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RESEARCH COUNCIL ON STRUCTURAL CONNECTIONS (RCSC) 
MINUTES of SPECIFICATION COMMITTEE A.1 


18 June 2009, 8:00AM, Cleveland, OH 
 
 
 
Members P. Birkemoe, C. Carter, N. Deal, K. Frank, J. Greenslade, A. Harrold, 
Present: C. Hundley, P. Kasper, L. Kruth, G. Kulak, C. Larson, K. Lohr, C. Mayes, 
(25) G. Miazga, G. Mitchell, T. Schlafly, G. Schroeder, R. Shaw, T. Tarpy 
  W. Thornton, R. Tide, B. Vines, F. Vissat, W. Wallace, C. Wilson,  
 
Members  D. Bogaty, J. Fisher, L. Muir, L. Shoemaker, J. Yura 
Absent:  
(5) 
 
Guests: S. Brahimi, R. Brown, L. Claus, C. Curven, J. Doyle, D. Droddy, 
(25) P. Fortney, M. Friel, J. Gialamas, E. Jefferson, D. Kaufman, R. Kempton, 


L. Kloiber, B. King, M. Kopacz, K. Landwehr, B. Lindley, R. McCann, J. 
McGromley, J. Mehta, A. Pfeifer, G. Rassati, J. Ricles, J. Swanson, T. 
Ude 


 
 


AGENDA 
 
 
ITEM 1. Chairman’s Remarks: (Harrold) 
• Specification Committee Chairman Harrold introduced host Joe Greenslade, director 


of engineering at Industrial Fasteners Institute. 
• Specification Committee A.1 meeting will conclude around 3:00PM, followed by a 


plant tour of Cardinal Fastener then evening social hour and dinner. 
• Council Roster was circulated for verification and update of email address, phone 


and fax numbers and any additional comments as required.  Presently, there are 
thirty members on Specification Committee A.1; guests were also requested to sign-
in. 


• Discussions and voting shall be limited to Specification Committee A.1 members only. 
• Discussions shall be limited to only agenda items listed. 
• Intent on issuing new balloted items within the next few months followed by 


publishing a new Specification edition by the end of the year. 
 
 
ITEM 2. Approval of Minutes of the June 2008 Meeting: (Harrold) 
• No additional comments, corrections and discussions took place.  Therefore, Harrold 


ascertained that no comments are an approval of the minutes as written. 
 
 
ITEM 3. Approval of Agenda: (Harrold) 
• No additional agenda items were suggested; therefore Harrold concluded that the 


proposed agenda is approved as written. 
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ITEM 4. Membership: (Harrold) 
• Roster was circulated for sign-in and updating of information. 
• Rich Brown, Pat Fortney, Jim Gialamas and Jinesh Mehta are interested in 


Specification Committee A.1 membership.  Chris Curven requested to take the place 
of Wayne Wallace on the committee. If others are interested in joining Specification 
Committee A.1, they were asked to see Harrold during the break or after the 
meeting. 


 
 
ITEM 5. Resolution of Ballot Results: (Harrold) 
5.1 S06-004B Specification, Section 7.2 - Round to nearest kip (Shaw): 
(January 2009 Ballot summary: 66/0/1 – Affirmative /Negative/Abstention) 
Two additional changes proposed to the as balloted item.  (Vissat, Chen) Include in 
Section 7.2, Commentary (third paragraph, last sentence):  Accordingly, the minimum 
pretension to be used in pre-installation verification is 1.05 times that required for 
installation and inspection, rounded to the nearest kip. 
Include in Specification, Section 8.2.4 (first paragraph, second sentence):  The pre-
installation verification procedure specified in Section 7 shall demonstrate that, when the 
pretension in the bolt reaches that required in Table 7.1, the gap is not less than the job 
inspection gap in accordance with ASTM F959. 
 
Carter moved and Shaw seconded the two changes as editorial, therefore re-balloting is 
not required. 
 
Harrold requested a vote of the two changes with results as follows: 


22 affirmative 
  0 negative 
  0 abstention 


 
ACTION ITEM 2009-1 (A.1):  (S06-004B) The as-balloted item with proposed editorial 
changes was considered and adopted for inclusion into the next revision of the 
specification. 
 
 
5.2 S06-005B Commentary, Section 3.2.1 - Thick coatings on faying surface 
(Shaw): 
(January 2009 Ballot summary: 63/1/3 – Affirmative /Negative/Abstention) 
One additional change proposed to the as balloted item (Carter).  Include in Section 3.2, 
Commentary (new second paragraph, first sentence):  For pretensioned joints, caution 
should be used in the specification and application of thick coatings within the faying 
surface.  Although slip resistance is not required, fastener assemblies in joints with thick 
or multi-layer coatings may exhibit significant loss of pretension because of compressive 
creep in softer coatings such as epoxies, alkyds, vinyls, acrylics, and urethanes and 
others.  Proposed resolution to Birkemoe negative vote is being considered as new 
business. 
 
Further discussion followed (Frank, Birkemoe, Carter, Harrold).  Since test data in not 
available, the proposed ballot serves as a warning, which is why the change is being 
noted in the commentary.  The 15-mil limit is per surface not total thickness between 
elements, which is being considered editorial to the proposed ballot.  The last sentence 
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of the proposed wording will now read, “Tests have indicated that significant bolt 
pretension may be lost when the total coating thickness within the joint approaches 15 
mils per surface and that surface coatings beneath the both head and nut can contribute 
to additional reduction in pretension.” 
 
ACTION ITEM 2009-2 (A.1):  (S06-005B) The as-balloted item with proposed editorial 
changes was considered and adopted for inclusion into the next revision of the 
specification. 
 
ACTION ITEM 2009-3 (A.1):  (New Business) Add discussion of issues related to 
Birkemoe negative to agenda for the 2010 meeting. 
 
5.3 S07-008 Specification, Section 3.3 - Thermally cut holes (Miazga): 
(January 2009 Ballot summary: 57/7/3 – Affirmative /Negative/Abstention) 
Several additional changes were proposed to the as balloted item (Carter, Frank, 
Grondin, Kennedy, Mitchell, Shoemaker, Ude).  Revise Specification, Section 3.3 (first 
paragraph, first, second and third sentences).  The nominal dimensions of standard, 
oversized, short-slotted and long-slotted holes for high-strength bolts shall be equal to or 
less than those shown in Table 3.12.  Thermally cut bolt holes shall be permitted if 
approved by the Engineer of Record.  For statically loaded joints, thermally cut surfaces 
need not be ground.  For cyclically loaded joints, thermally cut holes shall be ground 
smooth. Thermally cut holes, produced by guided machine, shall be permitted in 
statically loaded joints unless disallowed by the Engineer of Record, provided the 
surface roughness profile does not exceed 1,000 microinches as defined in ASME 
B46.1.  Gouges not more than 1/16" deep are permitted.  For cyclically loaded joints, 
thermally cut holes shall be permitted if approved by the Engineer of Record, and shall 
be ground smooth.  Thermally cut holes produced manually shall be permitted if 
approved by the Engineer of Record, and shall be ground smooth. 


Revise Section 3.3, Commentary (add first new paragraph).  Slotted holes in statically 
loaded joints are often produced by punching or drilling the end holes and thermally 
cutting the sides of the slots by manual means.  The sides of such slots should be 
ground smooth, particularly at the junctures of the thermal cuts to the end holes. 
 
Further discussion followed (Frank, Kulak, Schroeder, Schlafly, Carter, Wilson, 
McGormley, Birkemoe, Droddy, Tide, Harrold, Shaw).  Intent of this revision does not 
apply to base plate holes for anchor rods; add language in the commentary to clarify.  
Define three conditions for thermally cut holes; statically loaded joint with thermally cut 
holes using a guided machine, statically loaded joint with thermally cut holes produced 
manually requiring EOR approval and cyclically loaded joints with thermally cut holes 
requiring EOR approval.  Surface roughness for thermally cut holes should not exceed 
1,000 microinches; drilled holes should not exceed 100 to 500 microinches and grinding 
of holes should not exceed 100 to 200 microinches.  Occasional gouges of 1/16-inch 
shall be permitted.  Language related to slotted holes produced by mechanically guided 
means should be included in the commentary. 
 
ACTION ITEM 2009-4 (A.1):  (S07-008) The as-balloted item with proposed changes 
was considered and defeated as proposed for inclusion into the next revision of the 
specification.  A task group composed of Miazga, Frank, Shaw & Tide will review new 
specification language and submit for balloting by the end of June. 
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5.4 S07-010 Specification, Section 3.4 - Burrs (Miazga): 
(January 2009 Ballot summary: 61/4/2 – Affirmative /Negative/Abstention) 
Several additional changes proposed to the as balloted item (Grodin, Murray, Wilson, 
Wallace).  Revise Specification, Section 3.2 (first paragraph).  Burrs that extend 1/16 in. 
or less above the surface are permitted to remain on the faying surfaces of snug-
tightened joints as defined in Section 4.1 and pretensioned joints as defined in Section 
4.2.  Burrs that extend over 1/16 in. above the surface shall be removed from all joints.  
Burrs that would prevent solid seating of the connected plies prior to the pretensioning of 
slip-critical joints as defined in Section 4.3 shall be removed. Burrs less than or equal to 
1/16" in height are permitted to remain on faying surfaces of all joints.  Burrs larger than 
1/16" in height shall be removed or reduced to 1/16” or less from the faying surfaces of 
all joints. 


Revise Section 3.4, Commentary (first paragraph and add second paragraph).  Polyzois 
and Yura (1985) and McKinney and Zwerneman (1993) demonstrated that the slip 
resistance of joints was either unchanged or slightly improved by the presence of burrs.  
Therefore, small (1/16 in. or less) burrs that do not prevent solid seating of the 
connected parts need not be removed.  On the other hand, parallel tests in the same 
program demonstrated that large burrs (over 1/16 in.) could cause a small increase in 
the required nut rotation from the snug-tight condition to achieve the specified pretension 
with the turn-of-nut pretensioning method.  In the interest of simplicity, this Therefore, the 
Specification requires that all large burrs be removed or reduced. 


Note that prior to pretensioning, the snug-tightening procedure is required to bring the 
plies into firm contact.  If gaps exist after snugging the bolts (in this case due to burrs), 
then the connection has not been adequately snug-tightened, and additional snugging 
may be required to flatten the burrs and bring the plies into contact. 


 
Further discussion followed (Shaw, McGromley, Tide).  Re-word the commentary 
addition to include firm contact language during snug-tightening procedure.  If firm 
contact is not achieved due to the presence of burrs, burrs shall be removed or reduced 
in height. 
 
ACTION ITEM 2009-4 (A.1):  (S07-010) Proposed change was considered and defeated 
as proposed for inclusion into the next revision of the specification.  Miazga and Shaw 
will review new specification language and submit for balloting by the end of June. 
 
 
5.5 S07-011 Specification, Table 2.1 - F1136 Coating (Pfeifer): 
(January 2009 Ballot summary: 56/1/10 – Affirmative /Negative/Abstention) 
Several additional changes proposed to the as balloted item (Kaufman, Birkemoe, Chen, 
Greenslade, Grondin, Kasper, Kruth, Schlafly, Schroeder, Friel), but no new proposal to 
the changes received. 
Add to Specification, Section 1.3 Referenced Standards and Specifications 
American Society for Testing and Materials 
ASTM F1136-04 Standard Specification for Zinc/Aluminum Corrosion Protective 
Coatings for Fasteners 


IFI: Industrial Fastener Institute 
IFI 144 Test Evaluation Procedures for Coating Qualification Intended for Use on High-
Strength Structural Bolts 
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Modify Specification, Section 2.3, Table 2.1 as shown 
 


Table 2.1 Acceptable ASTM A563 Nut Grade and 
Finish and ASTM F436 Washer Type and Finish 


ASTM 
Design. 


Bolt  
Type 


Bolt  
Finish d 


ASTM A563 nut  
grade and finish d 


ASTM F436 washer  
type and finish a,d 


Plain  
(uncoated) 


C, C3, D, DH c  
and DH3; plain 1; plain 


Galvanized DH c; galvanized  
And lubricated 1; galvanized 1 


Zn/Al Inorganic, 
per ASTM F1136 


Grade 3 


DH; Zn/Al Inorganic,  
per ASTM F1136  


Grade 5 


1; Zn/Al Inorganic,  
per ASTM F1136  


Grade 3 


A325 


3 Plain C3 and DH3; plain 3; plain 
Plain  


(uncoated) 
C, C3, DH c and DH3; 


plain 1; plain b 


Mechanically 
Galvanized 


DH c; mechanically 
galvanized and  


lubricated 


1; mechanically 
galvanized b 1 


Zn/Al Inorganic, 
per ASTM F1136 


Grade 3 


DH c; Zn/Al Inorganic,  
per ASTM F1136  


Grade 5 


1; Zn/Al Inorganic,  
per ASTM F1136  


Grade 3 b 


F1852 


3 Plain C3 and DH3; plain 3; plain b 


Plain DH c and DH3; plain 1; plain 


1 Zn/Al Inorganic, 
per ASTM F1136 


Grade 3 


DH; Zn/Al Inorganic,  
per ASTM F1136  


Grade 5 


1; Zn/Al Inorganic,  
per ASTM F1136  


Grade 3 
A490 


3 Plain DH3; plain 3; plain 
a  Applicable only if washer is required in Section 6. 
b  Required in all cases under nut per Section 6. 
c  The substitution of ASTM A194 Grade 2H nuts in place of ASTM A563 grade DH nuts is 
permitted. 
d  "Galvanized" as used in this table refers to hot-dip galvanizing in accordance with ASTM A513 or 


mechanical galvanizing in accordance with ASTM B695. 
e  "Zn/Al Inorganic" as used in this table refers to application of Zn/Al Corrosion Protective Coating 


in accordance with ASTM F1136 and which have met all the requirements of IFI-144. 
 
Revise Specification, Section 2.3.3 Reuse:  ASTM A490 bolts and galvanized or Zn/Al 
Inorganic coated ASTM A325 bolts shall not be reused. When approved by the Engineer 
of Record, black ASTM A325 bolts are permitted to be reused. 
 
Include in Section 2.3, Commentary two new paragraphs (after existing third paragraph): 


An extensive investigation conducted in accordance with IFI-144 was completed 
in 2006 and presented to the ASTM F16 Committee on Fasteners (F16 Research Report 
RR: F16-1001). The investigation demonstrated that Zn/Al Inorganic Coating, when 
applied per ASTM F1136 Grade 3 to ASTM A490 bolts, does not cause delayed 
cracking by internal hydrogen embrittlement, nor does it accelerate environmental 
hydrogen embrittlement by cathodic hydrogen absorption.  It was determined that this is 
an acceptable finish to be used on type 1 ASTM A490, A325, F1852, and F2280 bolts. 


Prior to embedding bolts coated with Zn/Al Inorganic Coating in concrete, testing 
should be conducted to ensure there is no negative impact (to the bolt or the concrete) 
caused by the reaction of the intended concrete mix and the aluminum in the coating. 
 
Revise Section 2.3, Commentary (fifth existing paragraph): 


Galvanized high-strength bolts and nuts must be considered as a manufactured 
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fastener assembly. Insofar as the hot-dip galvanized bolt and nut assembly is 
concerned, four principal factors must be considered so that the provisions of this 
Specification are understood and properly applied. These are:  
(1) The effect of the hot-dip galvanizing process on the mechanical properties of 
high-strength steels; 
(2) The effect of over-tapping for hot-dip galvanized coatings on the nut stripping 
strength; 
(3) The effect of galvanizing and lubrication on the torque required for pretensioning; 
and, 
(4) Shipping requirements.  


Birkemoe and Herrschaft (1970) showed that, in the as-galvanized condition, 
galvanizing increases the friction between the bolt and nut threads as well as the 
variability of the torque-induced pretension. A lower required torque and more consistent 
results are obtained if the nuts are lubricated. Thus, it is required in ASTM A325 that a 
galvanized bolt and lubricated galvanized nut be assembled in a steel joint with a 
galvanized washer and tested by the supplier prior to shipment.  This testing must show 
that the galvanized or Zn/Al Inorganic coated nut with the lubricant provided may be 
rotated from the snug-tight condition well in excess of the rotation required for 
pretensioned installation without stripping.  This requirement applies to both hot-dip 
galvanized, and mechanically galvanized, and Zn/Al Inorganic coated fasteners.  The 
above requirements clearly indicate that: 


(1) Galvanized and Zn/Al Inorganic coated high-strength bolts and nuts must be 
treated as a fastener assembly; 


 
Include in Section 2.4, Commentary one new paragraph (after existing second 
paragraph): 


Due to the thin-film of the Zn/Al Inorganic Coating tapping the nuts over-size may 
or may not be necessary.  Similar to mechanical galvanizing, the process results in a 
comparatively uniform and evenly distributed coating. 
 
Add to the existing list of References: 
Brahimi, Salim, 2006, "Qualification of DACROMET® for use with ASTM A490 High-
Strength Structural Bolts", IBECA Technologies Corp., ASTM F16 Research Report 06-
XX   
 
Further discussion followed (Schroeder, Mays, Frank, Schlafly, McGormley, Deal, Tide, 
Kasper, Gialamas, Wallace, Birkemoe, Curven, Brahimi).  Revise Section 2.3, 
Commentary (second new paragraph): Although these bolts are typically not used in this 
manner, prior to embedding bolts coated with Zn/Al Inorganic Coating in concrete, 
testing….  The testing of the Zn/Al coating was not intended for anchor rod application.  
Kaufman withdrew his negative vote provided a warning is provided in the Specification 
and testing needs to be conducted to verify the reactivity effects of bolts coated in Zn/Al 
with concrete contact.  A statement needs to be added to further define testing 
requirements be conducted to confirm the suitability of the Zn/Al coating in contact with 
concrete.  Overtapping of ASTM A563 nuts is permitted with galvanized coatings when 
used with ASTM A325 bolts, but no provisions have been made for A563 nuts being 
used with ASTM A490 bolts coated with Zn/Al.  Rotational capacity test will be required 
for A563 nuts overtapped for assembly with both A325 and A490 bolts.  Also, pre-
installation verification testing is required for all bolting assemblies.  ASTM A563 
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specification states maximum overtapping limits.  ASTM A153 needs to be replaced by 
ASTM F2329 throughout the specification.  Include reference to ASTM F2280. 
Revise Section 2.4, Commentary: 


Due to the thin-film of The Zn/Al Inorganic Coating is a thin film coating, however 
tapping the nuts over-size may or may not be necessary. 
 
ACTION ITEM 2009-5 (A.1):  (S07-011) Proposed changes were considered with above 
stated modifications and adopted for inclusion into the next revision of the specification. 
 
 
5.6 S07-013 Specification, Glossary - Snug Tight Definition (Harrold): 
(January 2009 Ballot summary: 63/3/2 – Affirmative /Negative/Abstention) 
Several additional changes proposed to the as balloted item (Shaw, Astaneh-Asl, 
Shoemaker).  Revise Glossary:  Snug-Tightened Joint.  A joint in which the bolts have been 
installed in accordance with Section 8.1.  The snug-tightened condition is the tightness that 
is attained with a few impacts of an impact wrench or the full effort of an ironworker using an 
ordinary spud wrench to bring the plies into firm contact.  Snug tight is the condition that 
exists when all of the plies in a connection have been pulled into firm contact by the bolts in 
the joint and all of the bolts in the joint have been tightened sufficiently to prevent the 
removal of the nuts without the use of a wrench. 
Revise Specification, Section 8.1:  All bolt holes shall be aligned to permit insertion of 
the bolts without undue damage to the threads.  Bolts shall be placed in all holes with 
washers positioned as required in Section 6.1 and nuts threaded to complete the 
assembly.  Compacting the joint to the snug-tight condition shall progress systematically 
from the most rigid part of the joint.  The snug-tightened condition is the tightness that is 
attained with a few impacts of an impact wrench or the full effort of an ironworker using 
an ordinary spud wrench to bring the connected plies into firm contact.  Snug tight is the 
condition that exists when all of the plies in a connection have been pulled into firm 
contact by the bolts in the joint and all of the bolts in the joint have been tightened 
sufficiently to prevent the removal of the nuts without the use of a wrench. 
 
