 SECTION 01 8734
SEISMIC QUALIFICATION OF NONSTRUCTURAL COMPONENTS (IBC)

*************************************************************************************************************

LANL MASTER SPECIFICATION
	New in this revision:  Updated for compliance with earthquake loads in ESM Ch. 5 Sect. II R11 (i.e., new accelerations for SDC D and new SDC C and its accelerations)


This section ensures normal-confidence nonstructural components, systems and equipment (“components”) will achieve the applicable seismic performance requirements.  

·     Prior to attempting to use this section, the specific seismic performance requirements must be obtained from the appropriate Project Record Document(s) (e.g., Design Basis Document, Requirements and Criteria Document, System Design Description, etc.). 
For ensuring “high-confidence components (i.e., SDC-3)” will achieve their seismic performance requirements, use Section 01 8712.

When 01 8734 is used, the Project drawings, Statement of Special Inspections (SSI), and component-specific section (e.g., 23 3101, 26 2213, etc.) shall clearly and consistently identify the specific components requiring qualification/certification, and the type of qual./cert. (i.e., ASCE 7 “special certification” and/or “manufacturer certification”).  In addition, the SSI shall include all related content and requirements such that it’s consistent and coordinated with the content of this section (01 8734).
This template must be edited for each project.  In doing so, specifier must add job-specific requirements.  Brackets are used in the text to indicate designer choices or locations where text must be supplied by the designer.  The specifications must also be edited to delete specification requirements for processes, items, or designs that are not included in the project -- and specifier’s notes such as these.  Additional tailoring requirements are contained in ESM Chapter 1 Section Z10 Att. F, Specifications.
To seek a variance from requirements in the specifications that are applicable, contact the Engineering Standards Manual (ESM) Structural POC.  
When assembling a specification package, include applicable specifications from all Divisions, especially Division 1, General requirements.
This Section was developed for ML-3 and ML-4 projects.  For ML-3 applications, additional requirements may be added if additional confidence is desired.  Section 01 8712, which is intended for ML‑1 and ML-2 installations, includes such content.  
The qualification methods included herein are analysis; the testing stipulated in ASCE 7 Chapter 13 paragraphs 13.2.2 (i.e., shake-table testing) and 13.2.5; and combinations of these that include, as applicable, supporting tests and supporting analyses. 
Although qualification using experience data isn’t covered herein, it is an acceptable method (if done per ASCE 7 para. 13.2.6).  Contact the ESM Structural POC for more information and details if use of the experience-data method is desired/required.  
For Projects using this section in existing facilities with “PC” NPH categorization, refer to cross-walk in ESM Ch. 5 Sect I para. 1.4.
This section is not applicable to components that are exempt from seismic design per ASCE 7 Ch. 13 para. 13.1.4, or to those that have Project-specific designs and documentation and don’t require Special Certification.
*************************************************************************************************************

PART 1 GENERAL
1.1 SECTION INCLUDES
*************************************************************************************************************
Edit the following Paragraph to specifically indicate what the Section includes.  For example, 
if qualification of SDC-1 and/or SDC-2 components isn’t applicable then delete the 1st subparagraph; if there’s just one “non-nuclear” component that must be qualified, and it’s located in an RC-IV building, then delete RCs I – III; etc.
*************************************************************************************************************
A. The minimum technical requirements for the seismic qualification of the following types of nonstructural systems, components and equipment (i.e., “components” hereafter):

1. Seismic design category 1 and 2 (i.e., SDC-1 and SDC-2) components, and their supports and attachments, inside or outside of Hazard Category 1 – 3 nuclear facilities. 
2. Components, and their supports and attachments, inside or outside of Risk Category I – IV buildings and nonbuilding structures.  
***********************************************************************************************************
Edit the following Article to include the component-specific sections (from the Project Spec) that pertain to components for which this section (01 8734) is required.  And, in turn, sections that appear below must reference this section.

***********************************************************************************************************

1.2 RELATED SECTIONS
A. [09 ____ ____________________]
B. [21 ____ ____________________]

C. [22 ____ ____________________]
D. [23 ____ ____________________]
E. [26 ____ ____________________]
F. [40 ____ ____________________]

G. [43 ____ ____________________]
H. [__ ____ ____________________]
1.3 DEFINITIONS (as used herein)
A. Active mechanical and electrical equipment:  Equipment that changes state; or has parts that rotate, move mechanically, or are energized during operation.  Examples of this type of equipment include pumps, compressors, certain operational valving, electric motors, motor control centers, transformers, switching equipment, UPS, etc.
B. Actual component response modification coefficient (Ra):  Reduced value of the component response modification factor.  This coefficient is an indicator of the seismic performance requirements for components that have a seismic design basis (SDB), which are referred to herein as “nuclear components.”
C. Attachment:  Connection of a component to its support(s) and/or the supporting structure.
D. Base:  The level at which the horizontal seismic ground motions are considered to be imparted to the structure.
***********************************************************************************************************
Do not delete the brackets at the end of the following “CoC definition.” 
***********************************************************************************************************
E. Certificate of Compliance:  See Section 01 4216, definition of certification document.  Lacking that Section: A certificate stating that materials and products meet the qualification requirements herein (in PART 2) and that the qualification was done in accordance with the qualification methods herein (in PART 3).[adapted from the International Building Code]
F. Components:  Nonstructural components, equipment, and systems that are permanently attached to structures.  These can be nuclear components, or “non-nuclear components (i.e., component that doesn’t have an SDB).”    
G. Component Importance Factor (Ip):  An indicator of the seismic performance requirements for components. 
· Ip = 1.0 for SDC-1 nuclear components, and for noncritical/unessential non-nuclear components.  
·  Ip = 1.5 for SDC-2 nuclear components, and for critical/essential non-nuclear components.
H. Designated Seismic System (DSS): Components that have/are assigned an Ip = 1.5.  
I. DSS other than special-certification (DOTS) components:  DSS that aren’t subject to the special-certification requirements of ASCE 7 (i.e., para. 13.2.2).  

