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Questions related to specific materials, methods, and services will be addressed at the conclusion of this
presentation.
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AISC Night School Fundamentals of Welding and Bolting

December 7, 2021 Bolting Pt 4: Arbitration Inspection, Supplementary Requirements, Rotational
Capacity Testing, Coatings, Reuse and Testing

C iﬂj‘i:ght School ‘ iﬂj‘;ght School

Course Description Learning Objectives

Fundamentals of Welding and Bolting « Learn about arbitration inspection.
« Learn about supplementary requirements.

Session 8: - Bolting Pt. 4: Arbitration Inspection, Supplementary *  Learn about rotational capacity testing.
« Learn about structural fastener coatings.

Requirements, Rotational Capacity Testing, Coatings, Reuse and . Learn about bolt reuse.
Testing + Learn about fastener testing.

« Gain an understanding of nonconformances.
December 7, 2021

This session will provide an understanding of specific supplementary requirements
for fasteners. New and old fastener coatings, bolt reuse, and rotational capacity
testing will be explained.

=

O O

=

Night School 27: Fundamentals of Night School 27: Fundamentals of
Welding and Bolting Welding and Bolting

Bolting Pt. 4: Arbitration Inspection, Supplementary Requirements,
Rotational Capacity Testing, Coatings, Reuse and Testing
December 7, 2021

Chad Larson, Leleune Bolt Company

Curtis L. Decker, PhD, PE, Duane K. Miller, PE, ScD, Chad Larson, Leleune
SE, The Lincoln Electric The Lincoln Electric Bolt Company
Company Company

T | Smarter. e = | Smarter.
i Stronger. i Stronger.
e | Steel. e | Steel.
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Part 3 Review

* Ordering Information
* Alternative Designs
* Storage and Handling
* Snug Tight
* Pretensioning Methods
* Turn of Nut
* Calibrated wrench
* Twist-Off Type
* DTl Washer
* Combined Method

=

B

=

=

B

=

RCSC Added ASTM F3148 and Combined Method

* ASTM F3148

* New strength - Group 144

* Uses Combined Method for pretensioning

* Fixed spline drive

* Minimum pretension equal to Grade A490

* Approved in ANSI/AISC 358

* Currently balloting in AISC 360-22

* On Agenda for AASHTO T-14 and AREMA
Committee 15

What is ASTM F3148?

Inner socket engages and holds the bolt
Outer socket engages and turns the nut
Torque reaction absorbed via gears
Tool controls torque and angle output
Spline stays on

Single-side turn of nut

Matched and tested assemblies

=

=

Delft University of Technology

Evaluation tightening
preloaded bolt assemblies according to
EN 1090-2
“Technical requirements for steel structures”
for 95% reliability EN 1990 *
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Delft university of technology

2 Conclusions

2.1  Clause 8.5.1 of EN 1090-2 determines that “unless otherwise specified the nominal minimum
preloading force £, shall be taken as 0,7 f.A.".
EN 1990 determines in clause 4.2 that this nominal minimum preload £, = 0,7 f»A., shall be
reached with a reliability of 95% according to a Normal distribution.

The values for the reliability according to the present methods mentioned in EN 1090-2 are
determined as:

1. The torque method: reliability 79,4 %
[2. The combined method: reliability 100 %]
3. The HRC method: reliability Bl %
4. The direct tension indicator (DT1) method: reliability =95 %

Fundamentals of Welding and Bolting

Bolting Pt 4: Arbitration Inspection, Supplementary Requirements, Rotational

Capacity Testing, Coatings, Reuse and Testing

Arbitration inspection

Arbitration Inspection
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SECTION 10. ARBITRATION - RCSC

* When it is suspected after inspection in accordance with Section 9.2 or
Section 9.3 that bolts in pretensioned or slip-critical joints do not have the
proper pretension, the following arbitration procedure is permitted.
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Section 10 - Arbitration Section 10 - Arbitration

