



SECTION 05 0521
POST-INSTALLED CONCRETE ANCHORS – HIGH CONFIDENCE

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

LANL MASTER SPECIFICATION
Document online at http://engstandards.lanl.gov

This section supersedes LMS 03 0512.  It includes purchase, field installation, inspection, and testing requirements for high-confidence post-installed (PI) anchors. 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 specifiers notes such as these.  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.

The specification was prepared by an organization operating under a quality assurance program that meets the requirements of DOE Order 414.1 and 10 CFR 830 (suitable for ML-1 through ML-4 projects).  If the application is ML-3 or ML-4, Section 05 0520 should be used since it is simpler and will be less costly; however, this section may be used for ML-3 with modifications when higher confidence is desired.
Implementation of this specification requires modification to the specification to meet project-specific requirements.  Responsibility for application of this specification to meet project-specific requirements lies with the organization modifying or implementing the specification. When this specification is used with nuclear facilities subject to 10 CFR 830, modification to this specification must be performed by an individual or organization operating under a quality assurance program that meets the requirements of that CFR and receive independent technical and QA reviews.
At the time of publication, the only PI anchor approved for use for LANL PC-3 applications was the Drillco Maxi-Bolt; therefore, this specification is tailored for use in applications involving the Maxi-Bolt.  Given this, and the fact that several aspects of Maxi-Bolt installation are unique to this anchor, users of this specification must be mindful of the following cautions.

A) Use of this specification for ML-1 and ML-2 applications using a PI anchor other than the Maxi-Bolt will require significant editing.  For grouted embedments, refer to ACI 349, Sect. D.12 for testing requirements, and for specification requirements.

B) Specification 05 0520 should be used for all ML-3 and ML-4 applications.

C) Use of specification 05 0520 with the Maxi-Bolt will require significant editing.
*************************************************************************************************************

PART 1 GENERAL
1.1 SUMMARY

A. Section Includes
The technical requirements for purchasing, installing, and testing post-installed concrete anchors for Management Level (ML) -1 and ML-2 applications at LANL.

This section applies to undercut mechanical anchors. Definitions for undercut anchors per ACI 355.2 apply. All notations are identical to those used in ACI 349 Appendix D.  Where additional terms or notations are used, their definitions are included in this text.
1. Does not cover design of post-installed anchorage.
2. Does not apply to cast-in-place anchors. 
3. Does not apply to post-installed anchors for ML-3/4 applications 
4. Does not cover purchase of tools or equipment required for installation or testing.

1.2 RELATED SECTIONS
A. 01 4000  Quality Requirements

B. [05 0520  Post-Installed Concrete and Grouted-Masonry Anchors– Normal Confidence]

C. [03 6000  Grout]

D. [05 1000  Structural Metal Framing:  Baseplates, bearing plates, leveling plates.]

1.3 REFERENCES
ACI 355.2
Qualification of Post-Installed Mechanical Anchors in Concrete
ACI 349, App. D

Code Requirements for Nuclear Safety Related Concrete Structures
ASTM A 36

Standard Specification for Carbon Steel
ASTM A 193

Standard Specification for Alloy-Steel Bolting Materials for High-


Temperature or High Pressure Service and Other Special Purpose Applications
ASTM C 1107

Standard Specification for Packaged Dry, Hydraulic-Cement Grout 

(Nonshrink) 
ASTM E 488
Standard Test Methods for Strength of Anchors in Concrete and Masonry Elements
ASTM F 436
Standard Specification for hardened Steel Washers

ASTM B 633
Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel

ASME NQA-1
Quality Assurance Requirements for Nuclear Facility Applications, American Society of Mechanical Engineers

1.4 ACTION SUBMITTALS
***********************************************************************************************************
Note:  Subparagraph A should be deleted if the Drillco Maxi-Bolt is used.  If a different undercut anchor is used then A might be required; check with ESM POC.  Finally, ACI 349 and 355.2 are not applicable to adhesive anchors.
***********************************************************************************************************
[A.
Verification Documents for Purchase
The following verification documentation shall be submitted by the Supplier for any anchors besides those listing in Part 2:

1. Supplier shall submit an inspection plan that meets Para 2.2.A for LANL’s review.

2. Quality Assurance Program that meets basic requirements 1-18 of NQA-1-2008 with 2009 addenda.
3. Material Test Reports (MTRs) with traceability to purchase order and material for all supplied materials.

