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SECTION 6.03 - STRUCTURAL STEELPRIVATE 

Delete Subarticle 6.03.03-19 - Bolted Connections and replace with the following:

19 - Connections Using High-Strength Bolts:
19 (a)  General:

This Subarticle covers the assembly of structural joints using ASTM A325 or ASTM A490 high‑strength bolts installed so as to develop the minimum required bolt tension specified in Table A.

19 (b)  Fastener Components:

A fastener assembly is an assembly of fastener components ( bolt, nut and washer(s) ) that is supplied, tested and installed as a unit.  
The manufacturer’s certified test reports, documenting conformance of the to the applicable component material specifications, including the rotational capacity test results, shall be submitted to the Engineer when the fastener assembly components are delivered to the project site.  Fastener assembly components delivered without the certified reports will be rejected.  
Fastener assembly components shall be assigned lot numbers, including rotational capacity lot numbers, prior to shipping.  Fastener assembly components from the same rotational-capacity lot shall be shipped in the same container.  
Fastener assembly components shall be stored in an area protected from dirt and moisture in closed containers.  Only as many fastener assemblies as are anticipated to be installed and tensioned during a work shift shall be taken from protected storage.  Fastener assemblies not used shall be returned to protected storage at the end of the shift.  Prior to installation fastener assemblies shall not be cleaned of lubricant.  Fastener assemblies which accumulate rust or dirt resulting from site conditions shall be cleaned, relubricated and tested for rotational‑capacity prior to installation.  All galvanized nuts shall be lubricated with a lubricant containing a visible dye.  Plain bolts must be oily to the touch when delivered and installed.  Lubricant shall be removed prior to painting.

Only fastener assembly components, with the same rotational-capacity lot number, shall be installed together.  

The length of the bolts shall be such that the end of the bolt will be flush with or outside of the face of the nut when properly installed.  The length of the bolts shall be such that the combined thickness of the bolted parts falls within the range of the minimum and maximum grips for the bolts.

19 (c)  Bolted Parts:
1 - Connected Plies:

All material within the grip of the bolt shall be steel; there shall be no compressible material, such as gaskets or insulation, within the grip.  Bolted steel parts shall fit solidly together after the bolts are tightened to compact the connection to a snug-tight condition.  The slope of the surfaces of parts in contact with the bolt head or nut shall not exceed 1:20 with respect to a plane normal to the bolt axis.  
2 - Surface Conditions:
At the time of assembly, all faying surfaces, including surfaces adjacent to the bolt head and nut, shall be free of dirt or other foreign material. Burrs that would prevent solid seating of the connected parts in the snug tight condition shall be removed.

Faying surfaces shall meet the following requirements, as applicable:
· Uncoated faying surfaces:  In connections specified to have uncoated faying surfaces, the faying surfaces shall be blast cleaned to remove all coatings, rust, and mill scale immediately prior to assembly.
· Coated faying surfaces:  Connections specified to have painted faying surfaces shall be blast cleaned and coated in accordance with coating specifications elsewhere within these contract documents.  Connections with coated faying surfaces shall not be assembled before the coating has cured for the minimum time used in the qualifying test.
· Galvanized faying surfaces:  In connections specified to have galvanized faying surfaces, the faying surfaces shall be hot‑dip galvanized in accordance with ASTM A123 / A123M, and shall subsequently be roughened by means of hand wire brushing.  Power wire brushing is not permitted.

19 (d)  Calibrated Bolt Tension-Measuring Device:  The Contractor shall provide a calibrated bolt tension-measuring device (a Skidmore‑Wilhelm calibrator (Skidmore) or other acceptable bolt tension indicating device) at all times when, and at all locations where high‑strength bolts are being installed and tensioned.  The bolt tension measuring device shall be calibrated by an approved testing agency at least annually.  The bolt tension-measuring device shall be used to perform the rotational‑capacity test of the fastener assemblies.  The bolt tension-measuring device will also be used to confirm (1) the suitability of the fastener assembly to satisfy the requirements of Table A, including lubrication as required, (2) calibration of the installation wrenches, if applicable, and (3) the understanding and proper use by the Contractor of the selected method of tensioning to be used.

