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ANCHORING COMPONENTS AND STRUCTURAL
SUPPORTS IN CONCRETE

A. INTRODUCTION

Purpose

This regulatory guide (RG) describes a method acceptable to the staff of the U.S. Nuclear
Regulatory Commission (NRC) for compliance with NRC regulations for the design, installation, testing,
evaluation, and quality assurance (QA) of anchors (steel embedments) used for component and structural
supports in concrete.

Applicability

This RG applies to applicants and licensees subject to Title 10 of the Code of Federal Regulations
(10 CFR) Part 50, “Domestic Licensing of Production and Utilization Facilities” (Ref. 1), and
10 CFR Part 52, “Licenses, Certifications, and Approvals for Nuclear Power Plants” (Ref. 2).

Applicable Regulations

. 10 CFR Part 50, Appendix A “General Design Criteria for Nuclear Power Plants,” establishes
design, fabrication, construction, testing, and performance requirements for structures, systems,
and components (SSCs) important to safety through general design criteria (GDC). GDC
applicable to this RG include the following:

o GDC 1, “Quality standards and records,” requires, in part, that SSCs important to safety
shall be designed, fabricated, erected, and tested to quality standards commensurate with
the importance of the safety functions to be performed. Where generally recognized
codes and standards are used, they shall be identified and evaluated to determine
applicability, adequacy, and sufficiency and shall be supplemented or modified as
necessary to assure a quality product in keeping with the required safety function.

o GDC 2, “Design bases for protection against natural phenomena,” requires, in part, that
SSCs important to safety shall be designed to withstand the effects of natural phenomena
without loss of capability to perform their safety functions, reflecting the appropriate
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combinations of the effects of normal and accident conditions with the effects of the
natural phenomena.

o GDC 4, “Environmental and dynamic effects design bases,” requires, in part, that SSCs
important to safety shall be designed to accommaodate the effects of and to be compatible
with the environmental conditions associated with normal operation, maintenance,
testing, and postulated accidents.

. 10 CFR Part 50, Appendix B, “Quality Assurance Criteria for Nuclear Power Plants and Fuel
Reprocessing Plants,” provides overall QA requirements for safety-related SSCs.

. 10 CFR Part 50, Appendix S, “Earthquake Engineering Criteria for Nuclear Power Plants,”
provides, in part, criteria for the implementation of GDC 2 with respect to earthquakes.

Related Guidance

. RG 1.28, “Quality Assurance Program Criteria (Design and Construction)” (Ref. 3), describes

methods the NRC staff considers acceptable for complying with the provisions of 10 CFR Part 50
and 10 CFR Part 52, which refer to 10 CFR Part 50, Appendix B, for establishing and
implementing a QA program for the design and construction of nuclear power plants and fuel
reprocessing plants.

. RG 1.142, “Safety-Related Concrete Structures for Nuclear Power Plants (Other than Reactor
Vessels and Containments)” (Ref. 4), provides guidance for the analysis, design, construction,
testing, and evaluation of safety related nuclear concrete structures, excluding concrete reactor
vessels and concrete containments.

Purpose of Regulatory Guides

The NRC issues RGs to describe to the public methods that the staff considers acceptable for use
in implementing specific parts of the agency’s regulations, to explain techniques that the staff uses in
evaluating specific problems or postulated events, and to provide guidance to applicants. Regulatory
guides are not substitutes for regulations and compliance with them is not required. Methods and
solutions that differ from those set forth in RGs will be deemed acceptable if they provide a basis for the
findings required for the issuance or continuance of a permit or license by the Commission.