J. Design earthquake ground motion/design basis earthquake (DBE):  See Design Response Spectrum.
K. Design Response Spectrum:  Per ASCE 7 paragraph 11.4.5 subject to the following amendments:

***********************************************************************************************************
Edit the following definitions such that the applicable values for the design spectral response acceleration parameters (i.e. SDS, & SD1) are indicated.  Per ESM Ch 5 Sect II para 1.6.A, the 
values in the 1st set of brackets are applicable to Seismic Design Category (SDC) D, and the values in the 2nd set of brackets are applicable to SDC C. 
***********************************************************************************************************
· SDS = [0.55 g] [0.49 g]

· SD1 = [0.44 g] [0.23 g]

· T0 = [0.12] [0.10] seconds
L. Limit state (LS):  An indicator of the seismic performance requirements for nuclear components (i.e., components with an SDB).  Specifically, the limit state represents the limiting acceptable condition of a component following the DBE; it ranges from “A” – non-functional/inoperable, but structurally stable (i.e., “position retention”) — through “D” – fully functional/operable.  
M. Noncritical components:  All (nuclear and non-nuclear) components that have/are assigned Ip = 1.0.
N. Nozzle loads:  The net forces and moments exerted on equipment nozzles by the connected piping and equipment.

O. Risk Category (RC):  A categorization of buildings and other structures used by the International Building Code (IBC) for determination of earthquake loads based on the risk associated with unacceptable performance.  It is an indicator of the seismic performance requirements for non-nuclear components (located in/on buildings).
P. Seismic design basis (SDB):  A categorization of components used by the Department of Energy (DOE) for determination of earthquake loads, and for stipulating seismic performance requirements, based on the risk associated with unacceptable performance.  An SDB consists of a Seismic Design Category (SDC) and an LS (e.g., SDC-1, LS A; SDC-2, LS C; etc.)
.
Q. Seismic Design Category (SDC):  
· DOE/Nuclear components: A function of the severity of adverse radiological and toxicological effects of the hazards that may result from the lack of adequate seismic performance. (i.e., SDC-1 or SDC-2 herein).
· IBC/Non-nuclear buildings/structures: A function of the building’s RC and the severity of the DBE at the site (i.e., SDC D or C herein). 

R. Seismic performance requirements:  
1. Position retention (i.e., component must remain where it was prior to DBE, and must be intact/must not collapse following DBE).
a. This performance requirement is applicable to noncritical components.

2. Position retention and functional/operable.
a. This performance requirement is applicable to DSS and to DOTS Components; however, the extent of functionality/operability varies.

1) DSS consisting of non-nuclear and SDC-2 LS D nuclear components:   “Functional/operable” means “no leaks/ spills (for components with hazardous substances
),” or “immediately and fully functional/operable (for all other components),” following the DBE.

*************************************************************************************************************In addition editing the bracketed content pertaining to the LS(s) in the following subparagraph, what is meant/required by “Functional/operable” for the applicable LS(s) must be indicated.  Specifically, the EOR must indicate the extent of functionality/operability.  This must also be indicated for PART 2 Qualification Requirements, Table 2.3

ANS 2.26 App. B includes the general intent of LSs B & C for specific types of components, which can be of assistance in trying to determine the specific extent of functionality/operability that must be indicated here (and in Table 2.3 subsequently).     

This author note applies to the “nuclear-component-portion” of the subsequent subparagraph on functional/operable for DOTS Components except the applicable table is PART 2 is Table 2.4. 
*************************************************************************************************************
2) DSS consisting of SDC-2 LS [B] [and] [C] nuclear components:  “Functional/operable” means [_____________________].
************************************************************************************************************ What is meant/required by “Functional/operable” for non-nuclear DOTS Components must be indicated in the following subparagraph, specifically, the EOR must indicate the extent of functionality/operability. This must also be indicated in PART 2 Qualification Requirements, Table 2.4.

Here are some examples of “the extremes” of functionality/operability for non-nuclear DOTS Components:

· Functionality/operability is solely component dependent:

· The parts and pieces of a fire protection sprinkler system (w/o active components) must function after DBE.  

· In this instance, since it’s implied by ASCE 7 para. 13.6.8.2 that such a system designed and constructed per NFPA 13 will be functional/operable, qualification by testing need only show/prove position retention. 

· Functionality/operability is component-dependent + other factors:

· The access floor in the main computer room of an emergency operation center must function after DBE, to include small enough deformations such that the people and the nonstructural components that rely on it for support or protection are also “functional/operable.”

·  The suspended ceiling in a room with highly-toxic materials mustn’t experience deformations that would permit a tile/panel to fall, or that would result in lack of functionality of, say, an HVAC system required to maintain a controlled climate that relies on the ceiling for support.

