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High Strength Structural Bolts 11.1

High Strength Structural Bolting

What Is High Strength Bolting
& Why Is It Important?

« A325 or A490 Bolts are tightened to a prescribed
tension to produce enough Friction force in a
connection to resist imposed loads.

« Slip Critical Connections do not rely on the bearing
between the bolt and plate material to transfer
loads. They rely on the Friction of the plates. The
bolts just pull the plates together thereby
increasing the friction on the plates.
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Bolt Properties

High Strength Field Bolting
Theory & Behavior

Direct Tension
- Lubricated

+ As Received
— Weathered
Cleaned

A325 Load/Elongation Curve
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High Strength Field Bolting

Bolt Types:

A325 — High Strength Bolts for Structural Steel
Joints (Most common bolt type)

A490 — Heat Treated Steel Structural Bolts
(Used by exception only)

A307 — Carbon Steel Bolts
(NOT USED IN HIGH STRENGTH
BOLTING APPLICATIONS)

High Strength Field Bolting

A325 Bolt Types:

Type 1 (Medium Carbon) 1/2"to 1 1/2"
Type 3 (Weathering) 1/2" to 1 1/2"

A325 Strength Requirements:

Diameter (in.) Yield (ksi) Tensile (ksi)
1/2" - 1" 92 120
11/8"-11/2" 81 105
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High Strength Structural Bolts 11.1

High Strength Field Bolting

Bolt Type Matching Nut

A325 A563 Alo4
Type 1 (Plain) C. D, DH 2 2H
Type 1 (Galvanized) DH oH
Type 3 (Weathering) C3, DH3

Note: All Nuts For High Strength Fasteners are Heavy Hex.
Non Heat Treated Nuts: Proof Load Stress = 150 ksi
Heat Treated Nuts: Proof Load Stress = 175 ksi

High Strength Field Bolting

Hardened Steel Washers:

« ASTM F436

* Type 1 — Carbon Steel (Plain or Galvanized)
* Type 3 — Weathering Steel

» Rockwell Hard. Values: 38 to 45 (Plain) - 170 ksi
26 to 45 (Galvanized) - 125 ksi
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High Strength Structural Bolts 11.1

Methods of Tightening

Methods of Tightening

* Turn of Nut Method
 Direct Tension Indicators (DTI’s)

» Tension Control Fasteners

January, 2017 5



oboTt
MATERIALS &
INSPECTION

March 2016

Spec Notes

& Best Practices

Number 4

00930 & 00962

Direct Tension Indicator and Turn-of-
Nut Tightening for Luminaires and
Traffic Signal Supports

8 Bolt Mast Arm Connections
TM 650 — References Mast Arms and
Luminaire Arms
TM 652 — 8 Bolt Arm Connection Details and Arm
Connection Notes: See General Notes on TM651
TM 651 — Note 22: Tighten 8 Bolt Arm
Connection bolts in accordance with 930.40(d)

*930.40(d)(2)(a) Direct Tension Indicator (DTI)
Tightening

After attaining a snug-tight condition, tighten

all fasteners in the connection by progressing
systematically from the most rigid part of the con-
nection to the free edges until all of the spaces
between the direct tension indicator protrusions
refuse entry to a 0.005-inch feeler.

*00930.49(e-2) — Bolt Inspection

Upon completion of bolted joint, inspect a min-
imum of 10 percent but not less than 2 bolts in
each joint. (Check gaps with .005" feeler gauge.)

General

Direct Tension Indicator (DTI) Washers have
protrusions that, when compressed, indicate
adequate tensioning.

Bolt Tightening with Cheater Bar
(May be difficult to achieve proper tensioning)

Mast Arm plafe Post plate or
or Post plate \ |/ Mast Arm Plate

Turn nut during
tightening

ASTM A325 bolt

Hardened flatwasher
Hardened flatwasher
Direct tension indicator
with protrusions against
flatwasher

H.S. THRU - BOLTS

No Scale

TM652 H.S. Through — Bolts Detail
(Detail 1 — Correct DTI Washer Orientation)

DTI — Key Inspection Points

» Ensure washer orientation is
correct (protrusions facing
hardened washer)

* Insert feeler gauge in each
space between protrusions

* Insert the feeler gauge pointed
towards the center of the bolt

* Inspect from the bucket truck (fall
protection required)

Notches on the DTI mark the center of the
protusion spaces. A feeler guage is included
in the hardware shipment.

Click here to see it on YouTube!

*updated for projects bid on/after 12/1/2016

Bolt Tightening with Multiplier
(Best practice for achieving proper tensioning)

Continued on back



4 Bolt Luminaire Arm Connections
& Anchor Rods (Turn-of-Nut)

TM 652 — 4 Bolt Arm Connection Details and Arm Connection
Notes: See General notes on TM 651

TM 650 — See details on TM 629

TM 629 — Tighten Anchor Bolts and Arm Connection bolts in ac-
cordance with 962.46(j)(2)

TM 651 — Note 21: Tighten 4 Bolt Arm Connection bolts and
anchor rods in accordance with 962.46(j)(2)

962.46(j)(2)(a) Anchor Rods for Signal Supports
Rotate each top nut past snug as shown in (d).