Revise Section 8.1, Commentary: As discussed in the Commentary to Section 4, the 
bolted joints in most shear connections and in many tension connections can be 
specified as snug-tightened joints.  The snug-tightened condition is the tightness that is 
attained with a few impacts of an impact wrench or the full effort of an ironworker using 
an ordinary spud wrench to bring the plies into firm contact.  The snug tightenened 
condition is typically achieved with a few impacts of an impact wrench, application of an 
electric torque wrench until the wrench begins to slow, or the full effort of a worker on an 
ordinary spud wrench. 
 


Revise Specification, Section 9.1:  Prior to the start of work, it shall be ensured that all 
fastener components to be used in the work meet the requirements in Section 2.  
Subsequently, it shall be ensured that all connected plies meet the requirements in 
Section 3.1 and all bolt holes meet the requirements in Sections 3.3 and 3.4.  After the 
connections have been assembled, it shall be visually ensured that the plies of the 
connected elements have been brought into firm contact and that washers have been 
used as required in Section 6.  It shall be determined that all of the bolts in the joint have 
been tightened sufficiently to prevent the turning of the nuts without the use of a wrench.  
No further evidence of conformity is required for snug-tightened joints.  The magnitude of 
the clamping force that exists in a snug-tightened joint is not a consideration.  Where 
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visual inspection indicates that the fastener may not have not been sufficiently tightened 
to prevent the removal of the nut by hand, the inspector shall physically check for this 
condition for the fastener. 


Revise Section 9.1, Commentary:  Inspection requirements for snug-tightened joints 
consist of verification that the proper fastener components were used, the connected 
elements were fabricated properly, and the bolted joint was drawn into firm contact and 
that the nuts could not be removed without the aid use of a wrench.  Because 
pretension, beyond what is required to ensure that the nut can not be removed from the 
bolt without the aid use of a wrench, is not required for the proper performance of a 
snug-tightened joint, the installed bolts should not be inspected to determine the actual 
installed pretension.  Likewise, the arbitration procedures described in Section 10 are 
not appropriate applicable. 


Further discussion followed (Kulak, Tarpy, Schroeder, Fortney).  Firm contact defined in 
Glossary.  Remove the double ‘not’ in section 9.1, last sentence. 
 
The changes were considered editorial; therefore re-balloting will not be required. 
 
ACTION ITEM 2009-6 (A.1):  (S07-013) Proposed changes were considered and 
adopted for inclusion into the next revision of the specification. 
 
 
5.7 S08-016 Specification, Section 8.2 – Title of Section (Shaw): 
(January 2009 Ballot summary: 65/1/1 – Affirmative /Negative/Abstention) 
One negative vote to the as balloted item (Grondin) was resolved via email.  Revise 
Specification, Section 8.2 Pretensioned Joints and Slip-Critical Joints. 
 
Shaw moved and Tide seconded the as presented change and to find Grondin’s negative 
vote non-persuasive. 
Harrold requested a vote with results as follows: 


22 affirmative 
  0 negative 
  0 abstention 


 
ACTION ITEM 2009-7 (A.1):  (S08-016) Proposed change was considered and adopted 
for inclusion into the next revision of the specification. 
 
 
5.8 S08-017 Specification, Section 7.2 - "10 Second Rule" (Shaw): 
(January 2009 Ballot summary: 58/6/3 – Affirmative /Negative/Abstention) 
Several additional changes proposed to the as balloted item (Carter, Grondin, 
McGromley, Mitchell, Schlafly, Wilson).  Add new third paragraph to Specification, 
Section 7.2:  Impact wrenches, if used, shall be of adequate capacity and supplied with 
sufficient air, hydraulic pressure or power to perform the required pretensioning of each 
bolt within approximately 10 seconds for bolts to 1-1/4" diameter, and within 
approximately 15 seconds for larger bolts. 
 
Further discussion followed (Carter, McGormley, Curven, Frank, Deal, Schroeder, Tide).  
Suggest adding section in Commentary to address the reasons why this provision has 
been proposed.  Carter withdrew negative vote to move the modified proposal forward.  
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McGormley withdrew negative vote; proposal applies to air impact wrenches only.  
Mitchell withdrew negative vote.  Schlafly withdrew negative vote; applies to pre-
installation verification.  Wilson withdrew negative vote. 
 
Shaw moved and Carter seconded the as presented change that Grondin’s negative 
vote to be non-persuasive per proposed resolution. 
Harrold requested a vote with results as follows: 


22 for 
  1 against 
  0 abstained 


 
ACTION ITEM 2009-8 (A.1):  (S08-017) Proposed change was considered with above 
stated modification, add additional language to the Commentary and adopted for 
inclusion into the next revision of the specification. 
 
 
5.9 S08-018 Specification, Section 7.1 - Tension Calibrator (Shaw): 
(January 2009 Ballot summary: 59/3/5 – Affirmative /Negative/Abstention) 
Several additional changes proposed to the as balloted item (Grondin, Kaufman, 
Schlafly, Birkemoe, Carter, Iyer, Mitchell, Yura, Biel, Muir).  Revise Specification, 
Section 7.1 (last paragraph):  The accuracy of the a hydraulic tension calibrator shall 
be confirmed through calibration at least annually. 
Revise Section 7.1, Commentary:  A tension calibrator is a hydraulic device that 
indicates the pretension that is developed in a bolt. that is installed in it. Such a device is 
an economical and valuable tool and It must be readily available whenever high-strength 
bolts are to be pretensioned. A bolt tension calibrator is essential for: 


(1)  The pre-installation verification of the suitability of the fastener assembly, including 
the lubrication that is applied by the manufacturer or specially applied, to develop 
the specified minimum pretension; 


(2)  Verifying the adequacy and proper use of the specified pretensioning method to be 
used; 


(3)  Determining the installation torque for the calibrated wrench pretensioning method; 
and, 


(4)  Determining an arbitration torque as specified in Section 10, if required to resolve 
dispute. 


 
It is the only economically available tool for the described essential uses in the shop and 
field. 
 
Hydraulic tension calibrators undergo a slight deformation during bolt pretensioning. 
Hence, when bolts are pretensioned according to Section 8.2.1, the nut rotation 
corresponding to a given pretension reading may be somewhat larger than it would be if 
the same bolt were pretensioned in a solid steel assembly. Stated differently, the reading 
of an hydraulic tension calibrator tends to underestimate the pretension that a given 
rotation of the turned element would induce in a bolt in a pretensioned joint. 
 
Direct tension indicators (DTIs) may be used as tension calibrators, except in the case of 
turn-of-nut installation. This method is especially useful for, but not restricted to, bolts 
that are too short to fit into a hydraulic tension calibrator. The DTIs to be used for 
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verification testing must first have the average gap determined for the specific level of 
pretension required by Table 7.1, measured to the nearest 0.001". This is commonly 
termed the “calibrated gap.” Such measurements should be made for each lot of DTIs 
being used for verification testing, commonly termed the “verification lot.” The fastener 
assembly may then be installed in a standard size hole with the additional verification 
DTI. The prescribed pretensioning procedure is followed, and it is verified that the 
average gap in the verification DTI is at or below equal to or less than the calibrated gap 
for the verification lot. For calibrated wrench installation, the verification DTI should be 
placed at the fastener end opposite the installation wrench. For twist-off bolt installation, 
the verification DTI must be placed beneath the bolt head, with an additional F436 
washer between bolt head and verification DTI, and the bolt head is not permitted to 
turn. For DTI installation, the verification DTI must be placed at the end opposite the 
placement of the production DTI. 
 
This technique cannot be used for the turn-of-nut method because the deformation of 
the DTI consumes a portion of the turns provided. For turn-of-nut pre-installation 
verification of bolts too short to fit into a hydraulic calibration device, installing the 
fastener assembly in a solid plate with the proper size hole and applying the required 
turns is adequate. No verification is required for achieved pretension to meet Table 7.1. 
 
Further discussion followed (Birkemoe, Frank, Mayes, Kaufman, Wallace, Gialamas, 
Wilson, Schlafly, Curven).  The intent of the proposed change was to accommodate a 
testing method for bolts too short to fit into a hydraulic tension calibrator. 
 
Shaw moved to find Grondin‘s negative vote to be non-persuasive. 
Harrold requested a vote with results as follows: 


17 affirmative 
  3 negative 
  0 abstention 


Shaw moved and Frank seconded to find Schlafly’s negative vote to be non-persuasive. 
Harrold requested a vote with results as follows: 


15 affirmative 
  3 negative 
  1 abstention 


Depending on council vote, Shaw will reconsider Schlafly’s negative vote as new 
business and re-write considering turn-of-nut installation.  Schlafly withdrew his negative 
vote with the understanding that his negative will be considered new business. 
 
ACTION ITEM 2009-9 (A.1):  (S08-018) Proposed change was considered with above 
stated modifications and adopted for inclusion into the next revision of the specification. 
 
ACTION ITEM 2009-10(A.1):  (New Business) Add discussion of issues related to 
Schlafly negative to agenda for the 2010 meeting. 
 
5.10 S08-019 Specification, Section 8.2 - Verification Frequency (Shaw): 
(January 2009 Ballot summary: 64/2/1 – Affirmative /Negative/Abstention) 
Several additional changes proposed to the as balloted item (Frank, Grondin, Chen, 
Murray).  Add to Specification, Section 8.2 (end of paragraph) Pre-installation testing shall 
be performed for each fastener assembly lot prior to the use of that assembly lot in the work. 
This The testing shall be done at the start of the work.  Except for calibrated wrench 
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pretensioning, this testing shall be done at the start of the work. For calibrated wrench 
pretensioning, this the testing shall be performed daily for the calibration of the installation 
wrench. 
 
Further discussion followed (Frank, Shaw).  Shaw accepted Murray’s comment as editorial 
and found Frank’s comment persuasive for editorial re-writes as indicated above.  Frank 
withdrew his negative vote based on the re-write. 
 
Shaw moved and Schroeder seconded the as presented change and to find Grondin’s 
negative non-persuasive. 
Harrold requested a vote with results as follows: 


17 affirmative 
  3 negative 
  0 abstention 


 
ACTION ITEM 2009-11 (A.1):  (S08-019) Proposed change was considered with above 
stated modifications and adopted for inclusion into the next revision of the specification. 
 
 
5.11 S08-021 Specification, Section 3.3.5 - Alternative Holes (Shaw): 
(January 2009 Ballot summary: 58/5/4 – Affirmative /Negative/Abstention) 
Several additional changes proposed to the as balloted item (Carter, Schlafly, Thornton).  
Add to Specification, Section 3.3 (new last sentence):  Alternative Holes: Holes smaller 
or larger than those shown in Table 3.1 may be used when specified or approved by the 
Engineer of Record.  
Add to Section 3.3, Commentary (new second paragraph): 
Limits on the extent of oversized holes may be required to limit joint movement. Slots 
longer than standard long slots may be required to accommodate construction 
tolerances or expansion joints. Larger oversized holes may be necessary to 
accommodate construction tolerances or misalignments. In the latter two cases, the 
Specification provides no guidance for further reduction of design strengths or allowable 
loads.  Design considerations to be considered by the Engineering design 
considerations should include, as a minimum, the effects of edge distance, net section, 
reduction in clamping force in slip-critical joints, washer requirements, bearing capacity 
and hole deformation. 
 
Further discussion followed (Carter, Harrold, Curven, Miazga, Tide, Frank, Ude, 
Schroeder, Thornton).  The purpose of this specification change is to provide the EOR 
flexibility to deviate from Table 3.1 nominal bolt hole dimensions.  New Section 3.3.5 is 
not required; provide new language to Specification, Section 3.3 and Section 3.3, 
Commentary.  Shaw accepted Carters’ change as editorial.  Some fabricators have 
requested larger size holes (greater than bolt diameter plus 1/16-inch) to account for the 
thickness of galvanized coating.  To comply with RCSC Specification, this practice 
should not be permitted.  Research data needs to be looked at to identify the bolthole 
tolerance criteria.  Table 3.1, sub note a, identifies the upper tolerance not to exceed 
1/32-inch.  Editorial changes to Section 3.3, Commentary.  Remove the first sentence 
and revise the last sentence by stating Engineering design considerations, adding 
washer requirements and bearing capacity.  Wallace withdrew his negative vote.   
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Shaw moved and Kruth seconded to find Butler‘s negative vote to be non-persuasive (no 
additional language provided to support the negative). 
Harrold requested a vote with results as follows: 


21 affirmative 
  2 negative 
  0 abstention 


Shaw moved and Thornton seconded to find Yura’s negative vote to be non-persuasive 
(no additional language provided to support the negative).  Editorial changes were 
considered and adopted. 
Harrold requested a vote with results as follows: 


19 affirmative 
  1 negative 
  2 abstention 


Shaw moved to find Ude’s negative vote to be non-persuasive. 
Harrold requested a vote with results as follows: 


15 affirmative 
  4 negative 
  3 abstention 


Tide moved and Frank seconded the motion to find the modifications as stated above to 
be editorial. 
Harrold requested a vote with results as follows: 


19 affirmative 
  0 negative 
  1 abstention 


 
ACTION ITEM 2009-12 (A.1):  (S08-021) Proposed change was considered with above 
stated modifications and adopted for inclusion into the next revision of the specification. 
 
 
5.12 S08-023 Specification, Section 2.2 – Relubrication at Direction of 
Manufacturer (Shaw): 
(January 2009 Ballot summary: 61/3/3 – Affirmative /Negative/Abstention) 
Several additional changes proposed to the as balloted item (Grondin, McKenzie, Wilson, 
Chen, Hodgson, McMillan, Murray).  Add to Specification, Section 2.2; no content change to 
first paragraph, just renumbered to 2.2.1 and add new Specification, Section 2.2.2. 
2.2.1 Storage: Fastener components shall be protected from dirt and moisture in closed 


containers at the site of installation. Only as many fastener components as are 
anticipated to be installed during the work shift shall be taken from protected 
storage. Fastener components that are not incorporated into the work shall be 
returned to protected storage at the end of the work shift. Fastener components 
shall not be cleaned or modified from the as-delivered condition. 


 
2.2.2 Relubrication Fasteners with accumulated rust or dirt: Fastener components to be 


installed in pretensioned joints or slip-critical joints that accumulate rust or dirt shall 
not be incorporated into the work unless at least three fastener assemblies are 
requalified retested as specified in Section 7. ASTM F1852 twist-off-type tension-
control bolt assemblies and alternative-design fasteners that meet the 
requirements in Section 2.8 shall not be relubricated, except by the manufacturer. 
Except as limited by (1) and (2) as follows, lubrication or relubrication of fastener 
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assemblies or fastener components is permitted by the Contractor, provided the 
Contractor retests at least three fastener assemblies as specified in Section 7. 


 
(1)  Twist-off-type tension-control bolt assemblies shall not be lubricated or 


relubricated, except by the manufacturer or by the supplier under the 
manufacturer’s direction. The manufacturer or supplier shall perform the 
Assembly Lot Tension Test of the applicable ASTM specification on the 
lubricated or relubricated assembly.  


 
(2)  Alternative design fasteners that meet the requirements of Section 2.8 shall 


not be lubricated or relubricated, except by the manufacturer or supplier 
under the manufacturer’s direction. Following lubricated lubrication or 
relubrication, the manufacturer or the supplier shall retest the fastener 
assembly using the pre-installation testing as prescribed by the 
manufacturer’s supplemental specification approved by the Engineer of 
Record. 


 
Further discussion followed (Kulak, Frank, Mitchell, Deal, Wilson, Lohr, Kasper, Hundley, 
Schroeder).  It was the desire of the Specification Committee at the meeting in Toronto 
(2008) that suppliers be permitted to perform lubrication/relubrication at the direction of 
the manufacturer, under the conditions stated in the proposal.  Many manufacturers do 
not want suppliers and erectors re-lubricating their products; lubrication has a major 
influence on the products performance.  The proposed ballot change is in conflict with 
ASTM F1852 requirements.  Task group may consider forwarding language 
modifications to ASTM F1852 specification committee regarding no further lubrication 
permitted other than that applied by the manufacturer.  Fasteners that have been 
relubricated require retesting and re-certification of the entire fastener assembly per 
Specification, Section 7.  Consider removing “supplier” from the proposed language; 
manufacturer is ultimately responsible for any modifications to the fastener assembly. 
 
Shaw moved and Frank seconded to find Grondin’s negative vote to be non-persuasive, 
except for editorial change to Section 2.2.2, (2) last sentence, Engineer of Record. 
Harrold requested a vote with results as follows: 


19 affirmative 
  1 negative 
  0 abstention 


 
Schroeder moved and Mitchell seconded to find Wilson’s negative vote persuasive and 
move the proposal to a task group for further study. 
Harrold requested a vote with results as follows: 


21 affirmative 
  1 negative 
  0 abstention 


 
ACTION ITEM 2009-13 (A.1):  (S08-023) Proposed change was considered and 
defeated for inclusion into the next revision of the specification.  A task group composed 
of Kasper, Deal, Mitchell and Wilson will review and revise the as presented proposal. 
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ITEM 6. Discussion of Proposed Specification Changes: (Harrold) 
• No new proposals have been received other than changes recommended by the 


Task Groups. 
• To make changes to the present specification, download from the RCSC web site a 


Proposed Change form, fill-out the proposed change, include rationale or justification 
for the change and add commentary as needed.  The completed form needs to be 
submitted to the Chairman of the Executive Committee for consideration and 
assignment to the specification committee chair for creation of a task group or to 
become an agenda item at the next committee meeting.  Proposed changes submitted 
after the Executive Committee meeting, typically in March, will not be acted on until the 
following year. 


 
ITEM 7. Task Group Reports: 
7.1  Shear Values (S07-012C, S08-024B) (Tide): 
Modify Specification, Table 5.1 to reflect the re-evaluation of bolt shear strength. 
 


Table 5.1 Nominal Strengths per Unit Area of Bolts 
Nominal Strength per Unit Area, Fn, ksi Applied Load Condition ASTM A325 or F1852 Bolt ASTM A490 or F2280 Bolt 


Static 90 113 Tensiona 


Fatigue See Section 5.5 
Threads included 


in shear plane 
  


L ≤ 38 54 68 
   


L > 38 45 56 
Threads 


excluded from 
shear plane 


  


L ≤ 38 68 84 
   


Sheara,b,c 


L > 38 56 70 
a  Except as required in Section 5.2 
b  In shear connections that transmit axial force and have length (L), inches, between 


extreme bolt hole centers measured parallel to the line of force. 
c. When the connection geometry, bolt properties and plate properties satisfy the 


following equations: 
An ≥ 0.56 As Fub / Fup and  
 
Ag ≥ 0.56 As Fub / Fyp, then 
 
The bolt shear strength for connections less than 38 in. is applicable regardless 
of connection length. 
 
Where An and Ag are the net and gross area (in2) of the governing connected 
material.  As is the area (in2) of the bolts in the shear plane(s).  Fub is the nominal 
tensile strength of the bolt (ksi). Fup and Fyp are the nominal tensile and yield 
strength of the connected material (ksi). 
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After Table 5.1 format has been finalized and the provision is accepted, a Commentary 
will be developed.  The rationale for the change was discussed in a power point 
presentation made at the 2008 Annual Meeting in Toronto.  The AISC Specification 
committee has approved modifications to Table 5.1. 
Further discussion followed (Frank, Schlafly, Kulak, Kruth).   Research was conducted 
on long axially loaded lap joints not long (deep) end beam shear connection joints. 
 
