SP560  (03-20-14)
(This Section requires SP594,


SP2530, and SP2560.)

SECTION 00560 - STRUCTURAL STEEL BRIDGES TC "SECTION 00560 - STRUCTURAL STEEL BRIDGES" \f C \l "1" 
(Follow all instructions.  If there are no instructions above a subsection, paragraph, sentence, or bullet, then include them in the project but make necessary modifications to only include project specific specifications.  Delete specifications that do not apply to the project.)
Comply with Section 00560 of the Standard Specifications modified as follows:

00560.03  Working Drawings - Replace the sentence that begins "Submit stamped copies..." with the following sentence:

Submit unstamped working drawings according to 00150.35.

00560.24  Transporting to, Handling and Storage at Shop - Replace the sentence that begins "In transporting, handling and..." with the following sentence:

In transporting, handling, and storing the steel work at the shop, avoid bending, scraping, or overstressing the pieces.

00560.29  High-Strength Bolt Connections - Replace this subsection, except for the subsection number and title with the following:

(a)  General - When shown or specified, assemble structural joint connections with high‑strength bolts conforming to AASHTO M 164 (ASTM A 325) or equivalent fastener using bolts, nuts, and washers conforming to Section 02560 and in holes conforming to 00560.27.

Fit-up bolted connections as follows:

· Provide all steel material within the grip of high‑strength bolts (no compressible material such as gaskets or insulation).

· Remove burrs that would prevent solid seating, so that parts fit solidly together after bolts are tightened.

· Make slope of surfaces in contact with the bolt head or nut less than 1:20 with respect to a plane normal to the bolt axis.

· Install all bolts, unless otherwise shown, to expose the heads on the exterior surface of the structure.

(b)  Washer Requirements:

· Where the outer surface of the bolted parts has a slope greater than 1:20 with respect to a plane normal to the bolt axis, use a hardened, beveled washer to compensate for the lack of parallelism.

· Where AASHTO M 164 (ASTM A 325) bolts of any diameter are to be installed in standard, oversize, or short slotted hole in an outer ply, provide a hardened washer under the element of the fastener (nut or bolt head) turned in tightening.

· Where AASHTO M 164 (ASTM A 325) bolts of any diameter are to be installed in a long slotted hole in an outer ply, use plate washers or continuous bars of at least 5/16 inch thickness with standard holes.  Provide washers or bars with sufficient size to completely cover the slot after installation.  Make the plate washer from structural grade steel.  In addition to a plate washer, provide a hardened washer under element of the fastener (nut or bolt head) turned in tightening.

· Oversize and slotted holes are defined by the Manual of Steel Construction Load and Resistance Factor Design (AISC).

(c)  Surface Conditions - Make all joint surfaces including surfaces adjacent to the bolt head and nut free of scale, oil, grease, dirt, foreign material, and unless otherwise shown or specified, free of paint, lacquer, rust inhibitor, galvanizing or other coating.

(1)  Coated Members - Prepare and coat steel-to-steel contact surfaces within slip‑critical bolted joints for coated steel according to Section 00594.  Prior to assembly, prepare the contact surfaces with approved methods not harmful to the primer.

Coat fasteners visible to the public, as determined by the Engineer, according to Section 00594 (except the primer coat) after installation.  Mechanically galvanize all direct tension indicators according to 02560.40(b).

a.  Non-Coastal Projects - On projects more than 25 aerial miles, of the Pacific Ocean, use high-strength fasteners  either black or galvanized as the Contractor elects. Use fasteners that meet the following requirements:

1.  Black Fasteners - Clean black fasteners, including hardened washers, and the surrounding areas stained by the black fasteners, after installation, using an approved method.  Coat according to Section 00594.

2.  Galvanized Fasteners - Clean and prepare fasteners as approved, in areas visible to the public, as determined by the Engineer, and coat according to Section 00594 after installation.

b.  Coastal Projects - On projects within 25 aerial miles of the Pacific Ocean, use high-strength fasteners, including hardened flat washers, galvanized according to 02560.40 prior to installation.  In areas visible to the public, as determined by the Engineer, clean and prepare fasteners as approved, and coat according to Section 00594.