4. Submit qualification test reports and data from anchor load testing that meets the requirements of ACI 349, Appendix D, Section D.3.3.  Testing in accordance with ACI 355.2 is acceptable provided that the tests, and test results*, meet the requirements of ACI 349, Appendix D.  See Appendix A of this Section for a typical anchor testing plan.  Testing to standards other than ACI 355.2 will be considered, provided the testing meets ACI 349, Appendix D.
* Tests must result in the following anchor classification:  Category I for use in cracked concrete.
5. Submit technical documentation of the product, including, but not limited to: anchor design strength in shear and tension, minimum spacing and edge distances, anchor dimensions, materials and coatings used, installation instructions, and all required design parameters (e.g. bearing area of anchor head).

6. Submit the recommended k coefficient per ACI 349, Appendix D, Section D.5.2.9, based on 5% fractile of results of product-specific tests.  ACI 355.2, Appendix A2, provides guidance on calculating the 5% fractile of test results.

7. Submit values for the anchor pullout strength in tension, Np, per ACI 349, Appendix D, Section D.5.3.2, or confirm that pullout is not a failure mode for the fastener.

8. Submit shipping, handling, and packaging procedures as described in Para 1.6.

9. Submit anchor marking plan as described in paragraphs 2.1.F and 2.1.G.

10. If qualification testing data is not complete for all diameters and/or not in accordance with Para 1.4.A.5 and Appendix A, submit a qualification testing plan and schedule, in accordance with Appendix A, Test Plan A.

11. If qualification testing was not performed under a QA program that meets NQA-1-2008 with 2009 addenda basic requirements 1-18, submit a confirmatory test plan and schedule in accordance with Appendix A, Test Plan B.

12. Sellers without a LANL evaluated QA program that meets NQA-1-2008 with 2009 addenda basic requirements 1-18 shall submit critical characteristics affecting the identification and performance of the anchor being evaluated in accordance with ACI 355.2, Chapter 6, including, but not limited to: dimensions, tolerances, materials, surface finishes, and markings.]
*************************************************************************************************************

NOTE:  If the Project includes the use of PC-3, ML-1 or ML-2, (i.e., ‘safety-related’) structural grout (i.e., grout in a load path) then include Section 03 6000 and, as necessary, other sections (e.g., 05 1000, Structural Metal Framing, for baseplates; etc.) in the Project Specification. Since such sections are written for ML-3 /4 use, add requirements commensurate with ML-1 /2 under Submittals, Products, and Execution. 

*************************************************************************************************************
B. Verification Documents for Installation
1. Anchor installer training documentation in accordance with Para. 3.1.A.

2. Installation Inspection Records in accordance with Para. 3.6.A.

3. Test Inspection Records in accordance with Para. 3.6.B.

4. Failed Anchor Documentation in accordance with Para. 3.6.C.
1.5 QUALITY ASSURANCE
A. All material shall be procured as ML-1 and ML-2 classifications from a supplier meeting ASME NQA-1-2008 with 2009 addenda basic requirements 1 through 18 or procured as Commercial Grade Items (CGI) with a designation ML-1 or 2. 
*************************************************************************************************************
Bracketed text in B should be deleted if the Drillco Maxi-Bolt is used.

*************************************************************************************************************
B. The design (and installation) shall be in full compliance with the [“Conditions of Use” section of any applicable ICC-ESR reports and] LANL Building Official conditions documented in the LBO Approval Listing with ESM Chapter 16.  Any departures must be acknowledged via a formal variance in accordance with ESM Chapter 1 Section Z10.
C. The inspection, testing, and documentation requirements for same contained herein are the responsibility of the Subcontractor installing PI anchors (i.e., versus the PI-anchor inspection requirements contained in a project’s Statement of Special Inspections, which is the responsibility of the LANL Special Inspector).

a. To reduce delays and potentially redundant Special Inspection effort, notify LANL Inspectors at least 24 hours prior to any Subcontractor installation, inspection, or testing activities associated with Special Inspection and treat such tasks as hold/witness points.

1.6 PACKAGING, HANDLING, SHIPPING, AND STORAGE
A. Establish and maintain controls for material handling and storage during fabrication and preparation for shipment to prevent damage and deterioration.

B. Prior to packaging an item, remove dirt, oil residue, water, metal chips, or other contamination.

C. Nuts, washers, and sleeves shall be assembled on bolts.

D. Bolting of different types and/or different sizes shall be packaged separately.

PART 2   MATERIALS / PRODUCTS
2.1 Undercut-type anchor, Drillco Group Maxi-Bolt, [Stud-type] [and] [Flush-mount- / Coupling-type].

A. Carbon steel anchors shall conform to ASTM A36.  High strength steel anchors shall conform to ASTM A193 B7.  Stainless steel anchors shall conform to ASTM A193 Grade B8 (Type 304) or B8M (Type 316) Class 1 or Class 2 or engineering approved equivalent.

