
SECTION 03 1550
POST-INSTALLED CONCRETE ANCHORS – INSTALLATION AND TESTING


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

LANL MASTER SPECIFICATION

In addition to installation and testing requirements, this section includes inspection requirements for post-installed anchors.  Special Inspections required by associated ICC-ES reports are only required for structural anchors and for non-structural anchors to the lesser degree specified within the body of this section.  Anchors meeting the definition of “non-structural” contained in ESM Chapter 5 Section II Appendix A need only be designed and installed per the IBC and manufacturer’s instructions:  As of June 2008 (Rev 5), Appendix A.7 stated:

A. 
Non-structural anchors support very light loads and subsequently are exempt from being “designed anchors.” Post-installed concrete anchors for use in non-structural applications shall be chosen from qualified anchors in compliance with the IBC and ESM Chapter 16, IBC Program. 

B. 
A non-structural application must meet the following criteria: 

1. 
PC-1 mechanical and electrical components where flexible connections between the components and associated ductwork, piping, and conduit are provided and that are mounted at 4 ft or less above a floor level and weight 400 lb or less. 

2. 
PC-1 mechanical and electrical components weighing 20 lb or less where flexible connections between the components and associated ductwork, piping, and conduit are provided, or for distribution systems weighing 5 lb/ft or less. 

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 Specifications POC.  When assembling a specification package, include applicable specifications from all Divisions, especially Division 1, General Requirements.

This specification was prepared by an organization operating under a quality assurance program that meets the requirements of 10 CFR 830 (suitable for ML-1 through ML-4 projects).  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.  The organization modifying the specification shall apply a graded approach to quality assurance based on the management level designation of the project.  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.
*************************************************************************************************************

PART 1   GENERAL

1.0
SUMMARY
1.1
SECTION INCLUDES
The technical requirements for field installation, testing and inspection of post-installed structural anchors in concrete structures and facilities for all Management Level applications and NPH PC-1, -2, -3, and -4 (structural performance categories) Structures, Systems, and Components (SSCs). Non-structural anchors, as specified in Engineering Standards Manual Chapter 5, Section II, Appendix A, Item A.7 (Rev 4), are excluded from the in-process inspection and testing requirements. 

1.2
REFERENCES
The following codes and standards are used as reference for this specification. The codes and standards apply as referenced within the body of this specification. The date of issue (or revision) indicated shall apply. If no date of issue is given, the most current revision shall apply.

In case of conflicts between the various codes and standards, the more restrictive requirement shall apply. When conflict exists between the codes and standards, and engineering drawings, the latter shall prevail.

1.3
INDUSTRY STANDARDS
	ACI 355.2
	Evaluating the Performance of Post-installed Mechanical Anchors in Concrete

	ACI 318
	Building Code Requirements for Structural Concrete and Commentary

	ACI 349
	Code Requirements for Nuclear Safety Related Concrete Structures

	IBC
	International Building Code

	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 F 436
	Standard Specification for hardened Steel Washers

	ASME NQA-1
	Quality Assurance Requirements for Nuclear Facility Applications


Other ICC Documents
	ICC ES Reports
	International Code Council Evaluation Services Reports

	ICC ESR-1545
	Hilti HSL-3 Carbon Steel Metric Heavy Duty Concrete Anchors in Concrete, August 2005 or later

	ICC ESR-1546
	Hilti HDA Carbon Steel and Stainless Steel Metric Undercut Anchors in Concrete, November 2005 or later

	ICC ESR-1917
	Hilti Kwik Bolt TZ Carbon and Stainless Steel Anchors in Concrete, September 2005 or later

	ICC ESR-2322
	Hilti HIT-RE 500-SD Adhesive Anchor Systems, November 2007 or later

	ICC ESR-3027       
	Hilti Kwik HUS-EZ Carbon Steel Screw Anchors for Use in Cracked and Uncracked Concrete, December 2010 or later


*  In order to use products for ML-1 and ML-2 applications, the manufacturers must continue to be qualified on the LANL IESL or commercially dedicated; as appropriate.

1.4
RELATED SECTIONS
01 4000  Quality Requirements

03 1512  Post-Installed Concrete Anchor Purchase – High Confidence
03 1534  Post-Installed Concrete Anchor Purchase – Normal Confidence

1.5
DEFINITIONS
All notations are identical to those used in ACI 318 Appendix D or ACI 349 Appendix B.  Where additional terms or notations are used, their definitions are included in this text.

