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Special Inspection Guidelines for Expansion and Adhesive Anchors

Developed for the Concrete Anchor Manufacturers Association (CAMA) by Lee Mattis, P.E.
1.0  Scope
   1.1  Purpose
The purpose of this document is to provide background and a frame of reference about special inspection in general and to provide specific information regarding the special inspection of post-installed expansion and adhesive anchors installed in hardened concrete. This document is based on the requirements for special inspection in the Uniform Building Code (UBC) published by the (former) International Conference of Building Officials (ICBO) and on the similar requirements of the International Building Code (IBC) published by the International Code Council. This is NOT an industry standard but an effort to provide guidance and a better understanding of the special inspection process. It is based on historical information, existing public documents and the 30 years experience of the author with post-installed anchors. Any opinions or recommendations expressed are solely those of the author and not of the Concrete Anchor Manufacturers Association.

   1.2  Expansion & Adhesive Anchor Descriptions
Expansion anchors are installed in hardened concrete by drilling a hole, placing the anchor into the hole and creating an expansion force against the side of the hole by mechanical means.

Adhesive anchors are installed in hardened concrete by drilling a hole, placing the mixed adhesive and anchor rod into the hole and allowing the adhesive to harden and cure for a specified time period.

2.0  Background
   2.1  History of Special Inspection
The UBC has included requirements for special inspection of certain types of construction since 1937. Special inspection requirements have not always been vigorously or uniformly enforced. They were conceived at a time when testing of construction materials was more prevalent and necessary due to variations in quality and the labor force was more skilled and less costly. Subsequently, the quality of construction materials has become more consistent while the cost of labor has risen dramatically, both absolutely and as a percentage of total construction cost. The result has been a reduction in the testing of construction materials and more emphasis on inspection of the labor portion of the work.

These trends, along with periodic earthquakes in California highlighting the need for better quality control of construction, have focused attention on the special inspection requirements within the last fifteen years. This has spawned national interest in special inspection, particularly among engineers who see special inspection as an extension of their construction phase overview services.

Both the National Building Code and Standard Building Code also had special inspection provisions similar to the Uniform Building Code.

   2.2  Future of Special Inspection
The merging of the three model building code organizations has resulted in the development of the International Building Code. The 2000 IBC combines the special inspection provisions of the three model codes and will be the basis for special inspection of expansion and adhesive anchors when adopted by governmental bodies.

   2.3  Special Inspection Definitions
Special inspection is continuous observation of construction activities requiring unique expertise or where additional assurance of quality is deemed necessary.  Concrete placement, masonry construction, structural welding and high strength bolting are common special inspections. These inspections are in addition to the normal progress inspections performed by the building department inspectors.

Continuous inspection means that the special inspector is in the immediate area observing the operation requiring special inspection while the work is being performed and has full knowledge of the work. Some inspections may be done on a periodic basis if the periodic inspection schedule or procedure is specified in the approved plans and specifications. “Approved” plans and specifications means approved by the building official, not just the engineer or architect.

   2.4  Qualification of Special Inspectors
A special inspector is a specially qualified person with both inspection and practical experience in the construction operation requiring special inspection. The individual must submit his qualifications to the local building official for approval. Approval is sometimes done on a case by case basis or is granted to local testing agencies who employ inspectors with the particular expertise. In many cases the approval is informal, based on previous experience with firms and individuals. Engineers may be qualified as special inspectors, however an engineering degree or license does not automatically qualify a person as a special inspector.

   2.5  Employment of Special Inspectors
The owner of the construction project or the engineer or architect of record, acting as the owner’s agent, must employ the special inspector(s). Although not explicitly stated in the UBC, the wording is such that the contractor cannot employ the special inspector(s). This would be a conflict of interest and not in accordance with the intent of special inspection as an independent evaluation.

   2.6  Duties and Responsibilities of Special Inspectors
The special inspector observes the work for conformance with the approved design drawings, specifications and workmanship provisions of the building code, brings discrepancies to the immediate attention of the contractor and to the design authority and the building official if not corrected. Periodic and final inspection reports are required to be submitted to the building official and engineer or architect of record.

The special inspector is considered an extension of the building official by virtue of the code requirements for inspections by the building official and special inspection.  The City of Los Angeles formalizes the relationship with special inspectors in this regard, and they are called “deputy inspectors”.

3.0  Special Inspection Requirements for Post-Installed Anchors
Special inspection of expansion and adhesive anchors  is required by ICC Evaluation Service, Inc. (ICC-ES) (formerly ICBO Evaluation Service, Inc. (ICBO ES)) in evaluation reports for proprietary anchors.  The  basis for this is the UBC and IBC requirement for special inspection of “Bolts installed in concrete” which permits higher design loads for cast-in-place anchor bolts when special inspection prior to and during the placement of concrete around the bolts is provided.

4.0  Recognized Special Inspection Procedures
4.1 General
The Structural Engineers Association of Northern California has recently developed a document titled “Guidelines for UBC Special Inspection” which provides UBC code provisions for special inspection with commentary to assist engineers and others to understand the provisions and how they are used in practice. This document has a section on anchorage to concrete which elaborates on the special inspection of expansion and adhesive anchors. Information from this document is incorporated below.

   4.2  Expansion Anchors
When special inspection is specified by the design engineer, ICC-ES evaluation reports permit use of twice the allowable tension loads for anchors installed without special inspection. To meet the requirements of continuous inspection when special inspection is specified, the special inspector must verify that the installation is in accordance with the requirements of the approved plans, evaluation report and manufacturer’s instructions. This generally means verifying the location of the anchor including any edge distance and spacing requirements, drill bit type and size, hole depth, hole cleaning technique (if applicable), anchor type, size, embedment and installation procedure.