B. Non-stainless steel items shall be restricted to indoor/dry use.

C. Undercut anchor diameters shall include the following sizes: 1/4, 3/8, 1/2, 5/8, 3/4, 1, and 1-1/4 inches.  Metric sizes in the equivalent size range are also acceptable.  Undercut anchor lengths shall be available in standard or non-standard lengths, as indicated on design drawings.

D. Anchor head shall be stamped, or otherwise permanently marked, with the total anchor length or a length code that can be related to the total anchor length.

E. Anchor head, nut, and washers shall be uniquely permanently marked or inscribed with a letter “Q” for quality material (ML-1/2). Alternate permanent unique marking/color scheme may be used to distinguish (ML-1/2) material, subject to engineering approval. If color is used to distinguish ML-1/2 material, the color blue shall be used.
2.2 Drypack mortar must consist of a mixture (by volume) of one part of Portland cement to 2-1/2 parts of sand graded so that 100 percent will pass the No. 16 screen. Alternatively, “Emaco T430”, or other approved rapid strength repair mortar may be used.  
2.3 Concrete surface repairs:  “Quickcrete FastSet Non-shrink Grout,” and the associated manufacturer’s instructions, may be used only for non-safety, non-structural, local-concrete-surface repairs (i.e., ML-4 applications).  Material shall meet ASTM C 1107.
2.4 In order to use the above manufactured products, or other manufacturers, for ML-1 and ML-2 nuclear applications, the manufacturers must continue to be qualified on the LANL IESL or commercial grade dedicated as appropriate.
2.5 TEST AND INSPECTIONS
A. The product supplier is responsible for performing product inspections, as necessary to ensure compliance with all material and documentation requirements identified in this Specification.

B. LANL representative shall have the option of inspecting anchors for finish, workmanship, and dimensional tolerances before any shipment is made. The documentation required by this specification shall be available for review.

C. Materials that are not properly marked, have poor workmanship, are corroded, have defective threads, or are improperly documented shall be rejected.

PART 3   EXECUTION

3.1
INSTALLERS

A. Implement and document a training and/or qualification program for installers. Installers must be made fully familiar with the manufacturer’s installation procedures, and additional requirements as noted in this Section (follow most stringent).  Training shall be completed and documented before proceeding with work.

3.2
EXAMINATION/SITE VERIFICATION OF CONDITIONS

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

NOTE:  Since the design and performance of PI anchors are dependent upon the concrete type (i.e., normal versus lightweight), compressive strength (i.e., f’c), and thickness, these properties/data are included in the Special Inspections section of the ICC-ES Engineering Service Reports (ESRs) for these products*.  Given this, and the fact the installer and inspector might not know these properties (particularly for projects on/in existing structures), the Engineer of Record (EOR) must indicate them on the construction drawings for every location in which an anchor is to be installed.  In the event that none of these properties change from one anchorage location to another, the EOR need only indicate the ‘concrete properties associated with PI anchors’ once on the drawings. Document the source/bases for these data in the anchorage calculation.
*At time of publication, Drillco Maxi-Bolt did not have an ESR; however, given that the Maxi-Bolt is an undercut anchor, and that the properties listed (above) are included in the Special Inspections section of the ESRs for other undercut anchors, and given that the Maxi-Bolt is typically used in ‘High-Confidence’ / PC-3 applications, it is more than reasonable to include these properties in Maxi-Bolt-related inspections.  

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

A. The use of anchors shall be restricted to the applications and installations defined in the design drawings. Construction aids are exempt from this requirement.

B. Anchors may only be installed in 14-day or older concrete that has attained its minimum specified design strength. 

C. Anchors may only be installed in sound concrete.  Surfaces showing obvious distress by way of porosity, disintegration, carbonation and cracks over 0.02 inches in width and 12 inches or longer and within the distance of the embedment depth shall be reported to the EOR for evaluation.

D. Anchors must not be drilled into the bottom of precast and pre-stressed T-beam stems.  Drilling into the sides of the T-beam stems shall be specifically pre-approved by the EOR.  Strand-cutting/nicking is prohibited.

3.3
PREPARATION

A. Obtain and comply with LANL Form 2074, Penetration Permit.

B. Locate existing reinforcing steel (rebar) in the concrete prior to drilling.  Pilot holes shall be drilled with a carbide-tip bit to avoid rebar damage.

C. In rad and cleanroom areas, use of Hilti dust removal system (vacuum attachment) HIT-DRS (Item No. 362323) during hole air blow-out is normally required.  Consider purchase along with anchors if DRS is not on hand.

D. For safety, consider drill bits/drills that automatically shut off when the bit hits metal, particularly in older construction for which electrical configuration is not well-documented.