Verification testing and calibration of installation wrenches shall conform to the requirements specified in Turn of the Nut Method, Calibrated Wrench Method or Direct Tension Indicator (DTI) Method as applicable.
19 (e)  Pre-installation Verification Testing:

The fastener assemblies shall be tensioned by any of the following acceptable methods:  Turn of the Nut Method, Calibrated Wrench Method or Direct Tension Indicator (DTI) Method.  The Contractor shall inform the Engineer of the method that will be used to tension the bolts.  Prior to assembly, a bolt tension-measuring device shall be used confirm the suitability of the complete fastener assembly, including lubrication; and confirm the procedure and proper use by the bolting crew of the tensioning method to be used.  This verification testing shall conform to the specific requirements noted for each of the acceptable tensioning methods.   
19 (f)  Installation:
1 - General:

All bolt holes shall be aligned to permit insertion of the bolts without undue damage to the threads.  Bolts shall be placed in all holes with washers positioned as specified and nuts threaded to complete the assembly.  Nuts shall be located, whenever practical, on the side of the connection which will not be visible from the traveled way.  All bolts shall have a hardened washer under the turned element (nut or bolt head).  Where necessary, washers may be clipped on one side to a point not closer than 7/8 of the bolt diameter from the center of the washer.  Circular and beveled washers, when used adjacent to direct tension indicator washers shall not be clipped.  Direct tension indicator washers shall not be clipped.
The bolts shall be initially tightened to compact the connection to a snug-tight condition.  Snug-tight is defined as having all the plies of the connection in firm contact.  Compacting the joint to the snug-tight condition shall progress systematically from the most rigid part of the joint to the free edges.  The bolts of the connection shall be tightened by repeating this tightening sequence until the connection is snug-tight.  The snug-tightened condition is the tightness that may be attained with a few impacts of an impact wrench or the full effort of an ironworker using an ordinary spud wrench.
Unless otherwise approved by the Engineer, fastener assemblies shall be brought to full tension immediately following compacting the connection to the snug-tight condition by the Turn of the Nut Method, Calibrated Wrench Method or Direct Tension Indicator Method to the minimum tension specified in Table A.  Tensioning may be done by turning the bolt while the nut is prevented from rotating when it is impractical to turn the nut. 
Fully tensioned fastener assemblies shall not be reused.  Retightening previously tensioned bolts which may have been loosened by the tensioning of adjacent bolts shall not be considered as reuse provided the tensioning continues from the initial position and does not require a greater rotation, including tolerance, than required by Table B. 
2 - Turn‑of‑Nut Method:
Verification Testing:

At the start of the work, the Contractor shall demonstrate that the procedure used by the bolting crew to develop a snug-tight condition and to control the turns from a snug-tight condition to develop a tension equal to or greater than 1.05 times the minimum tension specified in Table A.  To verify their procedure, the Contractor shall test a representative sample of not less than three complete fastener assemblies of each diameter, length and grade to be used in the work.  This shall be performed at the start of work using a bolt tension-measuring device.  Periodic retesting shall be performed when ordered by the Engineer.
Installation:

After the connection has been brought to a snug-tight condition, the applicable amount of nut rotation shall be applied to all fastener assemblies as specified in Table B.  During the tensioning operation there shall be no rotation of the part not turned by the wrench.  Tensioning shall progress systematically from the most rigid part of the connection to its free edges.

