn3 = 2.0 kip-ft (Mn3 + Mn4 = 4 kip-ft)

e Mn4 = 2.0 kip-ft

e Mp1=3.125 kip-ft (Mp1 + Mp2 = 6.25 kip-ft)
e Mp2 = 3.125 kip-ft

e Mp3 = 2.0 kip-ft (Mp3 + Mp4 = 4 kip-ft)

e Mp4 = 2.0 kip-ft

CaselEYLl(w’Xl’X2’y) = WEYLI(W,XI,Xz,y,20ft,25ft)
CaselEYLZ(W’yl’y2’X) = WEYLZ(W,yl,yz,x,25ft,20ft)
M, = 3.125kip ft My = 3.125kip-ft

M, = 3.125kip ft My, = 3.125kip-ft

M, 5 = 2.0kip-ft Mp3 = 2.Okip- ft

M, 4 = 2.0kip-ft My = 2.0kip ft

CaSeIIYLl(Xl N X2, y) = WIYLl(Mnl ’ an, Mn3, Mn4, Mpl s Mpz,Mp3, Mp4, Xl , Xz, y, 20ft, 25ft)

CaSeIIYLz(yl ,Y2, X) = WIYLZ(MHI ’ an, Mn3, Mn4, Mpl s Mpz,Mp3, Mp4,yl , yZ, X, 25ft, 20ft)

w = 0.25ksf To solve for w, a searching technique is used to determine the minimum uniform load
capacity of the yield line pattern. A initial value of 0.25 ksf is set for w. This initial value

does not affect the searching technique.

Setting external work equal to internal work for yield line pattern 1 yields:

Given
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CaselEYLl(w’Xl’X2’y) - CaselIYLl(Xl’X2’y) =0

CaselYLluniform(w’ X{,Xp, y) = Find(w)

result(func, L, b, step) :=

result1 « 1000000000

. L 1
X =
start ft step
X L4 1)
X «——| 1 -——
end ™ g step )
5 L 1
X e
start ft step
b 1
y —_—
srt g step
by 1 3
y (— — — —
end ™ g step )
for ie XIstart" XIend
for jex2 L \
or jex wl—=x
start ft 1 )
Xz < J
for ke Ystart Yend
y<«k
temp «— func(w, Xl-ft, Xz-ft, y~ft)
if temp-—— < result
ksf
result1 <« temp-—
result2 “« X4
result3 Xy
result 4 «y
result

L:= 251t The initial yield line pattern is:

b:= 201t

step := 10

x1 = L/step = 25ft/10 = 2.5 feet
x2 = L/step = 25ft/10 = 2.5 feet
y = b/step = 20ft/10 = 2.0 feet

DOC ID: 060-SYC-CR00-01100-000-000A

Description
This loop determines the minimum uniform

load capacity and corresponding yield line
pattern of the wall panel.

The yield line pattern is defined by the
input variable "func" and variables, x1, x2,
andy.

The initial yield line pattern is determined
by setting the x1 value equal to L/step, the
x2 value equal to L/step, and the y value
equal to b/step. The x1,x2, and y values
are then incremented by 1 foot to
determine the next yield line pattern.

For each set of x1, x2, y values, the
uniform load capacity (w) of the yield line
pattern is returned from "func”. If the w
value is smaller than the previously stored
uniform load capacity (stored in the first
row of the array "result"), then this value is
stored as the new minimum uniform load
capacity of the panel.

result; = minimum uniform load capacity

result, = x1 value of the yield line pattern

causing the minimum uniform load
capacity (or y1 value if Yield Line Pattern 2
is defined in the input variable func)

result; = x2 value of the yield line pattern
causing the minimum uniform load
capacity (or y2 value if Yield Line Pattern 2
is defined in the input variable func)

result, =y value of the yield line pattern

causing the minimum uniform load
capacity (or x value if Yield Line Pattern 2
is defined in the input variable func)
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0.240
12.500
12.500
10.000)

result( CaselYLluniform’ L,b, step) =

Now solve Case 1 using the Yield Line 2 (Figure 6.6.4) internal and external work equations

Given
CaselEYLz(w,yI,yz,x) - CaselIYL2(y1’y2’X) =0
CaselYLzuniform(w,yl , yz,x) := Find(w)
0.240 )
10.000

10.000
12.500 )

result( CaselYLZuniform’ b,L, step) =

Test 2 Summary of Results:

Using the yield line equations for yield line 1 (Figure 6.6.1), the ultimate uniform load capacity of the wall
panel is 0.240 ksf and the yield line dimensions are x1 = 12.5 ft, x2 = 12.5 ft, and y = 10.00 ft.

Using the yield line equations for yield line 2 (Figure 6.6.4), the ultimate uniform load capacity of the wall
panel is 0.241 ksf and the yield line dimensions are y1 = 10.00 ft, y2 = 10.00 ft, and x = 12.50 ft.

The solution for Case 1 of Example 18.9.1 on page 748 of Ref. 2.2.27 calculates the ultimate uniform load
capacity of the wall panel as 0.240 ksf and the yield line dimensions are x1 = 12.5 ft, x2 =12.5ft,and y =
10.0 ft (based on Figure 6.6.1 terminology) and y1 = 10 ft, y2 = 10 ft, and x = 12.5 ft (based on Figure
6.6.4 terminology).

The ultimate uniform load capacity is a good match with Case 1 of Example 18.9.1 of Ref. 2.2.27.
Subsequent test value of the "step" variable show that the ultimate uniform load capacity is relatively
insensitive to the "exact" yield line pattern. This point is expanded on further by using a set of known
x1(y1), x2(y), and y(x) values and solving the Case1 ., function for w.