(2)  Non-Coated Weathering Steel Members - Blast clean steel-to-steel contact surfaces within slip-critical bolted joints for non-coated weathering steel according to SSPC‑SP 10 "Near‑White Blast Cleaning".  Make the appearance of the blast‑cleaned surface to closely approximate Pictorial Standard Sa 2‑1/2 of SSPC‑Vis 1.

Use only fasteners that are black.  Do not use direct tension indicators for non‑coated weathering steel connections.

(3)  Galvanized Members - After galvanizing, roughen surfaces of galvanized slip critical connections by means of hand wire brushing.  Power wire brushing is not allowed.

(d)  Verification Testing, Installation, and Inspection - Assign lot numbers (including rotational capacity lot numbers) to all fasteners before shipping them.  Assemble all components during installation of the fasteners.

Protect fasteners from dirt and moisture at the Project Site.  Take from protected storage only as many fasteners as anticipated to be installed and tightened during a work shift.  Return fasteners not used to protected storage at the end of the shift.

Do not remove lubricant present in as-delivered condition.  If necessary, clean and lubricate fasteners and retest before installation.  Use lubricant according to 02560.70.  Do not re‑lubricate Tension Control fasteners.

Install the bolt, nut, and washer or DTI assembly so that at least three and not more than five threads are located between the bearing face of the nut and the bolt head.

Tighten all connections progressing systematically from the most rigid part of the connection to the free edges.

The Engineer will do the following:

· Before installing fasteners:

· Check markings, surface conditions, and bolt, nut, washer and DTIs if used storage conditions, and faying surfaces of joints for compliance with 00560.29(c).

· Observe calibration and testing procedures.

· During fastener installation, monitor to:

· Confirm that the installation procedure is followed and that, when fastener assemblies are supplied, the tensions specified in Table 00560‑1 are achieved.

· Assure that the installation method demonstrated in the Verification Testing procedure develops the specified tension.

Provide a tension measuring device at the Project Site that has the capacity for the bolt being installed.  Confirm the accuracy of the tension-measuring device through calibration by an approved testing agency at the start of work and at least annually.  Use the tension‑measuring device to:

· Calibrate wrenches.

· Assist the bolting crew in understanding and proper use of the method to be used.

· Confirm the ability of the complete fastener assembly to be used in the work, including lubrication satisfies the tension requirements of Table 00560‑1.

Install and tighten all fasteners in aligned holes to at least the tension specified in Table 00560‑1.  Tightening may be done by turning the bolt while the nut is prevented from rotating when it is impractical to turn the nut, if approved.  When impact wrenches are used, provide them with enough capacity and supplied air to tighten each bolt in 10 seconds or less.

Non-galvanized fasteners may be reused once if approved.  Retightening previously tightened fasteners loosened by the tightening of adjacent fasteners will not be considered a reuse.  Do not reuse galvanized fasteners.

Use bolt, nut, and washer combinations from the same rotational-capacity lot.

Verify correct lengths of all AASHTO M 164 (ASTM A 325) bolts.  In the tightened connection, do not allow the unthreaded portion of the bolt to jam against the internal threads of the nut.

In these Specifications, "snug‑tight" is defined as having all plies of the connection in firm contact.

TABLE 00560-1

Required Fastener Tension in Bolts


Nominal Bolt
Minimum Tension


Size (inch)
(kips)


1/2
12


5/8
19


3/4
28


7/8
39 


1
51


1 1/8
56


1 1/4
71


1 3/8
85


1 1/2
103

(1)  Direct Tension Indicator Tightening - Test, install, and inspect direct tension indicators (DTIs) at the Project Site.  Install DTIs under the head of the bolt with the nut turned to tension the bolt.  Orient DTI protrusions against the bolt head or a hardened washer.  Follow the manufacturer’s recommendations for correct orientation of the DTI and additional washers, if any, required for the correct use of the DTI.  Do not allow the surface contacting the protrusions of a DTI to turn during the tightening operation.  Provide new, unused DTIs galvanized according to 02560.40(b).  Where tapered holes in washers are in contact with the protrusions of DTI washers, place the face with the smallest hole against the DTI.

a.  Testing:
1.  Rotational Capacity Testing - Perform Rotational Capacity Tests according to 02560.60.

2.  Verification Testing - Perform verification tests in a calibrated bolt tension‑measuring device.  Conduct three verification tests for each combination of fastener assembly, rotational-capacity lot, DTI lot, and DTI position relative to the turned element (bolt or nut).