Paperwork Reduction Act

This RG provides guidance for implementing the mandatory information collections in
10 CFR Parts 50 and 52 that are subject to the Paperwork Reduction Act of 1995
(44 U.S.C. 3501 et. seq.). These information collections were approved by the Office of Management and
Budget (OMB), under control numbers 3150-0011 and 3150-0151. Send comments regarding this
information collection to the Information Services Branch (T6-A10M), U.S. Nuclear Regulatory
Commission, Washington, DC 20555-0001, or by e-mail to Infocollects.Resource@nrc.gov, and to the
OMB reviewer at: OMB Office of Information and Regulatory Affairs (3150-0011, 3150-0151, 3150-
0009 and 3150-0132), Attn: Desk Officer for the Nuclear Regulatory Commission, 725 17th Street, NW
Washington, DC 20503; e- mail: oira_submission@omb.eop.gov.
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Public Protection Notification
The NRC may not conduct or sponsor, and a person is not required to respond to, a collection of

information unless the document requesting or requiring the collection displays a currently valid OMB
control number.
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B. DISCUSSION

Reason for Revision

This revision of RG 1.199 (Revision 1) addresses changes in the codes and standards endorsed by
Revision 0 of the guide. The revised codes and standards endorsed by Revision 1 include (1) American
Concrete Institute (ACI) 349-13, “Code Requirements for Nuclear Safety-Related Concrete Structures
and Commentary,” Appendix D, “Anchoring to Concrete” (Ref. 5), (2) ACI 355.2-07, “Qualification of
Post-Installed Mechanical Anchors in Concrete and Commentary” (Ref. 6), and (3) American Society for
Testing and Materials (ASTM) E488/E488M-15, “Standard Test Methods for Strength of Anchors in
Concrete Elements” (Ref. 7). Table 1 summarizes the changes to these codes and standards.

Table 1 Summary of Changes in Codes and Standards

ACI 349-13, Appendix D Replaces Appendix B to ACI 349-01 (Ref. 8)
ACI 355.2-07 Replaces ACI 355.2-01 (Ref. 9)
ASTM E488/E488M-15 Replaces ASTM EA488-96 (Ref. 10)

Harmonization with International Standards

The NRC staff considered guidance from the International Atomic Energy Agency and
International Organization for Standardization and did not identify any additional guidance applicable to
this RG.

Documents Discussed in Staff Regulatory Guidance

This RG endorses the use of one or more codes or standards developed by external organizations,
and other third-party guidance documents. These codes, standards and third-party guidance documents
may contain references to other codes, standards or third-party guidance documents (“secondary
references”). If a secondary reference has itself been incorporated by reference into NRC regulations as a
requirement, then licensees and applicants must comply with that standard as set forth in the regulation. If
the secondary reference has been endorsed in a RG as an acceptable approach for meeting an NRC
requirement, then the standard constitutes a method acceptable to the NRC staff for meeting that
regulatory requirement as described in the specific RG. If the secondary reference has neither been
incorporated by reference into NRC regulations nor endorsed in a RG, then the secondary reference is
neither a legally-binding requirement nor a “generic” NRC approved acceptable approach for meeting an
NRC requirement. However, licensees and applicants may consider and use the information in the
secondary reference, if appropriately justified, consistent with current regulatory practice, and consistent
with applicable NRC requirements.
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C. STAFF REGULATORY GUIDANCE

This guide endorses the procedures and standards of ACI 349-13, Appendix D, ACI 355.2-07,
and ASTM E488/E488M-15 for the design, installation, testing, evaluation, and QA of anchors (steel
embedments) used for component and structural supports in concrete, subject to the exceptions and
clarifications discussed in the regulatory guidance positions below.

The guidance is applicable to the types of anchors discussed in Sections D.1, “Definitions,” and
D.2, “Scope,” of Appendix D to ACI 349-13. Adhesive anchors, deformed wire (bar) anchors and hooked
bolts (J- or L-bolt) are not within the scope of this RG.

1. Application of Appendix D to ACI 349-13
1.1 Testing and Materials

1.1.1  In addition to the provisions in Section D.3.3 of Appendix D, the NRC staff
considers the testing recommendations defined in ASTM E488/E488M-15 to be
acceptable as a guide for establishing a testing program. Test methods not
covered by ASTM E488/E488M-15 should be established using good
engineering judgment. ACI 355.2-07 provides guidance acceptable to the NRC
staff for determining whether post-installed mechanical anchors are acceptable. A
representative number of anchors should be tested under the applicable
environmental conditions for qualification purposes.

1.1.2  The concrete constituents, anchors, and embedded materials should be
compatible with the anticipated environmental conditions to which they will be
subjected during the life of the plant.