PART 2   PRODUCTS

2.1 Grouted anchor bolts and base plates: Grouted anchor bolts, base plates and nuts shall meet design requirements. Washers shall be compatible with bolt classification.
2.2 Non-shrink grout: Non-shrink grout shall be one of the following products or an equivalent as approved by the Engineer (“Masterflow 928”, “Embeco 885”, “Masterflow 816”, “Masterflow 713 Plus”).
2.3 Drypack mortar: Drypack mortar shall 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.

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 the project specific approved suppliers list or commercially dedicated as appropriate.
PART 3  EXECUTION
3.1
INSTALLERS
A. Implement a training and/or qualification program, for installers of post-installed anchors.  Anchor installers shall be trained and made fully familiar with the manufacturer’s installation procedures including additional requirements as noted in this document.

3.2
EXAMINATION/SITE VERIFICATION OF CONDITIONS
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. Post-installed anchors shall be installed in 14 day or older concrete that has attained its minimum specified design strength. (The engineer of record is responsible for determining the strength of concrete for existing facilities) 
C. Post-installed 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 length shall be reported to the Engineer of Record for evaluation.
D. Post-installed anchors shall not be drilled into the bottom of precast and post-tensioned T-beam stems.  Drilling into the sides of the T-beam stems shall be specifically pre-approved by the Engineer of Record.  No cutting of the strands shall be permitted.

3.3
PREPARATION
A. Use of a rebar locator or drilling pilot holes is recommended to establish the rebar pattern before drilling in congested areas. Pilot holes shall be drilled with a carbide-tip bit to avoid rebar damage.
B. 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.
C. 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.
D. No cutting of rebar shall be permitted without prior Engineer of Record approval. Multi-cutting of the same bar is considered as one cut. 

E. 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.

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

F. 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
A. Anchors shall be installed according to the locations, embedment depth, spacing, and edge distance specified in the project documents.

B. Drill holes and install anchors in accordance with the International Code Council Evaluation Services (ICC-ES) reports (Appendix A) and manufacturer’s installation instructions.  Where installation criteria differ, the order of precedence from highest to lowest is 1) this specification, 2) the ICC reports, 3) the manufacturer’s installation instructions.

C. Drilled holes are to be cleaned of chips, dust, loose material, and water prior to anchor installation. The hole diameters and depths shall be as those recommended in the manufacturer’s instructions. Construction should verify depth of the concrete member before drilling holes. The embedment depth of the post-installed anchor shall not exceed the greater of 2/3 of the concrete member thickness or the concrete member thickness less 4 inches -- except the embedment depth of a Maxi-Bolt, installed in a concrete member 9 inches thick or less, shall not exceed the concrete member thickness less 3 inches. Contact the Engineer of Record if these requirements cannot be met based on the actual member thickness.
***********************************************************************************************************
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.
***********************************************************************************************************

D. Anchors shall 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.

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

F. Unless otherwise noted on project documents, use the spacing requirements per the ICC ES Reports.  For an anchor located adjacent to a PC-3 or PC-4 anchor or embedded item, use a spacing equal to the sum of 1.5 times the embedment length of one anchor plus 1.5 times the embedment length of the other anchor, unless otherwise approved by the Engineer of Record.

G. Bending and welding of post-installed anchors, except grouted anchors, are not permitted.

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

I. Nuts and washers for anchors that are lost or damaged during installation shall be replaced with manufacturer’s specified component or equivalent.

J. Flat washers supplied with post-installed 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).

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

L. Unused adhesive anchors shall be cutoff flush with the surface of the concrete. Unused mechanical anchors shall be driven in and cut-off flush. Cut-off anchors shall be considered an abandoned ungrouted hole for future anchor spacing requirements.

M. The center-to-center distance between a new post-installed anchor 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 Engineer of Record. When exploratory or unused holes are grouted with non-shrink grout and the grout 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 Engineer of Record.
N. Anchors may be installed through metal decking, in the top or bottom flute, as specified on engineering drawings. Anchors shall not be located closer than 1”, measured horizontally, to the edge of the flute and measured from the edge of the anchor. The minimum embedment shall be measured from top of deck rib. The post-installed anchors shall be located where the attachment plate spans at least two ribs. The space between the decking and attachment plate, at locations where post-installed anchors are used, shall not be filled with grout or concrete or any other material except that spray-applied fire resistive materials are permitted.
O. Care shall be exercised to avoid bending anchors to match baseplate holes, or loosening of anchors by prying sideways after tightening. Care shall also be exercised to ensure that the cone nut of an undercut anchor does not become loose from the stud during the setting or tensioning operation.