E. Rebar cutting is only permitted with pre-approval by the EOR.  Multi-cutting of the same bar is considered as one cut.  Rebar approved to be cut must be shown on as-built drawings at completion of Project.

F. Rebar will be considered to be cut if:

1. For #4 through #7 – Cuts, nicks, or drill into bar body is greater than 1/16”

2. For #8 and larger – Cuts, nicks, or drill into bar body is greater than 1/8”

***********************************************************************************************************
Note: Cutting of bar deformations is not considered a cut since the area of steel is not reduced.

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

G. When installing anchors through cut rebar, the anchoring mechanism shall be located at least two anchor diameters clear beyond the cut rebar.

3.4
INSTALLATION

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

Note:  When Maxi-Bolts are used in PC-1 and PC-2 applications, all of the installation requirements contained herein apply.

Note on para. A:  Both the stud-type and flush-mount- / coupling-type Maxi-Bolts can be installed such that the expansion sleeve either stops at the surface of the concrete (i.e., Type I installation), or projects beyond the surface of the concrete into the attachment anchor hole (i.e., Type II installation).  Since the capacity of a Maxi-Bolt design depends on whether a Type I vs. Type II installation will be used, the installation must be done accordingly; thus, the drawings must clearly indicate ‘Type’ of installation.

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

A. Each anchor must be installed in the location, at the spacing, and with the embedment depth and edge distance(s), and installation Type indicated on the project drawings, and in accordance with, in priority order, 1) this specification, 2) the manufacturer’s installation instructions.

1. Note:  There are differences between the manufacturer’s installation instructions for the stud-type Maxi-Bolt vs. the flush-mount- / coupling-type one.  The installation instructions used shall match the Maxi-Bolt variety called out on the drawings.

2. Note:  Anchors may be relocated a maximum of one (1) inch in order to avoid contacting existing rebar.

***********************************************************************************************************
Note:  Hole depths for Maxi-Bolts are 1 to 2 inches deeper than the embedment depth, depending on the diameter. This may limit the embedment depth.
***********************************************************************************************************

B. Verify depth of the concrete member before drilling holes.  The hole diameters and depths shall be as those required by the manufacturer’s installation instructions. The embedment depth of the anchor must be in accordance with the project drawings.  Contact the EOR if these requirements conflict.

C. Drill holes for anchors in accordance with the manufacturer’s installation instructions.  

D. Clean drilled holes of chips, dust, loose material, and water prior to anchor installation.  

E. Anchors must be installed perpendicular to the concrete surface within a ( 5 degree tolerance. Post-installation verification of this criterion may be satisfied by visual inspection to verify proper seating of the nut and washer. When an anchor is replaced with an anchor of diameter one size larger, maintain the spacing requirements of the original size anchor.

F. In areas where concrete has been removed, the minimum anchor embedment must be measured from the surface of sound concrete.

G. Unless otherwise noted on project drawings, use the spacing requirements contained herein.  For an anchor located adjacent to a PC-3 anchor or embedded item, use a spacing equal to the sum of 1.5 times the embedment depth of one anchor plus 1.5 times the embedment depth of the other anchor, unless otherwise approved by the EOR.

H. Bending and welding of anchors are not permitted.

I. The nut thread engagement for the anchors (studs) shall be such that the bolt threads are flush with or project beyond the outside face of the nut when completely installed. 

J. Nuts and washers for anchors that are lost or damaged during installation shall be replaced with manufacturer’s specified component or equivalent as pre-approved by the EOR.

K. Flat washers supplied with anchors shall be used in all cases except where details of the design drawings specify the use of another washer under the nuts. A washer may be trimmed to clear interferences. The trimmed edge shall not be closer than 7/8 of the bolt diameter from the center of the washer (Ref. ASTM F436).

L. Do not damage the length identification code on the head of the anchor. Anchor projection may be cut off subject to pre-approval by the EOR and documentation of the location, embedment, and length code on a LANL inspection report by a LANL construction inspector prior to cutting.

M. Unused anchors shall be driven in and cut-off flush. Cut-off anchors shall be considered an abandoned ungrouted hole for future anchor spacing requirements.

N. The center-to-center distance between a new hole and an exploratory or unused hole or an abandoned cut-off anchor shall not be less than three times the diameter of the larger hole or 1” of clear concrete between the holes, whichever is greater, unless approved by the EOR. When exploratory or unused holes are grouted with non-shrink grout and the grout (ref. para. 3.7.A) has attained the strength of the concrete, the center-to-center distance shall not be less than 1.5 times the diameter of the larger hole or 1” of clear concrete between holes, whichever is greater, unless approved by the EOR.