962.46(j)(2)(c) High-Strength Bolts in Luminaire Arm-to-Pole
Install high-strength 4-bolt connections....Rotate each top nut past
snug tight as indicated in (d).

1 flat =
1/6 turn
. )

After Snug Tight, mark bolt, nut and plate prior to tightening.

1/6 turn
shown

Q

Final tightening: Rotate Past Snug Tight per 962.46(j)(2)(a)

Technical Contacts

Terry Thames

Structure Quality Engineer
541.686.7598
terry.rthames@odot.state.or.us

Jaimé Viramontes, Sr.

Assistant Structure Services Engineer
503.986.5453
jaime.viramontes@odot.state.or.us

962.46(j)(2)(d) — Final Tightening

Rotation Past
Snug Tight

30° (1/12 turn)
60° (1/6 turn)
60° (1/6 turn)
60° (1/6 turn)

Connection Type

ASTM A307 Anchor Rods

ASTM A449 Anchor Rods

ASTM F1554 GR. 55 Anchor Rods
ASTM A325 4 Bolt Connection

00962.46(j)(2) — “Snug Tight” is the tighness that exists when all
plies of the joint are in firm contact, and can be obtained by the full
effort of a worker on the end of a 12-inch long wrench.

Turn-of-Nut Key Inspection Points

» Luminaire connections must be observed/inspected at ground
level, prior to erecting pole

* Inspect leveling nuts and washers to ensure full contact with
base plate prior to installation of top nut

» Be on-site for inspection

oy ._).-" g -
Tightened Bolts
Photo shown for illustration of bolt markings only.
Signal anchor bolts require two nuts per bolt.

Sampling of High Strength Bolts, Nuts, and
Washers (NTMAG Section 00930 & 00962.10)

Check to see if ODOT Materials Lab (971-673-7002) has sam-
pled and tested the bolts, nuts, and washers to be used. If not
previously tested, sample in the field for each lot to be used on
the Project. Submit samples to the ODOT materials laboratory for
testing. Do not use high strength bolts, nuts, and washers without
passing laboratory report and proper quality documents.

Spec Notes are prepared for inspectors by the Construction
Quality Assurance Unit to provide background information around
design elements and specifications. For additional Spec Notes,
visit us at http.//www.oregon.gov/ODOT/HWY/CONSTRUCTION/
Pages/QAlIndex.aspx.

If you have an idea for a Spec Notes topic, please e-mail us at
ODOTConstructionTraining@odot.state.or.us or contact us at
503.986.5453.



High Strength Structural Bolts 11.1

Steel Girder Construction

* Most splice and connection bolts on our
girders are installed using the Turn-of-Nut
Method.

 DTI's are not used.

e TC bolts are used some.

Field Tests

January, 2017



High Strength Structural Bolts 11.1

Field Tests At The Project Site

» Rotational Capacity Test
* Verification Test

* Inspection Torque

Rotational Capacity Test
for Long Bolts

January, 2017 7
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High Strength Structural Bolts

January, 2017

View Rotational Capacity Test
for Long Bolts

Rotational-Capacity Test Equipment

Skidmore-Wilhelm or Equivalent
 Calibrated Yearly

Standard Torque Wrench
« 1000 ft. Ib. Capacity
« Calibrated Yearly

Rigid Steel Joint
» Short Bolt Fasteners
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Oregon
Department
of Transportation

[£ Turn of Nut Method

HIGH STRENGTH BOLTS

ROTATIONAL CAPACITY TEST & INSPECTION TORQUE

[ Direct Tension Indicator

(LONG BOLTS)

[ Tension Control Fastener

Project Contract No.
Company Test No.
RCT-

Torque Wrench Serial No.

Calibration Due Date

Skidmore Serial No.

Calibration Due Date

Bolt Diameter 3/ inch v Bolt Length Quantity
Bolt Mfg. Lot No. Heat No.
Nut Mfg. Lot No. Heat No.
Washer Mfg. Lot No. Heat No.
Ro-Cap Sample 1:
Required Fastener Tension = 28000 Lbs. (Table 00560-1)
Snug Tight Tension 3000 Lbs. (0.10 x Req. Fastener Tension): Tol. = -0 kips + 2 kips
Measured Torque = Ft.-Lbs. @ Required Fastener Tension (Go to Insp. Torque)
Maximum Allowable Torque = 438 Ft.-Lbs. (T < 0.25PD); (P in Lbs., D in Ft.)
Measured Tension = Lbs. @ Turn (2x Rotation In Table 00560-3)
Minimum Tension Required = 32200 Lbs. (1.15 X Required Fastener Tension)

Sample 1 Results: [ lpass [ ]Fail
Ro-Cap Sample 2:
Required Fastener Tension = 28000 Lbs. (Table 00560-1)
Snug Tight Tension = 3000 Lbs. (0.10 x Req. Fastener Tension): Tol. = -0 kips + 2 kips
Measured Torque = Ft.-Lbs. @ Required Fastener Tension (Go to Insp. Torque)
Maximum Allowable Torque = 438 Ft.-Lbs. (T < 0.25PD); (P in Lbs., D in Ft.)
Measured Tension = Lbs. @ Turn (2x Rotation In Table 00560-3)
Minimum Tension Required = 32200 Lbs. (1.15 X Required Fastener Tension)