« (1) Arepresentative sample of five bolt and nut assemblies of each combination of * (3) The arbitration torque shall be determined by rejecting the high and low values and
diameter, length, grade and /ot in question shall be installed in a bolt tension averaging the remaining three.
measurement device. The material under the turned element shall be the same as in the
actual installation— that is, structural steel or hardened washer. The bolt shall be partially
tightened to approximately 15 percent of the pretension specified in Table 5.2 « (4) Bolts represented by the above sample shall be tested by applying the arbitration
Subsequently, the bolt shall be pretensioned to the minimum value specified in Table 5.2. torque in the tightening direction to 10 percent of the bolting assemblies, but no fewer
than two bolting assemblies, selected at random in each joint in dispute. If no nut or bolt

head is turned relative to its mating component by the application of the arbitration torque,
(2) A torque wrench that indicates torque by means of a readout, or one that may be the joint shall be accepted as properly pretensioned.

adjusted to give an indication that a defined torque has been reached, shall be applied to
the pretensioned bolt. The torque that is necessary to rotate the nut or bolt head five
degrees (approximately 1 in. at 12-in. radius) relative to its mating component in the
tightening direction shall be determined.

Section 10 - Arbitration RCSC Arbitration Commentary

« If verification of bolt pretension is required after the passage of a period of time and « Commentary:
?xi)r?sure oAffltheAtcoTpletehd {IOLnts, ar:jalternatlve arbitration procedure that is appropriate « When bolt pretension is arbitrated using torque wrenches after pretensioning, such
© the speciiic situation shall be used. arbitration is subject to all of the uncertainties of torque-controlled calibrated wrench

« If any nut or bolt is turned relative to its mating component by an attempted application of method installation that are discussed in the Commentary to Section 8.3.2. Additionally, the
the arbitration torque, all bolts in the joint shall be tested. Those bolts whose nut or head reliability of after-the-fact torque wrench arbitration is reduced by the absence of many of
is turned relative to its mating component by the application of the arbitration torque shall the controls that are necessary to minimize the variability of the torque to pretension
be re-pretensioned by the Fabricator or Erector and reinspected. Alternatively, the relationship, such as:

Fabricator or Erector, at his/her option, is permitted to re-pretension all of the bolts in the

Joint and subsequently resubmit the joint for inspection. * (1) The use of hardened washers;

* (2) Careful attention to lubrication; and
* (3) The uncertainty of the effect of passage of time and exposure in the installed condition.

Copyright © 2021
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RCSC Arbitration Commentary

« Furthermore, in many cases such arbitration may have to be based upon an arbitration
torque that is determined either using bolts that can only be assumed to be representative
of the bolts used in the actual job or using bolts that are removed from completed joints.
Ultimately, such arbitration may wrongly reject bolting assemblies that were subjected to a
properly implemented installation procedure or accept bolting assemblies that were not
properly installed. The arbitration procedure contained in this Specification is provided, in
spite of its limitations, as the most feasible available at this time.

Supplementary Requirements

S1. Bolts Threaded Full Length

What are F3125S1 -S54

honiy o * S1. Bolts Threaded Full Length
o0 1 Just like what it says, up to 4D
Special Marking “T” - A325T
Uses and cautions — Turn of Nut - Shear Strength

inejuiry und order, rotsional
e b + 2. Alternate Dimensions — previously pushed to A354 or A449
Just like what it says

Special marking “S” - A325S

Uses and cautions

 S3. Lubricant

 S4. Rotational Capacity Testing

Copyright © 2021
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What are F3125 S1 S3

Table 2.1 Dimensions of Heavy Hex Structural Bolts
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Original Rotational Capacity Test

ASTM
« Established by F16.02 for HDG bolts based on research that showed un-lubricated
HDG fasteners could not reliably reach minimum tension prior to torsional failure.
Expanded to cover Mechanically Galvanized fasteners when B695 was added.

« Ameans to test lubrication, which is required to prevent galling at the thread interface
and bearing surface.

ROtatl O n a | Ca p a C | ty » Old ASTM test was a simple Pass/Fail test. You never knew if you almost failed.
« Vague manufacturer requirement in A325 and RCSC.

« Assuming bolt meets specification, the test is primarily a function of nut (or coating)
lubrication but was part of the bolt only specification.

B

=
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Rotational Capacity Testing Rotational Capacity Testing

AASHTO and FHWA established a similar test, adding the requirement that the test be Primary criteria tested-
performed on ALL structural fasteners for bridge work, not just galvanized.