O. Exercise care to avoid bending anchors to match baseplate holes, or loosening of anchors by prying sideways after tightening. Also ensure that the cone nut of an undercut anchor does not become loose from the stud during the setting or tensioning operation.
P. Since Maxi-Bolts must be tensioned (via torque or direct tension) in order to be properly set /installed, they must not be used with leveling nuts placed under mounting plates (in order to preclude interference with pretensioning of the anchor).
Q. Devices required for installation, inspection and testing (e.g., torque wrenches, hammer drills, manufacturer’s setting tools, etc.) must be calibrated and controlled in accordance with LANL standards P 330-2, Control and Calibration of Measuring and Test Equipment (M&TE) or equivalent.
R. The ESM Structural POC may reduce or waive the required installation pre-tension/torque for applications not subject to vibratory loads.
S. Maxi-Bolts are set, then the attachment (e.g., baseplate, angle, etc.) is attached, then the bolts are tensioned to the manufacturer’s recommendations for torque or tension.
T. Setting may be achieved by any of the following methods: 1) Manual (not recommended unless space is limited), 2) Hydraulic (recommended for all diameters, especially 1” to 1-1/4”), and 3) Hand-Bolt Setter (only recommended for up to 3/4” diameters).
U. Tensioning may be achieved by any of the following methods: 1) Torque (recommended only for up to 3/4" diameter), 2) Hydraulic (recommended for 1” to 1-1/4” diameter).

1. Note:  If hydraulic tensioning is used, the ESM Structural POC will consider waiving the post-installation testing requirement (i.e., Table 1, Attributes 18 and 19).

3.5
INSPECTION, TESTING, AND ACCEPTANCE CRITERIA

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

Note:  Referring to Attribute 15 in Table 1 (below), if anchorage design is ‘brittle (i.e., the strength of the anchorage system is controlled by a concrete failure mode),’ be sure that the governing tensile strength > 80% Fy of the anchor steel because that is how much load will be applied during the tensioning-portion of the installation (and, perhaps, again during testing).  If what’s described here is untenable, contact ESM Structural POC for guidance.

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

A. INSPECTION

1. Visually inspect anchors in order to verify and document that they have been installed in accordance with paragraph 3.4.  Attributes requiring inspection include, but are not necessarily limited to, those shown in Table 1.  These attributes must be identified in the inspection report documentation.

2. If visual inspection reveals that the installed anchor does not meet the requirements of this specification, the anchor shall be relocated as permitted by this specification, or shall be removed and replaced by another anchor, or referred to the EOR for evaluation.

Table 1 - Required Inspection Attributes 

	Attribute 1, Anchor Type.  Both the variety of Maxi-Bolt (i.e., stud-type vs. flush-mount- / coupling-type) and the material type (e.g., ASTM A 193 vs. A 36, etc.) are visually inspected prior to installation.

	Attribute 2, Installation Type.  Type I results in top of anchor sleeve being flush with top of concrete, while Type II results in top of sleeve being flush with top of whatever is being attached to concrete (i.e., attachment, which is typically a baseplate or an angle).  While (visual) inspection of achievement of installation type must occur after installation, installation type must be known / confirmed prior to installation in order to fully inspect anchor dimensions.

	Attribute 3, Anchor Dimensions.  The anchor diameter, overall length, and sleeve length are visually inspected prior to installation.  The sleeve length is equal to the embedment depth for Type I installations.   

	Attributes 4 – 6, Concrete Type, Compressive Strength and Thickness.  The type of concrete (i.e., only normal-weight allowed), concrete compressive strength and concrete thickness are confirmed / verified prior to installation.  In instances in which any of these properties / values is not obvious, or somehow otherwise known with certainty, refer to project drawings.

	Attributes 7 – 8, Anchor Spacing(s) and Edge Distance(s).  The anchor spacing(s) and the distance(s) between the anchor and the edge(s) of the concrete are confirmed / verified prior to installation, and visually inspected after installation.

	Attribute 9, Drill and Drill Bit Type, and Drill Hole Dimensions.  The type of drill and drill bit, and the drill bit size – all of which must be in accordance with manufacturer’s installation instructions – are visually inspected prior to installation.  Same applies to hole dimensions, which are verified by ensuring that the proper size drill bit is used.  Drill bits must be randomly monitored such that they maintain the allowable tolerances (per manufacturer’s installation instructions).  Physical measuring of holes is not required.

	Attribute 10, Drill Hole Cleaning.  The cleanliness of the hole (in accordance with Para. 3.4.C herein) is visually inspected (i.e., prior to installation) following both the drilling of the primary hole and the drilling of the undercut in the primary hole.

	Attribute 11, Undercutting Tool Type.   The undercutting tool type and length – both of which must be in accordance with manufacturer’s installation instructions – are visually inspected prior to installation. Pay special attention to the relationship between the location of the tool’s bearing sleeve and the required / specified embedment depth of the anchor.