·  In these instances, qualification by analysis (i.e., design) or testing showing/ proving position retention + functional/operable might be necessary.
*************************************************************************************************************

3) DOTS Components consisting of non-nuclear and SDC-2 LS [B] [and] [C] nuclear components:  “Functional/ operable” means [_____________________]. 
*************************************************************************************************************
S. Special-certification components:  DSS that are subject to the special-certification requirements of ASCE 7 (i.e., para. 13.2.2).  These components are active mechanical or electrical equipment, and components with hazardous substances.
T. Support:  Any item in the load path in-between a component and the supporting structure.
U. Supporting structure:  Typically a building floor, roof, wall, etc.
1.4 ABBREVIATIONS, ACRONYMS, AND SYMBOLS.

	ai
	Acceleration at level i obtained from a modal analysis

	ap
	Component amplification factor

	Ax
	Torsional amplification factor

	CoC
	Certificate of compliance

	DBE 
	Design basis earthquake/design earthquake ground motion

	DOE      
	Department of Energy

	DOTS
	Designated seismic system other than special certification 
(i.e., DSS that doesn’t require special certification).

	DSS       
	Designated seismic system

	h            
	Average roof height of structure with respect to the base

	IBC       
	International Building Code

	Ip            
	Component importance factor

	LS         
	Limit state

	Ra          
	Actual component response modification coefficient

	RC        
	Risk category

	Rp          
	Component response modification factor

	SDB       
	Seismic design basis

	SDC      
	Seismic Design Category

	SDS        
	Design earthquake spectral response acceleration parameter at short period

	SD1            
	Design earthquake spectral response acceleration parameter at 1- second period

	T0               
	Period at which the peak of the Design Response Spectrum begins

	Wp         
	Component operating weight

	z            
	Height in structure of point of attachment of component with respect to the base (per ASCE 7)



1.5 REFERENCES
A. American Concrete Institute (ACI)

1. ACI 318 - Building Code Requirements for Structural Concrete

B. American Society of Civil Engineers (ASCE):

1. ASCE 7 – Minimum Design Loads for Buildings and Other Structures
C. Department of Energy (DOE):

1. DOE-STD-1020 – Natural Phenomena Hazards Analysis and Design

Criteria for DOE Facilities

D. Federal Emergency Management Agency (FEMA):
1. FEMA 461 – Interim Testing Protocols for Determining the Seismic Performance Characteristics of Structural and Nonstructural Components

E. 
International Code Council (ICC):
1. IBC – International Building Code

*************************************************************************************************************

As indicated in the following Para., the shake-table-testing herein is based on AC156.  There are two (2) instances in which an alternative basis is permitted:

1. The in-structure horizontal and vertical response spectra exist and a Project desires they be used for the “required response spectrum” for the horizontal and vertical axes, respectively.

2. The component(s) in question is beyond the scope of AC156.
If either instance applies, contact the ESM Structural POC to discuss, and agree on, an alternative to AC156 for accomplishing shake-table testing. *************************************************************************************************************
F. ICC-Evaluation Service (ICC-ES)

1. AC156 – Acceptance Criteria for Seismic Certification by Shake-Table Testing of Nonstructural Components

G. Institute of Electrical and Electronics Engineers, Inc.:
1. IEEE 344 – Standard for Seismic Qualification of Equipment for Nuclear Power Generating Stations        
1.6 INFORMATIONAL SUBMITTALS

************************************************************************************************************************

Edit the following Para. to complement edits made in the subsequent Article, ACTION SUBMITTALS. 

Since the intent of ASCE 7 13.2.1 & 13.2.2 is to allow flexibility in the performance of qualification, the paragraph should be retained “as is” under most circumstances.  
If paragraph isn’t retained as is then edit subsequent portions of Section accordingly.
If retained, coordinate paragraph with qualification requirements in Section 01 4000, Quality Requirements and as may be supplemented in "Quality Assurance" Article.  Professional engineer is defined in Section 01 4000.
************************************************************************************************************************
A. Qualification Data: For testing agency and professional engineer, as applicable.
*************************************************************************************************************
Retain the following Para. if the/a purpose of this Section is compliance w/ ASCE 7 Ch. 13 via Manufacturer’s Certification (i.e., Project-specific design and documentation won’t be prepared).  
If retained, edit Para. for project-specificity, including inserting the applicable component into the brackets.  Add Paras. if there is more than one type of component.
*************************************************************************************************************
B. Manufacturer Seismic Qualification Data: Documentation for [_____________], accessories, and subcomponents.

1. Basis for Certification: Indicate whether certification is based on actual test of assembled components, supports and attachments, or on calculation/analysis of them.

2. Dimensioned Outline Drawings of Component: Identify center of gravity and locate and describe mounting, supports and attachment provisions.
3. Specifications for, and drawings of, the component, supports and attachments as necessary to install component in a manner consistent with the certification shall be provided.
4. If anchorage to concrete applies to component attachment, provide detailed description of anchorage products/devices on which the certification is based and their installation requirements.
a. The description must clearly indicate how the use of the products will result in compliance with the anchorage requirements of ACI 318.
1.7 ACTION SUBMITTALS
A. In what follows, “seismically qualified” means the seismic performance requirement(s) indicated in PART 2 herein will be achieved.
B. Qualification Testing:  Documentation for a component(s) qualified by the qualification-testing method.
*************************************************************************************************************

Edit the following subparagraphs per the intended use of this Section.  