« Strength (tensile)
« Had more specific test criteria than the simple pass/fail ASTM test.
« Thread fit (proper oversize to avoid interference fit)
* Added maximum torque at minimum design tension (max K factor of .25).
« Thread strength (overtap not too large or wrong grade)

* Minimum tension at final rotation (1.15 * design tension). Lubrication (too little causes torsional failure)

* This test bett Il | fast bl rf test.
I5 test was a betier overall general lastener assembly periormance tes « Ductility (extreme plastic performance or stretch beyond yield)

» These agencies only use bolts subject to full pretension. + Quantifies (lubrication effectiveness)

Problems with RC Testing Rotational Capacity Test - F3125 Annex A2.1.1

Nature of the test makes variability inevitable. Number of producers. Number of threads in « Details rotational capacity (RC) tests intended to evaluate the presence of lubricant, the
the grip. Different lubricants (or none at all). efficiency of lubricant and the compatibility of assemblies. The test serves as a further
quality control measure against excessively overtapped nuts, material with insufficient
ductility, and generally assures the assembly of elements (bolt, nut, and washer) will
function together as a unit to achieve required preloads. When tested to meet the
requirements of this Annex, assemblies shall be purchased and installed as matched
sets of a Heavy bolt, a Heavy Hex Nut, and at least one Hardened Washer. Assemblies
shall be purchased and installed as matched sets.

Required by ASTM at the producer level but really should be at the distribution and end
useg Ieve)l (At least until we require bolts to be treated as matched assemblies from the
producer).

Not all fastener assemblies need this level of performance by design. Think Snug.

. o . X This test is intended primarily for galvanized heavy hex fastener assemblies that must be
A490 previously held to the same criteria as A325, but A490 is much less ductile. fully tensioned in structural applications. This test may also be requested by the
purchaser for other coated or plain assemblies that must be fully pretensioned.

AASHTO, FHWA did not like (appropriately) the ASTM test, so they maintained their own
versions of the test. Thankfully, the industry has now aligned on the new ASTM tests in
F3125 and F3148.

Copyright © 2021
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Rotational Capacity Test Rotational Capacity Test

Install the bolt and any required spacers in the tension measuring device so that the bolt
stick-out is flush with the nut to a maximum of three threads stick-out. This will typically
provide three to five threads within the grip.

Tighten the fastener assembly to the tensions listed in Table A2.1 (-0/+2 kips or -0/+8 kN).

« Equipment Required:
« Calibrated bolt tension-measuring device appropriate for the bolts to be tested.
« Calibrated torque wrench and spud wrenches.

« Appropriate bushings and spacers.
ﬂ,ﬂ}r F3125/F3125M - 192

TABLE A2.1 Pre-tensi qui by gth and Diameter
Sarength Boit Dia. (i} 14 L L] T 1 " 14 1% 1%
Iniia Tansion (kips) 1 2 3 (| 5 [ 10 12
150 ksi min, 5) 1 2 4 & 8 0 12 15
12 18 20 22 ar 30 36
B30 MPa i, 4 9 13 18 2T b 44
5040 MPa min ] 13 18 22 36 40 56
« Match-mark the bolt, nut and faceplate of the calibrator.
« Tighten the fastener assembly to at least the minimum installation tension in Table A2.2
and record both the tension and torque. The torque shall be read with the nut in motion. BoltDin.075 K- Factor K- Factor K- Factor K - Factor K- Factor K- Factor K - Factor K - Factor K- Factor
Maximur_n torque vaI_ues alt minimum tgnsion are provided for convenience in Table A2.2. 4l oL oi3 ofs &% bAb  BEL  d 698
For tensions exceeding minimum tension, the torque shall not exceed 0.25 PD, where P = Tendon 1000 5 7 8 9 1 12 13 " 16
tension in pounds, and D = Dia. (in.)/12 = bolt diameter in feet. e 5000 28 3 a o s 55 P n 78
10000 56 69 81 94 106 119 31 144 156
TABLE A2.2 Permitted Torgue at Mi Design Tension* 15000 B4 103 122 141 159 178 197 116 134
Slrength . (i, L L % T 1% 1 1% 1 20000 113 138 163 188 213 238 63 288 313
Tansion (kips)* 12 19 28 B4 a7 118 25000 141 172 203 pill 266 297 328 159 391
Maximum Torque (. Ibs.) 125 247 437 1502 27 3688
G ksi min, Tansion (kipsi* 15 24 a5 49 B 121 148 30000 168 206 244 ELt a1 56 394 431 469
Maximum Torque (i, Ibs.) 156 2 546 893 16875 3466 4625 35000 157 rl 284 323 n 416 459 03 547
Bolt Dia } 12 16 20 2z 27 36 =
B30 MPa min.  Tension (KNP 49 4] 142 178 26T 478 40000 225 275 3z 375 425 475 525 575 25
Mavirmum Torgue (M) 150 380 714 a76 1803 4284 45000 253 e 366 422 a7 534 551 647 703
1040 MPa min Tension (k)* a1 114 178 21 2 334 585
Maximum Torque (Nrmj 190 461 BS5 150 1646 2251 5360 Torque, fr./lbs
# Minimum design in the ACSEC Specification for Structural Joints Using High-Strength Balts. It represents 70% of minemum epecified tensile strangth
35 36