Use a special flat insert in place of the normal bolt head holding insert.  Do not allow the restrained element to rotate.  Install the fastener assembly in the tension‑measuring device with the DTI located in the same position as in the work.

Conduct Verification Tests in two stages.

First, tension the bolt to the load listed in Table 00560‑2 under Verification Tension.  If an impact wrench is used, tighten the nut using the impact wrench to no more than two-thirds the required tension.  Subsequently, use a manual wrench to attain the required tension.

Record the number of refusals of a 0.005 inch tapered feeler gauge in the spaces between the protrusions.

For uncoated DTIs under the stationary or turned element, or for coated DTIs used under the stationary element, do not exceed the number of refusals listed under Maximum Verification refusals in Table 00560‑2.

For coated DTIs under a turned element, do not exceed the number of spaces on the DTI less one.

Reject the DTI lot if the number of refusals are not met.

Next, after the number of refusals is recorded at the Verification Tension load, further tension the bolt until the 0.005 inch feeler gauge is refused at all spaces and a visible gap exists in at least one space. Record the load at this condition and remove the bolt from the tension-measuring device.  Run the nut down by hand the complete thread length of the bolt, excluding the thread runout.  If the nut cannot be run down for this thread length, reject the DTI lot unless the load recorded is less than 95 percent of the average load measured in the rotational capacity test for the fastener lot.

If the bolt is too short to be tested in the calibration device, verify the DTI lot on a long bolt in a calibrator to determine the number of refusals at the Verification Tension listed in Table 00560‑2.  Reject the lot if the number of refusals exceeds the values listed under Maximum Verification Refusals in Table 00560‑2.  Verify another DTI from the same lot with the short bolt in a convenient hole in the work.  Tension the bolt until the 0.005 inch feeler gauge is refused in all spaces and a visible gap exists in at least one space.  Remove the bolt from the tension-measuring device.  Run the nut down by hand the complete thread length of the bolt excluding the thread runout.  Reject the DTI lot if the nut cannot be run down for this thread length.

b.  Installation - Install DTI fastener assemblies using DTIs in two stages.  Do not allow the stationary element to rotate.

First, snug the connection with all bolts installed in all holes of the connection and tension to achieve a snug tight condition by snugging in multiple cycles.  If the number of spaces in which a 0.005 inch feeler gauge is refused in the DTI after snugging exceeds those listed under Maximum Verification refusals in Table 00560‑2, remove the fastener assembly and install and snug another DTI.

Next, for uncoated DTIs under the stationary or turned element, or for coated DTIs used under the stationary element further tension the bolts until the number of refusals of the 0.005 inch feeler gauge is equal to or greater than the number listed under Minimum Installation Refusals in Table 00560‑2.  If the bolt is tensioned so that no visible gap in any space remains, remove the bolt and DTI, and replaced with a new properly tensioned bolt and DTI.

Tighten coated DTIs under the turned element to achieve 0.005 inch feeler gauge refusal in all space locations..


Table 00560-2


Direct Tension Indicators

	Bolt

Diameter

(inch)
	Verification

Tension

(Kips)
	Maximum Verification

Refusals 
	DTI

Spaces
	Minimum Installation

Refusals 

	
1/2
	
13
	1
	4
	2

	
5/8
	
20
	1
	4
	2

	
3/4
	
29
	2
	5
	3

	
7/8
	
41
	2
	5
	3

	
1
	
54
	2
	6
	3

	
1 1/8
	
59
	2
	6
	3

	
1 1/4
	
75
	3
	7
	4

	
1 3/8
	
89
	3
	7
	4

	
1 1/2
	
108
	3
	8
	4


c.  Inspection - Inspect, in the presence of the Engineer, and at his direction, completed DTI connections.

Select, at random, ten percent of the DTIs or at least two, whichever is greater, for each separate connection.  Probe each DTI washer being inspected with the 0.005 inch feeler gauge and document the number of refusals.  If the number of refusals meets the Minimum Installation Refusals listed in Table 00560‑2 consider the fastener to be correctly tensioned.  If the number of refusals does not meet the Minimum Installation Refusals listed in Table 00560‑2, test each DTI in the connection with the 0.005 inch feeler gauge and tighten to meet the Minimum Installation Refusals requirements.
(2)  Tension Control Fasteners Tightening - Test, install, and inspect tension control fasteners at the project site.

a.  Testing:

1.  Rotational Capacity Testing - Perform Rotational Capacity Tests according to 02560.60.
2.  Verification Testing - Perform Verification Testing in a calibrated bolt tension-measuring device.  Test  a representative sample of not less than three bolt and nut assemblies of each diameter, length, and grade to be used.