- 
Components for which Project-specific design and documentation won’t be prepared: 
·  Delete the brackets in the 2nd & 3rd lines of subparagraph 1, and delete subparagraph 2 

Only a CoC is required to be submitted per IBC para. 1705.13.2 & ASCE 7 para. 13.2.1.2 for such components (i.e., provided they aren’t special-certification components)*.  
* If/when a Project determines that, in addition to CoC, evidence demonstrating compliance is desired/necessary, ASCE 7 para. C13.2.1 includes some detail on such.  If this is applicable, edit subpara. 1 accordingly. 
- 
Special-certification components:

· Delete the content of the brackets in the 2nd & 3rd lines of subpara.1 (and the brackets), and retain subpara. 2.
IBC 1705.13.3 & ASCE 7 13.2.2 require submission of a CoC for such components, and   ASCE 7 para. 13.2.2 requires submission of “Evidence demonstrating compliance“ for them. 
In each subparagraph that’s retained, replace the empty brackets – [____] – with the specific applicable component(s), and edit the other brackets in line 1 as applicable. 
*************************************************************************************************************
1. CoC certifying that the [________] [is] [are] seismically qualified by qualification testing performed by [manufacturer and witnessed by a qualified testing agency, or performed by] a qualified testing agency.
2. Evidence Associated with CoC:

***********************************************************************************************************
Retain the following “Test-Report option” if qualification testing per ICC-ES AC156 is required.
  Ref. PART-3 Article, QUALIFICATION TESTS.
Retain the “SQR option” otherwise.
***********************************************************************************************************
a. [Test Report per ICC-ES AC156 Section 5.2, and including the content stipulated in the PART 3 Article herein, “LOADS ON SUPPORTING STRUCTURE.”
1) The appendix stipulated in ICC-ES AC156 paragraph 5.2.2.9 shall be provided with the Test Report.]
b. [Seismic Qualification Report (SQR) including all data, results and conclusions. The required content for the SQR is located in Attachment 1 herein. ]
*************************************************************************************************************

The following paragraph should be retained under most circumstances (i.e., unless it’s known that only qualification solely by testing will be necessary/applicable).

·  ASCE 7 13.2.2.1 doesn’t permit active equipment to be qualified by analysis; however, in all other instances, the intent of 13.2.1 & 13.2.2 is to allow flexibility in the performance of qualification.
If paragraph isn’t retained then edit subsequent portions of Section accordingly.
*************************************************************************************************************
C. Qualification Analysis:  Documentation for a component(s) qualified by the qualification-analysis method.
*************************************************************************************************************

Edit the following subparagraphs per the intended use of this Section.    

- Components for which Project-specific design and documentation won’t be prepared:   

· Delete the brackets in the 2nd line of subparagraph 1, and delete subparagraph 2 
- Special-certification components with hazardous substances that aren’t qualified by testing:
· Delete the content of the brackets in the 2nd line of subpara.1 (and the brackets), and retain subparagraph 2.
For more info. on these requirements and editing of them, see author note with previous Para.
*************************************************************************************************************
1. CoC certifying that the [________] [is] [are] seismically qualified by qualification analysis performed by [the manufacturer, or] a qualified professional engineer.
2. Evidence Associated with CoC:

a. Seismic Qualification Report (SQR) including all data, results and conclusions. The required content for the SQR is located in Attachment 1 herein.  
D. Combination of Qualification Methods:  Documentation for a component(s) qualified by a combination of qualification methods.
************************************************************************************************************

Edit the following subparagraphs per the intended use of this Section.    

- Components for which Project-specific design and documentation won’t be prepared:   

· Delete the brackets in the 2nd – 4th lines of subparagraph 1, and delete subparagraph 2 

- Special-certification components:

· Delete the content of the brackets in the 2nd – 4th lines of subparagraph 1 (and the brackets), and retain subparagraph 2.
For more information on these requirements and editing of them, see author note with “Qualification- Testing” paragraph. above.
************************************************************************************************************
1. CoC certifying that the [________] [is] [are] seismically qualified by a combination of qualification methods performed by [the manufacturer and witnessed by a qualified testing agency, or performed by] a qualified testing agency and[/or] a qualified professional engineer[, as applicable].
2. Evidence Associated with CoC:

***********************************************************************************************************

Retain the following “Test-Report option” if qualification testing per ICC-ES AC156 is required.
  Ref. PART 3 Article QUALIFICATION TESTS.
Retain the “SQR option” otherwise.
***********************************************************************************************************
a.  [Test Report per ICC-ES AC156 Section 5.2, and including the content stipulated in the PART 3 Article herein, “LOADS ON SUPPORTING STRUCTURE.”

1) The appendix stipulated in ICC-ES AC156 paragraph 5.2.2.9 shall be provided with the Test Report.]
b. [Seismic Qualification Report (SQR) including all data, results and conclusions. The required content for the SQR is located in Attachment 1 herein.]
*************************************************************************************************************


Although the “manufacturer’s-certification-portions” of the previous Articles on Informational and Action Submittals ensure ASCE 7 para.13.2.1 will be met, no evidence of compliance is required.  If such evidence is desired/necessary, an associated submittal(s) must be added in the appropriate location in Action Submittals.  Para. C13.2.1 includes details for both testing and analysis that can be used to edit these submittals (to include Attach. 1) accordingly. 

*************************************************************************************************************
1.8 QUALITY ASSURANCE
***********************************************************************************************************

NOTE: Delete the text in brackets in the following paragraph if qualification by testing is not applicable to Project.