Copyright © 2021
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Rotational Capacity Test

« Further tighten the nut to the rotation listed in Table A2.3. The rotation is measured from
the initial marking. Assemblies that strip or fracture prior to this rotation fail the test.

TABLE A2.3 Minimum Required Degrees of Rotation

Bolt Length =80 to
Required Rotation Up to 4D >4D ta 8D 12D
120 ksi (B30 MPa) min 240 360 420
150 Ksi (1040 MPa) min 240 300 360

Fundamentals of Welding and Bolting
December 7, 2021 Bolting Pt 4: Arbitration Inspection, Supplementary Requirements, Rotational
Capacity Testing, Coatings, Reuse and Testing

Rotational Capacity Test

« Record the tension at the completion of the rotation in Table A2.3. The tension shall equal
or exceed 1.15 x the minimum installation tension. The minimum required values are
listed in Table A2.4. Loosen and remove the nut. There shall be no signs of thread shear
failure, stripping or torsional failure. The nut shall turn on the bolt threads to the position it
was in during the test. The nut does not need to run the full length of the threads. Inability
to turn the nut by hand is considered thread failure. Broken bolts fail the test.

TABLE A2.4 Minimum Tension at Full Rotation

Strength Balt Dia. {in.)

v i T 1 10 1% 1% 11
s Tonsion (kips) 14 el a2 ] 59 74 54 na 136

150 ksl min, Tanssion (kips) 17 2 0 56 74 az n7 139 170
Bolt Dia. {mm} 12 16 20 22 24 ar 30 35

830 MPa min, Tansion (kM) 57 108 164 205 235 307 a7 547
1040 MPa min. Tension (kM) 72 133 205 256 207 384 a7t 685

F3148 - 7/8” Diameter 3”- 6” Clamp Load Analysis - Galvanized

75000

70000

65000

60000

55000

50000

45000

40000

I T —

Clamp Load

30000

25000 +——————————————————

20000

15000

10000

5000 +—

111 21 31 41 51 61 71 81 91 101 111 121 131 141 151 161 171 181 191 201 211 221 231 241 251 261 271 281 291 301 311 321 331 341 351 361

‘“5[; Degrees of Rotation “

Copyright © 2021
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7/8” Diameter Group 120 Signature Analysis — 3 Lots

z Min. final must be above line
2 o /
= = = Min. design — Check torque
o
©
o
3
o s
€
K]
o
Snug and mark
qlED Degrees of Rotation o0
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7/8"-9 A325 Structural Bolt - 41,000 Ibs. Minimum Clampload

