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HIGH STRENGTH BOLTS (Revised 6-30-05)
Specifications.  The following specifications supplement these contract documents:
AASHTO Standard Specifications for Transportation and Methods of Sampling and Testing, Part I; (current edition).
AASHTO Standard Specifications for Highway Bridges, Division II; (current edition).
ASTM specification F 606M-02.
Materials.  Use bolts, nuts, and washers that bear manufacturer's markings as specified in the AASHTO specifications.
Bolts.  Use AASHTO M164M Type 1 or 3 bolts as specified on the plans.  The maximum hardness for AASHTO M-164M bolts is 34 Rockwell Hardness C.  The minimum hardness is 23 Rockwell Hardness C.  The maximum tensile yield strength for one inch and smaller diameter bolts is 1035 MPa.  The maximum tensile yield strength for bolts greater than 24 mm in diameter is 830 MPa.
Nuts.  Use either 2H (AASHTO M-292M) or Class 10S (AASHTO M-291M).  Over-tap galvanized nuts by the minimum amount specified by AASHTO M-291M.  Use Class 8S3 (AASHTO M 291M) nuts with AASHTO M 164M Type 3 bolts.
Washers.  Use washers meeting the requirements of AASHTO M-293M.
Supplier Testing.  Test all bolts, nuts, and washers in accordance with AASHTO M‑164M.  Also perform the following tests on all fasteners:
Proof load test on Class 10S nuts (AASHTO M-291M), and on 2H nuts (AASHTO M‑291M).  Test all galvanized nuts after overtapping, galvanizing, and lubricating.
Wedge test on both black and galvanized bolts (ASTM F 606M-95a-3.5).  Test galvanized bolts after galvanizing.
Rotational capacity test, defined in this special provision.  Perform this test using a Skidmore-Wilhelm calibrator in accordance with either Procedure A or Procedure B, both of which are described below.
[bookmark: _GoBack]Perform the wedge test and the rotational capacity test on a sample size of 1% of the number of bolts this contract requires, for each possible combination of bolt production lot, nut production lot, and washer production lot shipped as part of this contract.  Designate each test by a unique number assigned by the testing agency for future identification.


PROCEDURE A
Rotational Capacity Test Procedure (Long Bolts in Tension Calibrator)

PREPARATION
Use black fasteners oily to the touch at testing.  Clean all weathered or rusty fasteners of all rust and re-lubricate prior to testing.  Lubricate all galvanized fasteners with a visible dye, so a visual check verifies the lubricant's presence.  

NECESSARY EQUIPMENT:
A Skidmore-Wilhelm tension calibrator, of capacity appropriate for the bolts to be tested,
A calibrated torque wrench,
Spacers and/or washers with a maximum hole size 2 mm larger than the bolt diameter,
A steel section on which to mount the bolt calibrator,  (The flange of a girder or a cross-frame accessible from the ground is acceptable.)


TEST PROCEDURE: 
Step 1.  Measure the overall length of the bolt, not including the head.

Step 2.  Install the bolt in the tension calibrator with sufficient spacers or washers to bring the bolt-end out at least flush with the tightened nut to a maximum bolt stick-out of three threads.  Provide three to five threads in the grip (the length of bolt between the inside faces of the nut and bolt head). 
Always use a hardened washer under the nut.

Step 3.  Tighten the nut with a hand wrench to produce the appropriate snug tension from Table I, with an allowable error range from 0 to +9 (kN).

Step 4.  Match-mark the bolt, nut and face plate of the calibrator.

	Table I

	Bolt Dia. (mm)	
	20
	22
	24

	Snug Tension (kN)
	13
	18
	23



Step 5.  Using the calibrated torque wrench, tighten the nut to at least the tension in Table II.  Record the bolt tension and the torque that produced that tension.  (Measure the torque with the nut in motion.)  
Calculate the following value for maximum allowable torque given by: 

T = 0.25PD, 
where P = tension, in N.  And D = diameter of bolt, in meters.

The fastener assembly will have failed the test at this point if the recorded torque exceeds the value, T, as calculated above.

	Table II –Minimum field installation tension

	Bolt Dia. (mm)	
	20
	22
	24

	Tension (kN)
	125
	173
	227



Step 6.  Tighten the nut further by the number of turns shown in Table III, using the radial lines on the calibrator faceplate for reference.  The rotation is measured from the initial marking in Step 4. 

	Table III

	Bolt Length (measured in Step 1)
	4 x bolt dia. or less
	Greater than 4 but
no more than 
8 x bolt dia.
	Greater than
8 x bolt dia.

	Required Rotation
	2/3
	1
	1 1/6



Record the resulting bolt tension for comparison with the allowable minimum values shown in Table IV.  

Step 7.  Remove the nut and the bolt from the calibrator, noting whether the nut turns freely in its test position on the bolt and examine the nut and bolt for thread shear failure, stripping, and torsional failure of the bolt. 