Sample 2 Results: [ Ipass [ ]Fail

Rotational Capacity Test Results: [ JAccept [ ]Reject

Inspection Torque Sample 1:
Required Fastener Tension = 28000 Lbs. (Table 00560-1)
Measured Torque = Ft.-Lbs. @ Additional 5 Degrees (Apprx. 1" @ 12" Radius)
Inspection Torque Sample 2:
Required Fastener Tension 28000 Lbs. (Table 00560-1)
Measured Torque = Ft.-Lbs. @ Additional 5 Degrees (Apprx. 1" @ 12" Radius)
Inspection Torque Sample 3:
Required Fastener Tension = 28000 Lbs. (Table 00560-1)

Measured Torque =

Ft.-Lbs. @ Additional 5 Degrees (Apprx. 1" @ 12" Radius)

Inspection Torque =

Ft.-Lbs. (Average of the 3 Inspection Torque Samples)

Comments:
Inspector Cert No. Title
Contractor's Representative Date

734-2629 (3-2012)

Construction Forms Website: http://www.oregon.gov/ODOT/Hwy/Construction/ConstFormsZ1.shtml




High Strength Structural Bolts 11.1

TABLE 00560-1
Tab | e 560'1 Required Fastener Tension in Bolts

Nominal Bolt Minimum Tension
A325 Bolts Size (inch) {kips)
1/2 12
5/8 19
3/4 28
7/8 39
1 51
11/8 56
11/4 71
13/8 85
1112 103

Note: A490 Bolts
require higher
tensions

Table 560-3

TABLE 00560-3
Nut Rotation from Snug-Tight Condition '

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  fram 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 113 turmn 172 tum 2/3wm
4 diameters
Over 4 diameters
but not exceading 112 tum 2/3 tum 5/6 tum
8 diameters
Over 8 diameters
but not exceeding 2/3 turn 5/6 tum 1 lum

12 diameters

" Nut rotation s relative to bolt, regardiess 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 tum and more, the tolerance shall be plus or minus 45°

No research has been performed by the Research Council on Structural Connections to
astablish the turn-of-nut procedure for bolt lengths axceeding 12 diameters. Therefors,
the required rotation shall be determined by actual test in @ suitable tension measuring
device according to 00560.29(c-5)

January, 2017 9



High Strength Structural Bolts

January, 2017

Ro-Cap Test for Long Bolts

Sample 2 Bolt/Washer/Nut Assemblies

Assemble fastener with 3-5 threads within grip
Snug tight (10% of req’d fast. tension, Table 560-1)
(Tolerance= -0 kips to +2 kips)

Mark socket

Tighten to req’d fast. tension and record torque
(torque must not exceed T=0.25PD) (P in Ibs, D in ft)

Turn nut to twice the rotation in Table 560-3 (tension
must exceed 115% of req’d fast. tension)

Skidmore/Wilhelm

111
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Change Plate
to Correct Hole Size

Correct Size Plate Installed

111
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Bolt Head Insert On Backside

3 -5 Threads in Grip

[l

111
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High Strength Structural Bolts
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3-5 Threads in Grip

Added Washers to Maintain
3-5 Threads Within Grip

111
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High Strength Structural Bolts
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Snug Tight

(10% of Required Fastener Tension)

Table 560-1 Roquired

Nominal Bolt
Size (inch)

172
5/8
3/4
7/8

1
11/8
11/4

13/8
112

TABLE 00560-1
Fastener Tension in Bolts

Minimum Tension
(kips)

12
19
28
39
51
56
71
85
103

111
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Rotational Capacity Test
Snug Tight (Long Bolts)

Bolt Diameter 3/4"
Required Fastener Tension (Table 560-1) 28 Kips

Required Fastener Tension 28,000 Ibs.

Snug Tight (10% Req'd. Fast. Tens.) = 0.10 (28,000Ibs)
Snug Tight = 2,800 Ibs

Tolerance = - 0 kips to + 2 kips

Mark Bolt, Nut & Plate

111
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High Strength Structural Bolts

January, 2017

Mark Bolt, Nut & Plate

Tighten to Req’d Fastener Tension

111
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High Strength Structural Bolts

January, 2017

Record Torque

Rotational Capacity Test
Maximum Torque, T=0.25 PD

Diameter 3/4"

Required Fastener Tension 28 kips
(Table 560-1)

Max. Torque, T = 0.25 PD
(P inlbs, D in ft)

Max. Torque, T = 0.25(28,000 Ibs)(3/4")(1 ft/12") = 438 ft-Ibs
Max. Torque, T = 438 ft-Ibs

111
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High Strength Structural Bolts

January, 2017

Turn Nut to Twice the Rotation

Turn Nut

Twice Rotation Specified in Table 560-3

Table 560-3

TABLE 00560-3
Nut Rotation from Snug-Tight Condition !

