Educational Bulletin No. 4
RECOMMENDED ERECTION AND FIELD INSPECTION PROCEDURES FOR HIGH-STRENGTH BOLTS IN STRUCTURAL STEEL ASSEMBLIES
 

This bulletin provides brief guidance for proper installation of high-strength fastener assemblies, and emphasizes the most reliable methods for inspection of bolts installed by each of the four recognized installation methods. Additionally, it explains why the recommended receipt, storage, installation and inspection procedures are important to the reliable use of high-strength fasteners.
Threaded high-strength fasteners are an assembly made up of an externally threaded screw (commonly called a bolt) and a nut. If a washer is required, it is an essential part of the assembly; a direct tension indicator also may be specified. Each part is covered by separate ASTM Specifications that assure uniformity of strength and quality of each part, largely independent of the other elements.
The ASTM Specifications are adequate and appropriate for the strength and quality of the separate parts, but the ASTM tests may not be representative of the factors and conditions that determine the performance of the fasteners assembly during installation and service as they are used in construction. For one example, the bolt part of the assembly is tested for strength of screwing the bolt into a standard testing fixture and subjecting it to pure tension. In usual applications, bolt tension is induced by torquing a nut on the bolt. During this operation, the bolt is subjected to combined torque and tension, which may cause the bolt to fail at a load less than the pure tension load. The highly variable torque components of the combined stress must not be so large that, for bolts required to be pretensioned, it prevents the development of the specified pretension.
The components of a fastener assembly come together and may be evaluated reliably as an assembly from the standpoint of the effect of fit of the nut threads with the bolt treads, the condition of the treads and the effectiveness of the lubrication and the function of the assembly in a structure only at the time of installation. The Specification for Structural Joints Using ASTM A325 or A490 Bolts, and various specifications that invoke the RCSC Specifications provide the authoritative rules that ensure suitability and proper installation of fastener assemblies in structural applications.
Requirements Applicable To All High-Strength Bolt Installation
The assurance of service performance of fastener assemblies as contemplated in the design and intended by the Engineer must be the primary goal of all members of the construction team. This goal can be reliably achieved only by following the RCSC Specifications. The following summary emphasizes the essential procedures that are required but often neglected. 

1. Job site quality control procedures for receipt of fasteners must verify that lot numbers on the kegs, boxes or bags correlate with the lot numbers on the test certificates and that the information on the certificates indicate that all lots of bolts, nuts, washers (if used), and DTIs (if used) are within the specification requirements. The procedures for receipt also shall verify that fastener assembly components are properly marked.
2. Special attention must be given to galvanized fastener assemblies to assure compliance with latest ASTM Specification revisions, such as rotational capacity tests and lubrication of galvanized nuts.
3. Reaming of poorly aligned holes, which may be required to avoid damage to threads by driving bolts, should be accomplished in accordance with AISC Code of Standard Practice, paragraph 7.12. Modifications to clear major misalignments should be recorded in detail with date, time and location.
4. When the requirements for receipt of fasteners and the requirements for verification of installation procedure is followed by installation of fasteners in the work according to the pretested procedure under the surveillance of the inspector as required in the Specification for Structural Joint Using ASTM A325 or A490 Bolts, the installed fasteners are deemed to be properly installed and to satisfy the requirements of the specification without further inspection or testing.
 

Installation And Inspection Of Bolts In Snug-Tightened Joints
1. Bolts in connections not identified as being slip critical nor subject to direct tension nor otherwise identified as requiring pretension should be tightened to pull all plies into firm contact but need not be tightened to induce a specific pretension.
2. Inspection should not include testing for bolt tension in connections not requiring pretension.
3. Painting of the faying surfaces of these connections is permitted.
 