Yield Line 1 - Figure 6.6.1

Trial yield line 1 12.10) 12.10) 10.08)
Trial yield line 2 12.25 12.25 10.01
Trial yield line 3 xp=| 12.5 |t xy:=| 12.5 |t y=| 10.0 |ft
Trial yield line 4 12.6 12.6 98
Trial yield line 5 12.8 ) 12.8 ) 9.7 )

CaselYLluniform(w’ Xq ! ,x21 ,yl> =0.24013 ksf

CaselYLluniform(w’X12’X22’y2> =0.24005 ksf
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CaselYLlunifOI‘In(w’Xl3’x23’y3) =0.24000 kst The ultimate unifor.m load c.apac?ity for the trial yield
lines calculated using the yield line 1 equations
(Figure 6.6.1) are all reasonably close to that
CaselYLlunifOI‘In(w’Xl4’x24’y4) =0.24006 kst calculated from the closed-form solution in Case 1 of
Example 18.9.1 on page 748 of Ref. 2.2.27 (Example
18.9.1 Case 1 yield line dimensions are those for Trial

CaselYLluniform(w,xls,xzs,ys) - 0.24018kst  yield line 3).

Yield Line 2 - Figure 6.6.4

Trial yield line 1 10.08) 9.08 12.10)
Trial yield line 2 10.01 10.01 12.25
Trial yield line 3 y;=| 10.0 |-t yy=| 10.0 |ft x:=| 12.5 |t
Trial yield line 4 98 0.8 12.6
Trial yield line 5 97 ) 9.7 ) 12.8 )

CaselYL2uniform(w yll,y2 s ) =0.24067 kst

The ultimate uniform load capacity for the trial yield
CaselYL2ul’lifOI‘m(w’y12’y2 , ) 0.24005 ksf Iings calculated using the yield line 2 equations

(Figure 6.6.4) are all reasonably close to that
calculated from the closed-form solution in Case 1 of

CaselYLzuniform( YigY2y0 3) 0.24000ksf £y ample 18.9.1 on page 748 of Ref. 2.2.27 (Example
18.9.1 Case 1 yield line dimensions are those for Trial
yield line 3).

CaselYL2uniform(w’ y14, y24, x4> 0.24006 kst

CaselYLzuniform( y15’y2 > ) 0.24018 ksf

Test 3 - Case 2 of Example 18.9.1 on page 747 of Ref. 2.2.27
Use Yield Line 1 equations (Figure 6.6.1)

o L =25feet

b = 20 feet

Mn1 = 1.0 kip-ft (Mn1 + Mn2 = 2 kip-ft)
Mn2 = 1.0 kip-ft

Mn3 = 2.0 kip-ft (Mn3 + Mn4 = 4 kip-ft)
Mn4 = 2.0 kip-ft

Mp1 = 1.0 kip-ft (Mp1 + Mp2 = 2 kip-ft)
Mp2 = 1.0 kip-ft

Mp3 = 2.0 kip-ft (Mp3 + Mp4 = 4 kip-ft)
Mp4 = 2.0 kip-ft

CaseZE(w, Xq ,xz,y) = WEYLI(W’ X{,X9,Y, 20, 25ft)

M, = 1.Okipft M, = 1.0kipft
M, = 1.Okip-ft My, = 1.0kip-ft

M, 5 = 2.0-kip-fi M, 5 = 2.0kip-ft

p
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M, 4 = 2.0kip-ft

Mpy = 2.Okip- ft

DOC ID: 060-SYC-CR00-01100-000-000A

CaseZI(Xl ,Xz,y) = WIYLI(Mnl’MHZ’MH3’MH4’Mp1 ,Mpz,Mp3,Mp4,Xl ,Xz,y,zoft, 25ft

w = lksf

Given

CaseZE(w,xl,xz,y) — CaseZI(xl,xz,y) =0

Casezuniform(w’ X{,Xp, y) := Find(w)

L:= 251t The initial yield line pattern is:
x1 = L/step = 25ft/10 = 2.5 feet

b= 201t x2 = L/step = 25ft/10 = 2.5 feet

y = b/step = 20ft/10 = 2.0 feet

step := 10

result( Case2

uniform’

L,b,step

0.152 )
8.500
8.500
10.000

Test 3 Summary of Results: The ultimate uniform load capacity of the wall panel is 0.152 ksf and the yield
line dimensions (See Figure 6.6.1) x1 = 8.5 ft, x2 = 8.5 ft, and y = 10.00 ft.

The solution for Case 2 of Example 18.9.1 on page 748-749 of Ref. 2.2.27 calculates the ultimate uniform
load capacity of the wall panel as 0.152 ksf and the yield line dimensions are x1 = 8.884 ft, x2 = 8.884 ft,

andy = 10.0 ft.

The ultimate uniform load capacity matches exactly with the Case 2 of Example 18.9.1 of Ref. 2.2.27. The
difference in the yield line dimensions is attributed to the search algorithm used above and also to the fact
that the the ultimate uniform load capacity is relatively insensitive to the "exact" yield line pattern. This

last point is expanded on further by using a set of known x1, x2, and y values and solving the CaseZ2,iom

function for w.

Trial yield line 1
Trial yield line 2
Trial yield line 3
Trial yield line 4
Trial yield line 5

Xl =

9.10 )
9.0
8.884 | i
8.7

8.5 )

Casezuniform(w’ Xy | ,x21 ,yl) =0.15207 ksf

X2 =

9.10 )
9.0
8.884 | i
8.7

8.5 )

yi=

10.08)
10.01
10.0 |-ft
9.8
10 )

The ultimate uniform load capacity for the trial yield
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Casezuniform(w’ xlz, x22, yz) =0.15205 ksf

lines are all reasonably close to that calculated from
the closed-form solution in Case 2 of Example 18.9.1
on page 749 of Ref. 2.2.27 (Example 18.9.1 Case 2

Casezunifom(W,xl3,x23,y3) =0.15204 kst yield line dimensions are those for Trial yield line 3).