Rotational Capacity Test
480
« Applicable to coated fasteners (sometimes) — ASTM. 9
« Required on all assembly lots (plain or galvanized) for bridge work — see AASHTO. 360
» Good, but extreme functional test of fasteners. 5
« What if connection only requires snug tight? £
s
8 240
4
&
8
180
120
60
2 25 3 35 4 45 5 55 6 6.5 7 7.5 8
Bolt Length (in.)
7/8"-9 A325 Structural Bolt - 41,000 Ibs. Minimum Clampload 7/8"-9 A325 Structural Bolt - 41,000 Ibs. Minimum Clampload
520 520
480 480
420 420
360 360
s H
= 300 ® 300
& &
s s
g 240 § 240
& e e
& &
8 &
180 180
- —
f Nut Req RCSC Turn of Nut Req
120 120 rension
60 60
2 25 3 35 4 45 5 55 6 6.5 7 7.5 8 2 25 3 35 4 45 5 5.5 6 6.5 7 7.5 8
Bolt Length (in.) Bolt Length (in.)

Copyright © 2021
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Bolting Pt 4: Arbitration Inspection, Supplementary Requirements, Rotational

7/8"-9 A325 Structural Bolt - 41,000 Ibs. Minimum Clampload

Capacity Testing, Coatings, Reuse and Testing

7/8"-9 A325 Structural Bolt - 41,000 Ibs. Minimum Clampload

Copyright © 2021
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520) 520)
480 480
420 420
360) 360
c c
] S
T 300 T 300
] ]
& &
; 200 Rotational Capacity Test Req ; 240 Rotational Capacity Test Req
e e
& &
& &
o o
180) 180)
—
RCSC Turn of Nut Req RCSC Turn of Nut Req
0 @0 Degrees to Min. Tension 120 Degrees to Min. Tension
60| 60|
2 25 3 35 4 25 5 55 6 65 7 75 B 2 25 3 35 7 25 5 55 6 65 7 75 B
Bolt Length (in) Bolt Length (in:)
A6
7/8"-9 A325 Structural Bolt - 41,000 Ibs. Minimum Clampload 7/8"-9 A325 Structural Bolt - 41,000 Ibs. Minimum Clampload
520) Upto and Inc 4D >4D Up to and Inc 8D >8D 520) Upto and Inc 4D >4D Up to and Inc 8D >8D
480) - 480
- ¥
-
-
-
-
420 P 420
-
-
-
-
-
360) -~ 360)
- - i
c c
S -~ S 3200
= 300 - T 300
-
& - &
s Rotational Capacity Test gﬁ s
8 240 i 8 240 2408
o = o
) - &
8 L~ a
180) 180)
I S—
RCSC Turn of Nut Req
120) 120 )
60| 60|
2 25 3 35 4 25 5 55 6 65 7 75 B 2 25 3 35 7 25 5 55 6 65 7 75 B
Bolt Length (in.) Bolt Length (in.)
48
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7/8"-9 A325 Structural Bolt - 41,000 Ibs. Minimum Clampload
520 Up to and Inc 4D >4D Up to and Inc 8D

480

420

360

>8D

300

Rotational Capacity Test Req
240

Degrees of Rotation

180)

RCSC Turn of Nut Req

Bolt Length (in)

Video — Rotational Capacity Testing

Coatings

Coatings on Structural Bolts

» B695 Zinc Mechanically Deposited — Group 120 Only

» F2329 Zinc Hot Dip — Group 120 except Twist-Off
» Research to possibly permit F2329 HDG on Group 150

» F1136/F2833/F3019 Zinc/Aluminum — Group 120 or 150
» Twist-Off depending on manufacturer

* F1941 Electrodeposited Coatings — Group 120 Hex Only

Copyright © 2021
American Institute of Steel Construction
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Coatings

TABLE A1.1 Permitted Coatings

Coatings on Structural Bolts

+ Other coatings possible for 120ksi (Group 120)

& 830 MPa Boll Ass
nos

Commonly Aj Quaiifiod Coa

+ Others coming for 150ksi Grades (Group 150)

P Grae &

* Not always done by the manufacturer

Btwoon It producer, supplies and uses, and are not parmitled axcapt whon agpiod undar ihe directicn

« Significant effect on thread fit, “K” Factor, and general fastener performance

Coatings on Structural Bolts

+ Thickness only measured on significant surfaces.
* Not typically corrosion tested on a lot-by-lot basis.
* HDG on external threads only.

» Thread oversizing tolerances for newer coatings on A490 fasteners have been
standardized just recently.