P. Non-grouted baseplates installed with post-installed anchors may have a maximum 1/8 inch gap as evidenced under exterior edges around the plate provided that (1) the plate exhibits bearing contact within its interior against the  concrete surface and (2) the uneven bearing does not prevent application of the prescribed torque. If an unacceptable bearing contact condition exists, one of the following procedures shall apply:

1. The concrete surface shall be reworked to obtain a proper fit.

2. For gaps of up to 1 inch, the baseplate may be grouted instead using the following technique: 

a. Insert post-installed anchors and set the baseplate.

b. Install nuts to finger tight condition.

c. Install shims positioned no more than ½ inch away from the anchors to reduce gaps between baseplates shims to 1/8 inch or less at anchor locations.

d. Apply tightening torque. The bolt tightening shall not be performed when interior shims under the baseplates have been placed away from anchors, so that downward bending of the baseplate would result upon tightening. Shims shall be moved as close as possible to the anchors before applying the installation torque.

e. Fill the gap with non-shrink grout leaving the shims in place. For baseplates on walls, where grouting is not feasible, the gap may be filled with shim plates. The shims may be stacked, but no more than four shims shall be stacked.

Q. The post-installed anchors shall not be used with leveling nuts placed under mounting plates; this restriction is to preclude interference with pretensioning anchor.
R. Relocating holes within baseplate:  The baseplate with bolts may be relocated no more than 1” in any direction with respect to the attachment principal axis, unless otherwise noted on the engineering drawings.

3.5
MAXI-BOLT INSTALLATION/INSPECTION
A. When undercut (PC-3 and PC-4) anchors are used in PC-1 and PC-2 applications, the same installation requirements apply. Testing frequency may be reduced to that given for PC-1 and PC-2 in Article 3.7.B Testing, Para 1.

B. The ESM Structural POC may reduce or waive the required installation pre-tension/torque for applications not subject to vibratory loads.

C. Maxi-Bolts are set, then the baseplate is attached, then the bolts are tensioned to the manufacturer’s recommendations for torque or tension.

D. 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) Manual Setter (only recommended for up to 3/4” diameters).

E. Tensioning may be achieved by any of the following methods: 1) Torque wrench (recommended only for up to 3/4" diameter), 2) Hydraulic Tensioning (recommended for 1” to 1-1/4” diameter).

F. The ESM Structural POC recommends the following Installation/ Inspection options. The tension testing requirement (Table 2, Attribute 14) may be waived when Option 2 is used (i.e., all bolts hydraulically tensioned).
G. Inspection devices and testing devices (torque wrenches, hydraulic tensioning, 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.
Table 1 Maxi-Bolt Setting/Tensioning/Testing Options

	
	Bolt Diameter (inches)
	Setting Method
	Tensioning Method
	Testing Requirement

	Option 1
	Up to 3/4 

1 to 1-1/4
	Manual
Hydraulic 
	Torque Wrench

Hydraulic Tensioning
	Verify torque or perform direct tension test

	Option 2
	Up to 3/4 

1 to 1-1/4
	Manual
Hydraulic 
	Hydraulic Tensioning

Hydraulic Tensioning
	Testing may be waived


3.6
INSTALLATION OF GROUTED ANCHORS
A. Holes shall be drilled as shown on the engineering drawings.

B. The hole surface shall be wire brushed to clean and remove all loose particles. In addition, for core-drilled holes with diamond-tip bits, the holes shall be visually examined to confirm that there is no smooth glazing on the hole surface, and the sides of the hole may be roughened, as required, to ensure proper bond. The hole shall be cleaned of chips, dust, water and other loose material. The hole shall be kept damp for a minimum of six hours prior to grouting.

C. Anchors shall be properly positioned and supported and the hole filled with non-shrink grout having a minimum compressive strength of 5 ksi.