Casezuniform(w’ x14, x24, y4) =0.15210ksf

Casezuniform(w’ X15’X25’y5) =0.15213 ksf

Test 4 - Case 3 of Example 18.9.1 on page 747 of Ref. 2.2.27

Use Yield Line 2 equations (Figure 6.6.4)

L = 25 feet

b = 20 feet

Mn1 = 4.0 kip-ft
Mn2 = 4.0 kip-ft
Mn3 = 2.0 kip-ft
Mn4 = 2.0 kip-ft
Mp1 = 4.0 kip-ft
Mp2 = 4.0 kip-ft
Mp3 = 2.0 kip-ft
Mp4 = 2.0 kip-ft

(Mn1 + Mn2 = 8 kip-ft)
(Mn3 + Mn4 = 4 kip-ft)
(Mp1 + Mp2 = 8 kip-ft)

(Mp3 + Mp4 = 4 kip-ft)

Case3E(w,y1,y2,x) = WEYLZ(W’YI’YZ’X’ZSﬂ’ 20ft)

M, = 4.0kip-ft

M, = 4.0kip-ft

M, 5 = 2.0-kip-fi

M, 4 = 2.0kip-ft

My = 4 .Okip-ft
M, = 4 .Okip-ft
M3 = 2.Okip-ft

Mpy = 2.Okip-ft

Case3l(y1,y2,x)::WIYL2(M M5, M3, M g M My M Mp4,y1,y2,x,25ft,20ft)

w = lksf

Given

nl> n3’ pl> " p2> " p3°

Case3E(w,y1,y2,x) - Case3l(y1,y2,x) =0

Case3uniform(wa Y1:Y2» X) := Find(w)

L:=25ft
b:= 201t

step:= 10

The initial yield line pattern is:
y1 = b/step = 20ft/10 = 2.0 feet
y2 = b/step = 20ft/10 = 2.0 feet
y = L/step = 25ft/10 = 2.5 feet

196 November 2007



Canister Receipt and Closure Facility DOC ID:_060-SYC-CR00-01100-000-000A
(CRCF) Seismic Fragility Evaluation

0.273 )
9.000
9.000
12.500)

Test 4 Summary of Results: The ultimate uniform load capacity of the wall panel is 0.273 ksf and the yield
line dimensions (See Figure 6.6.4) y1 =9.0 ft, y2 =9.0 ft, and x = 12.5 ft.

result( Case3uniform s

b,L,step) =

The solution for Case 3 of Example 18.9.1 on page 748-749 of Ref. 2.2.27 calculates the ultimate uniform
load capacity of the wall panel as 0.273 ksf and the yield line dimensions are y1 = 9.375 ft, y2 = 9.375 ft,
and x = 12.5 ft.

The ultimate uniform load capacity matches exactly with the Case 3 of Example 18.9.1 of Ref. 2.2.27. The
difference in the yield line dimensions is attributed to the search algorithm used above and also to the fact

that the the ultimate uniform load capacity is relatively insensitive to the "exact" yield line pattern. This

last point is expanded on further by using a set of known y1, y2, and x values and solving the Case3 ;;,;m

function for w.

Trial yield line 1 9.0 ) 9.0 ) 12.5)
Trial yield line 2 9.125 9.125 12.4
Trial yield line 3y, =| 9.375 | f v, =[9.375 | f x=| 125 |0
Trial yield line 4 8.95 8.95 12.0
Case3 w 0.27327 ksf
if ( yl a}’2 > )
wnorm The ultimate uniform load capacity for the trial yield
027317 lines are all reasonably close to that calculated from
Case3umform(w’y12’yzz’xz) - kst the closed-form solution in Case 2 of Example 18.9.1
on page 749 of Ref. 2.2.27 (Example 18.9.1 Case 2
Case3um~0rm(w,yl3,y23 3) 0.27307 kst yield line dimensions are those for Trial yield line 3).

Case3umf0rm(w yl ,y2 , 4) 0.27356 ksf

Case3umf0rm(w yl ,y2 , ) 0.27410 ksf

Having confirmed the yield line equations developed against known solutions, apply the
equations to the actual Case 6 wall panel

Step 4: Equate the external and internal work assuming Yield Line Pattern 1

The properties of the wall panel are given below -

e b =068 feet
e L=94 feet
e Mn1= #11 @ 12" horizontally)

ac (
e Mn2= MBD (#11 @ 12" horizontally)
e Mn3=M.p (#11 @ 9" vertically)

e Mnd =M,g (#7 @ 12") [Negative moment along edge 4 (EL. 100') is controlled by the

roof slab capacity]
e Mp1=M, (#11 @ 12" horizontally)
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e Mp2=M, (#11 @ 12" horizontally)
e Mp3-= My (#11 @ 9" horizontally)
e Mp4-= My (#11 @ 9" horizontally)

L:= 94

b= 68ft

M =Muc M, ; = 302.2kip ft
M,, = Mpp M, , = 302.2kip ft
M3 = Mcp M, 5 = 400.4 kip-ft
M 4 =Mp M, 4 = 38.8kip-ft
My =My M, = 302.2 kip- ft
My =My My, = 302.2 kip- ft
Mp3 =My M3 = 400.4 xip-ft
Mpy =My Mpy = 400.4 xip-ft

Yield Line 1 (Figure 6.6.1) - determine the ultimate uniform load capacity of the wall panel using the
equations derived for yield line 1 (Figure 6.6.1)

WallpanelExternal(w’ X{,Xp, y) = WEYLI(W’ X{,Xp, y,b, L)

Wallpanellntemal(xl’X2’y) = WIYLI(Mnl’Mn2’Mn3’Mn4’Mpl’Mp2’Mp3’Mp4’Xl’XZ’y’b’L)

Given

WallpanelExternal(w’Xl’X2‘y) - Wallpanellnternal(xl’X2’y) =0

WallpanelUltimate(W 2X [, Xy, y) := Find(w)

L=94.0 ft The initial yield line pattern is:
x1 = L/step = 94ft/10 = 9.4 feet
b=68.0ft x2=L/step=94ft/10 = 9.4 feet

y = b/step = 68ft/10 = 6.8 feet
step = 10

Step 5: Solve for the uniform load (w) assuming Yield Line Pattern 1

ResultsYi eldLinel ©= result( WallpanelUltimat - L,b, step)

2.362 )
39.400
Resultsyjo|dLine] = 39.400

38.800

... Yield Line Pattern 1 results
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Step 4a: Equate the external and internal work assuming Yield Line Pattern 2