3 - Calibrated Wrench Method:
General:

Calibrated wrench method may be used only when the installation wrenches are properly calibrated daily, or as determined by the Engineer.  Standard torques determined from tables or from formulas which are assumed to relate torque to tension shall not be acceptable.
Verification Testing:


The Contractor shall demonstrate to the Engineer periodically that all equipment and wrenches are providing a torque which has been calibrated to produce a tension equal to or greater than 1.05 times the minimum tension specified in Table A.  The installation procedures shall be verified periodically, as determined by the Engineer, for each bolt diameter, length and grade using the fastener assemblies that are being installed in the work.  This verification testing shall be accomplished in a bolt tension-measuring device by tensioning three complete fastener assemblies of each diameter, length and grade from those being installed with a hardened washer under the element turned.  To perform the calibrated wrench verification test for short grip bolts, direct tension indicators (DTIs) with solid plates may be used in lieu of a tension measuring device.  The DTI lot shall be first verified with a longer grip bolt in the tension measuring device.
When significant difference is noted in the surface condition of the bolts, threads, nuts or washers, as determined by the Engineer, wrenches shall be recalibrated.  The Contractor shall verify during the installation of the assembled steel work that the wrench adjustment selected by the calibration does not produce a nut or bolt head rotation from snug greater than that permitted in Table B.  If manual torque wrenches are used, nuts shall be turned in the tensioning direction when torque is measured.

Installation:

After the connection has been brought to a snug-tight condition, the bolts shall be tensioned using the calibrated wrench.  Tensioning shall progress systematically from the most rigid part of the connection to its free edges.  A calibrated torque wrench shall be used to "touch up" previously tensioned bolts which may have been relaxed as a result of the subsequent tensioning of adjacent bolts until all bolts are tensioned to the prescribed amount.
4 - Direct Tension Indicator Method: 
General:

When direct tension indicators (DTIs) are used with high-strength bolts to indicate bolt tension, they shall be subjected to the verification testing described below and installed in accordance with the method specified below.  Unless otherwise approved by the Engineer, the DTIs shall be installed under the head of the bolt and the nut turned to tension the bolt.  The Manufacturer’s recommendations shall be followed for the proper orientation of the DTI and additional washers, if any, required for the correct use of the DTI.  Installation of a DTI under the turned element may be permitted if a washer is used to separate the turned element from the DTI.

Verification Testing:

The purpose of the verification testing is to ensure that the fastener will be at or above the desired installation tension when half or more of the spaces in the DTI have a gap less than 0.005 inches and that the fastener will not undergo excessive plastic deformation at the minimum gap allowed on the project.

Verification testing shall be performed in a tension-measuring device.  A special flat insert shall be used in place of the normal bolt head holding insert.  Three verification tests shall be required for each combination of fastener assembly rotational-capacity lot, DTI lot, and DTI position relative to the turned element (bolt head or nut) to be used on the project.  The fastener assembly shall be installed in the tension-measuring device with the DTI located in the same position as in the work.  The element intended to be stationary (bolt or nut) shall be restrained from rotation.
The verification tests shall be conducted in two stages.  The bolt nut and DTI assembly shall be installed in a manner so that at least three and preferably not more than five threads are located between the bearing face of the nut and the bolt head.  The bolt shall be tensioned first to the load equal to that listed in Table C under Verification Tension for the grade and diameter of the bolt.  If an impact wrench is used, the tension developed using the impact wrench shall be no more than two-thirds of the required tension.  Subsequently, a manual wrench shall be used to attain the required tension.  The number of refusals of the 0.005-in. tapered feeler gage in the spaces between the protrusions shall be recorded.  The number of refusals for uncoated DTIs under the stationary or turned element, or coated DTIs under the stationary element, shall not exceed the number listed under Maximum Verification Refusals in Table C for the grade and diameter of bolt used.  The maximum number of verification refusals for coated DTIs (galvanized, painted, or epoxy-coated), when used under the turned element, shall be no more than the number of spaces on the DTI less one.  The DTI lot shall be rejected if the number of refusals exceeds the values in the table or, for coated DTIs if the gage is refused in all spaces.