	Attribute 12, Undercut Acceptability.  The acceptability of the undercut is determined via visual inspection prior to installation.  Undercut is acceptable if, after drilling, 

1) The undercut is complete, and 

2) The insert blade (of the undercutting tool) is not damaged, or out of tolerance. 

Refer to manufacturer’s installation instructions for details on when undercut is complete, and blade tolerance.

	Attribute 13, Setting.  Setting is achieved manually, hydraulically, or by using the hand-bolt setter, and is visually inspected during installation.  If hydraulic setting is used, ensure that the anchor is loaded in accordance with manufacturer’s installation instructions.  If either manual or hand-bolt setter are used, ensure that the respective portion of the manufacturer’s installation instructions is complied with.

	Attribute 14, Projection After Setting.  Projection is visually inspected during installation, and is equivalent to the overall anchor length minus the embedment depth.  The Projection must be within a tolerance of plus 1/2 inch & minus 1/4 inch.  

	Attribute 15, Tensioning.  Tensioning is achieved hydraulically, or by applying torque, and is visually inspected during installation.  Regardless of which method is used, ensure that the anchor is loaded in accordance with manufacturer’s installation instructions.  

	Attribute 16, Anchor Perpendicular to Concrete.  The perpendicularity / angularity of the anchor (in accordance with Para. 3.4.D herein) is visually inspected after installation.

	Attribute 17, Nut Thread Engagement (for stud-type Maxi-Bolt only).  The nut thread engagement (in accordance with Para. 3.4.H herein) is visually inspected after installation.

	Attribute 18, Testing, Torque Method.  Verify that anchor is properly installed by applying tension to it via torque using a calibrated torque wrench.  See 3.9.B, Testing, for details.

Note:  Unless the EOR explicitly states otherwise, this test need not be done if any of the following apply:  

1) Testing, Direct Tension Method (Attribute 19) is done.  

2) Anchor was tensioned hydraulically (Attribute 15). 

3) Installation/anchor is PC-1 or PC-2, and not ML-1 or ML-2.

	Attribute 19, Testing, Direct Tension Method.  Verify that anchor is properly installed by applying direct tension to it.  See 3.9.B, Testing, for details.

If the anchor was tensioned hydraulically (Attribute 15), the ESM Structural POC will consider waiving this requirement. 

Note:  Unless the EOR explicitly states otherwise, this test need not be done if either of the following apply:  

1) Testing, Torque Method (Attribute 18) is done.  

2) Installation/anchor is PC-1 or PC-2, and not ML-1 or ML-2.


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

Note:  When Maxi-Bolts are used in PC-1 and PC-2 applications, testing frequency may be reduced as indicated in para. 3.5.B.1.

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

B. TESTING

1. Testing of anchors is to be witnessed by the LANL Construction Inspector. The testing of anchors for permanent PC-3 installations is mandatory. Testing of anchors for permanent PC-1 and PC-2 installations shall be at the discretion of the EOR except for ML-1 and -2 work when it is mandatory.

a. Testing Methods

Anchors are tension tested by either the torque or the direct tension methods described below, and the latter is preferred. See Table 1, Attributes 18 and 19 for details on the applicability of these tests. Testing may be completed prior to, or after, installation of the attachment.

i. Torque Method: The installed anchor shall be tested with a manually-operated calibrated torque wrench by applying the tensioning torque stipulated in Para. 3.5.B.1.b, Test Load.

ii. Direct Tension Method: The installed anchor shall be tested in direct tension by applying the load stipulated in Para. 3.5.B.1.b, Test Load.  If the tension load is applied by jacking against the concrete, the jacking pressure is to be distributed outside of an area having its center at the anchor and its diameter, or least dimension, equal to the required anchor spacing as shown on the drawings, or eight anchor diameters, whichever is smallest. Anchors tested by this method shall be re-tightened by applying the tensioning torque stipulated in the manufacturer’s installation instructions.

b. Test Load

Tension test load shall be as follows:

i. Torque Method:  The test load shall be the tensioning torque stipulated in the manufacturer’s installation instructions.

ii. Direct Tension Method:  The test load shall be the tensioning load stipulated in the manufacturer’s installation instructions.

c. Test Frequency

Unless otherwise specified, the following test frequencies shall apply:

i. Test one randomly selected anchor from the population covered by the inspection record, not to exceed a population of 10 anchors. 

ii. [ML-3 and ML-4 installations: Test one randomly selected anchor from the populations covered by the inspection record, not to exceed a population of 50 anchors.]

iii. If a tested anchor meets the acceptance criteria given in subpara. 3.5.C, Acceptance Criteria, then the other anchors in the same population are also acceptable. If a tested anchor fails to meet the acceptance criteria, three additional anchors from the population are to be tested; if any of these three anchors do not meet the acceptance criteria, then all the remaining anchors in the population are to be tested.