***********************************************************************************************************
A. All work shall be performed per Project Specification Section 01 4000, Quality Requirements [, and ICC AC156 Section 5.1]. 
PART 2 
PRODUCTS
2.1 QUALIFICATION REQUIREMENTS
A.         Qualification shall be based on analysis or testing per ASCE 7 Chapter 13, or a combination of analysis and testing per subsequent portions of this Section.
B.         Qualification shall demonstrate that the component, and its support(s) and attachment(s), is capable of achieving the seismic performance requirement(s) indicated in the table(s) below. 
C.         The data/input necessary to perform the qualification is provided in the table(s) below.  
1. The DBE is represented by, and/or shall be derived from, this data/input per ASCE 7.
2.2 QUALIFICATION REquirements for noncritical components:
****************************************************************************************************

Edit the option in the following paragraph based on the number of tables necessary.  Each different type of component shall have its own table.  And the same applies if there are multiple components of the same type but with different performance requirements.

****************************************************************************************************
A. The qualification requirements for noncritical components are indicated in Table 2.2[a].

***********************************************************************************************************

The options for the value of Ra are based on DOE-STD-1020-2016.  Selection of the correct Ra value depends on the LS (from the SDB), the value of Rp (from ASCE 7 Ch. 13 Tables 13.5-1 and 13.6‑1), and the following:

·    For LS A, Ra = Rp.

·    For LS B, Ra = Rp/1.25; however, Ra > 1.2, which means Ra = 0.8Rp for Rp > 1.5.  

·   If/when Rp < 1.5, use Ra = 1.2 in lieu of 0.8Rp. 
·    For LS C, Ra = Rp/1.5; however, Ra > 1.2, which means Ra = 0.67Rp for Rp > 1.8.

·   If/when Rp < 1.8, use Ra = 1.2 in lieu of 0.67Rp.

·    For LS D, Ra = 1.2.

***********************************************************************************************************.
B. The horizontal component of seismic load acting on an SDC-1 component shall be determined based on Ra (from DOE-STD-1020) in lieu of Rp (from ASCE 7).
***********************************************************************************************************
Edit the following table(s) as needed/applicable.  
Edit the data in the middle columns (i.e., SDS –> IBC SDC) based on the project’s SDC:  Select 1st option if SDC D applies; select 2nd option if SDC C applies.

The data in the last two columns of the table are for determining Fp using the results of the modal analysis procedure with R = 1 (i.e., vs. using Eqn. 13.3-1).  If, for whatever reason, ai and Ax won’t be provided, these columns should be deleted.
***********************************************************************************************************

Table 2.2[.a]
	Noncritical Component and Purpose/Function:

	Seismic Performance Requirement:  Position retention following the DBE.

	Ip 
	h (feet)
	z (feet)
	ap
	LS
	 [Rp] [, Ra]
	SDS (g)
	SD1 (g)
	T0 (seconds)
	IBC SDC
	ai (g)
	Ax

	1.0
	
	
	
	
	
	[0.55] [0.49]
	[0.44] [0.23]
	[0.12] [0.10] 
	[D] [C]
	
	


[Table 2.2.b

	Noncritical Component and Purpose/Function:

	Seismic Performance Requirement:  Position retention following the DBE.

	Ip 
	h (feet)
	z (feet)
	ap
	LS
	 [Rp] [, Ra]
	SDS (g)
	SD1 (g)
	T0 (seconds)
	IBC SDC
	ai (g)
	Ax

	1.0
	
	
	
	
	
	[0.55] [0.49]
	[0.44] [0.23]
	[0.12] [0.10] 
	[D] [C]
	
	


 ]
2.3 QUALIFICATION REquirements for special-certification components
*************************************************************************************************************

Edit the option in the following paragraph based on the number of tables necessary.  Each different type of component shall have its own table.  And the same applies if there are multiple components of the same type but with different performance requirements.

*************************************************************************************************************
A. The qualification requirements for special-certification components are indicated in Table 2.3[a].
***********************************************************************************************************

The options for the value of Ra are based on DOE-STD-1020-2016.  Selection of the correct Ra value depends on the LS (from the SDB), the value of Rp (from ASCE 7 Ch. 13 Tables 13.5-1 & 13.6‑1), and the following:

·   There’s no such thing as LS A for SDC-2 components.

·   For LS B, Ra = Rp.
·   For LS C, Ra = Rp/1.2; however, Ra > 1.2, which means Ra = 0.833Rp for Rp > 1.5.  

·  If/when Rp < 1.5, use Ra = 1.2 in lieu of 0.833Rp. 

·   For LS D, Ra = 1.2.
This author note also applies to the “Ra subpara.” in the next Article (i.e., Qual. Reqmts. for DOTS Components).
***********************************************************************************************************
B. The horizontal component of seismic load acting on an SDC-2 component shall be determined based on Ra (from DOE-STD-1020) in lieu of Rp (from ASCE 7).
***********************************************************************************************************

Edit the following table as needed/applicable.
Per the author note in PART 1 associated with the DEFINITION of “Seismic performance requirements,” for nuclear special-certification components, what’s required by “functional/ operable” must be defined/explained (i.e., unless LS D applies). 

Edit the data in the middle columns (i.e., SDS –> IBC SDC) based on the project’s SDC:  Select 1st option if SDC D applies; select 2nd option if SDC C applies.

The data in the last two columns of the table are for determining Fp using the results of the modal analysis procedure with R = 0 (i.e., vs. using Eqn. 13.3-1).  If, for whatever reason, ai and Ax won’t be provided, these columns should be deleted.
***********************************************************************************************************.