WallpanelExtemal(W’ ¥1:Y2 x) = WEYLZ(W’ ¥1>¥2:Xs L, b)
WallPanelyyiemai(¥15Y2:%) = Whypo(Mpg» Mg M3 Mg Mp 1 My, Mp3, My, v v, L b)
Given
WallPanelEXtemal(w,yl,y2, x) - Wallpanellnternal(yl’y2’x) =0
WallpanelUltimate(W’ ¥{-¥p: x) := Find(w)
L=94.0 ft The initial yield line pattern is:
y1 = b/step = 68ft/10 = 6.8 feet

b=68.0 i Y2 =b/step=68ft/10 = 6.8 feet

x = L/step = 94ft/10 = 9.4 feet
step = 10

Step 5a: Solve for the uniform load (w) assuming Yield Line Pattern 2

ResultsYi eldLine2 = result( WallpanelUltimat - b,L, step)

2.397 )
38.800
28.800
47.400 )

ResultsyjeldLine2 = ... Yield Line Pattern 2 results

The ultimate uniform load capacity of the wall panel is the minimum of the ultimate uniform load
capacities calculated from the yield line 1 and yield line 2 patterns.

=2.362ksf

Wultimate *

Capacity of the wall panel Cogos = Wultimate

Total demand on the panel due to BDBGM acceleration applied uniformly to the entire panel

SACC,

DEpBGM = T.thick 6P Dpppgm = 1-Oksf

Strength Margin Factor for Case 6 Wall Panel
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C
98%
FsCases = FsCase6 = 1.43

DppBam
Inelastic Energy Absorption Factor for the Case 6 Wall Panel

The inelastic energy absorption factor for the wall panel is conservatively taken as that for a
column of a SMRF reinforced concrete moment frame at Limit State A (Fu = 2.0 from Table 5-1 of
Ref. 2.2.6). This is a conservative value because the axial load in the wall panel is not expected
to be as large as would typically be seen in a SMRF moment frame column.

FHCaSe6 = 2.0

HCLPF Capacity for Case 6 Wall Panel
Use the horizontal PGA for the Wall Panel

HCLPFpge6 = FsCase6'FuCase6'PGAh HCLPFpge6 = 2.62¢

Replace the HCLPF capacity calculated for Case 6 as a wall strip with that calculated considering the
yield line capacity of the wall.

HCLPyfopy = HCLPF e HCLPFy | = (4.05 4.12 3.46 2.16 233 2.62)¢

Out-of-Plane Shear HCLPF Capacity of the Wall Panel
Determine the HCLPF capacity using the the punching shear capacity of the entire panel

2 . .
Aperimeter = (b - dpanel)'deanel + (L - dpanel)'2 'dpanel Aperimeter =1131.4 f (F))futr::eh\l/r\:glIsgae:;paetrg?zeter
away from the face
OVpp = ¢s'4'\] foPsi-Aperimeter WVip = 41080.7 kip

Total shear acting on the panel caused by the BDBGM seismic load

VBDBGM = PppBGM 'L VppaMm = 10527.6kip

Out-of-Plane Shear Strength Margin Factor

¢Vnp
FsShear = FsShear = 3.90

VBDBGM

Inelastic Energy Absorption Factor for Out-of-Plane Shear
Out-of-plane shear is a brittle failure mechanism thus no inelastic energy absorption factor is
considered.

FuShear = 1 0

HCLPF Capacity for Case 6 Wall Panel
Use the horizontal PGA for the Wall Panel

HCLPFgpoar = Foshear Fuishear PGAR HCLPFgy .. = 3.57¢ > HLCPF for out-of-plane bending
of the wall panel

6.6.8 HCLPF Capacity Calculations for Out-of-Plane Failure Mechanisms of Walls - Summary
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HCLPF,,,, := min( HCLPFy; )

P

HCLPFy | = (4.05 4.12 3.46 2.16 233 2.62)¢

HCLPFOOp =2.16¢ HCLPF corresponding to Case 4 and an Fu = FH4 =225

e The minimum HCLPF capacity for out-of-plane failure mechanisms of the CRCF walls is 2.16g.

e The above listed HCLPF capacities are larger than the HCLPF capacity for the CRCF shear walls
(1.82g). Therefore, the in-plane shear HCLPF capacity of the CRCF controls over the out-of-plane
bending HCLPF capacity of the CRCF walls.
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6.7 SHEAR FRICTION EVALUATION

For the HCLPF capacity calculations for the CRCF shear walls, the in-plane shear capacity of
walls is determined by equations 6.2.1 to 6.2.6. However, shear friction is to be evaluated
"where it is appropriate to consider shear transfer across a given plane, such as: an existing or
potential crack, an interface between dissimilar materials, or an interface between two concretes
cast at different times" (ACI 349-01, Section 11.7.1 [Ref. 2.2.2]).

The last example in the above quotation, "interface between two concrete cast at different times"
is interpreted to apply to construction joints of shear wall structures. For the purpose of the
HCLPF capacity evaluations, the wall-basemat junction is evaluated for shear friction based on
the recommendations of EPRI 6041, Appendix L (Ref. 2.2.43). The shear friction HCLPF
capacity evaluation of only the wall-basemat junction at EL. 0'-0" is bounding because the other
elevations have the same wall thickness and same vertical reinforcement as EL. 0'-0" and the in-
plane shear demand at EL. 0'-0" is higher.

EPRI 6041, Appendix L (Ref. 2.2.43) states, in summary, that:

1. Sliding shear is not an issue if the diagonal shear capacity exceeds 7Vfc.
2. Sliding shear may occur if the applied shear is between 3Vf'c and 7Vf.

The Excel file “CRCF — Shear Friction.xls” included in Attachment E contains the evaluations
for shear friction of the stick elements terminating at EL. 0’-0”. Two checks are made:

1. The diagonal shear capacity of the segment is determined. If the diagonal shear capacity is
greater than 7Vf'c, then sliding shear will not occur.

2. If the diagonal shear capacity is less than 7Vfc, then the shear friction capacity of the wall is
determined per ACI 349-01 Section 11.7.4 (Ref. 2.2.2) and checked against the actual in-plane
shear demand on the wall. If the vertical reinforcement can transmit the in-plane shear demand
through shear friction, then the wall is adequate.