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 173 tum 12 tum 2/3 wm
4 diameters
Over 4 diameters
but not exceading 112 tum 2/3 tum 5/6 tum
8 diameters
Over 8 diameters
but not exceeding 2/3 turn 5/6 tum 1 lum

12 diameters

" Nut rotation s relative to bolt, regardiess 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 tum and more, the tolerance shall be plus or minus 45°

No ressarch has been performed by the Research Council on Structural Connections to
astablish the turn-of-nut procedure for bolt lengths axceeding 12 diameters. Therefors,
the required rotation shall be determined by actual test in @ suitable tension measuring
device according to 00560.2%(c-5)

307

111
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January, 2017

Rotation Example

What is the turn requirement in the rotational capacity test
for a bolt with a diameter = 7/8" and a bolt length = 6"?

4 Diameters =4 (7/8") = 3.5"
8 Diameters = 8 (7/8") = 7"

Single turn requirement from Table 560-3 = 1/2 turn

Twice rotation = 2 (1/2 turn) = 1 full turn

Rotation Exercise

What is the turn requirement in the rotational
capacity test for a bolt with a diameter = 3/4" and a
bolt length = 3"?

111
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High Strength Structural Bolts

January, 2017

Tension Must Exceed 115%
of Req’'d Fastener Tension

APR 5 2005

Minimum Tension Example

What is the minimum tension required for a 3/4" bolt
during the Rotational Capacity Test when the nut is
turned to twice the turn shown in Table 560-3?

Min. Tension = 115% of Required Fastener Tension
(Table 560-1)

Min. Tension = 1.15 (28,000 Ibs.)
Min. Tension = 32,200 Ibs.

1.1

20
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Examine Bolt and Nut

Reject assemblies
showing thread
stripping or
torsional failure.
Elongation of the
threads in the grip
is normal.

Rotational Capacity Test
for Short Bolts

111
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View Short Bolt Video

Ro-Cap Test for Short Bolts

. Sample 2 Bolt/Washer/Nut Assemblies
. Assemble fastener with 3-5 threads within grip

. Snug tight (10% of max allowable torque < Torque <

20% of MAT, MAT=1.15(0.25PD)) (P in Ibs, D in ft)

. Mark nut (socket) relative to fixed bolt

. Tighten nut to rotation in Table 560-3 and record

torque (torque must not exceed 1.15 allowed torque)

. Turn nut to twice the rotation in Table 560-3

1.1

22



Oregon
Department
of Transportation

[£ Turn of Nut Method

HIGH STRENGTH BOLTS

ROTATIONAL CAPACITY TEST & INSPECTION TORQUE

(SHORT BOLTS)

Z Direct Tension Indicator [ Tension Control Fastener

Project Contract No.
Company Test No.
RCT-

Torque Wrench Serial No.

Calibration Due Date

Skidmore Serial No.

Calibration Due Date

Bolt Diameter 3/ inch v Bolt Length Quantity
Bolt Mfg. Lot No. Heat No.
Nut Mfg. Lot No. Heat No.
Washer Mfg. Lot No. Heat No.
Ro-Cap Sample 1:
Required Fastener Tension = 28000 Lbs. (Table 00560-1)
Snug Tight Torque 50 Ft.-Lbs.; T =0.1(1.15)(0.25PD); (P in Lbs., D in Ft.)
Measured Torque = Ft.-Lbs. @ Turn (Table 00560-3) (Go to Insp. Torque)
Maximum Allowable Torque = 503 Ft.-Lbs; T =1.15(0.25PD): P in Lbs., D in Ft.)
2 x Rotation = Turn (2x Rotation in Table 00560-3)
Sample 1 Results: [ Jpass [ ]Fail
Ro-Cap Sample 2:
Required Fastener Tension = 28000 Lbs. (Table 00560-1)
Snug Tight Torque = 50 Ft.-Lbs.; T =0.1(1.15)(0.25PD); (P in Lbs., D in Ft.)
Measured Torque = Ft.-Lbs. @ Turn (Table 00560-3) (Go to Insp. Torque)
Maximum Allowable Torque = 503 Ft.-Lbs; T =1.15(0.25PD): P in Lbs., D in Ft.)

2 x Rotation

Turn (2x Rotation in Table 00560-3)

|:| Pass |:| Fail

Sample 2 Results:

Rotational Capacity Test Results:

D Reject

D Accept

Inspection Torque Sample 1:

Measured Torque
Sample Inspection Torque

Ft.-Lbs. @ Turn (Turn Rotation in Table 00560-3)
Ft.-Lbs. @ Additional 5 Degrees (Apprx. 1" @ 12" Radius)

Inspection Torque Sample 2:

Measured Torque
Sample Inspection Torque

Ft.-Lbs. @ Turn (Turn Rotation in Table 00560-3)
Ft.-Lbs. @ Additional 5 Degrees (Apprx. 1" @ 12" Radius)

Inspection Torque Sample 3:

Measured Torque
Sample Inspection Torque

Ft.-Lbs. @ Turn (Turn Rotation in Table 00560-3)
Ft.-Lbs. @ Additional 5 Degrees (Apprx. 1" @ 12" Radius)

Inspection Torque

Ft.-Lbs. (Average of the 3 Inspection Torque Samples)

Comments:
Inspector Cert No. Title
Contractor's Representative Date

734-2630 (3-2012)

Construction Forms Website: http://www.oregon.gov/ODOT/Hwy/Construction/ConstFormsZ1.shtml
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January, 2017

Short Bolt Method

Verification Testing

Turn-of-Nut Method
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Oregon
Department
of Transportation

[= Turn of Nut Method

[ Direct Tension Indicator

HIGH STRENGTH BOLTS
VERIFICATION TEST (LONG BOLTS)

i Tension Control Fastener

Project Contract No.
Company Test No.
VT-

Torque Wrench Serial No.