1.1.3  The effects of stress corrosion-cracking of high-strength anchor bolts (actual
measured yield strength greater than or equal to 150 ksi) should be considered
when selecting bolting material, lubricants, and installation specifications in
order to maintain structural bolting integrity (Ref. 11).

1.2 Loads and Load Combinations

The loads and load combinations provided in Regulatory Positions 5 and 6 of RG 1.142 should be
used. Loads and forces on embedments should be evaluated to account for baseplate flexibility
and eccentricity of connections and the dynamic (strain rate and low-cycle fatigue) effects of
loads and forces.

1.3 Design requirements

Design requirements should follow the provisions in Sections D.3—D.11 of ACI 349-13, with load
factors and strength reduction factors consistent with the loads and load combinations in
Regulatory Position C.1.2.

1.4 Installation

In addition to the provision in Section D.9 of ACI 349-13, “Installation of Anchors,” the
following should be considered in the installation of anchor bolts:
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a. Installers should have the training and qualifications specified by the licensed
design professional and anchor manufacturer.

b. Installation standards are consistent with accepted industry-specified tolerances.
C. Proper anchor type, grade, and material are used.

d. Embedment depth is proper.

e. Edge distance and spacing of anchors are to specified values.
f. Anchor is threaded properly.

g. Plate thickness meets specified size and thickness values.

h. Plate bolt-hole size is within established limits.

1. Correct bolt diameter and length are used.

J- Concrete has the specified full design strength.

k. Concrete is sound (free of voids).

1. Grout has been mixed and installed to specifications.

The following additional checks specifically for the installation of post-installed anchors should
be considered:

a. Location of anchors avoids conflicts with existing embedments such as
reinforcing steel.

b. Hole diameter in concrete is correct.
c. Drill hole angularity in concrete is within established limits.
d. Bolt hole has been cleared of drill dust.
e. Anchor has been correctly preloaded.
2. Inspection

Licensees and applicants should use their construction inspectors with the training and
qualifications specified by the licensed design professional and anchor manufacturer. All anchors should
be inspected to verify that they are of the specified size and type. Anchor systems that are external (that
part or portion of the anchor that is not embedded in the concrete-visible part) to the concrete surface
should be inspected to assure adequate performance during the life of the structure. In addition to the
provisions in Section D.9.2 of Appendix D to ACI 349-13, the following 6-step inspection program
should be used to verify the proper installation of post-installed anchors:

2.1 Are the nut and anchor bolt tight? This step will detect certain types of installation
defects: oversized holes, total lack of preload, loose nuts, damaged subsurface concrete,
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and missing plug (for shell type). To implement this step, it is necessary to place a
calibrated device on the bolt head or nut and to apply a torque. A well-installed bolt
should not rotate under the torque applied equal to about 20 percent of the normal
installation torque.

2.2 Are there washers between the equipment base and the anchor bolt nut or bolt head? All
bolts should have washers. Oversize washers should be used for thin equipment bases.
Lock washers should be used where even low-level vibration exists.

2.3 Is the bolt spacing in accordance with the anchorage design?

24 Is the distance between the bolt and any free concrete surface in accordance with the
anchorage design (edge condition)?

2.5 Is the concrete sound and uncracked? This inspection element will detect gross defects in
the concrete that could affect the holding power of expansion anchor bolts. Hairline
shrinkage cracks in the vicinity of an expansion bolt are not a matter of concern as long
as the design strength is based on cracked concrete. If cracks in the vicinity exceed about
0.01 inch (0.3 millimeter), the design strength should be appropriately reduced.

2.6 Is there a significant gap between the equipment base and the concrete surface? This
inspection element will identify situations in which the equipment base is raised. This
detail causes concern because shear forces result in flexural stresses in the anchor bolt. A
gap of less than about 0.25 inch is not significant and should be ignored, except, for
equipment that contains essential relays (a relay whose function is essential to plant
safety in an earthquake), there should be no gap between the base of the equipment and
the surface of the concrete at the bolt or anchor location. Anchorages with gaps larger
than about 0.25 inch should be evaluated in more detail.