Coatings

TABLE A1.2 Nut Overtap' Allowances

M38 » 4.0 MC

F1i36F 1136
Dimensional
Limits Mut Pifch Déa.
Ovartap!€
Tir: n. n.

- 0.005 0.006
B 0010 0.007
10 0.010 0.007
il o011 0.008
1-8 o012 0.008
117 0012 0.008
147 0.012 0.008
a6 0014 0.010
196 0.014 a.010
MC Thraad fum mm
M12 « 1.75 MC 023 0.16
Mi6 = 2.0 MG 025 07
M20 x 2.5 MC 025 047
M22 « 2.5 MC 024 019
M24 x 3.0MC 030 0.20
M27 = 3.0 MC 030 0.20
M30 « 3.4 MC 035 0.24
0.35 0.24

Copyright © 2021
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Understanding Thread Fit - Coatings Thread Profile Over-Sized

+ Nut threads need to be oversized for most coatings.

+ Oversizing the pitch diameter for clearance increases the nut minor diameter by
geometric relationship.
 Mut Thread

+ Oversized nuts have less proof load capacity, more importantly, the increase in
minor diameter reduces the mated bolt stripping capacity.

Bolt Thinad

O O

= =

g

Understanding Thread Fit - Coatings Coatings Example — Zinc Aluminum Flake

+ Oversizing may change failure modes from bolt tensile failure to thread stripping. R

+ Bolt tensile and nut proof load testing are performed with fixtures, the results do BO It
Grade 3 < :

not correlate to fastener assemblies.
 Care should be taken not to “over-tension” coated fasteners. F 1 13 6 w

+ Understand the specifics of your selected coating.

O

= =

@
g
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Bolt reuse

RCSC Section 2.11 - Reuse

* 2.11.Reuse

Record approval and (2) in pretensioned joints and slip-critical joints with Engineer of Record approval.

2.11.2. Galvanized or coated bolts of any Group or grade, galvanized or coated spline end bolting assemblies
of any Group or grade, and Group 150 heavy hex bolts shall not be reused.

2.11.3. Touching up shall not be considered a reuse.

Commentary:

Pretensioned installation involves the inelastic elongation of the portion of the threaded length between the
nut and the thread run-out. Plain finish ASTM F3125 Grade A325 and F1852 bolts possess sufficient ductility
to undergo more than one pretensioned installation as suggested in the Guide (Kulak et al., 1987). As a simple
rule of thumb, a plain finish Grade A325 bolt is suitable for reuse if the nut can be run all the way up the
threads by hand.

On the other hand, while ASTM F3125 Grade A490 and F2280 bolts possess sufficient ductility to undergo
one pretensioned installation, they are not consistently ductile enough to undergo a second pretensioned
installation. The Guide also indicates that the coating on galvanized Grade A325 and F1852 bolts reduces
their nut rotation capacity and are thus not to be reused. For additional guidance see Bowman and Betancourt

(1991).

¢ 2.11.1. Plain finish Group 120 heavy hex bolts may be reused (1) in snug-tightened joints without Engineer of

s it too tight?

s it too tight?

*No

Copyright © 2021
American Institute of Steel Construction
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Unfortunately, This Can Happen....

“},.If.gaé .\

65

Manufacturing inspection

=
ﬂm\i
%

What gets tested?

Always
* Dimensions — Geometry

* Chemistry — not usually directly
* Tensile Strength

* Proof Load

* Surface Discontinuities

* Hardness

Sometimes

* Magnetic particle

* Tensile Strength

* Rotational capacity

* Assembly tension testing

* Coating thickness
 Carburization/Decarburization

Tension Testing
(Tensile Testing)

Copyright © 2021
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Hardness Testing

Comparison of hardness messuring procedunes

Procedurs.
Marking
Erandad
‘Sunabie for matenals
e = B
Patwtning o
Daymord pyramids. Quidvanc B from Fardenes stesl
ca_sertace anghe 136 Dt
), &}
=
i e EE-e
e

®

=

=

Carburization/Decarburization

Continuous Heat Treatment

®

=

Copyright © 2021
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What Can Happen?

A number of things
can go wrong, but...