Column J in the Excel file “CRCF — Shear Friction.xls” included in Attachment E shows that
only 2 wall segments at EL. 0-0” (“2A.3” and “4A.2”) have diagonal shear capacities less than
7Nfc. Column O shows that the shear friction demand-to-capacity ratios for these walls are less
than 1.0. Therefore, sliding shear will not occur in the CRCF under the BDBGM seismic loads.

The data and calculations contained within the Excel file “CRCF — Shear Friction.xIs” in
Attachment E are shown in Table 6.7.1.
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Table 6.7.1 Shear Friction Evaluation Information

Excel Column* | Parameter Name | Description

B Stick ID Stick elements located at EL. 0’-0”

C Joint I Starting joint of the element located at EL. 0°-0"

D Agy vertical wall reinforcement (inz/ ft / face)

E ly length of wall segment (feet)

F thick wall thickness (feet)

G hw/lw Height-to-length ratio for stick element determined in
column T in sheet “Frag. Shear Calculation” in Excel
file “CRCF — Fragility — In-Plane Shear Wall.xls” in
Attachment E.

H Ve Nominal shear strength determined as the sum of
column U and Y for hw/lw <2.0 or column V and Z if
hw/lw > 2.0 in sheet “Frag. Shear Calculation” in Excel
file “CRCF — Fragility — In-Plane Shear Wall.xls” in
Attachment E.

J Greater than > If V¢ is greater than 7\f’c a value of 0 is entered. If Vc

TVfe is less than 7V ¢, a value of 1 is entered.

L VUgrpBGM In-plane shear due to the BDBGM seismic load
retrieved from column AF in sheet “Frag. Shear
Calculation” in Excel file “CRCF — Fragility — In-Plane
Shear Wall.xIs” in Attachment E.

M VnSF Nominal shear friction capacity determined as-
Min( 2As/fyp, 0.2f'cAc, 800Ac(lbs) ) (Eq. 11-25 &
Section 11.7.5 in Ref. 2.2.2)
where p=1.0

O Vugpeam/ VnSF If Ve < 7P ¢, then Column L divided by column M.

If Ve > 7Nf ¢, then no value is entered in this column

* Source - Sheet “Shear Friction” in file “CRCF — Shear Friction.xIs” included in Attachment E
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6.8 LIMIT STATE D HCLPF CAPACITY

Table 6.8.1 contains the minimum HCLPF capacities calculated for each failure mode of the
CRCF and the Limit State A Fpu factor associated with the HCLPF capacity. The Limit State D
HCLPF capacity for each failure mechanism is determined by dividing the HCLPF capacity by
the Limit State A Fu factor (i.e. the Limit State D Fu factor = 1.0).

It is recognized that the BDBGM seismic analysis in Ref. 2.2.5 used 10% structural damping
(Response Level 3 damping for reinforced concrete structures per Table 3-2 of ASCE 43-05
(Ref. 2.2.6)). Table 3-4 of Ref. 2.2.6 gives the maximum response level for damping for Limit
State D as Response Level 2, which, according to Table 3-2 of Ref. 2.2.6, would equate to 7%
structural damping for the CRCF BDBGM structural analysis. Section 7.1.5 of Ref. 2.2.47 states
that the soil damping for soil structure interaction mode shapes is 20%. Using the BDBGM
seismic analysis results of Ref. 2.2.5 with 10% structural damping for the Limit State D
evaluation, rather that 7%, will result in an insignificant underestimation of the structural
response under the BDBGM seismic loads because the energy dissipation of the soil-structure
system in Ref. 2.2.5 is dominated by the soil damping, rather than the structural damping.

Based on the results give in Table 6.8.1, the minimum HCLPF capacity for Limit State D is
0.88g.
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Table 6.8.1 Minimum HCLPF Capacities — Limit State A & D

: : Calculation Limit State A Limit State D
Failure Mechanism Section HCLPF
HCLPF Fu

In-Plane Shear of Shear

Walls* 6.2.6.2 1.75¢g 1.75 1.00g
0-0-P

Bending 3.35¢g 1.31 2.56g
I-P Bending 2.01g 2.25 0.89¢g
I-P Shear 2.30g 2.00 1.15¢

Bending
(Beam & 1.82¢g 2.06 0.88¢g

Girders)

Structural  ["Shear (Beam &
Stecl Gir( dors) 6.4.6 1.87¢g 1.00 1.87
Columns 2.08¢g 1.00 2.08¢g
Trusses 2.40¢g 2.06 1.17¢g
Axial Force in Combination
with In-Plane Bending of 6.5.1 See Section 6.5.1 for Limit State D Results**
Walls

O-O-P Bending of Walls 6.6.8 2.16g 2.25 0.96¢g

* The Limit State D HCLPF for in-plane shear of the shear walls is based on HCLPF capacity of the individual wall

elements and not the HCLPF capacity considering redistribution within a given wall.

** The HCLPF Capacity Evaluation for Axial Force in Combination with In-Plane Bending of Walls was performed
by factoring the BDBGM forces by a ratio of the minimum HCLPF capacity to the Limit State A Fu factor for the
shear walls. This ratio is the same if the Limit State D HCLPF capacity and the Limit State D Fu factor were used
to factor the BDBGM forces. Therefore, the results for this evaluation are the same for Limit State A and Limit

State D.
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6.9 CRCF MEAN FRAGILITY CURVES

The HCLPF capacity of the CRCF is 1.82g for Limit State A and 0.88g for Limit State D. Based
on equation 4-4 and equation 4-5 in Section 4.3 of this calculation and considering a composite
logarithmic standard deviation, 3, of 0.3, the mean fragility curve data for the Limit State A and
Limit State D are given in Table 6.9.1 and Table 6.9.2, respectively. Figure 6.9.1 and Figure
6.9.2 show the Limit State A and Limit State D mean fragility curves, respectively. The mean
fragility curves are in terms of the peak BDBGM horizontal ground acceleration.