Calibration Due Date

Skidmore Serial No.

Calibration Due Date

Bolt Diameter 3/4 inch v Bolt Length Quantity
Bolt Mfg. Lot No. Heat No.
Nut Mfg. Lot No. Heat No.
Washer Mfg. Lot No. Heat No.
Verification Sample 1:
Required Fastener Tension = 28000 Lbs. (Table 00560-1)
Meas'd Tension @ Snug Tight = Lbs.(Joint Plies in Firm Contact, Full Effort on Spud Wrench)
(10% Req'd Fastener Tension < Snug Tight < 50% RFT)
Measured Time = Seconds (From Snug Tight to Turn Rotation in Table 00560-3)
Maximum Allowable Time = 10 Seconds (From Snug Tight to Turn Rotation in Table 00560-3)
Measured Tension = Lbs. @ Turn (Turn Rotation In Table 00560-3)
Minimum Tension Required = 29400 Lbs. (1.05 X Required Fastener Tension)
Sample 1 Results: Pass [ ]Fail
Verification Sample 2:
Required Fastener Tension = 28000 Lbs. (Table 00560-1)
Meas'd Tension @ Snug Tight = Lbs.(Joint Plies in Firm Contact, Full Effort on Spud Wrench)
(10% Req'd Fastener Tension < Snug Tight < 50% RFT)
Measured Time = Seconds (From Snug Tight to Turn Rotation in Table 00560-3)
Maximum Allowable Time = 10 Seconds (From Snug Tight to Turn Rotation in Table 00560-3)
Measured Tension = Lbs. @ Turn (Turn Rotation In Table 00560-3)
Minimum Tension Required = 29400 Lbs. (1.05 X Required Fastener Tension)
Sample 2 Results: [ ] pass ] Fail
Verification Sample 3:
Required Fastener Tension = 28000 Lbs. (Table 00560-1)
Meas'd Tension @ Snug Tight = Lbs.(Joint Plies in Firm Contact, Full Effort on Spud Wrench)
(10% Req'd Fastener Tension < Snug Tight < 50% RFT)
Measured Time = Seconds (From Snug Tight to Turn Rotation in Table 00560-3)
Maximum Allowable Time = 10 Seconds (From Snug Tight to Turn Rotation in Table 00560-3)
Measured Tension = Lbs. @ Turn (Turn Rotation In Table 00560-3)
Minimum Tension Required = 29400 Lbs. (1.05 X Required Fastener Tension)

Sample 2 Results: Pass  [_]Fail

Verification Test Results:

[ JAccept [ ]Reject

Comments:

Inspector

Cert No. |[Title

Contractor's Representative

Date

734-2747 (3-2012)

Construction Forms Website: http://www.oregon.gov/ODOT/Hwy/Construction/ConstFormsZ1.shtml




High Strength Structural Bolts

January, 2017

Verification Testing
for Long Bolts Turn-of-Nut Method

Sample 3 Bolt/Washer/Nut Assembles

Snug the bolt using method to be used on the
structure

(plies of joint in firm contact; full effort on 12" spud
wrench)

(10% of RFT < Tension < 50% of RFT)
Mark the Bolt/Nut/Plate
Tighten nut to rotation in Table 560-3

Verify tension is 5% greater than proof load

Turn-of-Nut Verification Testing
Long Bolt Example

Diameter = Ya"

Length = 3"
Required Rotation (Turns) = 1/3
Required Fastener Tension = 28,000 Ibs

Req’d Verification Tension = (105%) Req’d Fast Tension

Req’d Verification Tension = (1.05)(28,000) = 29,400 Ibs.

1.1
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High Strength Structural Bolts

January, 2017

Turn-of-Nut Verification Testing
Long Bolt Exercise

Diameter = 7/8"
Length = 4"

Required Rotation (Turns) =

Required Fastener Tension = Ibs

Req'd Verification Tension =

Verification Testing
for Short Bolts Turn-of-Nut Method

Sample 3 Bolt/Washer/Nut Assembles

Snug the bolt using method to be used on the
structure

(plies of joint in firm contact; full effort on 12" spud
wrench)

(10% of MAT < Torque < 50% of MAT)
Mark the Bolt/Nut/Plate
Tighten nut to rotation in Table 560-3

Verify torque is 5% greater than recorded torque at
turn requirement

1.1

25



Oregon
Department
of Transportation

[= Turn of Nut Method

[ Direct Tension Indicator

HIGH STRENGTH BOLTS
VERIFICATION TEST (SHORT BOLTYS)

i Tension Control Fastener

Project Contract No.
Company Test No.
VT-

Torque Wrench Serial No.

Calibration Due Date

Skidmore Serial No.

Calibration Due Date

Bolt Diameter 3/4 inch v Bolt Length Quantity

Bolt Mfg. Lot No. Heat No.

Nut Mfg. Lot No. Heat No.

Washer Mfg. Lot No. Heat No.