Proof loading of anchors is frequently specified, however this alone is not recognized as meeting special inspection requirements. Periodic special inspection may meet the requirements of continuous inspection if specified on the project plans and approved by the building official as provided in the 1997 UBC Section 1701.6.2.

A program of post-installation visual inspection for location, size and embedment combined with torque or tension testing is used in California hospital construction and could be considered as periodic inspection in other construction. A detailed written procedure was developed by State of California Office of Statewide Health Planning and Development (OSHPD), the state agency responsible for approving plans and observing construction, and has been in use for over ten years. The document was originally titled Interpretation of Regulations, IR 26-6. It is now titled Code Application Notice 2-1925B.3.5 and is available for printing at OSHPD’s website (http://www.oshpd.state.ca.us/fdd/about_us/organization/regulations/cans/index-c.pdf). The procedure includes visual observation and proof loading or torque testing of the installed anchors. Torque testing is applicable for wedge and sleeve type anchors only. The ICC-ES requirement for a length identification symbol on the ends of anchors recognized for multiple embedments makes it possible for the special inspector to determine the embedment of these anchors after installation.

Approval of the building official for periodic special inspection may be obtained by specifying a procedure (such as the OSHPD) on the project plans which are then plan checked and approved.

4.3  Adhesive anchors
ICC-ES evaluation reports require special inspection for all installations. The special inspector must verify that the installation is in accordance with the requirements of the approved plans, evaluation report and manufacturer’s instructions. This generally means verifying the location of the anchor, any edge distance and spacing requirements, drill bit type and size, hole depth, hole cleaning technique (very important), anchor type, size, embedment and installation procedure including adhesive expiration date and proper dispensing.

Proof loading alone is not recognized as meeting special inspection requirements. While proof loading may be specified as a supplement, visual inspection of the anchor installation must still be provided since it is not possible to verify embedment and important installation procedures (hole cleaning, mixing, adhesive dispensing and others that may be specified by the manufacturer) after the anchors have been installed.

Periodic special inspection is possible, however there are no established procedures like the OSHPD procedures for expansion anchors. A reasonable approach to periodic inspection for adhesive anchors is:



*
Initial inspection of installation of the first anchors

*
Proof loading to the lesser of 50% of expected adhesive ultimate bond strength or 80% of steel yield strength. Proof loading should be done after a minimum curing period specified by the manufacturer. Anchors should have no visible indications of movement during or after the application of the proof load.

*
For highly redundant applications such as rebar doweling for shotcrete or slab doweling, proof load a minimum random sampling of 5% of the anchors. The engineer or architect should consider higher sampling rates for installations with less redundancy or that are considered more critical.

*
Subsequent inspection of installation when there is an change of personnel performing the installation or use of a different product.

The following is an example of a periodic inspection procedure specified by the author and used on an actual construction project:

Initial inspection is required for each different subcontractor. The inspector will verify location and configuration of the anchors based on the project plans including any edge distance and spacing requirements, drill bit type and size used, hole depth, hole cleaning technique, anchor type, size, embedment and installation procedure including adhesive expiration date and proper dispensing.

Subsequent inspection of installation will be required only when there is a change of personnel doing the installation. The general contractor shall call for such inspection in the event of a change, defined as any one or more persons drilling, preparing holes or installing anchors.

Initial inspection and proof load testing are required for the following. Anchor type drawing detail reference, test frequency and tension loads are:

#4 Rebar Dowels at shotcrete walls (7/S1.2) - 5%/9000 lbs
#4 Rebar Dowels at lower level ramps (5/S1.1) - No testing

#5 Rebar Dowels at roof infill (2/S1.3) - 10%/14,000 lbs
3/4" Epoxy Rods at steel moment frames (1-7/S5.1) - 5%/20,000 lbs

1" Epoxy Rods at steel moment frames (9/S5.1) - 5%/28,000 lbs

1-1/4" Epoxy Rods at steel moment frames (8/S5.1) - 1 at each frame/50,000 lbs

Test loads are based on either 80% of steel yield or 50% of expected ultimate adhesive bond tension capacity, whichever is less, to avoid permanent distress. Anchors shall have no visible indications of movement during or after the application of the proof load.

As noted in Section 4.2, a periodic inspection procedure may be included on the project plans and approved by the building official via the plan check process.

5.0  Equipment & calibration
   5.1 Hydraulic Systems
Hollow core rams with pressure gages are used when proof loading is part of the special inspection procedures. Each combination of ram and gage must be calibrated together as a system in a testing machine or other device that is traceable to the National Institute of Standards and Technology (NIST). It is not acceptable to calibrate the gage alone and calculate the load by multiplying gage pressure time the ram area.

When testing anchors to ultimate failure, the load reactions from the bridging system should be at least two times the anchor embedment away from the anchor. However when using the OSHPD procedure, it is permissible to have the reactions close to the anchor as long as the fixtures do not restrict the anchor from pulling out. The reason for this is that only the anchor installation is being verified using a relatively low proof load.

   5.2  Torque wrenches
Torque wrenches are used when torque testing is part of the special inspection procedures. They must be calibrated by a standard traceable to NIST.

   5.3  Other
Torque bridges, levers and other custom devices must be carefully conceived and calibrated to insure that the required proof load is applied to the anchors. Torque bridges are particularly tricky since the calibration procedures in testing machines using rigid connections may not be valid for anchors that move when loaded (are less rigid than the calibration set up).
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