The mean fragility curve given in Table 6.9.1 and Figure 6.9.1 should be used when the CRCF
structure is just short of collapse (i.e. excessive cracking in the shear walls is permitted). The
mean fragility curve given in Table 6.9.2 and Figure 6.9.2 should be used when essentially
elastic building response is required as discussed in Section 1 of this calculation.
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Probability of Failure

Figure 6.9.1 Mean Fragility Curve for CRCF at Limit State A
HCLPF =1.82g, 8 =0.3

100%

75% +

50%

25%

0%

2.00 3.00 4.00 5.00 6.00

7.00 8.00

0.00 1.00
Peak BDBGM Ground Acceleration (g)
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Table 6.9.1 Mean Fragility Curve for CRCF at Limit State A - Digitized Values
(HCLPF =1.82g, B = 0.3)

e . Peak Horizontal e . Peak Horizontal
Probabiltiy of Failure Ground Acceleration Probabiltiy of Failure Ground Acceleration
0.10% 1.45 50% 3.66
1% 1.82 51% 3.68
2% 1.97 52% 3.71
3% 2.08 53% 3.74
4% 2.16 54% 3.77
5% 2.23 55% 3.80
6% 2.29 56% 3.83
7% 2.35 57% 3.86
8% 2.40 58% 3.89
9% 2.45 59% 3.92
10% 2.49 60% 3.95
11% 2.53 61% 3.98
12% 2.57 62% 4.01
13% 2.61 63% 4.04
14% 2.64 64% 4.07
15% 2.68 65% 4.11
16% 2.71 66% 4.14
17% 2.75 67% 4.17
18% 2.78 68% 4.21
19% 2.81 69% 4.24
20% 2.84 70% 4.28
21% 2.87 71% 4.32
22% 2.90 72% 4.36
23% 2.93 73% 4.40
24% 2.96 74% 4.44
25% 2.99 75% 4.48
26% 3.02 76% 4.52
27% 3.04 77% 4.56
28% 3.07 78% 4.61
29% 3.10 79% 4.66
30% 3.12 80% 4.71
31% 3.15 81% 4.76
32% 3.18 82% 4.81
33% 3.20 83% 4.87
34% 3.23 84% 4.93
35% 3.26 85% 4.99
36% 3.28 86% 5.06
37% 3.31 87% 5.13
38% 3.34 88% 5.20
39% 3.36 89% 5.28
40% 3.39 90% 5.37
41% 3.42 91% 5.47
42% 3.44 92% 5.57
43% 3.47 93% 5.69
44% 3.50 94% 5.83
45% 3.52 95% 5.99
46% 3.55 96% 6.18
A47% 3.58 97% 6.43
48% 3.60 98% 6.77
49% 3.63 99% 7.35
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Probability of Failure

100%

Mean Fragility Curve for CRCF at Limit State D
HCLPF = 0.88g, p = 0.3
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Table 6.9.2 Mean Fragility Curve for CRCF at Limit State D - Digitized Values
(HCLPF = 0.88g, B = 0.3)

e . Peak Horizontal e . Peak Horizontal
Probabiltiy of Failure Ground Acceleration Probabiltiy of Failure Ground Acceleration
0.10% 0.70 50% 1.77
1% 0.88 51% 1.78
2% 0.95 52% 1.80
3% 1.01 53% 1.81
4% 1.05 54% 1.82
5% 1.08 55% 1.84
6% 1.11 56% 1.85
7% 1.14 57% 1.86
8% 1.16 58% 1.88
9% 1.18 59% 1.89
10% 1.20 60% 1.91
11% 1.22 61% 1.92
12% 1.24 62% 1.94
13% 1.26 63% 1.95
14% 1.28 64% 1.97
15% 1.30 65% 1.98
16% 1.31 66% 2.00
17% 1.33 67% 2.02
18% 1.34 68% 2.03
19% 1.36 69% 2.05
20% 1.37 70% 2.07
21% 1.39 71% 2.09
22% 1.40 72% 2.11
23% 1.42 73% 2.13
24% 1.43 74% 2.14
25% 1.44 75% 2.16
26% 1.46 76% 2.19
27% 1.47 77% 2.21
28% 1.48 78% 2.23
29% 1.50 79% 2.25
30% 1.51 80% 2.28
31% 1.52 81% 2.30
32% 1.54 82% 2.33
33% 1.55 83% 2.35
34% 1.56 84% 2.38
35% 1.58 85% 2.41
36% 1.59 86% 2.45
37% 1.60 87% 2.48
38% 1.61 88% 2.52
39% 1.63 89% 2.55
40% 1.64 90% 2.60
41% 1.65 91% 2.64
42% 1.66 92% 2.70
43% 1.68 93% 2.75
44% 1.69 94% 2.82
45% 1.70 95% 2.90
46% 1.72 96% 2.99
A47% 1.73 97% 3.11
48% 1.74 98% 3.27
49% 1.75 99% 3.55
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7.1

7.2

7 RESULTS AND CONCLUSIONS
RESULTS

Figure 6.9.1 and Table 6.9.1 give the mean fragility curve data for the CRCF that should
be used when the CRCEF structure is just short of collapse (i.e. excessive cracking in the

shear walls is permitted). This condition corresponds to Limit State A as defined in
ASCE 43-05 (Ref. 2.2.6).

Figure 6.9.2 and Table 6.9.2 give the mean fragility curve data for the CRCF that should
be used when essentially elastic building response is required (i.e. cracking in the shear
walls is limited). This condition corresponds to Limit State D as defined in ASCE 43-05
(Ref. 2.2.6).

The following changes to the CRCF structural layout shown in Ref. 2.2.7 to Ref. 2.2.26
are required if the mean seismic fragility curves described above are to be used in a
probabilistic seismic risk assessment of the CRCF.

18" roof slabs at EL. 32' between col. line 12-13/E-G and between col. line 1-2/E-G
e Chord Reinforcement
Provide 6 - #9 bars for N-S seismic excitation chord reinforcement
Provide 22 - #9 bars for E-W seismic excitation chord reinforcement

e Slab Reinforcement
Provide #7 @ 9" on centers, both ways, top and bottom

Structural Steel Columns

Size given in Size Required b . .
MARK | " %7538 | HCLPF Evaluation Grid Location
Cl W14x257 W14x398 D.3-2.5,D.7-2.5, G.3-2.5, G.7-2.5
C2 W14x145 W14x233 D.3-6.8, D.7-6.8, G.3-6.8, G.7-6.8
C3 W14x233 W14x370 D.3-10,D.7-10, G.3-10, G.7-10
C4 W14x311 W14x426 E.3-10, F-10, F.7-10
C5 W14x176 W14x257 D.3-11,D.7-11, G.3-11, G.7-11

Reinforcing around openings at EL. 0°-0”

For openings in the structural shear walls at EL. 0-0”, Figure 6.5.6 shows the detail
required to meet the HCLPF capacity requirements for in-plane bending and axial force
on the walls of the CRCF.