Requirements Applicable To All Methods For Bolts In Pretensioned Joints And Slip-Critical Joints
The following requirements are mandatory for all RCSC Specification approved field installation and inspection procedures for connections requiring pretension, such as slip-critical connections covered by AISC Specification paragraph J1.11.
1. All fastener components shall be stored at all times prior to installation in a manner that affords protection from moisture, excessive heat and contamination by dirt.
2. Only the number of fasteners required for one shift of work shall be removed from storage at a time. At the end of the work day, all fasteners not installed are to be returned to suitable storage.
3. Tension measuring devices are necessary erection tools that are required by the erector at the job site where fasteners requiring pretension are being installed. The erector shall assemble the as-received fastener components and test the assemblies, as they will be used, to confirm that the installation procedure to be used for tensioned fasteners develops tension 5% higher than required tension given in Table 8.1 of the RCSC Specification.
4. During the project, fasteners found to be corroded, dirty or lacking adequate lubricant to satisfy test requirements shall be collected in a designated container, cleaned and re-lubricated with an approved lubricant and re-tested. Fastener assemblies that cannot demonstrate an installed tension 5% higher than minimum required tension shall be deemed unacceptable for use.
5. Bolts shall be installed in holes of a connection and brought to the snug-tight condition. Snug tightening shall begin at the most rigid part of the connection and progress to the free edges.
6. After the snug tightening operation, all bolts shall be tightened further in a systematic manner beginning with the most rigid part of the connection and progressing to the free edges of the connection.
7. Surveillance by the inspector of start-up testing and performance according to the tested procedure on work in progress provides greatest assurance of proper installation and bolt tension. After-the-fact testing is inherently less reliable.
8. Tensions in excess of those given in Table 8.1 are not cause for rejection.
 

Additional Requirements For Turn-Of-Nut Tightening Method
1. At the start of the work, the installation crews shall demonstrate that their routine procedure for turn-of-nut method properly establishes the snug tight condition and turns required for full tension.
2. Bolt tightening to final tension may be accomplished with greatest assurance by match-marking the outer face of the nut with the protruding bolt point after the snug tightening operation.
3. The specified turns from snug tight to final tension must be applied in a systematic manner beginning at the most rigid part of the connection.
4. The inspector shall observe the testing of the representative samples and verification demonstrations of the method to be used, and shall exercise surveillance to assure that the proven method is routinely followed in the work.
 Additional Requirements For Tension Control Bolts
1. The sheared-off splined end of an individual bolt only indicates that, at the time the splined end was torqued off, enough torque had been applied to the bolt to fracture the break neck. Specified tension is assured for all bolts in a connection required to be tensioned only if the bolts have been systematically snugged and tightened as specified.
2. Tightening to final tension and shearing the break neck shall not be accomplished in a single continuous operation, especially in large joints.
3. The greatest assurance of properly installed and tensioned bolts will result if the inspector exercises surveillance inspection of work in progress to assure that procedures (5) and (6) of the tensioning requirements applicable to all methods are routinely followed before the break neck is sheared.
4. Specific and proper lubrication of tension control bolts is essential to the reliable use of these fasteners. Contact the manufacturer prior to applying any lubricant to these fasteners.
 

Additional Requirements For Calibrated Wrench Tightening
1. At least once each working day, using the tension measuring device and representative samples of the fasteners to be installed that day, the erector will calibrate the wrenches and demonstrate that the installation procedure and the equipment being used achieves 1.05 times the specified installation tension.
2. Any time a component of the installation process is changed (operator, impact wrench, compressor, fastener component combination, etc.) this test is to be performed to revalidate the procedure. 
3. In the work, the bolts shall be installed with hardened washers under the element to be turned in tightening.
4. Following the initial tightening, the connection shall be tightened using the calibrated wrench beginning with the most rigid part of the connection and progressing systematically to the free edges until the tightening torque for all bolts reach at least the torque established by the demonstration tests for the day. Several cycles may be needed.
5. The inspector shall observe the calibration of wrenches and/or required installation torques, as appropriate, for the fastener assemblies being used, and shall use the torques so determined to check the tightening of bolts in the work.
6. So-called standard torques, or torques determined by formula or tables, shall not be used.
 

Additional Requirements For Assemblies With Direct Tension Indicators
1. At the start of work, in addition to General Requirement (1), representative samples shall be checked in the tension calibrating device to demonstrate that the DTIs supplied are within the installed tolerances in Table 3 of ASTM F959.
2. The presence of a DTI with the protrusions compressed to the specified gap merely indicates that at some time an adequate load has been applied. Specified tension is assured only if the connection is systematically snugged and tightened as required for all methods for tensioning bolts.
3. Tightening of individual bolts with DTIs to final gap shall not be accomplished in a single continuous operation. First, all fasteners shall be tightened so as to compress the DTI protrusions to two times the specified final gap.
4. Tightening to final specified indicator gap shall be accomplished by systematic tightening of fasteners beginning at the most rigid part of the connection and progressing to the free edges, especially in large connections. Several cycles may be required.
5. The greatest assurance of properly installed and tensioned bolts will result if the inspector exercises surveillance inspection of work in progress to assure that procedures (5) and (6) of the tensioning requirements applicable to all methods are routinely followed in compressing the indicators to the specified gap.