Required Fastener Tension = 28000 Ibs. (Table 00560-1)

Verification Sample 1:

Maximum Allowable Torque = 503 Ft.-Lbs.; MAT = 1.15(0.25PD), (P in Lbs., D in Ft.)

Meas'd Torque @ Snug Tight = Ft.-Lbs.(Joint Plies in Firm Contact, Full Effort on Spud Wrench)
(10% MAT < Snug Tight < 50% MAT

Measured Time = Seconds (From Snug Tight to Turn Rotation in Table 00560-3)

Maximum Allowable Time = 10 Seconds (From Snug Tight to Turn Rotation in Table 00560-3)

Measured Torque = Ft.-Lbs. @ Turn (Turn Rotation In Table 00560-3)

Minimum Torque Required = Ft.-Lbs. (1.05 X Avg. RoCap Torque @ Rotation in Table 00560-3)

Sample 1 Results: [ Pass L] Fail

Verification Sample 2:

Maximum Allowable Torque = 503 Ft.-Lbs.; MAT = 1.15(0.25PD), (P in Lbs., D in Ft.)

Meas'd Torque @ Snug Tight = Ft.-Lbs.(Joint Plies in Firm Contact, Full Effort on Spud Wrench)
(10% MAT < Snug Tight < 50% MAT

Measured Time = Seconds (From Snug Tight to Turn Rotation in Table 00560-3)

Maximum Allowable Time 10 Seconds (From Snug Tight to Turn Rotation in Table 00560-3)

Measured Torque = Ft.-Lbs. @ Turn (Turn Rotation In Table 00560-3)

Minimum Torque Required = Ft.-Lbs. (1.05 X Avg. RoCap Torque @ Rotation in Table 00560-3)

Sample 2 Results: [ Pass [ ] Fail

Verification Sample 3:

Maximum Allowable Torque = 503 Ft.-Lbs.; MAT = 1.15(0.25PD), (P in Lbs., D in Ft.)

Meas'd Torque @ Snug Tight = Ft.-Lbs.(Joint Plies in Firm Contact, Full Effort on Spud Wrench)
(10% MAT < Snug Tight < 50% MAT

Measured Time = Seconds (From Snug Tight to Turn Rotation in Table 00560-3)

Maximum Allowable Time = 10 Seconds (From Snug Tight to Turn Rotation in Table 00560-3)

Measured Torque
Minimum Torque Required

Ft.-Lbs. @ Turn (Turn Rotation In Table 00560-3)
Ft.-Lbs. (1.05 X Avg. RoCap Torque @ Rotation in Table 00560-3)
Sample 2 Results: [Jpass [ ]Fail

Verification Test Results:

L Accept [ ]Reject

Comments:

Inspector

Cert No. [Title

Contractor's Representative

Date

734-2748 (3-2012)

Construction Forms Website: http://www.oregon.gov/ODOT/Hwy/Construction/ConstForms1.shtml
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Marked Bolt Connection

Nuts Turned 2 Turn

11.1

26



High Strength Structural Bolts 11.1

Inspection Torque

Turn-of-Nut Method

HIGH STRENGTH BOLTS
I [ ROTATIONAL CAPACITY TEST & INSPECTION TORQUE
- (LONG BOLTS)

oy

Inspection = -
Torque For N e

| o g Jeoime =
= - "

ong Bolt el
[Required Fastener Tersion = __ 26000 Lbs. (Table C0S60-1)
Seug Tight Temsion = T T000 s (0.10% Req. Fastener Tension}: Tol = Okips. + 2 kps
[Messured Torque = FLbs. @ Requined Fastaner Tension (Go o Insp. Torque)
[Maxmum Allowable Torque = 55 FLdbs. (T <0.25P0) (Pin Lbs.. Din FL)
[Measured Tension = s @ _________Tum (2xRotaton in Table 00560-3)
[Minirmum Tension Requred = 32200 Lbs. (1.15 X Required Fastener Tension)

Sarmpie 1 Results Ores  Qrat

[Ro-Cap Sample 2.
[Required Fastener Tension = 28000 Lbs. (Table 00560-1)
| Srug Tight Tension - 3000 Lbs. (0.10 x Req. Fastener Tension): Tol = -0 kips + 2 kips
Measured Torque - Abs. @ Required Fastener Tension (Go to insp. Torque)
Masimum Alcwatie Torque = 435 FLbs. (T <0.25PD} (P in Lbs.. Din Ft)
[Measured Tension P — ] Tum (2¢ Rotstion In Table 00560-3)
iierm Temsion Requred = ——S000—— Lbs. (1.15 X Tequeed Fastonar Tension)

Sample 2 Results [t [Jras
Oaccese Onegen

28000 Lbs. (Table 00560-1)
FLibs. @ Addtonal 5 Degrees (Appre. 1° @ 12° Radius)

28000 Lbs. (Table 00560-1)
= FLLbs. @ AddSonal 5 Degrees (Appne. 1° @ 12° Radus)

Lbs. (Table 00500-1)
FL-Lbs. @ Addisonal 5 Degrees (Apprx. 1° @ 12° Radius)

FLLbs. (Average of the 3 Inspection Torque Samples)

inspecior Icmm Tae

January, 2017 27



High Strength Structural Bolts

Inspection Torque for
Long Bolt Method (Turn of Nut)