CONCLUSIONS

Based on the results of this calculation, the mean seismic fragility curves of the CRCF are
as discussed in Section 7.1. These seismic fragility curves are to be used in a seismic
probabilistic risk assessment of the CRCF.
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ATTACHMENT A: FLOOR PLAN AND WALL ELEVATIONS

Page No
Ground Floor Plan at EL. 0707 .....coiiiie ettt A-2
Elevation Along Column Line 1........ccoociiiiiiiiiiiiiiiieieeie ettt A-3
Elevation Along Column LINE 2 ........ccceeiiiuiiiiiiieiiieeciee ettt e e e e seaeeeeaeeeaaeesnaeees A-4
Elevation Along Column Line 3 ........cccooiiiiiiiiiiiiieeiieieee ettt A-5
Elevation Along Column LINE 4 .........c.ooiiiuiiiiiiieiiie ettt et e e e e saaeeesaeeenaeesnneees A-6
Elevation Along Column Line S........cccooiiieiiiiiiiiiieiiicieee ettt A-7
Elevation Along Column LINE 6 .........ceeeviuiiiiiieiiiiecciee et sve e e saaeeeereeeaaeesavee s A-8
Elevation Along Column Line 7........ccoeiiieiiiiiiieiieeii ettt ettt A-9
Elevation Along Column LN §.........c.cooeiiiiiiiiiiiie et A-10
Elevation Along Column Line 9..........ccooiiiiiiiiiiiiiiiii ettt A-11
Elevation Along Column Line 11 .......coooeiiiiiiiiiiiiiie et A-12
Elevation Along Column Line 12 ........ccccuiiiiiiiiiiiiiiiieeiiese ettt ens A-13
Elevation Along Column Line 13 .......c..oooiiiiiiiiiiiie et A-14
Elevation Along Column Line D .......c.ccooiiiiiiiiiiiiiiiiieiiee ettt A-15
Elevation Along Column Line E.........cccoooiiiiiiiiiiic et A-16
Elevation Along Column Line E.3........ccciiiiiiiiiiiiieieee ettt e A-17
Elevation Along Column Line F.........cccoooiiiiiiiiie et A-18
Elevation Along Column Line F.7.......ccccioiiiiiiiiiiiiieiiee ettt A-19
Elevation Along Column LiNe G. .......cceeeeiiiiiiiiiiiiie ettt e e s A-20
Elevation Along Column Line H. .......cociiiiiiiiiiiiicte e A-21
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(Source: Ref. 2.2.29 Table 7.1.1)

ATTACHMENT B: SHEAR WALL DESIGN SUMMARY TABLE

SHEAR WALL DESIGN SUMMARY

WALL | Segment Horizontal Vertical Shear on| In-Plane | Out-of- | Bending
Line Reinforcement Reinforcement Gross Shear: Plane + axial
Section: D/C Shear: Loads
D/C (MAX) D/C D/C
(MAX) (MAX) (MAX)
(Horizont (Vertical
al Reinforci
Reinforci ng)
ng)
1 1A.1
1A.2 1#11@ 12" E.F 1#11@ 12" E.F 0.34 0.23 0.12 0.49
1A.3
2 2A.1
2A2
2A.3
2A4
2A.5 1#11@ 12" E.F 1#11@ 12" E.F 0.59 0.66 0.14 0.68
2A.6
2A7
2B.1
2B.2
2B.3
2B.4
3 3A.1
3A.2
3A.3
3A4 1#11@ 12" E.F 1#11@ 12" E.F 0.58 0.64 0.14 0.43
3B.1
3B.2
3B.3
3B.4
4 4A.1
4A.2 1#11@ 12" E.F 1#11@ 12" E.F 0.27 0.3 0.14 0.68
4A.3
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SHEAR WALL DESIGN SUMMARY

WALL
Line

Segment

Horizontal
Reinforcement

Vertical
Reinforcement

Shear on
Gross
Section:
D/C
(MAX)

In-Plane
Shear:
D/C
(MAX)

(Horizont
al
Reinforci

ng)

Out-of-
Plane
Shear:
D/C
(MAX)

Bending
+ axial
Loads

D/IC
(MAX)

(Vertical
Reinforci

ng)

4B.1

5A.1

5A.2

5A.3

5A.4

5A.5

1#11@ 12" E.F

1#11@ 12" E.F

0.66

0.74

0.14

0.49

5A.6

5B.1

5B.2

5B.3

5B.4

6A.1

6A.2

6A.3

6A.4

6A.5

6A.6

6B.1

1#11@ 12"E.F

1#11@ 12"E.F

0.59

0.65

0.25

0.6

6B.2

6B.3

6B.4

6B.5

6B.6

6C.1

6C.2

7A.1

1#11@ 12"E.F

1#11@ 12"E.F

0.26

0.29

0.11

0.66

7A.2

8A.1

8A.2

8A.3

1#11@ 12"E.F

1#11@ 12"E.F

0.61

0.68

0.11

0.54

8A.4

8A.5

8A.6
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SHEAR WALL DESIGN SUMMARY

WALL
Line

Segment

Vertical
Reinforcement

Horizontal
Reinforcement

Shear on
Gross
Section:
D/C
(MAX)

In-Plane
Shear:
D/C
(MAX)

(Horizont
al
Reinforci

ng)

Out-of-
Plane
Shear:
D/C
(MAX)

Bending
+ axial
Loads

D/IC
(MAX)

(Vertical
Reinforci

ng)