* Fatigue + Tensile Failure

* Rust or Weathering + Torsional Failure

+ Coating Adhesion + Stress Corrosion Cracking

* Reamed Nut Threads * Hydrogen Embrittlement

*  White Rust + Shank Out/Negative Stick-out
* Seams * Low Fastener Tension

* Bursts * RCTest Failure

* Poor Coating Thickness * Inadequate Installation Tools
* Welded Parts * Lack of Installer Training

+ Storage and Handling Issues * High or Low Hardness

+ Quench Cracks * Thread Stripping

* Improper Washer Usage * No Control of Snug Tight

* Bolt Binding * No Installation Clearance

* Poor Paint Adhesion * Improper Mating Components

* No Pre-installation Testing * No Verification on Site

Copyright © 2021
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Bolting Pt 4: Arbitration Inspection, Supplementary Requirements, Rotational

Burst Seam

Surface Discontinuities — ASTM F788 or F812

Capacity Testing, Coatings, Reuse and Testing

Bursts Are Quite Common

Head burst

Head burst

Burst, Seam or Crack?

Seam Quench crack

Copyright © 2021
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Quench Crack

Quench crack

Quench crack
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Other Problems

Adhesion, excessive impacting or
Bad threads or lack of engagement? possibly a bound bolt.

81

Fundamentals of Welding and Bolting

Bolting Pt 4: Arbitration Inspection, Supplementary Requirements, Rotational

Capacity Testing, Coatings, Reuse and Testing

Too Brittle?

Or Wrong Size?

Copyright © 2021
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Hot Forged, Split Die

Fin —in specification

Fin profile with a bit of swell
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Misc. Problems

Coating Fixture Marks

T

UL ————

T

Capacity Testing, Coatings, Reuse and Testing

Bolt problem or hole problem?

Workmanship

Adhesion

Copyright © 2021
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Trained Installer, Match-Marked, Witnessed,
Signed-off, didn’t break.
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Rust - How Much is Too Much? Hole Size/Bolt Size Problem

Will need requalification Most likely scrap

Bad Storage

Water

Copyright © 2021
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)
| Never Tightened\

Capacity Testing, Coatings, Reuse and Testing

Engagement
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Bolting Pt 4: Arbitration Inspection, Supplementary Requirements, Rotational
Capacity Testing, Coatings, Reuse and Testing

Flatness

Problems

Most projects go as planned, but......

Problems

* Here is a breakdown of typical construction problems according to
ENR Magazine.

* 65% from insufficient, inappropriate or conflicting information
* 17% from human error

* 8% from weather

* 5% from poor workmanship

* 5% from materials failure

®
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Bolting Pt 4: Arbitration Inspection, Supplementary Requirements, Rotational

Capacity Testing, Coatings, Reuse and Testing

Understand the chain of command

* Owner

* Architect

* Engineer

* Inspector

* Project manager

* Prime or general contractor
* Sub-contractor

Problems

* Regardless of the scale of the project, the owner and end user expect to
get what they pay for. This means a safe, attractive, functional structure,
which performs throughout its service life with minimal risk and
maintenance. Our job as suppliers is simply to meet their expectations.

» Being prepared to respond to quality and technical questions, having the
proper knowledge of your product, and reacting in a timely and
professional manner can prevent a simple question from turning into
problem or a simple non-conformance from turning into a large claim.

The Most Common Problems

Be prepared and well versed in the most common of problems.

* Surface discontinuities (head bursts, seams)

* Low tension during preinstallation verification (equipment, training
fastener quality)

* Broken bolts or stripping during installation (often coatings and lubrication)
* Storage and handling

* Rotational capacity testing

* No testing being performed on site

* Thread damage

The Most Common Questions

* Washer requirements

* Typos and mistakes on test reports or shipping docs

* Where can | get my TC tool calibrated

* Can | substitute grade 5 bolts or grade 8 bolts for A325 or A490
* F3125/A325 labels and certificates

* What is the proper torque for installation
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Closing

Unusual Aspects of Structural Bolting

* Bolts are tensioned well into yield, this is a no-no in virtually every other engineered
fastener application.