D. The grout shall be mixed and placed in accordance with the manufacturer’s instructions.

E. Cold bending of ASTM A 307 or A 36 grouted anchors is permitted to enable the anchor to clear reinforcing steel, provided that the axis of bent anchor is not more than 30 degrees. Field bent anchors should be inspected by LANL construction inspection to verify radius of bend and lack of surface cracking.
3.7
INSPECTION, TESTING, AND ACCEPTANCE CRITERIA
A.
INSPECTION
1. 
Structural anchors shall be visually inspected in order to verify and document that they have been installed in accordance with Article 3.4.  Attributes requiring inspection include, but are not limited to those shown in Table 2.  Inspection attributes shall (as a minimum) comply with the special inspection section of the applicable ICC ER report (with the exception of validating the strength of existing concrete which is the engineer of record’s responsibility) plus additional attributes imposed by this specification and the engineer of record. These attributes of inspection shall be identified in the inspection report documentation.
a. Non-structural anchors shall be visually inspected, following installation, only to ensure compliance with the non-structural-anchor provisions of ESM Chapter 5, Section II, Appendix A, paragraph A.7 (i.e., must ensure anchor used complies with IBC and ESM Chapter 16).

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

Table 2  Required Inspection Attributes

	Inspection Attribute
	Wedge, Screw & Heavy Duty Sleeve (HDS)
	Drop-In
	Adhesive
	Undercut

	1
	Anchor type/Product description
	(
	(
	(
	(

	2
	Anchor diameter (or rod dia. for adhesive)
	(
	(
	(
	(

	3
	Anchor length
	(
	(
	
	(

	4
	Minimum embedment
	(
	(
	(
	(

	5
	Minimum center-to-center spacing
	(
	(
	(
	(

	6
	Minimum edge distance
	(
	(
	(
	(

	7
	Angularity (degrees from perpendicular)
	(
	(
	(
	(

	8
	Verify length of undercut tool prior to drilling
	
	
	
	(

	9
	Verify undercut is acceptable (depth & size)
	
	
	
	(

	10
	Verify the setting load
	
	
	
	(

	11
	Verify the tensioning load
	
	
	
	(
Opt. 13

	12
	Drilled hole dimensions
	(
	(
	(
	(

	13
	Installation torque
	(
	
	
	(
Opt. 14

	14
	Direct tension testing
	(
Opt. 11
	(
	(
	(
Opt. 11, 13

	15
	Maximum embedment (drop-in type only)
	
	(
	
	

	16
	Hole cleanliness
	X except HDS
	
	(
	

	17
	Adhesive expiration date
	
	
	(
	

	18
	Anchor rod length
	
	
	(
	

	19
	Anchor projection after setting
	
	
	
	(

	Powder or pneumatically driven fasteners shall be visually inspected for proper fastener penetration.


Opt. #  =  Option to waive this inspection attribute if the optional attribute is verified.
*************************************************************************************************************

Notes on Table 2:

ML-3 and ML-4 installations:

· Attributes 1-3, 5, 6, and 8 of Table 2 are visually inspected before the anchor is installed in the concrete.  The remaining attributes, except attribute 7, 13, 14, and 19 are verified by the installer during installation and inspected by the LANL Construction Inspector through random monitoring.

ML-1 and ML-2 installations:

· Attributes 1- 3, 5, 6, and 8 of Table 2 are visually inspected before the anchor is installed in the concrete.  Attributes 8-12 and 15-18 are verified during installation.  Attributes 4, 7, 13, 14, and 19 are verified after installation is complete.  Verification must be performed by the LANL Construction Inspector.

************************************************************************************************************
3.      All installations shall comply with Table 3 below.
Table 3  Specifics on Selected Inspection Attributes

	Attribute 7, Angularity, is visually inspected after installation by ensuring proper seating of the nut and washer.

	Attribute 8, Length of the Undercut Tool, is to be verified prior to drilling. See manufacturer’s instruction for details. Length of the undercut shall equal the required embedment depth of the anchor.

	Attribute 9, Verify undercut is Acceptable. Undercut is determined to be acceptable if: 1) the undercutting blades pass the “Go/No Go Gage” test and 2) the undercut is located at the proper depth. Depth of the undercut may be verified by inserting the verified undercut tool into the hole and verifying that the indicator pin slides completely to the end of the slot. A verified undercut tool is one that passes the “Go/No Go Gage” test and is measured to verify that the distance between the bottom tip of the undercutting blades and the bearing sleeve is equal to the embedment depth of the anchor. (See manufacturer’s installation instructions for details).

	Attribute 10, Setting Load. The setting load may be obtained either by hydraulic setting or using the hand bolt setter. If hydraulic setting is used, read the pressure from the pump gage and compare with the corresponding Table in the manufacturer’s installation instructions. If the manual setter is used, check that the indicator pin slides fully to the end of the slot per manufacturer’s instructions.