C. ACCEPTANCE CRITERIA

1. Torque Method

When tested by the torque method, an anchor is acceptable if the test load (Subparagraph 3.5.B.1.b ) is attained without:

· A drop in torque value as the torque is applied.

· Turning the nut more than one and a half (1-1/2) turns during torquing.

· Bolt failure.

· A sign of damage in the surrounding concrete as defined in Article 3.7 Repair/Restoration, Subpara. A.3.

2. Direct Tension Method

When tested by the direct tension method, an anchor is acceptable if the test load (Subparagraph 3.5.B.1.b) is attained without:

a. Slippage of more than:

i. 2.5 percent of the embedded length, rounded to the nearest 1/16 inch.

b. Bolt failure.

c. A sign of damage in the surrounding concrete as defined in paragraph 3.7, Repair/Restoration.
3.6 
DOCUMENTATION

A.  Inspection Record

The Installation Inspection Record shall contain the information listed in Table 1.
B. Test Inspection Record

The test inspection record shall contain the following:

1. Location of anchor and group represented.

2. Method of test.

3. Test results (i.e., accepted or failed/ rejected).

4. Inspector’s / Installer’s name.

5. Date of test.

6. ID number of testing device / tool.


C. Failed Anchor Documentation

Documentation is required for a PC-2 or PC-3 anchor that is not acceptable per the acceptance criteria (Para 3.5.C).  Failed anchor documentation shall be submitted to the EOR.  The documentation shall contain the following:

1. Location of failed anchors.

2. Reason for failure.

3. Repair steps taken.

4. LANL Inspector’s name.

5. Date of test.

3.7
REPAIR/RESTORATION

A. Concrete surface repairs:  Repair concrete local surface area damage using product listed in Paragraph 2.3.  Repaired surface shall be touched up with floor surface paint acceptable to LANL/facility.

1. Locally spalled areas less than or equal to ¼” away from anchor, and less than or equal to ¾” depth and ¾” width, are considered undamaged and do not require repair.

2. Areas less than 2 square inches, and nominal depth of ¼”, are considered undamaged and do not require repair provided that they do not intersect with item 1 (above).

3. A specific example of an area requiring repair is that in which an exposed gap exists between attachment and floor.

4. Should surface area damage exceed 20 square inches, and nominal depth exceeding ¾”, the EOR shall be contacted to evaluate the damage and approve a repair method.

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

NOTE:  The default repair / restoration material is the drypack mortar from Para. 2.2. If stronger material is required (e.g., to ensure that the strength of the repair is at least equal to that of the surrounding concrete, etc.) then grout should be used instead.  If grout is used then include 03 6000, Grout in the Project Spec, and edit the text below as necessary.

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

B. Repair abandoned holes with material specified in Para. 2.2. Anchors installed near an abandoned repaired or unrepaired hole must be located as specified in Para 3.4.N.  The repair material shall have strength equal to or larger than the strength of the concrete.

1. Dry pack mortar shall not be used for relatively shallow depressions where lateral restraint cannot be obtained, for filling behind reinforcement, or for filling holes that extend completely through a concrete section.
C. When anchors fail to meet the acceptance criteria, the following repairs may be undertaken:

1. When failure is due to excessive anchorage pullout, the EOR shall be contacted to evaluate the damage and approve a repair method.  If approved, the anchor may be reset once prior to redrilling the hole and installing an anchor of diameter one size larger.  Use the minimum spacing, embedment depth, and installation torque required for the original anchor. 

2. When failure is due to breaking of the anchor, slippage or loosening, bending, improper installation or poor embedment:

· Remove the defective anchor, redrill hole and install the same diameter anchor if the integrity of surrounding concrete has not been compromised.

· For cases where excessive slippage upon torquing is experienced, or usage of the same hole is not possible, fill the existing hole with approved material as specified in Para. 2.2 and relocate the anchor location as specified in Para 3.4.N. 

3. When failure is due to breakout of concrete around the anchor, the EOR must be contacted to evaluate the damage and to develop an appropriate repair. Local spalling of the concrete around the anchor, up to a maximum depth of 1/4 inch, is not considered a concrete breakout failure.

4. Mislocated anchors may be cut flush with concrete surface, and need not be removed if they do not interfere with subsequent installations.