Table 2.3[.a]

	DSS and Purpose/Function:

	Seismic Performance Requirement:  Position retention and functional/operable.

	Ip 
	h (feet)
	z (feet)
	ap
	LS
	 [Rp] [, Ra]
	SDS (g)
	SD1 (g)
	T0 (seconds)
	IBC SDC
	ai (g)
	Ax

	1.5
	
	
	
	
	
	[0.55] [0.49]
	[0.44] [0.23]
	[0.12] [0.10] 
	[D] [C]
	
	


[Table 2.3.b

	DSS and Purpose/Function:

	Seismic Performance Requirement:  Position retention and functional/operable.

	Ip 
	h (feet)
	z (feet)
	ap
	LS
	 [Rp] [, Ra]
	SDS (g)
	SD1 (g)
	T0 (seconds)
	IBC SDC
	ai (g)
	Ax

	1.5
	
	
	
	
	
	[0.55] [0.49]
	[0.44] [0.23]
	[0.12] [0.10] 
	[D] [C]
	
	


 ]

2.4    QUALIFICATION REQUIREMENTS FOR DOTS COMPONENTS
*************************************************************************************************************

Edit the option in the following paragraph based on the number of tables necessary.  Each different type of component shall have its own table.  And the same applies if there are multiple components of the same type but with different performance requirements.

*************************************************************************************************************

A.             The qualification requirements for DOTS Components are indicated in Table 2.4[a].
B.             The horizontal component of seismic load acting on an SDC-2 component shall be determined based on Ra (from DOE-STD-1020) in lieu of Rp (from ASCE 7).

*************************************************************************************************************

Edit the following table as needed/applicable.

Per the author notes in PART 1 associated with the DEFINITION of “Seismic performance requirements,” for non-nuclear and nuclear DOTS components, what’s required by “functional/ operable” must be defined/explained (i.e., for other than LS D components).  
Edit the data in the middle columns (i.e., SDS –> IBC SDC) based on the project’s SDC:  Select 1st option if SDC D applies; select 2nd option if SDC C applies.

The data in the last two columns of the table are for determining Fp using the results of the modal analysis procedure with R = 1 (i.e., vs. using Eqn. 13.3-1).  If, for whatever reason, ai and Ax won’t be provided, these columns should be deleted.
*************************************************************************************************************
]

Table 2.4[.a]

	DSS and Purpose/Function:

	Seismic Performance Requirement:  Position retention and functional/operable.

	Ip 
	h (feet)
	z (feet)
	ap
	LS
	 [Rp] [, Ra]
	SDS (g)
	SD1 (g)
	T0 (seconds)
	IBC SDC
	ai (g)
	Ax

	1.5
	
	
	
	
	
	[0.55] [0.49]
	[0.44] [0.23]
	[0.12] [0.10] 
	[D] [C]
	
	


[Table 2.4.b

	DSS and Purpose/Function:

	Seismic Performance Requirement:  Position retention and functional/operable.

	Ip 
	h (feet)
	z (feet)
	ap
	LS
	 [Rp] [, Ra]
	SDS (g)
	SD1 (g)
	T0 (seconds)
	IBC SDC
	ai (g)
	Ax

	1.5
	
	
	
	
	
	[0.55] [0.49]
	[0.44] [0.23]
	[0.12] [0.10] 
	[D] [C]
	
	


 ]

PART 3    EXECUTION

3.1 QUALIFICATION METHODS
A. The seismic qualification of a component, to include its support(s) and attachment(s), is achieved by demonstrating it’s capable of achieving its seismic performance requirement when subjected to the DBE. Regardless of the qualification program(s) chosen, the applicable seismic performance requirements are as stated in the applicable table in PART 2 (herein).  The Subcontractor responsible for this Section may select one of the following qualification methods:

1. Qualification testing.
2. Qualification analysis.

3. A combination of the aforementioned testing and analysis, for which there are two options:

a. Qualification testing supported by analysis (i.e., “supporting analysis”). 
b. Qualification analyses supported by testing (i.e., “supporting tests”). 
B. Qualification Testing.
1. The use of the qualification-testing method solely is appropriate when at least one of the following conditions apply:

a. The component is a noncritical component.

b. The component is a special-certification component.
 

c. The component is a DOTS component.

d. The structural configuration of the component is extremely complex and/or beyond the capability of mathematical modeling techniques.

e. The response of the component is expected to be significantly nonlinear.
C. Qualification Analysis.
1. The use of the qualification-analysis method solely is appropriate when at least one of the following conditions apply:
a. The component is a noncritical component.

b. The component is a special-certification component with hazardous substances. 

c. The component is a DOTS component.

d. The structural configuration of the component is simple and/or within the capability of mathematical modeling techniques.

e. The response of the component is expected to be linear or exhibit simple nonlinear behavior.

f. The effect of attached components and the superposition of load conditions are too complex for testing.
1. The use of the qualification-analysis method for active parts or energized components of special-certification components that are active mechanical and electrical equipment isn’t permitted.    
2. When the qualification-analysis method is used, any/all assumptions must be documented and justified.
D. Qualification testing supported by analysis 
1. This method should be considered only when it is known/suspected that qualification solely by testing, or solely by analysis, is inadequate.

2. The use of qualification testing supported by analysis is appropriate when at least one of the following conditions apply:
a. The component is a noncritical component.
b. The component is a special-certification component.

c. The component is a DOTS component.

d. The component is too large to be qualified by solely by shake-table testing, thereby requiring a subsystem approach.