	Attribute 11, Tensioning Load. Either tensioning load or installation torque may be verified as determined by construction (it is not required to do both).

	Attribute 12, Drilled Hole Dimensions, are verified ensuring that the proper size drill bits are used. Drill bits shall be randomly monitored such that they maintain the allowable tolerances. Physical measuring of holes is not required.

	Attribute 13, Installation Torque. Verify torque with a calibrated torque wrench. For Maxi-Bolts, the LANL Construction Inspector has the option of testing the anchor by torque (Attribute 13) or by direct tension testing (Attribute 14). See 3.9.B Testing for details. If Maxi-Bolts are hydraulically tensioned, per Attribute 10, or if torque verification is performed after installation per Attribute 9.

	Attribute 14, Direct Tension Testing. For Maxi-Bolts, Attribute 14 may be waived if the anchor was hydraulically tensioned (Attribute 11) or if torque verification is performed after installation per Attribute 9.

	Attribute 15, Maximum Embedment of Drop-in Anchors, may be verified by using the setting tool.

	Attribute 16, Hole Cleanliness.  This shall be in accordance with manufacturer’s instructions.

	Attribute 18, Anchor Rod Length. Rods for adhesive anchors will not have a length code stamp; therefore, the total rod length during installation shall be verified.

	Attribute 19, Projection after Setting.  For Maxi-Bolts, shall be within a tolerance of plus 1/2 inch & minus 1/4 inch.  Projection is taken as overall length minus the embedment length.


*********************************************************************************************************
For ML-3 anchors, it is recommended that testing be mandated below to provide added assurance as opposed to increased rigor on procurement.

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

B. 
TESTING
1.
Testing of post-installed anchors is to be witnessed by the LANL Construction Inspector. The testing of post-installed anchors for permanent PC-3 and PC-4 installations is mandatory. Testing of post-installed anchors for permanent PC-1 and PC-2 installations shall be at the discretion of the Engineer of Record except ML-1 and 2 when it is mandatory.
a. Testing Method

Wedge, screw or sleeve type anchors are tested by either the torque method or the direct tension method described below. Drop-in and adhesive anchors are tested by the direct tension method only. For undercut anchors, the direct tension method is preferable. For undercut anchors, direct tension testing may be waived if the anchors are set by hydraulic setting according to the manufacturer’s instructions. The following two methods of testing are acceptable for post-installed anchors. One or both may be used in a single test program. The testing of post-installed anchors may be completed prior to or after installation of the attachment/baseplate.

i. Torque Method: The installed post-installed anchors shall be tested with a manually operated calibrated torque wrench. Acceptable test torque values for anchors tested after installation shall not be less than 80% of the tightening torque as specified by the manufacturer, or project documents. Post-installed anchors may be tested at the time of installation, by utilizing the torque values specified by the manufacturer, or the project documents.

ii. Direct Tension Method: A tensile load as defined in “Test Load” below is applied. 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 post installed anchor and its diameter, or least dimension, equal to the required anchor spacing as given in the ICC ES report. Post installed anchors tested by this method shall be retightened by applying the installation torques.

b. Test Load

Tension test load shall be specified by the manufacturer or project documents. The following methodology is used to determine the test load:

i. For PC-1 and PC-2 anchors, the test load is equal to the lesser of:

· A tensile load equal to 80% of the specified yield strength of the anchor bolt material times the tensile area of the bolt; or

· A tensile load equal to a minimum of one and a half times the design allowable from the ICC report (maximum of two times the design allowable from the ICC report).
ii. For PC-3 and PC-4 anchors, the test load is equal to the lesser of:

· A tensile load equal to 80% of the specified yield strength of the anchor bolt material times the tensile area of the bolt; or

· A tensile load equal to the design concrete strength as determined by ACI 349, Appendix B, B.5 (reduced by the phi factor). If concrete strength is the controlling case, then also reduce by the 0.6 factor for non-ductile design. The inspector shall contact the Engineer of Record for guidance.
c. Test Frequency
Unless otherwise specified, the following test frequencies shall apply:
i. [ML-3 and ML-4 installations: When required, test one randomly selected anchor from the populations covered by the inspection record, not to exceed a population of 50 anchors.]
ii. ML-1 and ML-2 installations: Test one randomly selected anchor from the population covered by the inspection record, not to exceed a population of 10 anchors.
iii. All Installations: If a tested anchor meets the acceptance criteria given in “Acceptance Criteria” below, 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, a post-installed anchor is acceptable if the minimum installation torque 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 3.9 Repair/Restoration, Para A.3.
2. Direct Tension Method