Use a special round head insert in place of the typical hex head insert.

Repeat Verification Testing when the condition of fasteners are altered, when changes in method, equipment or personnel occur, or as directed.

Conduct verification tests in two stages:

First, demonstrate the method for estimating the snug‑tight condition to be used on the final product.  Record the snug‑tight tension.

Next, apply a tension control shear wrench to demonstrate that each bolt develops a tension not less than 5% greater than required by Table 00560‑1.  Follow manufacturer's installation procedure for installation of bolts.  Record the final tension.

3.  Inspection Torque - Determine Inspection Torque in a calibrated bolt tension‑measuring device.  Provide a torque wrench with sufficient capacity to perform testing.  Match the sampled fastener conditions to the conditions under inspection.  Test at least three randomly sampled bolt, nut, and washer assemblies for each diameter, length, and grade used.  Tension the sampled bolts to the specified tension in Table 00560‑1 by any convenient means.  Apply the Inspection Torque wrench to the tensioned bolt to determine the torque required to turn the nut 5 degrees (approximately 1 inch at a 12 inch radius) in the tensioning direction.  Calculate the Inspection Torque by averaging the three bolt, nut and washer assemblies of each diameter, length, and grade.

Repeat the Inspection Torque determination when the fasteners conditions are altered, when changes in method, equipment, or personnel occur, or as directed.
b.  Installation - Install tension control fasteners in two stages.

First, Using the method developed in the Verification Testing procedure, snug the connection with all bolts installed in all holes of the connection and tension to achieve snug‑tight condition.

Next, apply the tension control shear wrench until the spline fractures.
c.  Inspection - Inspect, in the presence of the Engineer and at his direction completed connections using the Inspection Torque wrench and visually inspect splines for each bolt in the connection.  Conduct inspection tests before loss of lubricant and before corrosion begins.

Select at random ten percent or at least two, whichever is greater, of the tensioned bolts and nuts on the structure for each separate connection.  Apply the Inspection Torque to each nut in the tensioning direction.  If the Inspection Torque does not turn the bolt or nut, the connection will be considered properly tensioned.  If the Inspection Torque turns the bolt or nut, apply the Inspection Torque to all the bolts and nut in the connection.  Re-tension and re-inspect all bolts and nuts that turned at this inspection.  The Contractor may re‑tension all the bolts in the connection and resubmit it for inspection, provided fasteners assemblies are not damaged.

(3)  Turn-of-Nut Fastener Tightening - Test, install, and inspect turn-of-nut fasteners at the Project site.

a.  Testing:

1.  Rotational Capacity Testing - Perform Rotational Capacity Tests according to 02560.60.
2.  Verification Testing - Perform verification testing in a calibrated bolt tension‑measuring device.  Test a representative sample of not less than three bolt and nut assemblies of each diameter, length, and grade used.

Repeat Verification Testing if the condition of fasteners are altered, when changes in method, equipment or personnel occur, or as directed.

Conduct verification tests in two stages:

First, demonstrate the method for estimating the snug-tight condition using the same method to be used on the final product.  Record the snug-tight tension.  Match mark the bolt, nut, and plate.

Next, apply a tensioning wrench to achieve the nut rotation requirement of Table 00560‑3 and develop a tension of not less than 5% greater than required in Table 00560‑1.  If necessary, increase rotation to meet these requirements.  Record all tension and rotation readings.

3.  Inspection Torque - Determine Inspection Torque in a calibrated bolt tension‑measuring device.  Provide a torque wrench with sufficient capacity to perform testing.  Match the sampled fastener conditions to the conditions under inspection.  Test at least three randomly sampled bolt, nut, and washer assemblies for each diameter, length, and grade used.  Tension the sampled bolts to the specified tension in Table 00560‑1 by any convenient means.  Apply the Inspection Torque wrench to the tensioned bolt to determine the torque required to turn the nut 5 degrees (approximately 1 inch at a 12 inch radius) in the tensioning direction.  Calculate the Inspection Torque by averaging three bolt, nut, and washer assemblies of each diameter, length, and grade.