3. Subsystems of large, complex components (e.g., very large chillers, skid-mounted equipment assemblies, etc.) can be qualified by testing individually, and the overall structural frame of the component can be evaluated by analysis.

a. This approach isn’t applicable if the influence of the frame on the input to the tested component(s)/subsystem(s) isn’t negligible or can’t be sufficiently accounted for.

1) Methods for ensuring frame input (that isn’t negligible) is accounted for include modifying the required response spectra, or ensuring the mounting on the shake table is realistic; however, it’s possible that neither of these will be sufficient (for the case in question). 
E. Qualification analysis supported by testing.
1. This method should be considered only when it is known/suspected that qualification solely by testing, or solely by analysis, is inadequate.
2. The use of qualification analysis supported by testing is appropriate when at least one of the following conditions apply:

a. The component is a noncritical component.

b. The component is a special-certification component.

c. The component is a DOTS component.
d. The component is a system comprised of components for which qualification by analysis is appropriate, and of “subcomponents” for which qualification by analysis is inappropriate.

1) Systems with components that contain hazardous materials (e.g., tanks, piping, vessels, etc.) can be qualified by analysis, and operational valving or other active equipment can be evaluated by testing.
3. Supporting tests may be used as follows:
a. To determine the deflection limits within which functionality/ operability is maintained (if not provided by the equipment manufacturer). 
b. To determine the dynamic parameters needed for constructing or verifying mathematical models.

c. To determine the assumptions to be used in the analysis.

d. To determine the amount of nonlinear response involved.

3.2 QUALIFICATION TESTING
*************************************************************************************************************

The next paragraph can be edited if qualification of active components isn’t applicable, or if an alternative to “AC156” has been agreed on.  Refer to the “AC156 author note” in PART 1 under REFERENCES. 
*************************************************************************************************************

A. Qualification testing of all components shall be per ASCE 7 paragraph 13.2.5 and the following:
1. Shake-table testing shall be done per ICC-ES AC156.
2. Shake-table testing is mandatory for active parts or energized subcomponents of the following components:
a. Special-certification components that are active mechanical or electrical equipment.

b. Special-certification components with hazardous substances
B. If the component being qualified is connected to other components (in service), the qualification shall provide the permissible forces (e.g., nozzle loads, etc.) and, as applicable, anticipated displacements of the component at the connection points to facilitate assessment for consequential damage, in accordance with ASCE 7 paragraph 13.2.3. 

3.3 QUALIFICATION ANALYSIS
*************************************************************************************************************

NOTE:  Unlike testing, ASCE 7 is silent regarding how analyses are to be done, what they have to be in accordance with, etc.  Therefore, it is reasonable to assume that any analysis technique/tool is fine as long as it’s consistent with conventional/accepted engineering practices, and its rigor is commensurate with the task at hand.  The 1st three paragraphs below are based on this assumption.
*************************************************************************************************************
A. Qualification analysis of noncritical and DOTS Components shall be, at a minimum, a linear, static, 2-D analysis, and shall include the demands stipulated in ASCE 7 Chapter 13.
B. Qualification analysis of special-certification components shall be of adequate rigor such that the seismic performance requirement (e.g., containment of contents following the DBE, etc.) is demonstrated/proven, and shall include the demands stipulated in ASCE 7 Chapter 13.
C. The mathematical model used in qualification analyses shall include the “in-service” connectivity (to other components), support and attachment as applicable, and nonlinear models shall be used for all elements not responding linearly to the DBE. 

D. One of the stipulated demands in ASCE 7 Chapter 13 is “service loads associated with the component.”  For use herein, the following “service loads” shall be included, or otherwise accounted for:

1. All loads resulting from the use of the component (e.g., operating loads for equipment, torque due to rotating parts, vibratory loads due to eccentricities, etc.), and from induced displacements by the supporting structure. 
E. Capacity.
1. The limiting strength(s) used in the analysis shall be per the IBC and the standards referenced therein.
2. The limiting deflection(s)/displacement(s) used in the analysis shall be those maximum deflections that won’t preclude the component from meeting its seismic performance requirement. 

a.  The use of deflection/displacement limits either provided by the component manufacturer or determined from supporting tests is acceptable.
F. Acceptability is based on the applicable demands (e.g., resultant stresses, deflections, etc.) not exceeding the associated capacities. 

1. Any deviation from this requirement shall be justified in terms of the component achieving its seismic performance requirement.
G. If the component being qualified can/will be connected to other components, the qualification shall provide the permissible forces (e.g., nozzle loads, etc.) and, as applicable, anticipated displacements of the component at the connection points to facilitate assessment for consequential damage, in accordance with ASCE 7 paragraph 13.2.3.
3.4 SUPPORTING ANALYSIS (FOR USE WITH QUALIFICATION TESTING)
A. Supporting analysis/analytical calculations may be used to develop data for use in qualification testing.
B. The results of qualification testing may be used in supporting analysis/analytical calculations to complete the qualification of the component.
C. Supporting analysis/analytical calculations shall comply with all portions of the aforementioned QUALIFICATION ANALYSIS as applicable. 
3.5 SUPPORTING TESTS (FOR USE WITH QUALIFICATION ANALYSIS) 
A. Supporting tests may be either static or dynamic in nature; however, static tests aren’t applicable to the active parts, or the energized subcomponents, of active components.