Tarpy moved and Vissat seconded to move the two proposals to ballot. 
Harrold requested a vote with results as follows: 


21 affirmative 
  2 negative 
  8 abstention 


 
ACTION ITEM 2009-14 (A.1):  (S07-012, S08-024) Proposed changes were considered 
and will be forwarded to council for balloting. 
 
 
7.2 Turn-of-the-Nut Parameters - A325T (S08-020B) (Shaw): 
Modify Specification, Table 8.2 and add new Table 8.3. 
8.2.1 Turn-of-Nut Pretensioning:  All bolts shall be installed in accordance with the 
requirements in Section 8.1, with washers positioned as required in Section 6.2.  
Subsequently, the nut or head rotation specified in Table 8.2 shall be applied to all 
fastener assemblies in the joint, progressing systematically from the most rigid part of 
the joint in a manner that will minimize relaxation of previously pretensioned bolts.  The 
part not turned by the wrench shall be prevented from rotating during this operation. 
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Table 8.2. Nut Rotation from Snug-Tight  


Condition for Turn-of-Nut Pretensioning a,b,e 


Disposition of Outer Face of Bolted Parts 


Bolt Lengthc 
Both 
faces 


normal to 
bolt axis 


One face normal to 
bolt axis, other 


sloped not more 
than 1:20d 


Both faces sloped 
not more than 


1:20 from normal 
to bolt axisd 


Not more than 
4 db 


1/3 turn 1/2 turn 2/3 turn 


More than 4 db 
but not more 


than 8 db 


1/2 turn 2/3 turn 5/6 turn 


More than 8 db 
but not more 


than 12 db 
2/3 turn 5/6 turn 1 turn 


a  Nut rotation is relative to bolt regardless of the element (nut or bolt) being 
turned. 


 For required nut rotations of 1/2 turn and less, the tolerance is plus or minus 
30 degrees; for required nut rotations of 2/3 turn and more, the tolerance is 
plus or minus 45 degrees. 


b Applicable only to joints in which all material within the grip is steel. 
c When the bolt length exceeds 12 db, the required nut rotation shall be 


determined by actual testing in a suitable tension calibrator that simulates the 
conditions of solidly fitting steel. 


d Beveled washer not used. 
e For fully threaded A325 bolts designated A325T, where the length of the bolt 


exceeds that in Table 8.3, the required nut rotation shall be determined by 
actual testing in a suitable tension calibrator that simulates the conditions of 
solidly fitting steel. 


 
 


Table 8.3 Maximum Length of A325T 
Bolts without Turn-of-Nut Testing 


Requirements 


Bolt Diam (in.) Max Bolt Length 
(in.) 


1/2 1 
5/8 1-1/4 
3/4 1-1/4 
7/8 1-1/2 
1 1-3/4 


1-1/8 2 
1-1/4 2 
1-3/8 2-1/4 
1-1/2 2-1/4 


 
Add language to last paragraph Section 8.2.1, Commentary: 
Section 8.2.1 Commentary: 
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The turn-of-nut pretensioning method results in more uniform bolt pretensions than is 
generally provided with torque-controlled pretensioning methods.  Strain-control that 
reaches the inelastic region of bolt behavior is inherently more reliable than a method 
that is dependent upon torque control.  However, proper implementation is dependent 
upon ensuring that the joint is properly compacted prior to application of the required 
partial turn and that the bolt head (or nut) is securely held when the nut (or bolt head) is 
being turned. 


Match-marking of the nut and protruding end of the bolt after snug-tightening can be 
helpful in the subsequent installation process, and is certainly an aid to inspection. 


As indicated in table 8.2, there is no available research that establishes the required 
nut rotation for bolt lengths exceeding 12 db.  The required turn for such bolts can be 
established on a case-by-case basis using a tension calibrator. 
Turn-of-nut is a strain-based method of installation, providing a specific elongation 
through nut rotation over a specific range of thread length when using Table 8.1. This 
elongation occurs primarily in the threads because of their reduced cross-sectional area, 
as compared to the unthreaded shank. When more threads are in the grip, the strain is 
distributed over a longer length of threads, thus the stress, in the form of pretension, 
developed by the strain is less. Fully threaded fasteners may have more threads in the 
grip, depending upon their length, than that provided for in Table 8.2. Table 8.3 is based 
upon A325T bolt lengths that would have no more threads in the grip than that permitted 
for A325 bolts with specified thread lengths (see Table C-2.1), for which Table 8.2 has 
been developed. 
 
Further discussion followed (Gialamas, Frank).  Test data needs to be completed.   
 
ACTION ITEM 2009-15 (A.1):  (S08-020) Proposed change was tabled until task group 
completes test data review. 
 
 
7.3 Short Slots Usage (S08-022B) (Shaw): 
Modify Specification, Section 3.3 Bolt Holes as follows: 
3.3. Bolt Holes 


The Engineer of Record shall specify the hole type in the contract documents as 
standard, oversized, short-slotted or long-slotted holes, and for slotted holes, 
their orientation.  The nominal dimensions of standard, oversized, short-slotted 
and long-slotted holes for high-strength bolts shall be equal to or less than those 
shown in Table 3.1.  Thermally cut bolt holes shall be permitted if approved by 
the Engineer of Record.  For statically loaded joints, thermally cut surfaces need 
not be ground.  For cyclically loaded joints, thermally cut surfaces shall be 
ground smooth. 


 
3.3.1. Standard Holes:  In the absence of approval by the Engineer of Record for the 


use of other hole types, Sstandard holes shall be usedare permitted in all plies of 
bolted joints. 


 
3.3.2. Oversized Holes:  When approved by the Engineer of Record, Ooversized holes 


are permitted in any or all plies of slip-critical joints as defined in Section 4.3. 
 
3.3.3. Short-Slotted Holes:  When approved by the Engineer of Record, Sshort-slotted 


holes are permitted in any or all plies of snug-tightened joints as defined in 
Section 4.1, and pretensioned joints as defined in Section 4.2, provided the 
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applied load is approximately perpendicular (between 80 and 100 degrees) to the 
axis of the slot.  When approved by the Engineer of Record, Sshort-slotted holes 
are permitted in any or all plies of slip-critical joints as defined in Section 4.3 
without regard for the direction for the applied load. 


 
3.3.4. Long-Slotted Holes:  When approved by the Engineer of Record, Llong-slotted 


holes are permitted in only one ply at any individual faying surface of snug-
tightened joints as defined in Section 4.1, and pretensioned joints as defined in 
Section 4.2, provided the applied load is approximately perpendicular (between 
80 and 100 degrees) to the axis of the slot.  When approved by the Engineer of 
Record, Llong-slotted holes are permitted in one ply only at any individual faying 
surface of slip-critical joints as defined in Section 4.3 without regard for the 
direction of the applied load.  Fully inserted finger shims between the faying 
surfaces of load-transmitting elements of bolted joints are not considered a long-
slotted element of a joint; nor are they considered to be a ply at any individual 
faying surface. 


 
No further discussions took place.  Shaw moved to have proposed changes forwarded to 
council for balloting. 
 
ACTION ITEM 2009-16(A.1):  (S08-022) Proposed changes were considered and Shaw 
will forward to council for balloting. 
 
 
7.4 Slip Critical Connections (AISC) (Schlafly):  Schlafly presented a 13-page 
document titled Slip Critical Connections Design Specification and Current Research, 
dated March 20, 2009.  Highlights of the proposal are as follows: 
Slip Critical (SC) connections proposal was balloted at AISC; one negative vote needs to 
be resolved.  All surfaces of fills in SC connections need to be properly prepared.  When 
using multiple fills, a reduction in allowable slip resistance of 15% is being proposed.  A 
reduction in slip coefficient for Class A surface from 0.33 to 0.30 is being proposed.  No 
change in slip coefficient for Class B surfaces is being proposed (0.50).  Comments and 
discussions were deferred for tomorrow’s presentation by Kloiber. 
 
 
7.5 SI Specification (Greenslade):  Greenslade presented the following 3-page 
modifications to the RCSC Metric Appendix Draft: 
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Discussions followed (Schroeder, Tide, Frank): Turn-of-nut installation differences 
between inch and metric bolt need to be considered.  For short bolts, nut rotation from 
snug-tight condition requires 1/3 turn for inch bolts and ½ turn for metric bolts. 
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7.6 Turn of the Nut Rotation Tolerance (S06-002, S06-003) (Muir/Shaw):  Last 
year, the task group suggested a change to allow -30° / +60° for ½ turn conditions and -
45° / +60° for 2/3 turn conditions.  Shaw presented task groups latest proposal as 
follows:  Allow -30° / +30° for ½ turn conditions and -45° / +30° for 2/3 turn conditions.  
Muir to prepare Specification and Commentary documentation for balloting. 
 
ACTION ITEM 2009-17 (A.1):  (S06-002, S06-003) Proposal was considered and Muir 
to submit documentation to the specification committee for balloting. 
 
 
7.7 Group A/Group B - Inclusion of F2280 references (Schlafly):  The proposal 
adds ASTM F2280 to the specification.  Secondly, the proposal defines strength level 
labels; Group A for ASTM A325 strength level bolts and Group B for A490 strength level 
bolts.  AISC has approved the proposal.  Schlafly to prepare proposal documentation for 
RCSC ballot. 
Tide moved and Tarpy seconded to move the proposal to ballot. 
 
ACTION ITEM 2009-18 (A.1):  (S09-025, S09-026) Proposal was considered and 
Schlafly to submit documentation to the specification committee for balloting. 
 
 
7.8 Skidmore Testing Temperature Tolerances (Lohr):  Lohr distributed a 3-page 
testing procedure with testing results.  The testing procedure included removing the 
Skidmore-Wilhelm tension calibrator from a freezer into the testing facility at room 
temperature, installed bolt tensions were recorded and test bolts were in some cases left 
in and removed from the calibrator.  As time passed, additional tension readings were 
recorded for the test bolts left in the calibrator with increased tension values noted.  
Skidmore-Wilhelm is reviewing Lohr’s testing results and conducting their own tests.  
Discussion followed:  European steel erectors, fabricators and engineers have known for 
years that temperature affects hydraulic tension calibrator values.  Norwolf Tool Works is 
developing a new type of tension calibrator. 
 
7.9 Oversize Holes - Slip Critical? (Yura):  No progress to report. 
 
7.10 F436 Washers - Hardness on galvanized washers (Curven):  No progress to 
report.  ASTM F436 standard allows the hardness of hot dipped galvanized washers to 
drop below HRC 26; embedments of ASTM F959 washer protrusions are a concern. 
 
7.11 Minimum Shim Thickness (Harrold):  No progress to report. 
 
7.12 Calibrated Wrench Installation (Vissat):  No progress to report. 
 
 
ITEM 8. Old Business: (Harrold) 
8.1 ASTM F2329 to replace ASTM A153 - Editorial change to be made throughout 


the Specification. 
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ITEM 9. New Business: (Harrold) 
9.1 Turn-a-Sure Presentation (Rich Brown).  A study prepared for TurnaSure, LLC dated 
June 3, 2009 by Rowan University reported the effects of washer placement on performance of 
Direct Tension Indicators (DTI).  The 14-page report along with TurnaSure TurnAnut DTI was 
distributed to the specification committee and guests.  The results of the test program concluded 
that the use of a DTI with or without hardened washers against the turned element for ASTM 
A325 ¾” and 7/8” diameter bolts and ASTM A490 1” diameter bolts provided comparable 
performance in providing the required bolt pretension.  The TurnAnut product is considered an 
Alternative-Design Fastener, as outlined in Specification Section 2.8, therefore a rewrite of 
Specification Section 6.2.4 is not required. 
 
9.2 Tension Calibrator (Ballot item S08-018; Shaw):  Discussion revolved around 
Schlafly’s negative vote to remove the second to last sentence of the last new paragraph in 
Section 7.1, Commentary For turn-of-nut pre-installation verification of bolts too short to fit into a 
hydraulic calibration device, installing the fastener assembly in a solid plate with the proper size 
hole and applying the required turns is adequate. 
 
 
ITEM 10. Date and time of next meeting: 
• To be coincident with the next annual meeting of the Research Council on Structural 


Connections 
 
 
ITEM 11. Adjournment: 
• Motion to adjourn the meeting was presented; meeting disbanded at 3:00 PM. 
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Ballot of Specification for Structural Joints Using ASTM A325 or A490 Bolts 
Comments Submitted 


Due Date: January 11, 2010 
 
Ballot Item 1: (S07-008) – Section 3.3 “Thermally cut holes” 
 
Gilbert Grondin (NEGATIVE) 
The specification should be more specific on requirements for cyclically loaded joints. Leaving the Engineer of 
Record without any guidance is not acceptable. 
 
Peter Birkemoe (AFFIRMATIVE) 
The permitted "occasional" gouges are not specific to surface or hole geometry. If they refer to the same region 
as "1000 micro inches" it would appear to replace that requirement. The commentary refers to the "sides" of the 
slotted holes and to the "hole surface". When thermal cutting occurs, the faying surface at the hole may require 
grinding/cleaning too, but this is covered elsewhere. Clarity comes from context and therefore can be 
considered only editorial. 
 
Robert Connor (AFFIRMATIVE) 
I have a concern about the 1/16th inch allowable. Obviously, 0.06 inch is much greater than the 0.001 inch 
requirement per ASME.  The real issue is the use of the word "occasional" in the specification as this could 
become an issue.  If one hole had 5 nicks in a joint with 40 holes, is that still ocasional?  1 in 40 is not bad, but 
for that one hole it is.  Basically, what is the 1/16th based on and what is the rationale that it is "occasionally" 
acceptable in terms of the performance of the joint.  I would suggest we either drop it, or simply make that the 
limit.  If the desire is to provide some tolerance, then maybe we set the limit to 0.01 or 0.05 etc.   
 
Helen Chen (AFFIRMATIVE) 
1. In the last sentence of the first paragraph, can we avoid using the word "ocasional" - it is not measurable; (2) 
In the second paragraph and the second paragraph of the Commentary, "Thermally cut holes produced free 
hand…", should "by" be added after "produced"?; (3) in the last sentence of the Spec, "thermally cut holes shall 
be permitted…" since "shall be permitted.." is not used in this Spec, may be "are permitted…" could be used for 
consistence. 
 
Curtis Mayes (AFFIRMATIVE) 
2nd line indicates "Table 3.12". Do we mean to say "Table 3.1" here? 
 
David Sharp (ABSTAIN) 
The permissibility of 'occasional gouges' is not clear and will lead to controversy.   
 
Lee Shoemaker (AFFIRMATIVE) 
“Occasional” gouges seems like a vague term to use, but I don’t have another suggestion. 
 
Blane Vines (AFFIRMATIVE) 
The 1st sentence of 3.3 refers to Table 3.12. This should be Table 3.1. 
 
Floyd Vissat (AFFIRMATIVE) 
First paragraph, first sentence: Table 3.12 should be Table 3.1. First paragraph, third sentence: For consistency 
throughout the Specification, use in. instead of “symbol” designation for inch. 
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2009 Ballot Item 1: (S07-008C) – Section 3.3 – Thermally cut holes 
 
As Balloted 
 
{Single underlines and strikethroughs indicate changes proposed in the previous ballot cycle.  
Double underlines and strikethroughs indicate changes proposed in the current ballot cycle.} 
3.3 Bolt Holes 


The nominal dimensions of standard, oversized, short-slotted and long-slotted holes for high-
strength bolts shall be equal to or less than those shown in Table 3.12.  Thermally cut bolt 
holes shall be permitted if approved by the Engineer of Record.  For statically loaded joints, 
thermally cut surfaces need not be ground.  For cyclically loaded joints, thermally cut holes 
shall be ground smooth.Thermally cut holes, produced by guided machine, shall be permitted 
in statically loaded joints unless disallowed by the Engineer of Record, provided the surface 
roughness profile does not exceed 1,000 microinches as defined in ASME B46.1.  Gouges 
not more than 1/16" deep are permitted.  For cyclically loaded joints, thermally cut holes shall 
be permitted if approved by the Engineer of Record, and shall be ground smooth.  Thermally 
cut holes produced manually shall be permitted if approved by the Engineer of Record. 
Where thermally cut holes are permitted, the surface roughness profile of the hole shall not 
exceed 1,000 microinches as defined in ASME B46.1.  Occasional gouges not more than 
1/16" in depth are permitted. 


Thermally cut holes produced by mechanically guided means are permitted in statically 
loaded joints.  Thermally cut holes produced free hand shall be permitted in statically loaded 
joints if approved by the Engineer of Record.  For cyclically loaded joints, thermally cut holes 
shall be permitted if approved by the Engineer of Record. 


Commentary:  
The footnotes in Table 3.1 provide for slight variations in the dimensions of bolt holes from 
the nominal dimensions. When the dimensions of bolt holes are such that they exceed these 
permitted variations, the bolt hole must be treated as the next larger type.  


For thermally cut holes produced free hand, it is usually necessary to grind the hole surface 
after thermal cutting in order to achieve a maximum surface roughness profile of 1,000 
microinches. 


Slotted holes in statically loaded joints are often produced by punching or drilling the hole 
ends and thermally cutting the sides of the slots by mechanically guided means.  The sides of 
such slots should be ground smooth, particularly at the junctures of the thermal cuts to the 
hole ends. 


Rationale: 
The provisions on thermally cut holes in Section 3.3 are revised to more accurately reflect the 
AISC Specification (March 9, 2005) and CAN/CSA S16-01.  Note that neither the AISC 
Specification (Section M2.5) nor S16-01 (Clause 28.4.3) require approval by the Engineer of 
Record to thermally cut holes; they simply state finish requirements.  Additionally, S16-01 
states a guided machine must be used to produce the holes, and limits the application to 
statically loaded structures.  The AISC Specification does not comment on the nature of the 
loads in the joint (static or cyclic), and in the commentary, it is stated that guided equipment is 
anticipated to be used.  Also, the current Specification does not comment on thermal cutting 
of the sides of slotted holes.  Sometimes slotted holes are fabricated with purpose-made 
slotted punches, but often the sides of slotted holes are manually cut (thermally), after the 
end holes have been punched or drilled.  This method of producing slots has long been 
considered adequate for statically loaded joints, provided the sides of the slots are ground 
smooth. 


 
Voting Response: 
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46  Affirmative 
1  Negative (Withdrawn 3/25/10) 
5 Abstain 
7 Affirmative w/ Comment 
1 Abstain w/ Comment 


BALLOT PASSES with editorial corrections. 
 
2009 Ballot Item 1: (S07-008C) – Section 3.3 – Thermally cut holes 
 
As Resolved (modified editorially) 
 
3.3 Bolt Holes 


The nominal dimensions of standard, oversized, short-slotted and long-slotted holes for high-
strength bolts shall be equal to or less than those shown in Table 3.1.  Thermally cut bolt 
holes shall be permitted if approved by the Engineer of Record.  For statically loaded joints, 
thermally cut surfaces need not be ground.  For cyclically loaded joints, thermally cut holes 
shall be ground smooth.Thermally cut holes, produced by guided machine, shall be permitted 
in statically loaded joints unless disallowed by the Engineer of Record, provided the surface 
roughness profile does not exceed 1,000 microinches as defined in aSME B46.1.  Gouges 
not more than 1/16" deep are permitted.  For cyclically loaded joints, thermally cut holes shall 
be permitted if approved by the Engineer of Record, and shall be ground smooth.  Thermally 
cut holes produced manually shall be permitted if approved by the Engineer of Record. 
Where thermally cut holes are permitted, the surface roughness profile of the hole shall not 
exceed 1,000 microinches as defined in ASME B46.1.  Occasional gouges not more than 
1/16" in depth are permitted. 