After the number of refusals is recorded at the verification load, the bolt shall be further tensioned until the 0.005-in feeler gage is refused at all the spaces and a visible gap exists in at least one space.  The load at this condition shall be recorded and the bolt removed from the tension-measuring device.  The nut shall be able to be run down by hand for the complete thread length of the bolt excluding thread run-out.  If the nut cannot be run down for this thread length, the DTI lot shall be rejected unless the load recorded is less than 95 percent of the average load measured in the rotational capacity test of the fastener lot.
If the bolt is too short to be tested in the calibration device, the DTI lot shall be verified on a long bolt in a calibrator to determine the number of refusals at the verification tension listed in Table B.  The number of refusals shall not exceed the values listed under maximum verification refusals in Table C.  Another DTI from the same lot shall then be verified with the short bolt in a convenient hole in the work.  The bolt shall be tensioned until the 0.005-in. feeler gage is refused in all spaces and a visible gap exists in at least one space.  The bolt shall then be removed from the tension-measuring device and the nut shall be able to be run down by hand for the complete thread length of the bolt excluding thread run-out.  The DTI lot shall be rejected if the nut cannot be run down this thread length.

Installation:
Installation of fastener assemblies using DTIs shall be performed in two stages.  The stationary element shall be held against rotation during each stage of the installation.  The connection shall be first snugged with bolts installed in all holes of the connection and tensioned sufficiently to bring all the plies of the connection into firm contact.  The number of spaces in which a 0.005-in. feeler gage is refused in the DTI after snugging shall not exceed those listed under Maximum Verification Refusals in Table B.  If the number exceeds the values in the table, the fastener assembly shall be removed and another DTI installed and snugged.

For uncoated DTIs used under a stationary or turned element and for coated DTIs used under a stationary element, the bolts shall be further tensioned until the number of refusals of the 0.005-in.feeler gage shall be equal or greater than the number listed under Minimum Installation Refusals in Table B.  If the bolt is tensioned so that no visible gap in any space remains, the bolt and DTI shall be removed and removed by a new properly tensioned bolt and DTI.

When coated DTIs (galvanized, painted or epoxy coated) are used under a turned element, the 0.005-in feeler gage shall be refused in all spaces.

19 (g)  Inspection of Bolted Connections:
1 - General:

The Contractor shall provide all the material, equipment, tools and labor, including access for the Engineer, necessary for the inspection the bolted parts, fastener assemblies and connections before, during and after the fasteners are installed and tensioned.  

2 - Quality Control:

The Contractor is responsible for Quality Control (QC). The Contractor shall review this specification with its project personnel prior to performing the work.  The Contractor shall verify the proper markings, surface conditions and storage of fastener assemblies.  The Contractor shall inspect the faying surfaces of connections for compliance with the plans and specifications.  The Contractor shall provide to the Engineer a copy of their written QC report for each shift of the calibration or verification testing specified. This report shall confirm that the selected procedure is properly used and that the fastener assemblies installed meet the tensions specified in Table A.  The Contractor shall monitor the installation of fasteners in the work to assure that the selected procedure, as demonstrated in the initial testing to provide the specified tension, is routinely and properly applied.

3 - Inspection Procedures:
The inspection of fasteners assemblies shall be performed within 24 hours of bolt tensioning.

For fastener assemblies tensioned by the turn of the nut method or the calibrated wrench method, the Contractor, in the presence of the Engineer, shall inspect the tensioned fastener assemblies using an inspection torque wrench as follows:. 
The inspection torque wrench shall be calibrated as follows:  Three bolts of the same grade, size, and condition as those under inspection shall be placed individually in a device calibrated to measure bolt tension.  This calibration operation shall be done at least once each inspection day.  There shall be a washer under the part turned in tighten each bolt.  In the calibrated device, each bolt shall be tightened by any convenient means to the specified tension.  The inspection wrench shall then be applied to the tensioned bolt to determine the torque required to turn the nut or head five degrees in the tightening direction.  The average of the torque required for all three bolts shall be defined as the job‑inspection torque.