9A.1

9A.2

9A.3

9A.4

9A.5

1#11@ 12" E.F 1#11@ 12" E.F

9A.6

0.65

0.72

0.25

0.54

9B.1

9B.2

9C.1

9C.2

11

11A1

11A.2

11A.3

1#11@ 12"E.F 1#11@ 12"E.F

0.63

0.42

0.12

0.33

11A.4

11A.5

12

12A1

12A.2

12A.3

1#11@ 12"E.F 1#11@ 12"E.F

0.64

0.72

0.17

0.5

12A.4

12A.5

12A.6

12B.1

12B.2

12B.3

12B.4

12CA1

13

13A.1

1#11@ 12"E.F 1#11@ 12"E.F

0.34

0.23

0.12

0.52

13A.2

1 # 1@ 12" EF|1 #
(Typical U.N.O)

M@ 12"
(Typical U.N.O)

E.F

0.57

0.63

0.16

0.64

D1.2
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SHEAR WALL DESIGN SUMMARY

WALL | Segment Horizontal Vertical Shear on| In-Plane | Out-of- | Bending
Line Reinforcement Reinforcement Gross Shear: Plane + axial
Section: D/C Shear: Loads
D/C (MAX) D/C D/C
(MAX) (MAX) (MAX)
(Horizont (Vertical
al Reinforci
Reinforci ng)
ng)
D1.3
D1.4
D1.5
D1.6 1#11@ 9"E.F 1#11@ 9"E.F Between
col. lines
6 and 9
only
D21
D2.2 1#11@ 9"E.F 1#11@ 9"E.F
D2.3
D2.4 1#11@ 9" E.F 1#11@ 9" E.F 0.45 0.41 0.34 0.83
D3.1 1#11@ 9"E.F 1#11@ 9"E.F
E E1.1
E1.2
E1.3
E1.4
E1.5
E1.6 1#11@ 12" E.F 1#11@ 12" E.F 0.47 0.52 0.27 0.64
E2.1
E2.2
E2.3
E2.4
E2.5
E3.1
E3.2
E3.3
E.3 E31.1 1#11@ 12" E.F 1#11@ 12" E.F 0.46 0.51 0.21 0.53
E31.2
F F1.1 1#11@ 12" E.F 1#11@ 12" E.F 0.45 0.5 0.11 0.52
F1.2
F.7 F7.1 1#11@ 12" E.F 1#11@ 12" E.F 0.46 0.51 0.11 0.53
F7.2
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SHEAR WALL DESIGN SUMMARY

WALL | Segment Horizontal Vertical Shear on| In-Plane | Out-of- | Bending
Line Reinforcement Reinforcement Gross Shear: Plane + axial
Section: D/C Shear: Loads
D/C (MAX) D/C D/C
(MAX) (MAX) (MAX)
(Horizont (Vertical
al Reinforci
Reinforci ng)
ng)
G G1.1
G1.2
G1.3
G14
G1.5
G1.7
G1.8
G2.1 1#11@ 12" E.F 1#11@ 12" E.F 0.49 0.59 0.29 0.77
G2.2
G2.3
G224
G2.5
G3.1
G3.2
G3.3
H H1.1 1 # 1@ 12" EF|1 # 11@ 12" E.F| 0.59 0.66 0.16 0.66
(Typical U.N.O) (Typical U.N.O)
H1.2
H1.3
H1.4
H1.5 1#11@ 9" E.F 1#11@ 9" E.F Between
col. Lines
6 and 9
only
H2.1
H2.2 1#11@ 9"E.F 1#11@ 9"E.F
H2.3 1#11@ 9" E.F 1#11@ 9" E.F 0.45 0.41 0.34 0.83
H3.1 1#11@ 9"E.F 1#11@ 9"E.F
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Attachment G: Structural Steel Framing Schematics
Figure G.1 Structural Steel Beam and Girder Cases at EL. 32'-0"
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Figure G.2 Structural Steel Beam and Girder Cases at EL. 64'-0"
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Figure G.3 Structural Steel Beam and Girder Cases at EL. 72'-0" and EL. 100'-0"
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Canister Receipt and Closure Facility (CRCF)
Seismic Fragility Evaluation Doc. ID: 060-SYC-CR00-01100-000-00A

Attachment H: Establishment of hw for In-Plane Shear HCLPF Capacity Evaluations

In order to calculate conservative in-plane shear HCLPF capacities, the wall segment height, hw, for
the CRCF stick elements is revised from the hw values given in Ref, 2.2.29. In this calculation, the
value of hw is determined by estimating the path of the diagonal shear crack that will develop in the
wall segment under in-plane loading. The value of hw is set equal to either the height of the
~opening on either side of a wall segment or the height of the wall between diaphragms. The former
hw value is used for short wall piers with openings on both sides of the pier, while the latter is used
for wall segments without openings or long wall piers. The following sketch illustrates typical hw
calculations for the conditions described above.
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Calculation/Analysis Change Notice 1.QA: QA
BSC 2.Page 1 of 1
Complete only applicable items.
3. Document Identifier: 4.Rev.: 5. CACN:
060-SYC-CR00-01100-000 00A 001

6. Title:
Canister Receipt and Closure Facility (CRCF) Seismic Fragility Evaluation

7. Reason for Change:

The design response spectra shown in Reference 2.2.31 has been qualified with a caveat that indicates points with a period of 3.33
second and above are plotted incorrectly. It has been determined that the highest period that can be qualified is at 2 seconds. This
caveat limits the data in DTN MO0706DSDR1E4A.001.
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8. Supersedes Change Notice: |:| Yes If, Yes, CACN No.: |Z| No
9. Change Impact:

Inputs Changed: Yes [INo Results Impacted: [ Yes X No
Assumptions Changed: []Yes No Design Impacted: [] ves X No

10. Description of Change:
Add to the end of Section 7.2 of the calculation:

MO0706DSDR1E4A.001 (Ref. 2.2.31) has been qualified with a caveat that deletes results for SSCs with frequencies below 0.5

hertz (above 2 second period).

The BDBGM seismic analysis results shown in Attachment C are taken from Ref 2.2.5 that has independently been verified as not
being affected by responses below 0.5 hertz. Therefore it can be concluded that this calculation is not affected by omitting all

responses above 2 seconds.
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