Thermally cut holes produced by mechanically guided means are permitted in statically 
loaded joints.  Thermally cut holes produced free hand shall be permitted in statically loaded 
joints if approved by the Engineer of Record.  For cyclically loaded joints, thermally cut holes 
shall be permitted if approved by the Engineer of Record. 


Commentary:  
The footnotes in Table 3.1 provide for slight variations in the dimensions of bolt holes from 
the nominal dimensions. When the dimensions of bolt holes are such that they exceed these 
permitted variations, the bolt hole must be treated as the next larger type.  


For thermally cut holes produced free hand, it is usually necessary to grind the hole surface 
after thermal cutting in order to achieve a maximum surface roughness profile of 1,000 
microinches. 


Slotted holes in statically loaded joints are often produced by punching or drilling the hole 
ends and thermally cutting the sides of the slots by mechanically guided means.  The sides of 
such slots should be ground smooth, particularly at the junctures of the thermal cuts to the 
hole ends. 


For cyclically loaded joints, test results have indicated that when no major slip occurs in the 
joint, fretting fatigue failure usually occurs in the gross section prior to fatigue failure in the net 
section (Kulak et al., 1987, pp. 116, 117). Conversely, when slip occurs in the joints of 
cyclically loaded connections, failure usually occurs in the net section and the edge of a bolt 
hole becomes the point of crack initiation (Kulak et al., 1987, pp. 118). Therefore, for 
cyclically loaded joints designed as slip critical, the method used to produce bolt holes (either 
thermal cutting or drilling) should not influence the ultimate failure load, as failure usually 
occurs in the gross section when no major slip occurs. 


 
Person Vote Comment Proposed Res. Action 
Gilbert 
Grondin 


Neg The specification should be more 
specific on requirements for 
cyclically loaded joints. Leaving the 


Paragraph added to 
Commentary as an 
editorial correction. 


Withdrawn 
3/25/10 
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Person Vote Comment Proposed Res. Action 
Engineer of Record without any 
guidance is not acceptable. 


Peter 
Birkemoe 


Aff The permitted "occasional" gouges 
are not specific to surface or hole 
geometry. If they refer to the same 
region as "1000 micro inches" it 
would appear to replace that 
requirement. The commentary 
refers to the "sides" of the slotted 
holes and to the "hole surface". 
When thermal cutting occurs, the 
faying surface at the hole may 
require grinding/cleaning too, but 
this is covered elsewhere. Clarity 
comes from context and therefore 
can be considered only editorial. 


  


Robert 
Connor 


Aff I have a concern about the 1/16th 
inch allowable. Obviously, 0.06 inch 
is much greater than the 0.001 inch 
requirement per ASME.  The real 
issue is the use of the word 
"occasional" in the specification as 
this could become an issue.  If one 
hole had 5 nicks in a joint with 40 
holes, is that still ocasional?  1 in 40 
is not bad, but for that one hole it is.  
Basically, what is the 1/16th based 
on and what is the rationale that it is 
"occasionally" acceptable in terms 
of the performance of the joint.  I 
would suggest we either drop it, or 
simply make that the limit.  If the 
desire is to provide some tolerance, 
then maybe we set the limit to 0.01 
or 0.05 etc.   


  


Helen 
Chen 


Aff 1. In the last sentence of the 
first paragraph, can we 
avoid using the word 
“occasional” – it is not 
measurable. 


2. In the second paragraph 
and the second paragraph 
of the Commentary, 
“Thermally cut holes 
produced free hand…”, 
should “by” be added after 
“produced?”; 


3. In the last sentence of the 
Spec, “thermally cut holes 
shall be permitted..” since 
“shall be permitted” is not 
used in this Spec, may be 
“are permitted…” could be 
used for consistency. 


  


Curtis Aff 2nd line indicates “Table 3.12”.  Do Editorial correction  







Agenda Item 5.1 4 Ballot Item 1 (S07-008C) 


Person Vote Comment Proposed Res. Action 
Mayes we mean to say “Table 3.1” here? 


 
David 
Sharp 


Abs The permissibility of 'occasional 
gouges' is not clear and will lead to 
controversy.   


  


Lee 
Shoemaker 


Aff “Occasional” gouges seems like a 
vague term to use, but I don’t have 
another suggestion. 


  


Blaine 
Vines 


Aff The 1st sentence of 3.3 refers to 
Table 3.12. This should be Table 
3.1. 


Editorial corrections  


Floyd 
Vissat 


Aff First paragraph, first sentence:  
Table 3.12 should be Table 3.1.  
First paragraph, third sentence: For 
consistency throughout the 
Specification, use in. instead of 
“symbol” designation for inch. 


Editorial corrections  


Email response string 
 


From: Gilbert Grondin [mailto:ggrondin@ualberta.ca]  
To: Greg Miazga 
 
Thanks for your call! I have read the proposed addition to the commentary to provide the 
rationale for the statement in the specification. I think that it does provide enough 
information to help the engineer of record make a decision. The only thing that I would 
change in what you have proposed is the word punching; I would remove it. I would 
discourage punching from being used in situations where loads are cyclic. Although there is 
no evidence that this would lead to fatigue failures at the net section, I am not confident that 
surface markings caused by punching would not lead to problem. Although the load is 
transferred by friction, the normal stress in the plates is not zero and the surface marks at 
the punched holes may reduce the fatigue resistance at the net section below the fretting 
fatigue capacity at the gross section. Because I don’t have experimental evidence to 
support my statement, I would simply leave it quiet. 
 
Since the lack of guidance to the engineer of record was the only reason for my negative 
vote, I will change my vote to a positive vote if you add the proposed paragraph in the 
commentary. 
 
Kind regards, 
 
Gilbert 
 
From: Greg Miazga [mailto:Greg.Miazga@waiward.com]  
To: ggrondin@ualberta.ca 
 
Gilbert:  try this as a paragraph added to the end of the commentary: 
 
For cyclically loaded joints, test results have indicated that when no major slip occurs in the 
joint, fretting fatigue failure usually occurs in the gross section prior to fatigue failure in the 
net section (Kulak et al.,  1987, pp. 116, 117).  Conversely, when slip occurs in the joints of 
cyclically loaded connections, failure usually occurs in the net section, and the edge of a 
bolt hole becomes the point of crack initiation (Kulak et al.,  1987, pp. 118).  Therefore, for 
cyclically loaded joints designed as slip critical, the method used to produce bolt holes 
(punching, thermal cutting, or drilling) should not influence the ultimate failure load, as 
failure usually occurs in the gross section when no major slip occurs. 







Agenda Item 5.1 5 Ballot Item 1 (S07-008C) 


 
Greg 
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Ballot Item 6.3b: (S09-028) – “Table 6.1 Eliminate washer requirement for F2280” 
 
Ken Lohr (NEGATIVE) 
The requirement for the thick washer in the specifications is to eliminate plastic deformation of the plate 
material under the bolt head. The bearing area of the plate under the head is reduced when oversize or short 
slotted holes are used. To compensate for this reduced bearing area, thicker stiffer washers are specified to 
spread the load more evenly over the reduced area to reduce the bearing stress and the deformation in the plates. 
This has been documented in prior testing. 


 
Prior to removing the 5/16 washer requirement on F1852 I feel it is necessary to conduct actual testing based on 
the origional testing that first required the addition of the 5/16" washer.  
 
Curtis Mayes (AFFIRMATIVE) 
I am voting without regard to S09-028 since I do not have a copy of  S09-028. 
 
David Sharp (AFFIRMATIVE) 
Research has also shown that the additional washers are not always needed between DTIs and the turned 
element.  Future revisions should recognize this. 
 
Ray Tide (AFFIRMATIVE) 
Correct superscript sequence from "b,a,d" to "a,b,d" 
 
Floyd Vissat (AFFIRMATIVE) 
Ballot item #24: Table 6.1: Revise Bolt Strength Group to Bolt Strength Level Group. Superscript a should 
precede superscript b and add a coma between superscripts. 
Ballot item #25: Last two sentences: Add ASTM before F436 (2 places) and F1852 (1 place) 
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From:                              Schlafly, Tom [schlafly@aisc.org]
Sent:                               Tuesday, January 26, 2010 5:17 PM
To:                                   klohr@aol.com
Cc:                                   Harrold, Allen J.
Subject:                          RCSC
Attachments:                 VT Research Report on F1852 head size 6-18-03.
pdf


 
 
Ken
Mr. Harrold asked me to respond to your negative. I ask that you withdraw your negative based on the Virginia Tech report 
attached and the excerpt of that report below. 
If you choose not to withdraw we will raise the issue in the next specification committee meeting. Given the statement below and 
the fact that you were the only negative vote I expect it will be found nonpersuasive. If you have no more to add to the discussion 
I ask you to withdraw but if you feel  there is merit in discussion by the committee you are welcome to leave the negative vote. 
 
“More significantly to the issue of the RCSC Specification provisions regarding twist-off
bolt head diameter, the size of the hole is also shown to not affect the pretension force in
the bolt. The pretension expected to be achieved with a bolt with the minimum F1852
head diameter is the same as that of a bolt with a larger head diameter equal to the size of
a F436 washer, if the hole size meets the RCSC Specification limitations on hole size.
 
This conclusion can be drawn from the fact that amount of bearing surface under the
twist-off bolt head does not affect achieved bolt pretension. This was demonstrated by
measuring bolt pretension in grossly oversized round holes, when used centered in longslotted
holes, and when off-centered in slotted holes, without the presence of a washer
beneath the head as called for in the RCSC Specification. 
 
There was no significant reduction in achieved bolt pretension from that of a standard hole 
diameter, 
even with minimum bolt head diameters, when these bolts were used in bolt holes that exceeded 
the
oversized diameter permitted by the RCSC Specification. Similarly, the bolt bearing area
was at a minimum when used centered in long-slotted holes, yet the achieved bolt
pretension was virtually identical to that achieved in a standard hole.
 
Tests using A490 strength level twist-off bolts in very low-strength steel plate also
demonstrated that the achieved pretension was not significantly reduced with either
oversized or slotted holes, compared to standard holes.
 
Because the twist-off bolt uses torque control to establish the shearing of the bolt spline,
it is not affected by the amount of embedment in the steel plate that occurs beneath the
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bolt head. There is a reduction in achieved pretension if turn-of-nut methods are used, as
embedment depths increase, as demonstrated by prior University of Illinois tests. The
amount of embedment of the steel beneath the bolt head increases with smaller bolt head
size, with increasing bolt hole diameter, higher strength (A490 strength compared to
F1852/A25 strength) bolts, and lower strength material, but there is no correlation with
bolt pretension associated with the amount of embedment when the twist-off bolt method
is used.
 
The RCSC Specification footnote (a) to Table 6.1 should be revised to reflect that
washers are not required beneath the bolt head of a twist-off bolt provided that the bolt
head diameter meets the minimum head diameter requirements of ASTM F1852, rather
than provide a bearing circle equal to or greater than that of an F436 washer. Similarly,
section 6.2.1 should be revised to state that a washer is not required beneath the head of
an A490-strength twist-off bolt when used in steels with a specified minimum yield
strength less than 40 ksi, provided the bolt head diameter meets the minimum head
diameter requirements of ASTM F1852.”
 
 
Tom Schlafly
American Institute of Steel Construction
 


file:///C|/Documents%20and%20Settings/clarson/Deskto...ec%20Meeting/12%20-%20100126_Schlafly_Lohr_Email.htm (2 of 2) [6/4/2010 5:44:14 PM]





		Local Disk

		file:///C|/Documents%20and%20Settings/clarson/Desktop/RCSC%20June%202010%20Meeting/Spec%20Meeting/12%20-%20100126_Schlafly_Lohr_Email.htm








file:///C|/Documents%20and%20Settings/clarson/Desktop/RCSC%20Jun...eting/Spec%20Meeting/14%20-%20100126_Lohr_CommentsOnNegative.htm


From:                              klohr [klohr@aol.com]
Sent:                               Tuesday, January 26, 2010 11:53 PM
To:                                   Schlafly, Tom
Cc:                                   Harrold, Allen J.
Subject:                          Re: RCSC


 
Tom,
At this point I do not feel comfortable withdrawing my negative.  I am in Birmingham getting  a full knee 
replacement tomorrow morning. (getting old sucks).   After our first conversation I talked with Nick Deal briefly 
about this and he felt similar, however he was unable to vote as his house had just burned to the ground with his 
computer and records.   I may be seeing him this weekend and will talk more to him about this.   In addition, I would 
like to go over the Murray report  and talk with other RCSC members  as soon as I get out of the hospital and back to 
Houston.
 
After a quick review of Dr. Murray's testing I still have a number of reservations.   The pictures shown  are of a 
skidmore with a thick plate placed on top of the skidmore front plate.  I mention this because we have seen incorrect 
tension readings when additional spacer plates are used in front of the supplied skidmore  plate.  Recently in a 
conversation with John Beal of Skidmore, I believe he also mentioned  they had also seen tension reading problems 
using plates in front of the factory plate.   I will also contact Skidmore to confirm this.   
 
When the Murray document was first presented, I voted negative against allowing the second washer on F1852 to be 
eliminated from the specification with a lesser bearing surface than a hardened washer.  My reasoning was that 
although I was not a member of the RCSC at the time the original testing was conducted that showed a washer 
should be required, I believe they were looking more for the heads drawing into the oversized or slotted hole over 
time.   The report listed  "An initial measurement of bolt pretension was taken 5-10 seconds after tip twist-off. A 
second reading was taken 30-45 seconds later after most of the bolt relaxation had occurred. After the two readings 
were recorded, the bolt was then removed using an air impact wrench".   This has always bothered me that we may 
not have follow the same testing that was originally conducted to make the requirement in the first place.  If you 
know anyone that was around then, I would be really interested in knowing how the the original tests for the A325 
washer requirements were conducted. 
 
I'd like a little time to look into this more before withdrawing my negative. 
Ken Lohr  
 
 
 
On Jan 26, 2010, at 5:17:04 PM, "Schlafly, Tom" <schlafly@aisc.org> wrote:


 
From:"Schlafly, Tom" <schlafly@aisc.org>


Subject:RCSC
Date:January 26, 2010 5:17:04 PM CST


To:klohr@aol.com
Cc:ajharrold@butlermfg.com


Attachments:1 Attachment, 1.4 MB
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Ken
Mr. Harrold asked me to respond to your negative. I ask that you withdraw your negative based on the Virginia Tech 
report attached and the excerpt of that report below.
If you choose not to withdraw we will raise the issue in the next specification committee meeting. Given the statement 
below and the fact that you were the only negative vote I expect it will be found nonpersuasive. If you have no more to 
add to the discussion I ask you to withdraw but if you feel  there is merit in discussion by the committee you are 
welcome to leave the negative vote.
 
“More significantly to the issue of the RCSC Specification provisions regarding twist-off
bolt head diameter, the size of the hole is also shown to not affect the pretension force in
the bolt. The pretension expected to be achieved with a bolt with the minimum F1852
head diameter is the same as that of a bolt with a larger head diameter equal to the size of
a F436 washer, if the hole size meets the RCSC Specification limitations on hole size.
 
This conclusion can be drawn from the fact that amount of bearing surface under the
twist-off bolt head does not affect achieved bolt pretension. This was demonstrated by
measuring bolt pretension in grossly oversized round holes, when used centered in 
longslotted
holes, and when off-centered in slotted holes, without the presence of a washer
beneath the head as called for in the RCSC Specification.
 
There was no significant reduction in achieved bolt pretension from that of a standard 
hole diameter,
even with minimum bolt head diameters, when these bolts were used in bolt holes that 
exceeded the
oversized diameter permitted by the RCSC Specification. Similarly, the bolt bearing area
was at a minimum when used centered in long-slotted holes, yet the achieved bolt
pretension was virtually identical to that achieved in a standard hole.
 
Tests using A490 strength level twist-off bolts in very low-strength steel plate also
demonstrated that the achieved pretension was not significantly reduced with either
oversized or slotted holes, compared to standard holes.
 
Because the twist-off bolt uses torque control to establish the shearing of the bolt spline,
it is not affected by the amount of embedment in the steel plate that occurs beneath the
bolt head. There is a reduction in achieved pretension if turn-of-nut methods are used, as
embedment depths increase, as demonstrated by prior University of Illinois tests. The
amount of embedment of the steel beneath the bolt head increases with smaller bolt head
size, with increasing bolt hole diameter, higher strength (A490 strength compared to
F1852/A25 strength) bolts, and lower strength material, but there is no correlation with
bolt pretension associated with the amount of embedment when the twist-off bolt method
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is used.
 
The RCSC Specification footnote (a) to Table 6.1 should be revised to reflect that
washers are not required beneath the bolt head of a twist-off bolt provided that the bolt
head diameter meets the minimum head diameter requirements of ASTM F1852, rather
than provide a bearing circle equal to or greater than that of an F436 washer. Similarly,
section 6.2.1 should be revised to state that a washer is not required beneath the head of
an A490-strength twist-off bolt when used in steels with a specified minimum yield
strength less than 40 ksi, provided the bolt head diameter meets the minimum head
diameter requirements of ASTM F1852.”
 
 
Tom Schlafly
American Institute of Steel Construction
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EFFECTS OF HEAD SIZE  
ON THE 


PERFORMANCE OF TWIST-OFF BOLTS 
 
 


1.  PURPOSE 
 
The head diameter of button-head type twist-off bolts necessary for adequate and reliable 


performance has been brought into question.  Following the RCSC Specification, F436 


washers are not required under the bolt head when the bolt head diameter equals or 


exceeds the diameter of a standard ASTM F436 washer, when used on oversized and 


slotted holes.  The same is true for A490 strength bolts that are used with steels that have 


minimum specified yield strengths less than 40 ksi. The intent of this study was to 


determine if the RCSC Specification should be modified to allow for ASTM F1852 


minimum diameter twist-off bolts.   
 


Minimum head diameters that are smaller than an ASTM F436 washer are allowed under 


the ASTM F1852 specification.  Some manufacturers produce twist-off bolts that have 


head diameters that are larger than that required by ASTM F1852, but are less than the 


ASTM F436 washer diameter.  These diameters would be required to have a washer 


under the bolt head on oversized and slotted holes if the current RCSC Specification was 


followed. 
 


The purpose of this research was to determine if bolts with ASTM F1852 minimum head 


diameters are comparable to those with a diameter equal to or larger than an ASTM F436 


washer.  Testing was done on bolt diameters ranging from 5/8 in. to 1-1/8 in., including 


both A325 and A490 strength bolts.  Bolt heads having the minimum required diameter 


permitted by ASTM F1852 were tested against those having larger head diameters.  


Plates were used with various hole sizes including standard, oversized, excessively 


oversized and slotted holes.   
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2.  PREVIOUS RESEARCH 
 
Previous research dealing with twist-off bolts is very limited.  Much of this work did not 


deal specifically with the effects of bolt-head size on pretension forces.  However, some 


work is related to the findings contained in this report. 
 


Research was conducted by Chesson and Munse in the early 1960’s at the University of 


Illinois dealing with the effect of washers on the clamping force of 3/4 in. A325 bolts.  


Regular and heavy semi-finished hexagon head bolts were used along with finished, 


heavy, and flanged nuts.  Hole sizes ranged from a standard 13/16 in. diameter hole to an 


oversized hole of 7/8 in. diameter.  The majority of the bolts were tightened using turn-


of-nut method.  The tightening procedure involved snugging the bolt with an impact 


wrench to approximately 5,000 pounds, then turning the nut or bolt head an additional 


one-half turn.  Bolts that were tightened with washers under the bolt head were compared 


to those tightened without washers.   
 