Repeat the Inspection Torque determination when the fastener conditions are altered, when changes in method, equipment, or personnel occur, or as directed.
b.  Installation - Install fasteners using Turn‑of‑Nut method in two stages:

First, using the method developed in the Verification Testing procedure, snug the connection with all bolts installed in all holes of the connection and tension to achieve snug-tight condition by snugging in multiple cycles.  Match mark each fastener bolt, nut and plate.

Next, apply the tensioning wrench to achieve the nut rotation determined during the Verification Testing.  Do not allow the bolt to turn during the tightening process.
c.  Inspection - Inspect, in the presence of the Engineer and at his direction, completed connections using the Inspection Torque wrench and the match marked nut rotation for each bolt in the connection.  Conduct inspection tests before loss of lubricant and before corrosion begins.

Select at random ten percent or at least two, whichever is greater, of the tensioned bolts and nuts on the structure for each separate connection.  Apply the Inspection Torque to each nut the tensioning direction.  If the Inspection Torque does not turn the bolt or nut, the connection will be considered properly tensioned.  If the Inspection Torque turns the bolt or nut, apply the Inspection Torque to all bolts in the connection.  Re-tension and re-inspect all bolts and nuts that turned at this inspection.  The Contractor may re-tension all the bolts in the connection and resubmit it for inspection, provided fastener assemblies are not damaged.

TABLE 00560-3


Nut Rotation from Snug-Tight Condition 1

Disposition of Outer Faces of Bolted Parts



One face normal to
Both faces sloped



bolt axis and other
not more than 1:20

Bolt Length

sloped not more than
from normal to bolt

(underside of head
Both faces normal
1:20 (beveled washer
axis (beveled washer

to end of bolt)
to bolt axis
not used)
not used)

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

4 diameters

Over 4 diameters

but not exceeding
1/2 turn
2/3 turn
5/6 turn

8 diameters

Over 8 diameters

but not exceeding
2/3 turn
5/6 turn
1 turn

12 diameters 2, 3
(1 1/6 turn)
(1 1/2 turn)
(1 5/6 turn)
1
Nut rotation is relative to bolt, regardless of the element (nut or bolt) being turned.  For bolts installed by one-half turn and less, the tolerance shall be plus or minus 30(; for bolts installed by two-thirds turn and more, the tolerance shall be plus or minus 45(.

2
No research has been performed by the Research Council on Structural Connections to establish the turn-of-nut procedure for bolt lengths exceeding 12 diameters.  Therefore, the required rotation shall be determined by actual test in a suitable tension measuring device according to 00560.29(d-3).

3
Values in parentheses are twice the rotation as defined in 02560.60(a‑1) and 02560.60(a‑2) for zinc coated ASTM A 325 bolts only.

Use the following subsection .80 to list the estimated quantities of structural steel.  Obtain information from the Bridge Designer.)
00560.80  Measurement - Add the following to the end of this subsection:

The estimated quantity of structural steel is:

(Use the appropriate bid item name as the "Steel Type".  List each bridge separately.)


Structure
Steel Type
Quantity (Pound)
Bridge No. ______



00560.90  Payment - Replace the paragraph that begins "The accepted quantities…" with the following:

The accepted quantities of work performed under this Section will be paid for at the Contract unit price, per unit of measurement, for the following items:

(Modify this list of pay items to only include project specific pay items.  Delete those that are not required on the project.  Re-alphabetize the list starting with (a), then (b), etc.  Obtain information from the Bridge Designer.)


Pay Item
Unit of Measurement


(a)
Steel Plate Girder 
 Lump Sum


(b)
Steel Plate Girder with Haunch 
 Lump Sum


(c)
Horizontal Curved Steel Plate Girder 
 Lump Sum


(d)
Steel Box Girder 
 Lump Sum


(e)
Trapezoidal Steel Box Girder with Haunch 
 Lump Sum


(f)
Horizontal Curved Steel Box Girder 
 Lump Sum


(g)
Steel Rolled Beam 
 Lump Sum


(h)
Structural Steel Maintenance 
 Lump Sum


1