* Bolts are not sold as matched sets in many/most cases.
* Thread lengths are very short, bolts perform better in tension with longer threads.

* Acceptance testing is frequently done in the field, which is often the 1% point of
assembly.

* There is no industry requirement for “K” Factor.

* Snug tight as it pertains to fully tensioned bolts is highly variable - operator, equipment,
lubrication and installation procedures.

What Else Can You Do?

* Get more familiar with standards.

* Ask questions.

* Get involved in committee work.

* Work with reputable contractors and suppliers.

* Be willing to work through problems.

* Get additional fastener training, several options exist.
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Good Reading Thank You!

+ John H. Bickford, An Introduction to the Design and Behavior of Bolted Joints. e AISC
« Industrial Fasteners Institute, Fastener Standards.
 Geoffrey L. Kulak, John W. Fisher, John H. A. Struik, Guide to Design Criteria for .
Bolted and Riveted Joints. (currently being revised) Nate
+ Geoffrey L. Kulak, High Strength Bolts: A Primer for Structural Engineers, Steel
Design Guide 17.
* PCB Load & Torque Knowledge Library
« Understanding Torque-Angle Signatures of Bolted Joints
« Fundamentals of Torque-Tension and Coefficient of Friction Testing
« Engineering Fundamentals of Threaded Fastener Design and Analysis

* Brent

Individual Session Registrants
PDH Certificates

* All WFH individuals associated with a group registration will be issued a

Th an k YO u I certificate.

* Allindividuals attending at your connection: you will receive an email on how
to report their attendance from: registration @aisc.org.

* Be on the lookout: Check your spam filter! Check your junk folder!

' TR  Smarter. « Completely fill out online form. Don’t forget to check the boxes next
AISC | QU estions E@i : Stronger. _ to each attendee’s name!
e’ | Steel. Y
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8-Session Registrants
PDH Certificates

One certificate will be issued at the conclusion of all 8 sessions.

8-Session Registrants
PDH Certificates

One certificate will be issued at the conclusion of all 8 sessions.

Quiz 8 issued: December 9, 2021
Final Exam issued: December 14, 2021
Quiz 8 and Final Exam due: January 4, 2021

PDH Certificates and EEU Certificates of Completion will sent by:
January 11, 2021

8-Session Registrants

Access to the quiz

Information for accessing the quiz will be emailed to you by Wednesday. It will contain a link to access the
quiz. EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.

Quiz and attendance records
Posted Friday mornings. www.aisc.org/nightschool -- Click on Current Course Details.

Reasons for quiz

EEU — You must take all quizzes and the final exam to receive EEU.
PDHs — If you watch a recorded session, you must pass quiz for PDHs.
REINFORCEMENT — Reinforce what you learn tonight. Get more out of the course.

Note: If you attend the live presentation, you do not have to take the quizzes
to receive PDHs

8-Session Registrants

Access to the recording

Information for accessing the recording will be emailed to you by Wednesday. The recording will be available
for four weeks. (For 8-session registrants only.) EMAIL COMES FROM NIGHTSCHOOL@AISC.ORG.

PDHs via recording

If you watch a recorded session, you must take and pass the quiz for PDHs.
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8-Session Registrants 8-Session Registrants

Night School Resources
Go to www.aisc.org and sign in.

Night School Resources

Find all your handouts, quizzes and quiz scores, recording access, and
attendance information all in one place!

Login

nnnnnnnn

8-Session Registrants 8-Session Registrants

Night School Resources Night School Resources
Go to www.aisc.org and sign in.
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MY PURCHASED DOWNLOADS

© Course Resources

MY COURSE RESOURCES
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8-Session Registrants 8-Session Registrants

Night School Resources Night School Resources

* Weekly “quiz and recording” email.

* Weekly updates of the master quiz and attendance record, found at
www.aisc.org/nightschool27. Scroll down to Quiz and Attendance records.

* Updated on Friday mornings.
ght School 13: Design of Industrial Buildings

8-SESSION PACKAGE RESOURCES

8-Session Registrants
Night School Resources

* Webinar connection information

* Reminder email sent out Monday mornings

¢ Links to handouts also found here

i Smarter.
AISC | Thank you @ Sronge
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