Test results showed that the presence of a washer under the bolt head had no significant 


effect on the clamping or pretension force achieved in the bolts for all hole sizes.  The 


type and hardness of the nut had a greater effect on the clamping force than the washers.  


The torque required to achieve the pretension forces measured was found to be higher for 


the bolts without washers due to the galling of the nut into the soft plate material.  Hole 


size did not influence the achieved pretension by a significant amount.  All clamping 


forces on oversized holes without washers were well above the required minimum, and 


comparable to the tests conducted on standard holes with washers.  Long term relaxation 


of the bolts forces was also studied and found that the inclusion or exclusion of washers 


had no influence on relaxation.  The major difference between the testing conducted by 


the University of Illinois and the testing contained in this report deals with the kind of 


bolts used and the method of tightening that was employed -- hexagon head bolts 


compared to twist-off bolts and turn-of-nut procedure versus twist-off torque control.      
 


Allan and Fisher performed studies on oversized and slotted holes in the late 1960’s.  


They were primarily concerned with holes having larger clearances, above the 1/16 in. 


and 1/8 in. tested by Chesson and Munse.  Bolts of 1 in. diameter and A325 strength were 
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tested in hole sizes of 1/4 in. and 5/16 in. above the nominal bolt diameter and compared 


against the standard 1/16 in. clearance.  The bolts were installed with and without 


washers using the turn-of-nut method.  The results obtained were analyzed to observe the 


effects of oversized and slotted holes had on achieved bolt pretension, bolt relaxation, 


and joint slip resistance.  The data was used to determine if washers should be required 


under the bolt head.         
 


Bolts tested in the 1-1/16 in. standard hole without washers were able to attain 


pretensions well above the minimum, as shown in the previous tests by Chesson and 


Munse.  Bolts tested in the 1-1/4 in. oversized hole without washers had the same average 


pretension as bolts tested with washers in the same hole size.  These pretensions however 


were slightly lower than those obtained in the 1/16 in. hole size.  The increased hole size 


increased galling around the hole in the test setups that did not include washers under the 


bolt head.  The 5/16 in. oversized holes required washers under both the head and nut to 


attain the necessary pretension.  The relaxation of the bolts was not affected by oversized 


and slotted holes.  Allan and Fisher also concluded that the slip coefficient for the 1-1/4 


in. holes were comparable to the standard holes, however the coefficient decreased for 


the 1-5/16 in. and slotted holes.  Omitting washers from the 1-1/4 in. oversized hole did 


not affect bolt pretension greatly but they were suggested to be used to prevent plate 


galling.   
 


Other research relating hole size and joint slip coefficients can be found in "Bolted 


Connections with Varied Hole Diameters" by Shoukry and Haisch. Their tests involved 


determining the effects oversized holes had on bolted connections.  3/4 in. and 7/8 in. 


A325 bolts were used in butt and lap joints and were tightened using the calibrated 


wrench and the turn-of-the-nut methods with washers only under the turned element.  


Hole clearances ranged from 1/16 in. up to 1/4 in.  Testing concentrated on the initial slip 


of the joints which was needed for slip coefficient calculations.  After this data was 


collected, the specimens were loaded until failure to find the ultimate shear load and 


shear stress of the joint.  Results showed that the slip coefficients and ultimate shear 


strengths of the joints were not significantly affected by hole clearances up to 3/16 in.  


This is true for the 3/4 in. and 7/8 in. A325 bolts tested in the butt and lap joints.                
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More recent testing specifically with twist-off bolts was performed by Kulak and 


Undershute in the late 1990’s, studying factors that affect the achievable pretension force 


in twist-off bolts.  They stated that, "Factors that affect the preload of a tension control 


bolt are bolt material strength, thread conditions (such as lubrication, dirt, and thread 


damage), the diameter of the annular groove at the splined end, and friction conditions at 


the nut-washer interface."   The main factors investigated included the effects of storage 


and aging conditions as well as friction conditions on the achieved pretension force in the 


bolt.  Bolts of 3/4 in. diameter and A325 strength were received from seven different 


manufacturers.  These bolts were of different ages upon receipt and were purposely 


subjected to different storage conditions prior to tightening.  Some of these conditions 


included sealing the bolts in a container for up to 4 weeks, fully exposing others to the 


elements and subjecting additional bolts to humid environments.  The friction tests 


involved testing bolts with different lubrication arrangements.     
 


All of the bolts in the storage tests were able to attain the required pretension force.  


Sealing in containers and exposing to humidity had little effect on the ultimate 


pretension.  Average values for these were 16% to 20% higher than required.  Full 


exposure to weather, and weathered snugged bolts in a steel joint produced the lowest 


pretension values, around 5% to 10% above that required.  The friction tests revealed 


how loss of lubrication on the assembly affects pretension values.  These bolts were an 


average of 20% below the required preload force.  On the high end, bolts and washers 


that were cleaned and relubricated resulted in a pretension 52% above required.  The tests 


performed by Kulak and Undershute show how important storage conditions and proper 


lubrication is on the ultimate pretension force in twist-off bolts.   
 


Research by Oswald, Dexter and Brauer dealt with large-diameter bolts and the effects of 


grip length on pretension forces.  Their work found that many 1 in. and 1-1/8 in. bolts 


that had grip lengths longer than 7 in. were unable to attain the necessary preload 


required.  Shorter length bolts had no problem attaining this value.  Reasons for the low 


pretensions attained were stated as, "greater difficulty in snugging the plies in the 


connections with the longer bolts and the very high pretension forces that the large-


diameter, high-strength bolts required to develop specified pretension stresses…".  They 
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suggested that "designers should consider alternatives to the use of large diameter A490 


bolts in slip-critical joints, especially if the bolts have a long effective bolt length (greater 


than 178 mm or 7 in.) and are installed through more than one interface".  
 


The research that is most related to this study is that performed by Chesson and Munse 


and by Allan and Fisher.  Both tests looked at the need for washers under the bolt head in 


oversized holes.  The main difference is the type of tightening procedure used and the 


type of bolts tested.  The work by Allan and Fisher and Shoukry and Haisch added 


information on effects of hole size on pretension forces and slip coefficients. 
 


Kulak and Undershute’s analysis show how storage conditions and lubrication amounts 


alter the attainable ultimate preload.  All bolts tested in this study were kept in closed lid 


boxes inside the laboratory and were received with proper lubrication prior to tightening.  


The study by Oswald, Dexter and Brauer demonstrated one more factor that can affect a 


bolt’s pretension force.  Although no bolts in this test had a grip of 7 in., it is still 


important to recognize the potential reduction of attained preload as bolt diameter, grip, 


and strength increase.    
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3.  DESCRIPTION OF BOLTS 
 
A single twist-off bolt manufacturer provided all of the bolts tested in the project.  They 


supplied both ASTM F1852 minimum head diameter and their standard head diameter in 


both F1852/A325 and A490 strengths.  Specifics for these bolts can be found in the bolt 


certificates that are provided in Appendix A.   
 


The minimum head diameter bolts that were used during testing had to be manufactured 


on a special basis by the manufacturer.  The bolts were machined from the manufacturer's 


standard head diameters down to the minimum ASTM F1852 diameter.  Table 3.1 


provides average measured head diameters for the minimum head diameter and the as-


manufactured bolts, and the nominal F436 washer diameters.  Figure 3.1 shows photos of 


minimum and standard head diameters, as supplied.     


 


Bolt 
Diameter 


Minimum Head 
Diameter 


(ASTM F1852) 


Manufacturer's Standard 
Head Diameter 


F436 Washer 
Diameter 


5/8" 
(A325) 1.099" 1.166" 1.313" 


3/4" 1.340" 1.394" 1.469" 


7/8" 1.534" 1.578" 1.750" 


1" 1.771" 1.846" 2.000" 


1-1/8" 1.992" 2.178" 2.250" 


 
Table 3.1: Average Head Diameters for Supplied F1852/A325 & A490 


Strength Bolts, and F436 Washer Diameters  
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Figure 3.1: Photo of Manufacturer's Standard and F1852 Minimum 
Diameter 1-1/8" Bolts 
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4.  TEST SETUP AND PROCEDURE 
 
The standard of comparison between the minimum ASTM F1852 and the manufacturer's 


standard head diameters was the achieved pretension force in the bolt after tightening.  A 


Skidmore Wrench Calibrator, (Model ML), was used to measure the tension in the bolt.  


Bolts ranging from 5/8 in. to 1-1/8 in. were tested with plates having standard, oversized, 


grossly oversized, and slotted holes.  These plates were steel of A36 minimum yield 


strength and measured 4 in. square by 1/4 in. thick.  Plate holes ranged from 1/16 in. to 


3/8 in. greater than the bolt diameter.  Testing of specimens produced an average plate 


yield strength of 34.89 ksi and tensile strength of 51.27 ksi.  All plate holes were 


measured prior to testing to ensure correct diameters.   
 


The test setup involved placing the bolt head along with a plate on the front of the 


Skidmore with a flat bushing on the rear.  A washer and nut was placed on the bolt and 


tightening was done from the back on the Skidmore.  Figure 4.1 shows a typical setup 


from the front of the Skidmore.  Additional pictures of the test setup can be found in 


Appendix E.  Two different electrically powered Tone wrenches were used for tightening 


the bolts, Model S-60EZA for the 5/8 in. through 7/8 in. bolts, and Model S-110EZ for 


the 1 in. and 1-1/8 in. bolts.     
 


Once the bolts were installed in the Skidmore, the wrench was used to snug the bolts 


against the plate.  After waiting several seconds, the wrench was then used to tighten the 


bolts until the splined end sheared off.  An initial measurement of bolt pretension was 


taken 5-10 seconds after tip twist-off.  A second reading was taken 30-45 seconds later 


after most of the bolt relaxation had occurred.  After the two readings were recorded, the 


bolt was then removed using an air impact wrench.  All bolts and plates were visually 


inspected after testing for concerns such as plate embedment depths.   
 


Tables 4.1 and 4.2 show the test plate matrix used for each bolt diameter.  Bolt strengths 


of F1852/A325 and A490 were tested for bolt diameters ranging from 3/4 in. through 1-


1/8 in.  The 5/8 in. diameter bolts were tested with F1852/A325 strength only, due to the 


lack of availability of A490 strength twist-off bolts.     
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The first set of tests were conducted with the bolts centered in the middle of the hole.  


The holes in these plates were punched, which resulted in a slightly larger hole diameter 


on one side of the plate.  All bolt diameters except the 7/8 in. were placed in the 


Skidmore with the larger diameter facing the bolt head.  The plates used for the 7/8 in. 


bolts were reversed so that the smaller hole diameter was now facing the bolt head.  This 


was done to determine if there would be any noticeable difference in performance. 
 


After the first set of tests were finished, a second set of tests were conducted placing the 


bolt to one side of the hole diameters.  This was done to determine if there were any 


deviations in performance compared to tests performed with the bolts centered in the 


holes.  3/4 in. through 1-1/8 in. bolts were used for these tests, as outlined in Table 4.2.  


The holes in these plates were punched in some as well as drilled or punched and flame-


slotted in others.  All plates were placed with the larger hole diameter facing the bolt 


head. 


Table 4.1: Test Matrix with Bolts Centered in Holes 
 


 
 
As previously explained, the F1852 minimum and manufacturer’s standard bolt heads 


were tested in standard, oversized, grossly oversized and long-slotted holes in centered 


and off-centered positions.  With the change in hole size along with bolt position, comes 


a change in the bearing area between the plate and the underside of the bolt head.  The 


influence of bearing area on the achievable pretension force in twist-off bolts will be 


discussed further in the coming sections.   


 


Bolt 
Diameter 


Standard 
Holes 


3/16" 
Oversized


1/4" 
Oversized


5/16" 
Oversized


3/8" 
Oversized 


Long- 
Slotted 


5/8" 
(A325) 11/16" 13/16" 7/8" 15/16"  11/16" x 


1-9/16" 


3/4" 13/16"  1" 1-1/16"  13/16" x 
1-7/8" 


7/8" 15/16"  1-1/8" 1-3/16"  15/16" x 
2-3/16" 


1" 1-1/16"  1-1/4" 1-5/16"  1-1/16" x 
2-1/2" 


1-1/8" 1-3/16"   1-7/16" 1-1/2" 1-3/16" x 
2-13/16" 
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Table 4.2: Test Matrix with Bolts Placed to One Side of Hole 
 


Bolt 
Diameter 


5/16"  
Oversized


3/8"  
Oversized


Short- 
Slotted 


3/4"   1-1/16" x 
1-5/16" 


7/8" 1-3/16"   
 


1"   1-3/16" x 
1-9/16" 


1-1/8"  1-1/2"  
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 4.1: Typical Skidmore Setup with Test Sample 
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5.  EXPERIMENTAL RESULTS  
 
5.1  Overview 
 
Results for the tests on the F1852/A325 and A490 strength bolts can be found in 


Appendices C and D, respectively.  The data shows initial and relaxed bolt tension 


strengths that were read directly from the Skidmore.  Usually a drop of one to two kips 


occurred between the initial and relaxed readings.   
 


Graphs have also been included in Appendices C and D as well as below.  Unacceptable 


and acceptable regions for all of the bolts are shown on the graphs.   


 
5.2  Results for F1852/A325 Strength, Centered Bolts 
 
In Figures 5.1 through 5.3, A325 strength, ASTM F1852 minimum head diameter bolts 


are compared against the manufacturer's standard bolts.  The three figures are divided 


into standard, oversized, and long-slotted holes, with all of the bolts centered in the holes.  


Each of these figures clearly indicates that the F1852 minimum head diameter bolts are 


able to achieve the same pretension as the manufacturer's standard bolt.  All of the 


F1852/A325 bolts, minimum and standard, were above the necessary required bolt 


pretension force.  The minimum head diameter bolts are all within the reasonable scatter 


that is expected.   
 


More significantly, the size of the hole in the plate showed no significant effect on the 


achieved bolt pretensions.  The bolt forces developed in the standard, oversized, 


excessively oversized and long-slotted holes are all randomly distributed within the 


normal scatter for both minimum and standard bolt diameters.  Figures C.1 and C.2 in 


Appendix C illustrate these results.  A more in-depth look at the pretension forces for 


each bolt diameter is available in Figures C.3 through C.7 in Appendix C.  Individual 


graphs for each F1852/A325 bolt diameter are provided which show the achieved 


pretension for each specific hole size.  F1852 minimum and the manufacturer’s standard 


bolt heads are compared against each other.  Averages of the pretension force per bolt 


head and hole clearance are also shown.   
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All F1852/A325 Centered Bolts - F1852 Minimum & Manufacturer's Standard Head Diameters - 
Standard Holes
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Figure 5.1: F1852/A325 Strength, Centered Bolts, Standard Holes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 5.2: F1852/A325 Strength, Centered Bolts, Oversized Holes 
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All F1852/A325 Centered Bolts - F1852 Minimum & Manufacturer's Standard 
Head Diameters - Long-Slotted Holes
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Figure 5.3: F1852/A325 Strength, Centered Bolts, Long-Slotted Holes 
 
 
5.3  Results for A490 Strength, Centered Bolts 
 
In Figures 5.4 through 5.6, A490 strength bolts with the ASTM F1852 minimum head 


diameter are compared against the manufacturer's standard.  The figures are divided by 


standard, oversized, and long-slotted holes with all of the bolts centered in the holes.  All 


three plots are consistent with the results from the F1852/A325 tests.  The minimum head 


diameter bolts show no indication that they are unable to achieve as much pretension as 


the manufacturer's standard head bolt.  A single 7/8 in. bolt was found to have a relaxed 


pretension of 42 kips which is well below the required pretension of 49 kips.  It is 


believed that this bolt was damaged in some way, and therefore it has been recorded but 


excluded from the averages.  The 7/8 in. bolts were closest to the required pretension for 


both the minimum and manufacturer's standard bolt heads.  The range of minimum and 


maximum pretension increased as the hole sizes increased from standard to oversized to 


long-slotted.  This is most evident for the 1-1/8 in. bolts. 
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All A490 Centered Bolts - F1852 Minimum & Manufacturer's Standard 
Head Diameters - Standard Holes
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Figure 5.4: A490 Strength, Centered Bolts, Standard Holes 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
Figure 5.5: A490 Strength, Centered Bolts, Oversized Holes 
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All A490 Centered Bolts - F1852 Minimum & Manufacturer's Standard 
Head Diameters -  Long-Slotted Holes
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Figure 5.6: A490 Strength, Centered Bolts, Long-Slotted Holes 
 
 
More significantly, the effect of hole size on the A490 bolts can be seen in Figures D.1 


and D.2 in Appendix D.  The effect of standard, oversized, grossly oversized and long-


slotted holes on pretension forces is minimal.  The achieved pretensions for all four hole 


sizes are within the regular expected distribution, for both the minimum and standard 


head diameters.  Additional graphs of pretension forces for each bolt diameter are 


available in Figures D.3 through D.6 in Appendix D.  Individual graphs for each A490 


bolt diameter are provided which show the achieved pretension for each specific hole 


size.  F1852 minimum and the manufacturer’s standard bolt heads are compared against 


each other.  Averages of the pretension force per bolt head and hole clearance are also 


shown.   
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All F1852/A325 Off-Centered Bolts
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5.4  Results for F1852/A325 & A490 Strength, Off-Centered Bolts 
 
After all of the testing was complete with the various bolts centered in the plate holes, a 


second set of tests was run with bolts set in off-centered positions.  This was done with 


3/4 in. through 1-1/8 in. bolts with the plate holes shown in Table 4.2.  Results of these 


tests are in Appendix C and D as well as in Figures 5.7 and 5.8 below.  The achieved 


pretensions for minimum and standard bolt diameters were not affected significantly by 


this alteration.  All of the F1852/A325 strength bolts were well above the required 


pretension.  A few of the A490 strength, 7/8 in. bolts were just below the required 


strength, which is consistent with the previous tests.  The 3/4 in. and 1 in. bolts were not 


affected significantly by the short-slotted holes.  Average pretensions for both of these 


were well within the expected scatter.  Comparing Figures 5.7 and 5.8 with Figures C.1, 


C.2, D.1 and D.2 also shows the minor effects of off-centering the bolt. 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure 5.7: F1852/A325 Strength, Off-Centered Bolts 
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All A490 Off-Centered Bolts
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Figure 5.8: A490 Strength, Off-Centered Bolts 
 
 


The tests conducted on the A325 and A490 centered bolts along with the tests on the 


A325 and A490 off-centered bolts demonstrates the lack of influence that hole diameter 


has on achieved pretension.  The hole diameter, whether standard, oversized, grossly 


oversized or long-slotted relates directly to bearing area under the twist-off bolt head.  


Whether the bearing area is large or small, it will not affect the achieved pretension force 


in a twist-off bolt.  This is due to the type of bolts used along with the method needed for 


tightening – torque control.           
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6.  CONCLUSIONS 
 
The purpose of this investigation was to determine if RCSC Specification should be 


modified to allow for smaller bolt heads on twist-off bolts.  The current specification 


removes washer requirements for bolts with a head bearing diameter equal to that of an 


F436 washer.  The ASTM F1852 specification allows for smaller bolt head diameters.   
 


Testing was conducted on bolts with both minimum and a manufacturer's standard head 


diameter.  The bolts ranged in size from 5/8 in. to 1-1/8 in., and included both 


F1852/A325 and A490 strength.  These bolts were tested on various hole sizes in both 


centered and off-centered positions. A total of 434 bolts were tested, half with minimum 


head diameter, the other half with the manufacturer's standard head diameter.  Of the 217 


minimum head diameter bolts, only three were under the required pretension force and 


deemed unacceptable.  Of those with the manufacturer's standard head diameter, five of 


the 217 bolts were found to be unacceptable.  Overall, both head diameters performed 


well in all circumstances, regardless of hole size and type. 
  