1. Sample 3 Bolt/Washer/Nut assembles

2. Place in skidmore and tighten to required tension
in Table 560-1

3. Measure torque required to turn the nut
5 degrees (1" @ 12" radius)

4. Inspection torque is the average
of the 3 tests

HIGH STRENGTH BOLTS
: [ ROTATIONAL CAPACITY TEST & INSPECTION TORQUE
= e (SHORT BOLTS)

Inspection e ———
Torque For ————
Short Bolt
Method

i
Measured Torque = FLibs @ “Tum (Tum Rotation in Table 00560-3)
[Sampie inspecton Torgue = FLibs. @ AddiSonal 5 Degrees (Apprx. 1° @ 12" Radus)

[Measured Torque - Fibs. @ “Tumn (Tum Rotation in Table 00500-3)
Fi-Lbs. @ Ad@eonal 5 Degrees (Appra. 1° @ 12" Radius)

FLibs @ “Turn (Tum Rotation in Table 00560-3)
FLAbs. @ ABEonal 5 Degrees (Appex. 1° @ 12° Radius)

January, 2017

1.1
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High Strength Structural Bolts

January, 2017

Inspection Torque for Short Bolt
Method (Turn of Nut)

1. Sample 3 Bolt/Washer/Nut assembles

2. Snug tight (10% of MAT< Torque < 20% of MAT)
Maximum Allowable Torque = 1.15(0.25)PD)

3. Mark the Bolt/Nut/Plate

4. Tighten nut to rotation in Table 560-3

5. Measure torque required to turn the nut 5 degrees
(1" @ 12" radius)

6. Inspection torque is the average of the 3 tests

Field Inspection

Turn-of-Nut Method

1.1

29



High Strength Structural Bolts

January, 2017

Field Inspection
(Turn of Nut Method)

— Select at random 10% of the tensioned bolts
(2 minimum) in each connection.

— Apply Inspection Torque. If none turn, the connection
passes.

— If one or more fasteners turn, job torque the remaining
fasteners in the connection.

— Re-tension and inspect all fasteners that turned for
minimum Inspection Torque.

Field Inspection Cont’d

 Nut Turned
to Rotation
in Table
560-3

e +/- 30° for
1/3 & 1/2
turns

1.1

30



High Strength Structural Bolts 11.1

High Strength Field Bolting
All Applications

* Non-galvanized fasteners may be reused once.
» Galvanized fasteners may not be reused.

* Previously tightened fasteners, loosened by
tightening of adjacent fasteners will not be
considered a re-use.

Bolt Installation
(00560.46 (9))

» 25% Drift
Pins

« 25% Fit
Up Bolts

ol

166.645 00500080 6at0o=b

DOECOCm0CmECh=R00

i
i
i
i
¢e
i
o

January, 2017 31



High Strength Structural Bolts

Systematic Tightening

60BN

24/
.20
15,
13/
14/
16
@
32

Bolts in water?

> Y R EAEET R

January, 2017

111
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High Strength Structural Bolts

January, 2017

Nuts in water?

Bolt Exercise

Bolt Diameter = 3/4"
Bolt Length = 5"

Measured Torque @ Req’d Fast. Tens. = 350
ft.-lbs.

Measured Tension @ 2x Rotation = 45,000
Ibs.

Complete Ro-Cap Sample 1 on the Rotational
Capacity Test Form for Long Bolts.

111
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Oregon
Department
of Transportation

[£ Turn of Nut Method

HIGH STRENGTH BOLTS

ROTATIONAL CAPACITY TEST & INSPECTION TORQUE

[ Direct Tension Indicator

(LONG BOLTS)

[ Tension Control Fastener

Project Contract No.
Company Test No.
RCT-

Torque Wrench Serial No.

Calibration Due Date

Skidmore Serial No.

Calibration Due Date

Bolt Diameter 3/ inch v Bolt Length Quantity
Bolt Mfg. Lot No. Heat No.
Nut Mfg. Lot No. Heat No.
Washer Mfg. Lot No. Heat No.
Ro-Cap Sample 1:
Required Fastener Tension = 28000 Lbs. (Table 00560-1)
Snug Tight Tension 3000 Lbs. (0.10 x Req. Fastener Tension): Tol. = -0 kips + 2 kips
Measured Torque = Ft.-Lbs. @ Required Fastener Tension (Go to Insp. Torque)
Maximum Allowable Torque = 438 Ft.-Lbs. (T < 0.25PD); (P in Lbs., D in Ft.)
Measured Tension = Lbs. @ Turn (2x Rotation In Table 00560-3)
Minimum Tension Required = 32200 Lbs. (1.15 X Required Fastener Tension)

Sample 1 Results: [ lpass [ ]Fail
Ro-Cap Sample 2:
Required Fastener Tension = 28000 Lbs. (Table 00560-1)
Snug Tight Tension = 3000 Lbs. (0.10 x Req. Fastener Tension): Tol. = -0 kips + 2 kips
Measured Torque = Ft.-Lbs. @ Required Fastener Tension (Go to Insp. Torque)
Maximum Allowable Torque = 438 Ft.-Lbs. (T < 0.25PD); (P in Lbs., D in Ft.)
Measured Tension = Lbs. @ Turn (2x Rotation In Table 00560-3)
Minimum Tension Required = 32200 Lbs. (1.15 X Required Fastener Tension)