5. Mislocated anchors or anchors installed for temporary applications may be left in place.  Those anchors that must be removed to accommodate other attachments, aesthetics or safety of personnel, may be removed completely, or abandoned in place by cutting off beneath the surface after chipping the concrete 1” minimum, and patching with approved material (Para. 2.2).  Mislocated anchors that will be covered by a baseplate or an attachment may be cut off flush with the concrete. In the event that an anchor must be removed from the hole and a new anchor installed, the removal and installation of the new anchor shall be in accordance with the manufacturer’s instructions for such.  The wedges of anchors that are “lost” during anchor removal may be abandoned in place.  The abandoned hole or removed concrete shall be filled with approved material.

6. Removal of installed anchors for inspection or replacement may be performed using Bolt Extractor manufactured by Drillco Devices Ltd., or an equivalent.

7. Retest all replaced anchors in accordance with Article 3.5.B, Testing.

END OF SECTION
**********************************************************
Do not delete the following reference information:

**********************************************************
THE FOLLOWING REFERENCE IS FOR LANL USE ONLY


This project specification is based on LANL Master Specification 05 0521 Rev. 0, dated November 07, 2014.
***********************************************************************************************************
Note:  Refer to Author Note under paragraph 1.4, Submittals, to determine whether or not this appendix must be retained.
***********************************************************************************************************
05 0521 - Appendix A 
Typical Anchor Manufacturer’s Test Plan  
TESTING REQUIREMENTS:

The following is a clarification to ACI 349, Appendix D.3.3 to meet the requirements of this specification.  Alternate test plants may be submitted for consideration and approval. Submit for LANL review all applicable testing data.

There are two types of testing: Qualification Testing and Confirmatory Testing.

A. Qualification Testing:
1. Requirements for qualification testing are given in Test Plan A.

2. Qualification testing shall encompass all anchor diameters in standard lengths to be sold and used on LANL projects. Test shall be performed in both cracked and uncracked concrete for static and seismic loading.

3. Seller shall submit qualification test data per this Section, Para 1.4.A.5.

4. If existing qualification testing data is not complete or non-existent, additional qualification testing shall be performed under test plan A, in order to complete the test data. New qualification testing must be performed under a quality program that meets NQA-1-2008 with 2009 addenda basic requirements 1-18.
5. If qualification testing data is complete, but was not performed under and NQA-1 quality program, confirmatory testing shall be required per Test Plan B.

B. Confirmatory Testing:

1. Requirements for confirmatory testing are given in Test Plan B.

2. Confirmatory testing is performed to confirm the validity of qualification testing that was not controlled under an NQA-1 program.

3. Confirmatory testing must be performed under a program that meets NQA-1-2008 with 2009 addenda basic requirements 1-18.

TEST PLANS – General Requirements for Test Plans A and B:

The following general requirements apply to qualification testing (Test Plan A) and confirmatory testing (Test Plan B).

· Vendor shall submit a detailed test plan for review and approval prior to testing. The test plan shall include the requirements of this Appendix.

· Test program shall follow the principles set forth in ACI 355.2. Testing shall be performed under a QA program that meets NQA-1-2008 with 2009 addenda basic requirements 1-18.

· Concrete strength at the time of testing shall be between 3000 and 4000 psi.

· Testing shall be sufficient to provide kc and (C,N factors per ACI 349, Appendix D, Section D.5.2.9.
· Report all test data required by this specification in accordance with Para1.4.A of this specification.

· Minimum sample size is 5 anchors per anchor diameter.
A. Test Plan A – Qualification Testing Plan:

1. Test all anchor diameters and standard lengths in uncracked concrete for static loads and cracked concrete for static and seismic loads.

2. Perform the tests per ACI 355.2, Table 4.2: Test 1, Test 3, and Test 12 with concrete strength between 3000 and 4000 psi.

3. Report the kc and (C,N factors based on the 5% fractile method as described in ACI 355.2, Appendix A2 and ACI 349, Appendix D, Section D.5.2.9.

4. Determine (C,N using results from Tests 1 and 3.

5. Confirm minimum edge distances in accordance with ACI 349, Appendix D, Section D.8.3.
B. Test Plan B – Confirmatory Testing Plan:

1. Perform tests per ACI 355.2, Table 5.2: Test 1 and Test 12 with concrete strength, at the time of testing, between 3000 and 4000 psi.

2. Test the smallest anchor diameter, not less than 3/8 inches.

3. Compare confirmatory test results with vendor supplied qualification tests and submit for review and approval.

4. Minimum sample size is 5 anchors, unless the coefficient of variability per ACI 355.2 is greater than 20%, then test enough anchors to achieve a coefficient of variability less than 20%. If this can not be achieved, the anchor shall be rejected.

5. Report the kc factor based on the 5% fractile method as described in ACI 355.2, Appendix A2 and ACI 349, Appendix D, Section D.5.2.9.
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