Unless otherwise specified in the contract documents, 25%, but a minimum of two, of the tensioned bolts shall be selected by the Engineer for inspection in each connection.  (The Engineer may reduce the number of bolts tested at a connection to 10% based on the Contractor’s past performance and connection location.) The job‑inspection torque shall then be applied to each selected assembly with the inspection torque wrench turned in the tightening direction.  If all inspected bolt heads or nuts do not turn, the bolts in the connection shall be considered to be properly tensioned.  If the torque turns one or more bolt heads or nuts, the job‑inspection torque shall then be applied to all bolts in the connection.  Any bolt whose head or nut turns shall be re-tensioned and re-inspected.  The Contractor may, however, re-tension all the bolts in the connection with the inspection torque wrench and resubmit it for inspection, so long as the fastener assemblies are not over-tensioned or damaged by this action.

For fastener assemblies tensioned by the direct tension indicator method, the Contractor, in the presence of the Engineer, shall inspect the all the tensioned fastener assemblies with a feeler gauge.  The number of feeler gage refusals shall conform to the requirements noted under the installation procedure for the direct tension indicator method.
Table A 


Minimum Bolt Tension in kipsa
	PRIVATE 
Bolt Size (Inches)
	ASTM A 325 
	ASTM A 490

	⅝
	19
	24

	¾
	28
	35

	⅝
	39
	49

	1
	51
	64

	1 ⅛
	56
	80

	1 ¼
	71
	102

	1 ⅜
	85
	121

	1 ½
	103
	148


(a)  Equal to 70% of the specified minimum tensile strength of the bolts (as specified in ASTM Specifications for tests of full‑size A 325 and A 490 bolts with UNC threads, loaded in axial tension) rounded to the nearest kip.

TABLE B 


Nut Rotation from the Snug Condition

	Bolt Lengthc
(measured from underside of head to end of bolt)
	Geometrya,b of Outer Faces of Bolted Parts

	
	Both Faces Normal to Bolt Axis
	One Face Normal to Bolt Axis and Other Face Sloped Not More Than 1:20, Bevel Washer Not Used
	Both Faces Sloped Not More Than 1:20  From Normal to Bolt Axis, Bevel Washer Not Used

	Up to and including 4 diameters
	1/3 turn
	1/2 turn
	2/3 turn

	Over 4 diameters but not exceeding 8 diameters
	1/2 turn
	2/3 turn
	5/6 turn

	Over 8 diameters but not exceeding 12 diameters
	2/3 turn
	5/6 turn
	1 turn


(a)  Nut rotation, as used in Table B, shall be taken as relative to the bolt, regardless of the element (nut or bolt) being turned.  For bolts installed by 1/2 turn and less, the tolerance should be plus or minus 30 degrees; for bolts installed by 2/3 turn and more, the tolerance should be plus or minus 45 degrees.

To determine the nut rotation for installation and inspection of the fasteners, the nut and the end of the bolt or the head of the bolt and the adjacent steel shall be match marked.  

(b)  The values, given in Table B, shall be applicable only to connections in which all material within grip of the bolt is steel.

(c)  No research work has been performed by the Research Council Riveted and Bolted Structural Joints to establish the turn‑of‑nut procedure when bolt lengths exceed 12 diameters.  For situations in which the bolt length, measured from the underside of the head to the end of the bolt, exceeds 12 diameters, the required rotation shall be determined by actual tests in a suitable tension device simulating the actual conditions.

TABLE C

Direct Tension Indicator Requirements

	PRIVATE 
Bolt Dia.

(in.)
	Verification Tension, (kips)
	Maximum Verification Refusals
	DTI Spaces
	Minimum Installation Refusals

	
	A325
	A490
	A325
	A490
	A325
	A490
	A325
	A490

	5/8
	20
	25
	1
	2
	4
	5
	2
	3

	¾
	29
	37
	2
	2
	5
	6
	3
	3

	7/8
	41
	51
	2
	2
	5
	6
	3
	3

	1
	54
	67
	2
	3
	6
	7
	3
	4

	1 1/8
	59
	84
	2
	3
	6
	7
	3
	4

	1 ¼
	75
	107
	3
	3
	7
	8
	4
	4

	1 3/8
	89
	127
	3
	3
	7
	8
	4
	4

	1 ½
	108
	155
	3
	4
	8
	9
	4
	5
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