Sample 2 Results: [ Ipass [ ]Fail

Rotational Capacity Test Results: [ JAccept [ ]Reject

Inspection Torque Sample 1:
Required Fastener Tension = 28000 Lbs. (Table 00560-1)
Measured Torque = Ft.-Lbs. @ Additional 5 Degrees (Apprx. 1" @ 12" Radius)
Inspection Torque Sample 2:
Required Fastener Tension 28000 Lbs. (Table 00560-1)
Measured Torque = Ft.-Lbs. @ Additional 5 Degrees (Apprx. 1" @ 12" Radius)
Inspection Torque Sample 3:
Required Fastener Tension = 28000 Lbs. (Table 00560-1)

Measured Torque =

Ft.-Lbs. @ Additional 5 Degrees (Apprx. 1" @ 12" Radius)

Inspection Torque =

Ft.-Lbs. (Average of the 3 Inspection Torque Samples)

Comments:
Inspector Cert No. Title
Contractor's Representative Date

734-2629 (3-2012)

Construction Forms Website: http://www.oregon.gov/ODOT/Hwy/Construction/ConstFormsZ1.shtml




High Strength Structural Bolts

January, 2017

Table 560-3

TABLE 00560-3
Nut Rotation from Snug-Tight Condition '

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 (heveled washer axis (beveled washer
to end of bolt) to bolt axis not used) not used)

Up to and including 113 tum 1/2 tum 2/3 tum

4 diameters
Over 4 diameters

but not axceading 12 tom 2/3tum 5/6 lumn
8 diameters

Over 8 dameters

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

12 diameters ”

' Nut rotation is relative to bolt regardless of the element (nut or bolt) being tumed. For
baolts inslalled by one-half turn and less, the tolerance shall be r minus 30°; for

nstalled by two-thirds tum and more, the tolerance shall be plus or minus 45°

o

 No research has been performed by the Research Council on Structural Conneclior
establish the turn-of-nut procedure for bolt lengths axceeding 12 diameters. Therefore,
the required rotation shall be determined by actual test in a suitable tension measuring
device according la 00560 2%c-5)

Other Types Of Bolt Situations

111
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High Strength Structural Bolts

January, 2017

Traffic Signal & lllumination
Supports (00962)

TM629 General Note

Tighten anchor bolts and arm connection
bolts according to 00962.46(j)(2).

111
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High Strength Structural Bolts

January, 2017

TM651 Notes

21. Tighten 4 bolt arm connection bolts and
tighten anchor rods in accordance with

962.46(j)(2).

22. Tighten 8 bolt arm connection bolts in

accordance with 930.40(d).

Tightening Requirements

(00962.46(j)(2)(a&d)

» Snug Tight (All plies in firm contact & full
effort on the end of 12" spud wrench)

Past Snug Tight

« ASTM A 307 Anchor Rods
ASTM A 449 Anchor Rods
ASTM F 1554 Gr 55 Anchor Rd
ASTM A 325 Bolts

1/12 Turn
1/6 Turn
1/6 Turn
1/6 Turn

1.1

36



High Strength Structural Bolts

January, 2017

Sign Supports (00930)

» Rotational Capacity Test Required At Job

Site

Major Sign Supports
00930.10

» Except for minor sign supports

1.1

37
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High Strength Structural Bolts

January, 2017

TM623 General Notes

All High Strength Bolts shall be considered
slip critical and tightened according to
00930.40(d)(2)a unless otherwise noted.

Slip Critical Connections
00930.40 (d)(2)(a)

* |nstall New DT/I's
« Snug Tight All

» Tighten To Full Refusal of .005 Feeler
Gauge (SP00930.42(d)(2)(a))

1.1
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January, 2017

Cantilever Sign

TM623 Construction Procedure
(Notes 5-7)

For Anchor Rods:

 Lubricate top nuts

» Snug tight top nuts (full effort on 12" wrench)
» Snug tight bottom nuts

 Tighten all top nuts an additional 1/6 turn in
two passes (1/12 turn per pass)

1.1
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Cantilevered Sign Base

Resin Bonded Anchor Systems
00535

1.1
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High Strength Structural Bolts 11.1

Resin Bonded Anchor System
Tightening Requirements
00535.40

 Tighten to %2 turn past snug tight

Resin Bonded Anchor System
Test Requirements
SP00535.45

3 Test Anchors Prior To Production

Test To 80% of Table 535-1 Values

(For Tension Application)

Test To 50% of Table 535-1 Values

(For Shear Application)

Test 10% of Production or as Approved By EOR
(Depends on Location)
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TABLE 00535-1
Minimum Pullout Force

Anchor Bolts Rebar

Grade 36  Grade 55 | Grade 105 Grade 60
Dia. Force Size Force
(inch) (Pounds) (Pounds)
mn 740 9,700 15,300 3 7900
518 11700 | 16900 | 24300 4 14400
3 17300 22500 | 36,000 5 2230
718 24000 31200 | 49,900 6 31,700
| 3700 40900 | 65400 7 43800
§ 56700

111
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