FAILURE:
When a failure occurs, reject the subject lot of fasteners.
In addition to the failure condition listed in Step 6 above, the tested fastener assembly will have failed the rotational capacity test if:
-the bolt fractures under tensioning or otherwise fails to achieve the required rotations,
-the threads show signs of stripping, shear or torsion failure or the nut fails to turn freely, by hand, on those threads occupied by the nut in the test position.  (The nut does not have to turn the entire length of the thread freely to pass the test.)
-the bolt does not provide the minimum required tension shown in Table IV, at the  rotation shown in table III.   (The tension values shown in Table IV are 1.15 times the required minimum installation tension.)

	Table IV --Required minimum tension at rotation specified in Table III.

	Bolt Dia. (mm)
	20
	22
	24

	Tension (kN)
	142
	200
	262





PROCEDURE B
Rotational Capacity Test Procedure (Bolts Too Short for Tension Calibrator)

PREPARATION
Use black fasteners oily to the touch at installation.  Clean all weathered or rusty fasteners of all rust and re-lubricate prior to testing.  Lubricate all galvanized fasteners with a visible dye, so a visual check verifies the lubricant's presence. 

NECESSARY EQUIPMENT:
A calibrated torque wrench and hand wrenches,
Spacers and/or washers with a maximum hole size 2 mm larger than the bolt diameter,
A steel section with holes sized 2 mm larger than the bolt diameter, with a plate thickness that will accommodate Step 2 below.

TEST PROCEDURE  
Step 1.  Measure the bolt length, not including the head.   
Step 2.  Install the bolt in the steel plate with sufficient spacers or washers to bring the bolt-end out at least flush with the tightened nut to a maximum bolt stick-out of three threads.  Provide three to five threads in the grip (the length of bolt between the inside faces of the nut and bolt head).  
Always use a hardened washer under the nut.  
Step 3.  Using a hand wrench, snug the nut using no more than 20% of the torque allowed in Table VI, below.  Using a torque wrench, measure and record the torque on the bolt.  (Measure the torque with the bolt in motion.
Step 4.  Match-mark the nut, bolt and plate.  
Step 5.  Tighten the nut with a torque wrench to the rotation shown in Table VI.  Use a hand wrench to ensure that the bolt does not turn.  Read the torque with the nut in motion and record the torque. 


Table V
	Bolt Length (measured in Step 1)
	4 x bolt dia.or less
	Greater than 4 but
no more than
8 x bolt dia.

	Required Rotation
	⅓ turn
	½ turn



The fastener assembly will have failed the test at this point if the measured torque exceeds the appropriate value from Table VI.  (The torque values shown in Table VI correspond to 1.15 times the required minimum installation tension.)

	Table VI

	Bolt Dia. (mm)
	20
	22
	24

	Torque (N-m)
	710
	1100
	1570



Step 6.  Tighten the nut further to the rotation shown Table VII, using the reference mark from Step 4. 
Table VII
	Bolt Length (measured in Step 1)
	4 x bolt dia.
or less
	Greater than 4 but
no more than 8 x
bolt dia.

	Required Rotation
	⅔
	1



Step 7.  Remove the nut and the bolt from the calibrator, noting whether the nut turns freely in its test position on the bolt and examine the nut and bolt for thread shear failure, stripping, and torsional failure of the bolt. 

FAILURE:
When a failure occurs, reject the subject lot of fasteners.
In addition to the failure condition specified in Step 5 above, the tested fastener assembly will have failed the rotational capacity test if:
-the bolt fractures under tensioning or otherwise fails to achieve the required rotations,
-the threads show signs of stripping, shear or torsion failure or the nut fails to turn freely, by hand, on those threads occupied by the nut in the test position.  (The nut does not have to turn the entire length of the thread freely to pass the test.)

Submittal.  Submit the following items to the Project Manager prior to installation:
One copy of the certification from the supplier showing that all tests required by the AASHTO and ASTM specifications have been performed.  Include the date and location of those tests, as well as the production lot numbers and the sample sizes used for each test performed with the certification.
One copy of the certification from the supplier showing that the wedge tests and rotational capacity tests have been performed.  Also show production lot numbers, dates, locations, and sample sizes of these tests and who performed them.
Ten bolt, nut, and washer assemblies from each rotational capacity test lot for verification by the Department.
	Do not install fasteners prior to receiving approval.
Packaging and Shipping.  Package bolts, nuts and washers in the same combinations in which they were tested for rotational capacity and in which they underwent the wedge test.  Mark each package with the applicable bolt, nut and washer production lot numbers and the rotational-capacity and wedge test numbers assigned by the testing agency.  Complete all tests before shipping any fasteners.
Field Installation.  In addition to installation requirements given elsewhere in these contract documents, lubricate all galvanized fasteners with a visible dye, so a visual check verifies the lubricant's presence at installation.  Install bolt, washer and nut assemblies tested in rotational-capacity test combinations.  Use black fasteners oily to the touch at installation.  Clean all weathered or rusty fasteners of all rust and re-lubricate prior to installation.
Basis of Payment.  Include all costs resulting from the requirements of this provision in the lump sum bid for Structural Steel.
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