When tested by the direct tension method, a post-installed anchor is acceptable if the test load defined in Subparagraph 3.7.B.1.b is attained without:

a. Slippage of more than:

i. 1/16 inch for non-ductile anchors (all anchors except undercut anchors).

ii. 2.5 percent of the embedded length, rounded to the nearest 1/16 inch for undercut anchors.

b. Bolt failure.

c. A sign of damage in the surrounding concrete as defined in Article 3.9, Repair/Restoration.
3.8 
DOCUMENTATION
A.
Installation Inspection Record

The Installation Inspection Record shall contain the information listed in Table 2.

B.
Test Inspection Record

The test inspection record shall contain the following:

1. General location of anchor and group represented.

2. Method of test or verification.

3. Test results, accepted or rejected.

4. LANL Inspector’s name.

5. Date of test.

6. ID number of testing tool.

C.
Failed Anchor Documentation

Documentation for PC-2, PC-3 and PC-4 anchors is required for an anchor that does not pass the test acceptance criteria of Para 3.7.C. Failed anchor documentation shall be submitted to the Engineer of Record.  The documentation shall contain the following:

1. Exact location of failed anchors.

2. Reason for failure.

3. Repair steps taken.

4. LANL Inspector’s name.

5. Date of test.

3.9
REPAIR/RESTORATION
A.
Abandoned holes shall be grouted with non-shrink grout or drypack mortar as specified in Paras 2.2 and 2.3.  Anchors installed near an abandoned grouted or ungrouted hole must be located as specified in Para 3.4.N.  The grout or mortar shall have strength equal or larger than the strength of the concrete.
When post-installed anchors fail to meet the acceptance criteria under inspection and testing, the following repairs may be undertaken:

1. When failure is due to excessive anchorage pullout, the Engineer of Record 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 disturbed.

· For cases where excessive slippage upon torquing is experienced, or usage of the same hole is not possible, fill the existing hole with approved grout or drypack mortar as specified in Paras 2.2 and 2.3 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 Engineer of Record shall develop an appropriate repair. The Engineer of Record shall be contacted to evaluate the damage and repair method. 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 grout or drypack.  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 specifications.  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 non-shrink grout or drypack.

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 3.7.B, Testing.
Appendix A
LANL Building Official Acceptance Reports

	Anchor Type
	Manufacturer
	Product Name
	Report

	Expansion:

     Wedge
	Hilti
	Kwik Bolt TZ
	ESR-1917

	     Drop-in
	not allowed
	n/a
	n/a

	     Heavy Duty Sleeve
	Hilti
	HSL-3
	ESR-1545

	Adhesive
	Hilti
	HIT-RE 500-SD
	ESR-2322

	Adhesive
	Hilti
	HIT-HY 150 MAX-SD
	ESR-2262

	Undercut
	Hilti
	HDA
	ESR-1546

	Undercut
	Drillco
	Maxi-Bolt
	See below

	Screw
	Hilti
	Kwik HUS-EZ
	ESR-3027


Ensure the acceptance report used for installation and testing is applicable for the code edition being used by the project.
ICC-ES Reports on anchors are available online here (website and listing indicates code year), or search for an individual report by number here.
Anchors not listed in table above but allowed by other LBO-approved Master or project-specific spec sections may be used, and shall be inspected per the LBO acceptance report (typically ESR, but may be LANL-specific document).
For Drillco Maxi-Bolts, the LBO normally accepts the stud-type anchor only, not the flush-mount- / coupling-type (per 03 1512 and 1534).  For stud type, the LBO conditions of approval [per ES-DO: 07-002 (8/15/2007)] are:

1. The concrete shall have attained its minimum design strength prior to installation of the anchors.

2. The anchors shall be installed per the manufacturer’s instructions.

END OF SECTION

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

Do not delete the following reference information:

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

FOR LANL USE ONLY


This project specification is based on LANL Master Specification 03 1550 Rev. 3, dated June 24, 2011.

LANL Project I.D.: [      ]
Post-Installed Concrete Anchors – Installation and Testing

[Rev. 3, June 17, 2011]
03 1550-1
LANL Project I.D.: [     ]
Post-Installed Concrete Anchors – Installation and Testing

[Rev. 3, June 24, 2011] 
03 1550-17