B. Static supporting tests are conducted by applying static forces on the equipment. Typical data obtained from these tests are as follows:
1. Static deflections and flexibility parameters that are needed for constructing a mathematical model.
2. Distortion in the equipment casing, due to nozzle loads, and the deformation limits within which the equipment would maintain its operability/functionality.
C. Dynamic supporting tests shall be conducted using a shake table.  Typical data obtained from dynamic supporting tests are as follows:
1. Dynamic characteristics of the equipment (natural frequencies, mode shapes and damping factors).
2. Cross-coupling effects, i.e., the response in any direction due to the excitation in any other direction (in situations where installing accelerometers in some locations is impractical, cross-coupling may be estimated based on the response of the available accelerometer locations).
3. The significance of the response of the equipment to vibratory motion to determine the necessity of combining equipment nozzle loads with other dynamic loads.
3.6 LOADS ON SUPPORTING STRUCTURE
A. All loads transmitted by the component to the supporting structure shall be provided.  The following loads, as applicable, shall be reported individually, and included in the determination of the transmitted loads: 
1. Dead load/operating weight.

2. Operational/service loads.

3. Nozzle loads.

4. Pressure and thermal loads.

5. Additional loads due to seismic excitations.

6. Any other loads that are required to be transmitted to the structure/ foundation during the DBE.

END OF SECTION [BODY; SEE ATTACHMENT]
***********************************************************
Do not delete the following reference information:

***********************************************************


THE FOLLOWING STATEMENT IS FOR LANL USE ONLY
This Project specification section is based on LANL Master Specification Section 01 8734 Rev. 1, April 29, 2021.
*************************************************************************************************************


If only Qualification Testing per ICC-ES AC156 is applicable, this Attachment is N/A.

If only Qualification Analysis is applicable, the testing-related portions of this attachment are N/A. Under all other circumstances, the entirety of this attachment is applicable and must be retained.
*************************************************************************************************************
ATTACHMENT 1
CONTENT FOR SEISMIC QUALIFICATION REPORTS
It is required that seismic qualification reports include the following as a minimum.
Title Page

The following information shall be shown on the title page:

A. Client.
B. Supplier and Component Name.
C. Specification Package Number/Identification.
D. Revision Number.
E. Date.
I - General

This section shall include a description of the component, its function and the method of qualification used to verify this function. In addition, the following information must be given:

A. Project and owner names.
B. Specification and purchase order numbers.
C. Component Name and Identification/number.
D. Organization(s) performing qualification programs.
II - Data and Assumptions

A. Testing Section: The following data shall be included:

1) Type of testing machine.

2) Loads considered and simulated during the test.

3) Methods used to simulate the supporting structure, details of the attachment to the supporting structure and/or testing machine.
4) Position and orientation of setting component (photographs are recommended).

5) Steps taken to monitor the function of component during the test and accelerometer locations and orientations (photographs are recommended).

6) 
Means of generating test response spectra (if applicable).
B. Analytical Section: The following data shall be presented:

1) Loads considered.
2) Damping values used in the analysis.
3) Codes and standards used as bases for the analysis.
4) Assumptions and engineering judgements made for idealizing boundary conditions, converting the load criteria to actual loads used for analyses/ calculations and converting the design criteria to actual stress, deformation and stability limits. Justification shall be provided for all assumptions and engineering judgements used.

5) A list of the computer programs and software revision numbers, to keep track of V&V, used in the analysis and the documentation which establish the validity of any computer program used, if not included in the public domain.
III - Qualification Procedure

A. Testing Section: State type of test, wave form, frequency intervals and range, acceleration levels, axes of excitation, phase between inputs monitoring set-up and any other data to completely describe the input motion and show it is applied.
B. Analytical Section: State the method used in the analysis, mathematical equations and their derivation from basic principles including appropriate references.
IV - Results

A. Testing Section: This section shall include the measurements obtained from the test and         their interpretations. Findings and observations from monitoring the function of the         component and/or inspection shall be presented. All results shall be presented in either numerical or graphical form.
B. Analytical Section: Show actual design calculations and sketches for the mathematical         models, including numbering used for the node points and numbers. If possible, show         loads, resultant forces, moments, stresses and deformations on the mathematical model of the component.
V – Supporting-Structure Loads

The loads transmitted by the component to the supporting structure, calculated in the previous section, shall be presented in this section.
VI - Conclusions

Give a brief summary of the results obtained from the qualification program. A concise statement of the conclusion reached, which should satisfy the qualification requirements, shall be stated in this section.
VII – Drawings and Specifications
A. Submit dimensioned outline drawings of component. Identify center of gravity and locate and describe mounting and attachment provisions.
B. Submit drawings of, and specifications for, the component, supports and attachments as necessary to install component in a manner consistent with the certification shall be provided.
C. If anchorage to concrete applies to component attachment, provide detailed description of anchorage products/devices on which the certification is based and their installation requirements.
1) Description must clearly indicate how the use of the products will result in compliance with the anchorage requirements of ACI 318.
END OF SECTION/ATTACHMENT
�For more detail on this (e.g., SDC, LS, SDC-1, etc.), refer to DOE�STD�1020 (paragraphs 2.3–2.4 and 3.1 in 2016 edition).


� The term “with” used in the context of “components with hazardous substances” shall be understood to include “convey, support or otherwise contain” as applicable.


� Per ICC-ES AC156, z = Height of structure with respect to grade, at point of attachment of the component.


� Shake-table testing is required by ASCE 7 for the qualification of active parts or energized components of special-certification components that are active mechanical and electrical equipment  
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