For maximum assurance, all six of these steps should be performed for all bolts. However,
adequate assurance can be achieved by a less extensive inspection program. Inspection steps 2.2 through
2.6, which are simple and mainly visual, should be applied to each bolt together with a sampling approach
for the tightness check in step 2.1. Appendix A to this guide provides a sampling program for expansion
anchor bolts.

3. Quality Assurance

The methods for design and construction QA found in RG 1.28, “Quality Assurance Program
Criteria,” should be used.

4, Anchorage to Masonry

Anchorage to masonry structures and components is outside the scope of ACI 349-13. Anchors
discussed in this guide should not be used to attach seismic Category I components or systems to concrete
block (masonry) walls that are seismically qualified, except for extremely low-load applications. When it
is impossible to avoid their application, users should verify through appropriate means (e.g., pull test) that
the supports are structurally acceptable.
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D. IMPLEMENTATION

The NRC staff may use this regulatory guide as a reference in its regulatory processes, such as
licensing, inspection, or enforcement. However, the NRC staff does not intend to use the guidance in this
regulatory guide to support NRC staff actions in a manner that would constitute backfitting as that term is
defined in 10 CFR 50.109, “Backfitting,” and as described in NRC Management Directive 8.4,
“Management of Backfitting, Forward Fitting, Issue Finality, and Information Requests” (Ref. 12), nor
does the NRC staff intend to use the guidance to affect the issue finality of an approval under 10 CFR Part
52, “Licenses, Certifications, and Approvals for Nuclear Power Plants.” The staff also does not intend to
use the guidance to support NRC staff actions in a manner that constitutes forward fitting as that term is
defined and described in Management Directive 8.4. If a licensee believes that the NRC is using this
regulatory guide in a manner inconsistent with the discussion in this Implementation section, then the
licensee may file a backfitting or forward fitting appeal with the NRC in accordance with the process in
Management Directive 8.4.
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APPENDIX A

Sampling Program for Anchor Bolts
Perform inspection step 2.1 in Regulatory Position 2 on at least 25 percent of the bolts in every
equipment anchorage. If the selected bolts do not pass the inspection, perform step 2.1 on all bolts in the
anchorage.
OR
Perform inspection step 2.1 on a randomly selected statistical sample of bolts: The'size of the

sample and the number of nonconformances should be such that there is a 95-percent confidence of no
more than 5 percent nonconforming bolts. This can be determined as follows:

_ 1/2 - 1/2
P <R(1 R)) (N n)
n

N-—-1
Where:

R’ = Upper limit of the true defect rate at a specified confidence level
(R" = 0.05 in this application)

R = Defect rate observed in.sample

Z = Confidence coefficient for a normally distributed statistical model of test data
(For.a 95% confidence level, Z=1.65)

n = Test sample size
N = Total population from which test sample was selected.

Table A-1 gives.the allowable number of nonconforming bolts as a function of the population
size N and the test.sample size n'.

When ' the failure rate for this check exceeds the limitations corresponding to 95-percent
confidence of no more than 5 percent nonconforming bolts, the installation procedure should be
considered to be unacceptable.

1 This sampling program adopts the essential features of the sampling program in NRC IE Bulletin 79-02, “Pipe Support
Base Plate Designs Using Concrete Expansion Bolts,” Revision 2, dated November 8, 1979 (Ref. A.1), which was
adapted from Electric Power Research Institute (EPRI)-NP-5228, “Seismic Verification of Nuclear Power Plant
Equipment Anchorage,” issued May 1987 (Ref. A.2).
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Table A-1. Allowable Number of Nonconforming Anchors (R X n)

Total Test Sample Size (n)
Population
Size (N) 40 60 80 100 | 150 | 200 | 250 | 300 | 350 | 400 | 450 | S00
100 1 2 3 5
200 1 1 2 3 6 10
300 1 1 2 3 5 7 10 15
400 1 1 2 3 5 7 9 12 15 20
500 1 1 2 3 5 7 9 12 14 17 20 25
600 1 1 2 3 5 7 9 11 14 16 19 22
700 1 1 2 3 4 7 9 11 13 16 18 21
800 1 1 2 3 4 6 9 11 13 16 18 21
900 1 1 2 3 4 6 8 11 13 15 18 20
1000 1 1 2 3 4 6 8 11 13 15 17 20
REFERENCES
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