Final analysis of the data has shown that there is no significant difference in the achieved 


pretension force between the manufacturer's standard head and minimum bolt head 


diameter.  The data clearly indicates that the minimum head diameter is able to attain the 


same pretension force as the manufacturer's standard head diameter. 
 


More significantly to the issue of the RCSC Specification provisions regarding twist-off 


bolt head diameter, the size of the hole is also shown to not affect the pretension force in 


the bolt.  The pretension expected to be achieved with a bolt with the minimum F1852 


head diameter is the same as that of a bolt with a larger head diameter equal to the size of 


a F436 washer, if the hole size meets the RCSC Specification limitations on hole size. 
 


This conclusion can be drawn from the fact that amount of bearing surface under the 


twist-off bolt head does not affect achieved bolt pretension. This was demonstrated by 


measuring bolt pretension in grossly oversized round holes, when used centered in long-


slotted holes, and when off-centered in slotted holes, without the presence of a washer 


beneath the head as called for in the RCSC Specification. There was no significant 


reduction in achieved bolt pretension from that of a standard hole diameter, even with 
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minimum bolt head diameters, when these bolts were used in bolt holes that exceeded the 


oversized diameter permitted by the RCSC Specification. Similarly, the bolt bearing area 


was at a minimum when used centered in long-slotted holes, yet the achieved bolt 


pretension was virtually identical to that achieved in a standard hole. 
 


Tests using A490 strength level twist-off bolts in very low-strength steel plate also 


demonstrated that the achieved pretension was not significantly reduced with either 


oversized or slotted holes, compared to standard holes. 
 


Because the twist-off bolt uses torque control to establish the shearing of the bolt spline, 


it is not affected by the amount of embedment in the steel plate that occurs beneath the 


bolt head. There is a reduction in achieved pretension if turn-of-nut methods are used, as 


embedment depths increase, as demonstrated by prior University of Illinois tests. The 


amount of embedment of the steel beneath the bolt head increases with smaller bolt head 


size, with increasing bolt hole diameter, higher strength (A490 strength compared to 


F1852/A25 strength) bolts, and lower strength material, but there is no correlation with 


bolt pretension associated with the amount of embedment when the twist-off bolt method 


is used.  
 


The RCSC Specification footnote (a) to Table 6.1 should be revised to reflect that 


washers are not required beneath the bolt head of a twist-off bolt provided that the bolt 


head diameter meets the minimum head diameter requirements of ASTM F1852, rather 


than provide a bearing circle equal to or greater than that of an F436 washer. Similarly, 


section 6.2.1 should be revised to state that a washer is not required beneath the head of 


an A490-strength twist-off bolt when used in steels with a specified minimum yield 


strength less than 40 ksi, provided the bolt head diameter meets the minimum head 


diameter requirements of ASTM F1852. 
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APPENDIX A 
 


BOLT INSPECTION CERTIFICATES 
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Figure A.1: Bolt Certificate for 5/8", F1852/A325 Strength Bolts 
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Figure A.2: Bolt Certificate for 3/4", F1852/A325 Strength Bolts 
 







 24


 
 


 
 
 
 


 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
 
 
 


 
 


Figure A.3: Bolt Certificate for 3/4", A490 Strength Bolts 
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Figure A.4: Bolt Certificate for 7/8", F1852/A325 Strength Bolts 
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Figure A.5: Bolt Certificate for 7/8", A490 Strength Bolts 
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Figure A.6: Bolt Certificate for 1", F1852/A325 Strength Bolts 
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Figure A.7: Bolt Certificate for 1", A490 Strength Bolts 
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Figure A.8: Bolt Certificate for 1-1/8", F1852/A325 Strength Bolts 
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Figure A.9: Bolt Certificate for 1-1/8", A490 Strength Bolts 
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APPENDIX B 
 


GRAPHICS OF BOLT AND PLATE LAYOUTS 
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Figure B.1: Bolt and Plate Layout for 1" Bolt in Standard Hole 
(Drawn to Scale) 
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F1852 Bolt Head 
(1.771" Diameter) 


4"x4"x1/4" Test Plate 


Oversized Hole 
(1-5/16" Diameter)


F436 Washer 
(2" Diameter) 
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Figure B.2: Bolt and Plate Layout for 1" Bolt in Oversized Hole 
(Drawn to Scale) 
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F436 Washer 
(2" Diameter) 


F1852 Bolt Head 
(1.771" Diameter) 4"x4"x1/4" Test Plate


Long-Slotted Hole 
(1-1/16" x 2-1/2") 


Unytite Bolt Head 
(1.846" Diameter) 


 
 
 
 
 
 
 
 
 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure B.3: Bolt and Plate Layout for 1" Bolt in Long-Slotted Hole 
(Drawn to Scale) 
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APPENDIX C 
 


TEST RESULTS FOR F1852/A325 STRENGTH BOLTS 
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Figure C.1: All F1852/A325 Strength, Centered Bolts, Minimum Head 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure C.2: All F1852/A325 Strength, Centered Bolts, Standard Head 
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Figure C.3: Results for 5/8" F1852/A325 Strength, Centered Bolts, 
Minimum & Standard Heads 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure C.4: Results for 3/4" F1852/A325 Strength, 
Centered & Off-Centered Bolts, Minimum & Standard Heads  
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All 7/8", F1852/A325 Centered & Off-Centered Bolts
F1852 Minimum & Manufacturer's Standard Head Diameters
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Figure C.5: Results for 7/8" F1852/A325 Strength, 
 Centered & Off-Centered Bolts, Minimum & Standard Heads 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure C.6: Results for 1" F1852/A325 Strength, 
 Centered & Off-Centered Bolts, Minimum & Standard Heads 
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All 1-1/8", F1852/A325 Centered & Off-Centered Bolts
F1852 Minimum & Manufacturer's Standard Head Diameters
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Figure C.7: Results for 1-1/8" F1852/A325 Strength, 
Centered & Off-Centered Bolts, Minimum & Standard Heads 
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Table C.1: Pretension Force in Kips for 5/8" Bolts 
(F1852/A325 Strength, F1852 Minimum Head Diameter) 


 
 


    Required Bolt Pretension = 19 kips 
 
 
 


Table C.2: Pretension Force in Kips for 5/8" Bolts 
(F1852/A325 Strength, Manufacturer’s Standard Head Diameter) 


 
 


    Required Bolt Pretension = 19 kips 
 
 


 


Test # 11/16" 13/16" 7/8" 15/16" 11/16" x 1-9/16"


24 24 24 25 23


24 23 24 24 22


24 25 23 23 22


23 25 23 22 21


24 25 24 22 23


24 25 24 22 22


24 23 22 24 23


24 23 22 23 23


25 23 23 23 24


24 22 23 23 23
Avg Initial 24.2 24.0 23.2 23.4 23.0


Avg Relaxed 23.8 23.6 23.2 22.8 22.2


Hole Size in Plate


1


2


3


4


5


Test # 11/16" 13/16" 7/8" 15/16" 11/16" x 1-9/16"


25 24 25 23 25


25 24 25 23 25


23 24 24 25 24


23 24 24 25 24


22 24 25 25 24


22 24 25 25 24


24 24 22 23 24


24 24 22 23 24


24 23 25 23 22


24 23 25 23 22
Avg Initial 23.6 23.8 24.2 23.8 23.8


Avg Relaxed 23.6 23.8 24.2 23.8 23.8


Hole Size in Plate


5


1


2


3


4
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Table C.3: Pretension Force in Kips for 3/4" Bolts 
(F1852/A325 Strength, F1852 Minimum Head Diameter)  


 
  


Required Bolt Pretension = 28 kips 
 
 
 


Table C.4: Pretension Force in Kips for 3/4" Bolts 
(F1852/A325 Strength, Manufacturer’s Standard Head Diameter) 


 
 


Required Bolt Pretension = 28 kips 
 
 
 


Test # 13/16" 1" 1-1/16" 13/16" x 1-7/8" 1-1/16" x 1-5/16" OC


37 32 39 35 31


36 31 38 34 31


34 32 36 36 35


34 32 35 35 34


36 35 37 38 34


36 34 37 37 34


38 38 36 39 37


37 38 36 39 37


38 35 39 42


38 35 39 41
Avg Initial 36.6 34.4 37.4 38.0 34.3


Avg Relaxed 36.2 34.0 37.0 37.2 34.0


Hole Size in Plate


4


5


1


2


3


Test # 13/16" 1" 1-1/16" 13/16" x 1-7/8" 1-1/16" x 1-5/16" OC


36 31 34 33 36


36 30 33 32 36


38 32 37 39 40


37 32 36 39 40


38 32 39 37 35


38 31 38 37 35


32 30 35 38 38


32 29 35 37 37


31 33 36 33


30 32 35 33
Avg Initial 35.0 31.6 36.2 36.0 37.3


Avg Relaxed 34.6 30.8 35.4 35.6 37.0


2


3


4


5


1


Hole Size in Plate
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Table C.5: Pretension Force in Kips for 7/8" Bolts 
(F1852/A325 Strength, F1852 Minimum Head Diameter) 


 
 


    Required Bolt Pretension = 39 kips 
  
 
 


Table C.6: Pretension Force in Kips for 7/8" Bolts 
(F1852/A325 Strength, Manufacturer’s Standard Head Diameter) 


 
 


    Required Bolt Pretension = 39 kips  
 


 


Test # 15/16" 1-1/8" 1-3/16" 15/16" x 2-3/16" 1-3/16" OC


49 49 48 43 49


48 49 47 42 48


48 49 51 48 50


47 48 51 47 49


45 46 51 48 46


44 45 50 47 45


47 52 52 50 55


46 51 51 50 54


45 54 47 49


45 53 46 48
Avg Initial 46.8 50.0 49.8 47.6 50.0


Avg Relaxed 46.0 49.2 49.0 46.8 49.0


Hole Size in Plate


1


2


3


4


5


Test # 15/16" 1-1/8" 1-3/16" 15/16" x 2-3/16" 1-3/16" OC


46 48 47 52 48


46 47 47 52 47


47 44 47 48 45


47 43 46 47 44


51 49 48 49 53


50 48 47 49 52


49 48 51 50 50


48 47 50 49 50


52 48 46 54


51 48 45 53
Avg Initial 49.0 47.4 47.8 50.6 49.0


Avg Relaxed 48.4 46.6 47.0 50.0 48.3


Hole Size in Plate


1


2


3


4


5
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Table C.7: Pretension Force in Kips for 1" Bolts 
(F1852/A325 Strength, F1852 Minimum Head Diameter) 


 
 


Required Bolt Pretension = 51 kips 
 
 
 


Table C.8: Pretension Force in Kips for 1" Bolts 
(F1852/A325 Strength, Manufacturer’s Standard Head Diameter) 


 
 


Required Bolt Pretension = 51 kips 
 
 


Test # 1-1/16" 1-1/4" 1-5/16" 1-1/16" x 2-1/2" 1-3/16" x 1-9/16" OC


60 60 65 58 58


59 59 64 57 57


66 62 64 63 59


64 61 63 62 58


59 58 62 62 58


58 57 61 61 57


62 62 61 66 61


61 61 60 65 60


60 59 66 63


59 58 65 62
Avg Initial 61.4 60.2 63.6 62.4 59.0


Avg Relaxed 60.2 59.2 62.6 61.4 58.0


5


1


2


3


4


Hole Size in Plate


Test # 1-1/16" 1-1/4" 1-5/16" 1-1/16" x 2-1/2" 1-3/16" x 1-9/16" OC


60 70 63 54 57


59 69 62 53 56


71 63 66 60 60


69 62 65 59 59


62 67 74 65 55


61 66 72 64 54


67 61 67 60 58


66 60 66 59 57


66 56 57 57


65 55 56 56
Avg Initial 65.2 63.4 65.4 59.2 57.5


Avg Relaxed 64.0 62.4 64.2 58.2 56.5


3


4


5


1


2


Hole Size in Plate
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Table C.9: Pretension Force in Kips for 1-1/8" Bolts 
(F1852/A325 Strength, F1852 Minimum Head Diameter) 


 
 


    Required Bolt Pretension = 56 kips 
 
 
 


Table C.10: Pretension Force in Kips for 1-1/8" Bolts 
(F1852/A325 Strength, Manufacturer’s Standard Head Diameter) 


 
 


    Required Bolt Pretension = 56 kips 


Test # 1-3/16" 1-7/16" 1-1/2" 1-3/16" x 2-13/16" 1-1/2" OC


85 84 78 81 87


84 82 77 80 86


82 83 74 85 85


81 81 73 83 84


79 81 84 77 84


78 80 82 75 83


79 82 79 78 90


78 80 78 77 89


77 82 79 81


76 80 77 79
Avg Initial 80.4 82.4 78.8 80.4 86.5


Avg Relaxed 79.4 80.6 77.4 78.8 85.5


5


1


2


3


4


Hole Size in Plate


Test # 1-3/16" 1-7/16" 1-1/2" 1-3/16" x 2-13/16" 1-1/2" OC


79 80 77 79 78


78 79 76 78 77


80 81 85 78 84


79 79 83 77 83


82 76 77 81 79


81 75 76 80 78


78 81 75 83 86


77 80 73 82 85


78 79 78 79


77 78 77 77
Avg Initial 79.4 79.4 78.4 80.0 81.8


Avg Relaxed 78.4 78.2 77.0 78.8 80.8


3


4


5


1


2


Hole Size in Plate
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APPENDIX D 
 


TEST RESULTS FOR A490 STRENGTH BOLTS 
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All A490 Centered Bolts - F1852 Mimimum Head Diameter
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Figure D.1: All A490 Strength, Centered Bolts, Minimum Head 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure D.2: All A490 Strength, Centered Bolts, Standard Head 
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All 3/4", A490 Centered & Off-Centered Bolts
F1852 Minimum & Manufacturer's Standard Head Diameters
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Figure D.3: Results for 3/4" A490 Strength, 
Centered & Off-Centered Bolts, Minimum & Standard Heads, 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure D.4: Results for 7/8" A490 Strength, 
Centered & Off-Centered Bolts, Minimum & Standard Heads 
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All 1", A490 Centered & Off-Centered Bolts
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Figure D.5: Results for 1" A490 Strength, 
Centered & Off-Centered Bolts, Minimum & Standard Heads 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


Figure D.6: Results for 1-1/8" A490 Strength, 
Centered & Off-Centered Bolts, Minimum & Standard Heads 
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Table D.1: Pretension Force in Kips for 3/4" Bolts 
(A490 Strength, F1852 Minimum Head Diameter) 


 
 


Required Bolt Pretension = 35 kips   
 
 
 


Table D.2: Pretension Force in Kips for 3/4" Bolts 
(A490 Strength, Manufacturer’s Standard Head Diameter) 


 
 


Required Bolt Pretension = 35 kips 
 


 
 


Test # 13/16" 1" 1-1/16" 13/16" x 1-7/8" 1-1/16" x 1-5/16" OC


39 39 40 35 44


39 38 40 35 44


42 38 44 42 40


42 38 43 42 39


44 42 41 41 42


43 42 40 40 42


39 41 42 42 40


38 41 42 42 39


42 39 44 41


41 39 43 40
Avg Initial 41.2 39.8 42.2 40.2 41.5


Avg Relaxed 40.6 39.6 41.6 39.8 41.0


Hole Size in Plate


1


2


3


4


5


Test # 13/16" 1" 1-1/16" 13/16" x 1-7/8" 1-1/16" x 1-5/16" OC


47 39 41 44 42


47 39 40 43 42


40 42 44 45 41


40 42 43 44 40


42 38 36 41 39


42 37 36 40 38


42 44 36 40 43


41 43 36 39 43


41 46 40 39


41 45 39 39
Avg Initial 42.4 41.8 39.4 41.8 41.3


Avg Relaxed 42.2 41.2 38.8 41.0 40.8


Hole Size in Plate


5


1


2


3


4
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Table D.3: Pretension Force in Kips for 7/8" Bolts 
(A490 Strength, F1852 Minimum Head Diameter) 


 
 


    Required Bolt Pretension = 49 kips 
 
 


 
Table D.4: Pretension Force in Kips for 7/8" Bolts 


(A490 Strength, Manufacturer’s Standard Head Diameter) 
 
 


    Required Bolt Pretension = 49 kips 
    *Excluded from Averages 
 


 


Test # 15/16" 1-1/8" 1-3/16" 15/16" x 2-3/16" 1-3/16" OC


52 53 50 55 46


51 52 49 55 45


50 52 54 52 52


49 52 53 51 51


52 52 50 51 49


51 51 50 50 48


51 55 49 54 51


50 54 48 53 51


51 56 56 53


50 55 55 52
Avg Initial 51.2 53.6 51.8 53.0 49.5


Avg Relaxed 50.2 52.8 51.0 52.2 48.8


Hole Size in Plate


1


2


3


5


4


Test # 15/16" 1-1/8" 1-3/16" 15/16" x 2-3/16" 1-3/16" OC


55 53 50 53 51


54 52 49 52 51


  42 * 56 55 54 51


  42 * 55 54 53 50


52 58 53 55 48


51 57 53 54 48


51 54 51 49 56


51 53 51 48 55


49 51 54 53


48 50 54 52
Avg Initial 51.8 54.4 52.6 52.8 51.5


Avg Relaxed 51.0 53.4 52.2 51.8 51.0


Hole Size in Plate


5


1


2


3


4
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Table D.5: Pretension Force in Kips for 1" Bolts 
(A490 Strength, F1852 Minimum Head Diameter) 


 
 


Required Bolt Pretension = 64 kips 
 
 
 


Table D.6: Pretension Force in Kips for 1" Bolts 
(A490 Strength, Manufacturer’s Standard Head Diameter) 


 
 


Required Bolt Pretension = 64 kips  
 
 


Test # 1-1/16" 1-1/4" 1-5/16" 1-1/16" x 2-1/2" 1-3/16" x 1-9/16" OC


81 72 69 74 74


80 71 68 73 73


72 72 69 73 72


71 71 68 72 71


79 74 80 78 76


78 73 79 77 75


75 68 77 72 68


74 67 76 71 67


68 73 73 70


67 72 72 69
Avg Initial 75.0 71.8 73.6 73.4 72.5


Avg Relaxed 74.0 70.8 72.6 72.4 71.5


5


1


2


3


4


Hole Size in Plate


Test # 1-1/16" 1-1/4" 1-5/16" 1-1/16" x 2-1/2" 1-3/16" x 1-9/16" OC


73 73 75 73 74


72 72 74 72 73


64 74 80 80 81


63 73 79 79 80


68 76 73 69 80


67 75 72 68 79


69 75 73 67 71


68 74 72 66 70


71 71 71 69


70 70 70 68
Avg Initial 69.0 73.8 74.4 71.6 76.5


Avg Relaxed 68.0 72.8 73.4 70.6 75.5


5
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4


Hole Size in Plate
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Table D.7: Pretension Force in Kips for 1-1/8" Bolts 
(A490 Strength, F1852 Minimum Head Diameter) 


 
 


    Required Bolt Pretension = 80 kips 
 
 


 
Table D.8: Pretension Force in Kips for 1-1/8" Bolts 


(A490 Strength, Manufacturer’s Standard Head Diameter) 
 
 


    Required Bolt Pretension = 80 kips 
 


 
 


Test # 1-3/16" 1-7/16" 1-1/2" 1-3/16" x 2-13/16" 1-1/2" OC


103 98 105 102 96


101 96 103 100 94


96 96 102 107 104


95 94 100 105 102


96 97 104 103 110


94 95 102 101 108


103 107 102 92 99


102 105 100 90 97


96 100 97 94


95 98 95 92
Avg Initial 98.8 99.6 102.0 99.6 102.3


Avg Relaxed 97.4 97.6 100.0 97.6 100.3


5


1


2


3


4


Hole Size in Plate


Test # 1-3/16" 1-7/16" 1-1/2" 1-3/16" x 2-13/16" 1-1/2" OC


98 98 105 103 106


96 96 104 101 105


97 104 104 97 102


96 102 102 95 101


96 103 110 115 96


95 101 108 113 95


96 100 104 112 105


94 99 103 110 104


106 95 102 99


104 93 100 97
Avg Initial 98.6 100.0 105.0 105.2 102.3


Avg Relaxed 97.0 98.2 103.4 103.2 101.3


5


1


2


3


4


Hole Size in Plate
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APPENDIX E 
 


PHOTOS TAKEN DURING TESTING 
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Figure E.1: Rear View of Typical Skidmore Setup 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure E.2: Manufacturer’s Standard and F1852 Minimum Bolt Heads 
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Figure E.3: Tone Wrenches Used for Tightening 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


 
Figure E.4: Setup for 1" Bolt, A490 Strength, Off-Centered Test 
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Ballot Item 6.2: (S09-026) – “Group A and Group B” 
 
Peter Birkemoe (NEGATIVE) 
While this is convenient, it infers a message of equivalence that is not intended. As long as F1852 and F2280 
have been head marked A325 TC and A490 TC, the identifications of equivalency are self explaining.  
Identifying A or B Bolts on a design or drawing would be inappropriate.  Book keeping issues aside the 
identification   
 
Robert Connor (NEGATIVE) 
I don't see this as a simplification and feel it will make things more difficult for educators in the classroom.  
Sorry, but I felt strongly enough to vote no.   
 
Mike Friel (NEGATIVE) 
After having read the headings on the many pages of the RCSC Specification that would be changed to group A 
or B from the actual ASTM standards, I believe the A/B designation would be confusing to the many people 
who do not necessarily read the Specification on a daily basis, especially folks working in the field.  I believe 
that more consideration & discusion is required of the pros & cons of creating a new way of refering to structual 
bolts that may uptimately become part of the lexicon of the entier structural steel industry. 
 
Jim Gialamas (AFFIRMATIVE) 
I believe this Group A/Group B may cause some confusion, but it is not a major problem (may require a little 
discussion and training).    
 
Joe Greenslade (AFFIRMATIVE) 
To me the terms Group 120 and Group 150 would be easier to remember their signifiance when reading the 
standard. 
 
Allen Harold (AFFIRMATIVE) 
Do we have any issue with the fact that AISC Group A includes A354 Grade BC and A449 and AISC Group B 
includes A354 Grade BD? Is there a potential for confusion or misuse of the RCSC Specification by people 
assuming that Group A covers ALL of the same ASTM standards in both AISC and RCSC?   Ballot Item 17:  
The last line should read as follows: "…involving Group B bolt assemblies."  Ballot Item 21:  add the words 
"bolt assembly" after "Group A or Group B". 
 
Curtis Mayes (AFFIRMATIVE) 
I am voting without regard to S09-026 since I do not have a copy of  S09-026. 
 
David Sharp (ABSTAIN) 
The writer finds the categorization of bolts into Group A and Group B unnecessarily confusing.  I can't imagine 
we intend to add more strength category groups. 
 
Floyd Vissat (AFFIRMATIVE) 
Ballot item # 8: Suggest leaving Section 2.3 and Subsections 2.3.1, 2.3.2 and 2.3.3 as they are. Add subsection 
2.3.4. Strength Level Designation: This specification also uses strength level designations where provisions 
apply equally to heavy-hex structural bolts and twist-off-type tension-control assemblies. ASTM A325 and 
ASTM F1852 twist-off type tension-control assemblies are designated Group A. ASTM A490 and ASTM 
F2280 twist-off type tension-control assemblies are designated Group B. 
Ballot item # 9: First sentence: Group B bolts, ASTM F1852 twist-off-type tension-control bolts and…. 
Ballot item # 17: Last sentence (for consistency with first sentence; eliminates reference to ASTM…for 
applications involving Group B bolt assemblies. 
Ballot item #21: First sentence….transmitted by a Group a or group B bolt, the ultimate… 







 10


 
Joe Yura (AFFIRMATIVE) 
There are already Class A and Class B surfaces related to slip critical joints. Would it be better to use a different 
designation than A and B.   
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Agenda Item 9.6 43 Standard Hole Sizes – Large Bolts 


2010 Agenda Item 5.11 
 
2009 Ballot Item 6.2:  (S09-026) – “Group A / Group B Referencing" 
 
As Balloted 
 
1.4.  Drawing Information 


The Engineer of Record shall specify the following information in the contract documents 
(1) The ASTM designation or strength level group and type (Section 2) of bolt to be 


used; 
 


2.3  Strength level designations 
2.3.1 This specification uses strength level designations where provisions apply equally to heavy-


hex structural bolts and twist-off-type tension control bolt assemblies.   ASTM A325 bolts 
and ASTM F1852 twist-off-type tension control bolt assemblies are designated Group A. 
ASTM A490 bolts and ASTM F2280 twist-off-type tension control bolt assemblies are 
designated Group B. 


 
 (Editor note: Please renumber current subsequent sections 2.3 through 2.8 to 2.4 through 2.9) 
 
2.3.3. Reuse: ASTM A490 bolts,Group B bolts and galvanized ASTM A325 bolts shall not be 


reused. When approved by the Engineer of Record, black ASTM A325 bolts are permitted 
to be reused. Touching up or re-tightening bolts that may have been loosened by the 
installation of adjacent bolts shall not be considered to be a reuse. 


{Note: Addition to this paragraph for F1852 bolts is included in S09-025 and is not 
repeated here.} 
 
3.1  Connected Plies  
 {No changes to body of specification in this section.} 


Commentary: 
The presence of gaskets, insulation or any compressible materials other than the specified 
coatings within the grip would preclude the development and/or retention of the installed 
pretensions in the bolts, when required.  


ASTM A325, F1852, and A490 Group A and B bolt assemblies are ductile enough to 
deform to a surface with a slope that is less than or equal to 1:20 with respect to a plane 
normal to the bolt axis. Greater slopes are undesirable because the resultant localized 
bending decreases both the strength and the ductility of the bolt. 


 
4.1  Snug-Tightened Joints  
 {No changes to body of specification in this section.} 
 


Commentary: 
{Modify the last paragraph as shown} 
Snug-tightened joints are also permitted for statically loaded applications involving ASTM 
A325 bolts and ASTM F1852 twist-off-type tension-control Group A bolt assemblies in 
direct tension. However, snug-tightened installation is not permitted for these fasteners in 
applications involving non-static loading, nor for applications involving ASTM A490 bolts 
Group B bolt assemblies. 


 
4.2  Pretensioned Joints  


{Modify item (5) in the first paragraph 
(5) Joints with ASTM A490 Group B bolts that are subject to tension or combined shear and 
tension, with or without fatigue. 


 
5.1.  Design Shear and Tensile Strengths 


Shear and tensile strengths shall not be reduced by the installed bolt pretension. For joints, 


Deleted: With this edition of this 
Specification, s
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the design shear and tensile strengths shall be taken as the sum of the strengths of the 
individual bolts.  
The design strength in shear or the design strength in tension for an ASTM A325, A490 or 
F1852 a Group A or Group B bolt is φRn, where φ= 0.75 and: 
{Remainder of section unchanged} 


 
 


Table 5.1 Nominal Strengths per Unit Area of Bolts 
Nominal Strength per Unit Area, 


Fn, ksi 
Applied Load Condition ASTM A325 or 


F1852 Bolt 
Group A 


ASTM A490 
Bolt 


Group B 
Static 90 113 Tensiona Fatigue See Section 5.5 


Threads 
included in 
shear plane 


45 60 
Sheara,b Threads 


excluded from 
shear plane 


60 75 


a  Except as required in Section 5.2 
b In shear connections that transmit axial force and have length between 


extreme bolts measured parallel to the line of force exceeds 50 in., 
tabulated values shall be reduced by 20 percent.  


 
5.2.  Combined Shear and Tension 


When combined shear and tension loads are transmitted by an ASTM A325, A490 or 
F1852 a Group A or Group B bolt, the ultimate limit-state interaction shall be 


 
Table 5.2. Maximum Tensile Stress for Fatigue Loading 


Maximum Bolt Stress for Design at Service 
Loadsa, ksi 


Number of Cycles ASTM A325 or F1852 
Bolt 


Group A 
ASTM A490 Bolt 


Group B 


Not more than 20,000 44 54 
From 20,000 to 500,000 40 49 


More than 500,000 31 38 
a Including the effects of prying action, if any, but excluding the pretension. 


 
6.2 Pretensioned Joints and Slip-Critical Joints 
6.2.1. Specified Minimum Yield Strength of Connected Material Less Than 40 ksi: 


When ASTM A490 Group B bolts are pretensioned in connected material of specified 
minimum yield strength less than 40 ksi, ASTM F436 washers shall be used under both the 
bolt head and nut, except that a washer is not needed under the head of an A490-
strengthF2280 round head twist-off bolt that meets the minimum bearing circle diameter 
requirements of ASTM F1852. 


 
Table 6.1 Washer Requirements for Bolted Joints with Oversized and Slotted Holes in the 


Outer Ply 
 


ASTM Nominal Hole Type in Outer Ply 
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Group db, in. 
A325 or 
F1852 


Group A 
½-1½ 


≤ 1 


ASTM F436a 


5/16-in.-thick 
plate washer 
or continuous 


barb, c 


A490  
Group B >1 ASTM F436 with 5/16 in. 


Thicknessb,d 


ASTM F436 
washer with 
either a 3/8-


in.- thick 
structural 


grade plate 
washer or 
continuous 


barb 
a This requirement shall not apply to heads of round head tension-control bolt 
assemblies that meet the requirements in Section 2.7 and provide a bearing circle 
diameter that meets the requirements of ASTM F1852 or F2280. 
b Multiple washers with a combined thickness of 5/16 in. or larger do not satisfy 
this requirement. 
 c The plate washer or bar shall be of structural-grade steel material, but need not 
be hardened. 
d Alternatively, a 3/8-in.-thick plate washer and an ordinary thickness F436 washer 
may be used. The plate washer need not be hardened. 


 
Washer Requirement Commentary 
{The first two paragraphs of the commentary are unchanged.  Modify the remainder of the 
commentary as noted.} 
Heat-treated washers not less than 5/16 in. thick are required to cover oversized and short-
slotted holes in external plies, when ASTM A490 Group B bolts of diameter larger than 1 in. 
are used, except per footnote d. This was found necessary to distribute the high clamping 
pressure so as to prevent collapse of the hole perimeter and enable the development of the 
desired clamping force. Preliminary investigation has shown that a similar but less severe 
deformation occurs when oversized or slotted holes are in the interior plies. The reduction 
in clamping force may be offset by “keying,” which tends to increase the resistance to slip. 
These effects are accentuated in joints of thin plies. When long-slotted holes occur in an 
outer ply, 3/8 in. thick plate washers or continuous bars and one ASTM F436 washer are 
required in Table 6.1. This requirement can be satisfied with material of any structural 
grade. Alternatively, either of the following options can be used: 
(3) The use of material with Fy greater than 40 ksi will eliminate the need to also provide 


ASTM F436 washers in accordance with the requirements in Section 6.2.1 for ASTM 
A490 Group B bolts of any diameter. 


(2)  Material with Fy equal to or less than 40 ksi can be used with ASTM F436 washers in 
accordance with the requirements in Section 6.2.1 


This specification previously required a washer under bolt heads with a bearing area 
smaller than that provided by an F436 washer. Tests indicate that the pretension achieved 
with a bolt having the minimum F1852 or F2280 bearing circle diameter is the same as that 
of a bolt with the larger bearing circle diameter equal to the size of an F436 washer, 
provided that the hole size meets the RCSC Specification limitations. (Schnupp, 2003) 


 
Table 7.1 Minimum Bolt Pretension for Pre-Installation Verification 


 


Nominal Bolt 
Diameter db, 


Minimum Bolt Pretension for Pre-Installation Verification, 
kips a 
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in. ASTM A325 and 
F1852 Bolts 


Group A 


ASTM A490  
Bolts 


Group B 
1/2 13 16 
5/8 20 25 
3/4 29 37 
7/8 41 51 
1 54 67 


1-1/8 59 84 
1-1/4 75 107 
1-3/8 89 127 
1-1/2 108 155 


a  Equal to 1.05 times the specified minimum bolt pretension required in Table 
8.1 rounded to the nearest kip. 


 
Table 8.1. Minimum Bolt Pretension for 
Pretensioned and Slip-Critical Joints 


 
Specified Minimum Bolt Pretension Tm, kipsa Nominal Bolt 


Diameter 
db, in. 


ASTM A325 and 
F1852 Bolts 


Group A 


ASTM A490  
Bolts 


Group B 
1/2 12 15 
5/8 19 24 
3/4 28 35 
7/8 39 49 
1 51 64 


11/8 56 80 
11/4 71 102 
13/8 85 121 
11/2 103 148 


a  Equal to 70 percent of the specified minimum tensile strength of 
bolts as specified in ASTM Specifications for tests of full-size ASTM 
A325 and A490 bolts with UNC threads loaded in axial tension, 
rounded to the nearest kip. 


 
B5.1. Allowable Shear and Tensile Stresses  


Shear and tensile strength shall not be reduced by the installed bolt pretension.  For joints, 
the allowable strength shall be based upon the allowable shear and tensile stresses of the 
individual bolts and shall be taken as the sum of the allowable strengths of the individual 
bolts. 


The allowable shear strength or allowable tensile strength for an ASTM A325, A490 or 
F1852 a Group A or Group B bolt is Ra, where: 


{Remainder of section is unchanged.} 
 


B5.2. Combined Shear and Tension Stress 
When combined shear and tension loads are transmitted by an ASTM A325, A490 or 
F1852 a Group A or Group B bolt, the bolt shall be proportioned so that the tensile stress 
Ft, ksi, on the cross-sectional area based upon the nominal diameter of bolt Ab produced by 
forces applied to the connected parts, shall not exceed the values computed from the 
equations in Table B5.2, where fv, the shear stress produced by the same forces, shall not 
exceed the value for shear determined in accordance with the requirements in Section 
B5.1. 


 
Table B5.1. Allowable Stress in Bolts 
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Allowable Stress Fa, ksi 


Applied Load Condition ASTM A325 or 
F1852 Bolt 
Group A 


ASTM A490 Bolt 
Group B 


Static 44 57 Tension a Fatigue See Section B5.5 
Threads included


in shear plane 21 28 
Shear a,b Threads 


excluded 
from shear plane 


30 40 


a Except as required in Section B5.2. 
b In shear connections that transmit axial force and have length between extreme bolts measured 


parallel to the line of force exceeds 50 in., tabulated values shall be reduced by 20 percent. 
 
 
 


Table B5.2. Allowable Tensile Stress Ft for Bolts 
Subject to Combined Shear and Tension 


 
Allowable Tensile Stress Ft , ksi 


Thread Condition ASTM A325 or F1852 Bolt 
Group A 


ASTM A490 Bolt 
Group B 


Threads included in 
Shear plane SQRT((442)-4.39fv


2) SQRT((542)-3.71fv
2) 


Threads excluded 
From shear plane 


SQRT((452)-2.15fv
2) SQRT((542)-1.82fv


2) 


 
 
 


Table B5.3. Allowable Stress for Fatigue Loading 
 


Maximum Bolt Stress for Design at Service 
Loadsa, ksi 


Number of Cycles ASTM A325 or F1852 
Bolt 


Group A 
ASTM A490 Bolt 


Group B 


Not more than 20,000 44 54 
From 20,000 to 500,000 40 49 


More than 500,000 31 38 
a Including the effects of prying action, if any, but excluding the pretension. 


 
 


 
Voting Response: 


43  Affirmative 
3 Negative 
7 Abstain 
6 Affirmative w/ Comment 
1 Abstain w/ Comment 


 
 
Person Vote Comment Proposed Res. Action 
Peter Neg While this is convenient, it infers a message   
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Person Vote Comment Proposed Res. Action 
Birkemoe of equivalence that is not intended. As long 


as F1852 and F2280 have been head 
marked A325 TC and A490 TC, the 
identifications of equivalency are self 
explaining.  Identifying A or B Bolts on a 
design or drawing would be inappropriate.  
Book keeping issues aside the identification  


Robert 
Connor 


Neg I don't see this as a simplification and feel it 
will make things more difficult for educators 
in the classroom.  Sorry, but I felt strongly 
enough to vote no.   


  


Mike Friel Neg After having read the headings on the many 
pages of the RCSC Specification that would 
be changed to group A or B from the actual 
ASTM standards, I believe the A/B 
designation would be confusing to the many 
people who do not necessarily read the 
Specification on a daily basis, especially 
folks working in the field.  I believe that more 
consideration & discussion is required of the 
pros & cons of creating a new way of 
referring to structural bolts that may 
ultimately become part of the lexicon of the 
entire structural steel industry. 


  


Jim 
Gialamas 


Aff I believe this Group A/Group B may cause 
some confusion, but it is not a major 
problem (may require a little discussion and 
training).    


  


Joe 
Greenslade 


Aff To me the terms Group 120 and Group 150 
would be easier to remember their 
signifiance when reading the standard. 


  


Allen 
Harrold 


Aff Do we have any issue with the fact that 
AISC Group A includes A354 Grade BC and 
A449 and AISC Group B includes A354 
Grade BD? Is there a potential for confusion 
or misuse of the RCSC Specification by 
people assuming that Group A covers ALL 
of the same ASTM standards in both AISC 
and RCSC?   Ballot Item 17:  The last line 
should read as follows: "…involving Group B 
bolt assemblies."  Ballot Item 21:  add the 
words "bolt assembly" after "Group A or 
Group B". 


  


Curtis 
Mayes 


Aff I am voting without regard to S09-026 since 
I do not have a copy of  S09-026. 


  


David 
Sharp 


Abs The writer finds the categorization of bolts 
into Group A and Group B unnecessarily 
confusing.  I can't imagine we intend to add 
more strength category groups. 
 


  


Floyd 
Vissat 


Aff Ballot item # 8: Suggest leaving Section 2.3 
and Subsections 2.3.1, 2.3.2 and 2.3.3 as 
they are. Add subsection 2.3.4. Strength 
Level Designation: This specification also 
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Person Vote Comment Proposed Res. Action 
uses strength level designations where 
provisions apply equally to heavy-hex 
structural bolts and twist-off-type tension-
control assemblies. ASTM A325 and ASTM 
F1852 twist-off type tension-control 
assemblies are designated Group A. ASTM 
A490 and ASTM F2280 twist-off type 
tension-control assemblies are designated 
Group B. 
Ballot item # 9: First sentence: Group B 
bolts, ASTM F1852 twist-off-type tension-
control bolts and…. 
Ballot item # 17: Last sentence (for 
consistency with first sentence; eliminates 
reference to ASTM…for applications 
involving Group B bolt assemblies. 
Ballot item #21: First sentence….transmitted 
by a Group a or group B bolt, the ultimate… 


Joe Yura Aff There are already Class A and Class B 
surfaces related to slip critical joints. Would 
it be better to use a different designation 
than A and B.   


  


 





		07 - ExpandedBallotItemsInformation 43

		07 - ExpandedBallotItemsInformation 44

		07 - ExpandedBallotItemsInformation 45

		07 - ExpandedBallotItemsInformation 46

		07 - ExpandedBallotItemsInformation 47

		07 - ExpandedBallotItemsInformation 48

		07 - ExpandedBallotItemsInformation 49






 2


Ballot Item 2: (S07-010) – Section 3.4 “Burrs” 
 
Helen Chen (AFFIRMATIVE) 
1. In the second paragraph, I think that "then the connection has not been adequately snog-tightened, and" could 
be deleted.  It does seem add anything. 
 
Floyd Vissat (AFFIRMATIVE) 
First and second sentences: For consistency throughout the Specification, use in. instead of “symbol” 
designation for inch. 
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2010 Agenda Item 5.2 
Ballot Item 2: (S07-010) – Section 3.4 – “Burrs” 
 
As Balloted 
{Single underlines and strikethroughs indicate changes proposed in the previous ballot cycle.  
Double underlines and strikethroughs indicate changes proposed in the current ballot cycle.} 
3.4 Burrs 


Burrs that extend 1/16 in. or less above the surface are permitted to remain on the faying 
surfaces of snug-tightened joints as defined in Section 4.1 and pretensioned joints as defined 
in Section 4.2.  Burrs that extend over 1/16 in. above the surface shall be removed from all 
joints.  Burrs that would prevent solid seating of the connected plies prior to the pretensioning 
of slip-critical joints as defined in Section 4.3 shall be removed. Burrs less than or equal to 
1/16" in height are permitted to remain on faying surfaces of all joints.  Burrs larger than 1/16" 
in height shall be removed or reduced to 1/16" or less from the faying surfaces of all joints. 


Commentary: 
Polyzois and Yura (1985) and McKinney and Zwerneman (1993) demonstrated that the slip 
resistance of joints was either unchanged or slightly improved by the presence of burrs.  
Therefore, small (1/16 in. or less) burrs that do not prevent solid seating of the connected 
parts need not be removed.  On the other hand, parallel tests in the same program 
demonstrated that large burrs (over 1/16 in.) could cause a small increase in the required nut 
rotation from the snug-tight condition to achieve the specified pretension with the turn-of-nut 
pretensioning method.  In the interest of simplicity, this Therefore, the Specification requires 
that all large burrs be removed or reduced in height. 


Note that prior to pretensioning, the snug-tightening procedure is required to bring the plies 
into firm contact.  If firm contact has not been achieved after snugging due to the presence of 
burrs, then the connection has not been adequately snug-tightened, and additional snugging 
is required to flatten the burrs, bringing the plies into firm contact. 


Rationale: 
Section 3.4 currently allow burrs less than 1/16” in pretensioned joints, but there is an 
additional requirement that burrs less than 1/16” high “that would prevent the solid seating… 
be removed” for slip-critical joints.  This does not appear to make sense as the slip coefficient 
is increased in the presence of small burrs (less than 1/16” high).  If there is not a concern 
regarding the attainment of proper pretension bolt values (using any of the acceptable 
methods) in joints with small burrs (less than 1/16”), this should apply to both pretensioned 
and slip critical joints.   


Voting Response: 
51  Affirmative 
0  Negative 
7 Abstain 
2 Affirmative w/ Comment 
0 Abstain w/ Comment 


BALLOT PASSES!! with minor editorial corrections. 
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Ballot Item 2: (S07-010) – Section 3.4 – “Burrs” 
 
As Resolved (modified editorially) 
 
3.4 Burrs 


Burrs that extend 1/16 in. or less above the surface are permitted to remain on the faying 
surfaces of snug-tightened joints as defined in Section 4.1 and pretensioned joints as defined 
in Section 4.2.  Burrs that extend over 1/16 in. above the surface shall be removed from all 
joints.  Burrs that would prevent solid seating of the connected plies prior to the pretensioning 
of slip-critical joints as defined in Section 4.3 shall be removed. Burrs less than or equal to 
1/16" in. in height are permitted to remain on faying surfaces of all joints.  Burrs larger than 
1/16"in. in height shall be removed or reduced to 1/16 in. or less from the faying surfaces of 
all joints. 


Commentary: 
Polyzois and Yura (1985) and McKinney and Zwerneman (1993) demonstrated that the slip 
resistance of joints was either unchanged or slightly improved by the presence of burrs.  
Therefore, small (1/16 in. or less) burrs that do not prevent solid seating of the connected 
parts need not be removed.  On the other hand, parallel tests in the same program 
demonstrated that large burrs (over 1/16 in.) could cause a small increase in the required nut 
rotation from the snug-tight condition to achieve the specified pretension with the turn-of-nut 
pretensioning method.  In the interest of simplicity, this Therefore, the Specification requires 
that all large burrs be removed or reduced in height. 


Note that prior to pretensioning, the snug-tightening procedure is required to bring the plies 
into firm contact.  If firm contact has not been achieved after snugging due to the presence of 
burrs, additional snugging is required to flatten the burrs, bringing the plies into firm contact. 


 
Person Vote Comment Proposed Res. Action 
Helen 
Chen 


Aff In the second paragraph, I think that 
“then the connection has not been 
adequately snug-tightened, and “ 
could be deleted.  It does not seem to 
add anything. 


 Accepted 
editorially 


Floyd 
Vissat 


Aff First and second sentences: For 
consistency throughout the 
Specification, use in. instead of 
“symbol” designation for inch. 


 Accepted 
editorially 
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Ballot Item 6.1: (S09-025) – “F2280” 
 
Jim Gialamas (AFFIRMATIVE) 
Prefer direct reference to F2280 rather than the Group A/Group B, but this is acceptable. 
 
Curtis Mayes (AFFIRMATIVE) 
Table 2.1 "left side includes ZN/AL references that are not in the current spec. This appears to be a typo, but 
should not effect the vote. I am voting without regard to S09-025 since I do not have a copy of  S09-025. 
 
Floyd Vissat (AFFIRMATIVE) 
Ballot item #6: last paragraph, last sentence: Except for ASTM F1852 and F2280 twist-off type…. 
Ballot item #7: Expand Table 2.1 for F2280, Type 1 bolt to include Zn/Al Inorganic, per ASTM F1136 Grades 
3 & 5 similar to that for A490 bolt, nut and washer. 
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2010 Agenda Item 5.3 
Ballot Item 6.1: (S09-025) – Inclusion of F2280 into Specification 
 
As Approved with minor editorial correction (Section 2.2 Commentary (Vissat)): 
 
Add language to include ASTM F2280 within the specification: 
 
Glossary 
High-Strength Bolt. An ASTM A325 or A490 bolt, an ASTM F1852 or F2280 twist-off-type tension-


control bolt or an alternative-design fastener that meets the requirements in Section 2.8. 
 
Lot. In this Specification, the term lot shall be taken as that given in the ASTM Standard as 


follows: 


Product ASTM Standard See Lot Defn in 
ASTM Section 


A325 9.4 Bolts A490 11.3.2 or 11.4.2 
F1852 13.4 Twist-off-type 


tension control bolt 
assemblies F2280 3.1.1 


Nuts A563 9.2 
Washers F436 9.2 


Compressible-
washer-type direct 
tension indicators 


F959 10.2.2 


 
1.1  Scope 


Commentary: 
This Specification deals principally with two strength grades of high-strength bolts, ASTM 
A325 and A490, and with their design, installation and inspection in structural steel joints. 
Equivalent fasteners, however, such as ASTM F1852 (equivalent to ASTM A325) and 
F2280 (equivalent to ASTM A490) twist-off-type tension-control bolt assemblies, are also 
covered. These provisions may not be relied upon for high-strength fasteners of other 
chemical composition, mechanical properties, or size. These provisions do not apply when 
material other than steel is included in the grip; nor are they applicable to anchor rods. 


This Specification relates only to the performance of fasteners in structural steel joints 
and those few aspects of the connected material that affect this performance. Many other 
aspects of connection design and fabrication are of equal importance and must not be 
overlooked. For more general information on design and issues relating to high-strength 
bolting and the connected material, refer to  current steel design textbooks and the Guide 
to Design Criteria for Bolted and Riveted Joints, 2nd Edition (Kulak et al., 1987). 


 
1.3  Referenced Standards and Specifications 


{Add under the ASTM heading} 
ASTM A490-97 08b Standard Specification for Heat-Treated Steel Structural Bolts,150 ksi 
Minimum Tensile Strength 
ASTM F2280 -08 Standard Specification for “Twist Off” Type Tension Control Structural 
Bolt/Nut/Washer Assemblies, Steel Heat Treated, 150 ksi Minimum Tensile Strength 


 
2.2  Storage of Fastener Components 


Fastener components shall be protected from dirt and moisture in closed containers at the 
site of installation.  Only as many fastener components as are anticipated to be installed 
during the work shift shall be taken from protected storage.  Fastener components that are 
not incorporated into the work shall be returned to protected storage at the end of the work 
shift.  Fastener components shall not be cleaned or modified from the as-delivered 
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condition. 
Fastener components that accumulate rust or dirt shall not be incorporated into the 


work unless they are requalified as specified in Section 7. ASTM F1852 and F2280 twist-
off-type tension-control bolt assemblies and alternative-design fasteners that meet the 
requirements in Section 2.8 shall not be relubricated, except by the manufacturer. 


 
Commentary: 
{3rd paragraph only – First two paragraphs remain unchanged.} 


If fastener components become dirty, rusty, or otherwise have their as received 
condition altered, they may be unsuitable for pre-tensioned installation.  It is also possible 
that a fastener assembly may not pass the pre-installation verification requirements of 
Section 7. Except for ASTM F1852 and F2280 twist-off-type tension-control bolt assemblies 
(Section 2.7) and some alternative-design fasteners (Section 2.8), fastener components 
can be cleaned and lubricated by the fabricator or the erector. Because the acceptability of 
their installation is dependent upon specific lubrication, ASTM F1852 and F2280 twist-off-
type tension-control bolt assemblies and some alternative-design fasteners are suitable 
only if the manufacturer lubricates them. 


 
{Modify Table 2.1 as shown} 


Table 2.1 Acceptable ASTM A563 Nut Grade and 
Finish and ASTM F436 Washer Type and Finish 


ASTM 
Desig. 


Bolt  
Type 


Bolt  
Finish d 


ASTM A563 nut  
grade and finish d 


ASTM F436 washer  
type and finish a,d 


Plain  
(uncoated) 


C, C3, D, DH c  
and DH3; plain 1; plain 


Galvanized DH c; galvanized  
And lubricated 1; galvanized 


1 Zn/Al 
Inorganic, per 
ASTM F1136 


Grade 3 


DH; Zn/Al Inorganic,  
per ASTM F1136  


Grade 5 


1; Zn/Al Inorganic,  
per ASTM F1136  


Grade 3 


A325 


3 Plain C3 and DH3; plain 3; plain 
Plain  


(uncoated) 
C, C3, DH c and 


DH3; plain 1; plain b 


Mechanically 
Galvanized 


DH c; mechanically 
galvanized and  


lubricated 


1; mechanically 
galvanized b 1 


Zn/Al 
Inorganic, per 
ASTM F1136 


Grade 3 


DH c; Zn/Al Inorganic, 
per ASTM F1136  


Grade 5 


1; Zn/Al Inorganic,  
per ASTM F1136  


Grade 3 b 


F1852 


3 Plain C3 and DH3; plain 3; plain b 


Plain DH c and DH3; plain 1; plain 


1 
Zn/Al 


Inorganic, per 
ASTM F1136 


Grade 3 


DH; Zn/Al Inorganic,  
per ASTM F1136  


Grade 5 


1; Zn/Al Inorganic,  
per ASTM F1136  


Grade 3 
A490 


3 Plain DH3; plain 3; plain 
1 Plain DH c and DH3; plain 1; plain F2280 3 Plain DH3; plain 3; plain 







Agenda Item 5.3 10 Ballot Item 6.1 (S09-025) 


a  Applicable only if washer is required in Section 6. 
b  Required in all cases under nut per Section 6. 
c  The substitution of ASTM A194 Grade 2H nuts in place of ASTM A563 grade DH nuts 
is permitted. 
d  "Galvanized" as used in this table refers to hot-dip galvanizing in accordance with 


ASTM A513 or mechanical galvanizing in accordance with ASTM B695. 
e  "Zn/Al Inorganic" as used in this table refers to application of Zn/Al Corrosion 


Protective Coating in accordance with ASTM F1136 and which have met all the 
requirements of IFI-144. 


 
2.3.3. Reuse: ASTM A490 bolts, ASTM F1852 bolts, ASTM F2280 bolts, and galvanized ASTM 


A325 bolts shall not be reused. When approved by the Engineer of Record, black ASTM 
A325 bolts are permitted to be reused. Touching up or re-tightening bolts that may have 
been loosened by the installation of adjacent bolts shall not be considered to be a reuse. 


 
Commentary: 
ASTM A325 and ASTM A490 currently provide for two types (according to metallurgical 
classification) of high-strength bolts, supplied in diameters from 1/2 in. to 1 1/2 in. inclusive. 
Type 1 covers medium carbon steel for ASTM A325 bolts and alloy steel for ASTM A490 
bolts.  Type 3 covers high-strength bolts that have improved atmospheric corrosion 
resistance and weathering characteristics. (Reference to Type 2 ASTM A325 and Type 2 
A490 bolts, which appeared in previous editions of this Specification, has been removed 
following the removal of similar reference within the ASTM A325 and A490 Specifications). 
When the bolt type is not specified, either Type 1 or Type 3 may be supplied at the option 
of the manufacturer. Note that ASTM F1852 and ASTM F2280 twist-off-type tension-control 
bolt assemblies may be manufactured with a button head or hexagonal head; other 
requirements for these fastener assemblies are found in Section 2.7.  


Regular heavy-hex structural bolts and twist-off-type tension-control bolt assemblies 
are required by ASTM Specifications to be distinctively marked. Certain markings are 
mandatory. In addition to the mandatory markings, the manufacturer may apply additional 
distinguishing markings. The mandatory and sample optional markings are illustrated in 
Figure C-2.1. 


 
 


Bolt/Nut Type 1 Type 3 


ASTM A325 
bolt  


Three radial line 120° 
apart are optional 


 


ASTM 
F1852 bolt  


Three radial line 120° 
apart are optional 


 


ASTM A490 
bolt 


  


ASTM 
F2280 bolt 
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Arcs indicate 


Grade C 


 
Arcs with “3” 


indicate Grade 
C3 


 
Grade mark  


D ASTM A563 
nut 


 
Grade mark  


DH 


 
Grade mark  


DH3 
Notes: 
1. XYZ represents the manufacturer’s identification mark. 
2. ASTM F1852 and ASTM F2280 twist-off-type tension-control bolt 
assemblies are 
also produced with heavy-hex head that has similar markings. 


 
{Commentary 2.3.3 paragraphs 3 through 13 are unchanged.} 
{Modify the first sentence of paragraph 14 as shown, remainder of this commentary is 
unchanged.} 


 
There is an exception to the foregoing thread length requirements for ASTM A325 bolts 


but not for ASTM A490 bolts nor , ASTM F1852 nor ASTM F2280 twist-off-type tension-
control bolt assemblies. Supplementary requirements … 


 
2.7.  Twist-Off-Type Tension-Control Bolt Assemblies 
2.7.1. Specifications: Twist-off-type tension-control bolt assemblies shall meet the requirements 


of ASTM F1852 or ASTM F2280. The Engineer of Record shall specify the type of bolt 
(Table 2.1) to be used.  


 
2.7.2. Geometry: Twist-off-type tension-control bolt assembly dimensions shall meet the 


requirements of ASTM F1852 or ASTM F2280. The bolt length used shall be such that the 
end of the bolt extends beyond or is at least flush with the outer face of the nut when 
properly installed. 


 
Commentary: 
It is the policy of the Research Council on Structural Connections to directly recognize only 
those fastener components that are manufactured to meet the requirements in an approved 
ASTM specification. Prior to this edition, the RCSC Specification provided for the use of 
ASTM A325, and  A490 bolts and F1852 twist-off-type tension control bolt assemblies 
directly and alternative-design fasteners meeting detailed requirements similar to those in 
Section 2.8 when approved by the Engineer of Record. With this edition, ASTM F1852 
F2280 twist-off-type tension-control bolt assemblies are now recognized directly. 
Essentially, ASTM F1852 F2280 relates an ASTM A325A490-equivalent product to a 
specific method of installation that is suitable for use in all joint types as described in 
Section 8. Provision has also been retained for approval by the Engineer of Record of other 
alternative-design fasteners that meet the detailed requirements in 2.8.  As an example of 
one such approval, the use of twist-off-type tension-control bolt assemblies with ASTM 
A490 mechanical properties is usually deemed acceptable. 


If galvanized, ASTM F1852 twist-off-type tension-control bolt assemblies are required 
in ASTM F1852 to be mechanically galvanized.  


While specific provisions for reuse of ASTM F1852 twist-off-type tension control bolts 
have not been included in this Specification, those given in Section 2.3.3 for reuse of 
heavy-hex structural bolts are equally applicable if the use of an alternative pretensioning 
method, such as the turn-of-nut pretensioning method, is practical. It is assumed that 







Agenda Item 5.3 12 Ballot Item 6.1 (S09-025) 


rotation of the non-turned element can be restrained. 
 


3.1  Connected Plies  
 {No changes to body of specification in this section.} 


Commentary: 
The presence of gaskets, insulation or any compressible materials other than the specified 
coatings within the grip would preclude the development and/or retention of the installed 
pretensions in the bolts, when required.  


ASTM A325, F1852, and A490, and F2280 bolt assemblies are ductile enough to 
deform to a surface with a slope that is less than or equal to 1:20 with respect to a plane 
normal to the bolt axis. Greater slopes are undesirable because the resultant localized 
bending decreases both the strength and the ductility of the bolt. 


Table 4.1 Summary of Applications and Requirements for Bolted Joints 
{Modify Footnote c of the table.  The rest of the table is unchanged.} 
cPer Section 4.2, the use of ASTM A490 or F2280 bolts in snug-tightened joints with tensile loads 
is not permitted. 


 
4.1  Snug-Tightened Joints  
 {No changes to body of specification in this section.} 
 


Commentary: 
{Modify the last paragraph as shown} 
Snug-tightened joints are also permitted for statically loaded applications involving ASTM 
A325 bolts and ASTM F1852 twist-off-type tension-control bolt assemblies in direct tension. 
However, snug-tightened installation is not permitted for these fasteners in applications 
involving non-static loading, nor for applications involving ASTM A490 bolts and ASTM 
F2280 twist-off-type tension-control bolt assemblies 


 
4.2  Pretensioned Joints  


{Modify item (5) in the first paragraph 
(5) Joints with ASTM A490 or F2280 bolts that are subject to tension or combined shear 
and tension, with or without fatigue. 
 


5.1.  Design Shear and Tensile Strengths 
Shear and tensile strengths shall not be reduced by the installed bolt pretension. For joints, 
the design shear and tensile strengths shall be taken as the sum of the strengths of the 
individual bolts.  
The design strength in shear or the design strength in tension for an ASTM A325, A490, or 
F1852, or F2280 bolt is φRn, where φ= 0.75 and: 
{Remainder of section unchanged} 
 
 


Table 5.1 Nominal Strengths per Unit Area of Bolts 
Nominal Strength per Unit Area, 


Fn, ksi Applied Load Condition ASTM A325 or 
F1852 Bolt 


ASTM A490 or 
F2280 Bolt 


Static 90 113 Tensiona Fatigue See Section 5.5 
Threads 


included in 
shear plane 


45 60 
Sheara,b Threads 


excluded from 
shear plane 


60 75 


Deleted: With this edition of this 
Specification, s
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a  Except as required in Section 5.2 
b In shear connections that transmit axial force and have length between 


extreme bolts measured parallel to the line of force exceeds 50 in., 
tabulated values shall be reduced by 20 percent.  


 
5.2.  Combined Shear and Tension 


When combined shear and tension loads are transmitted by an ASTM A325, A490, or 
F1852, or F2280 bolt, the ultimate limit-state interaction shall be 


 
Table 5.2. Maximum Tensile Stress for Fatigue Loading 


Maximum Bolt Stress for Design at Service 
Loadsa, ksi Number of Cycles ASTM A325 or F1852 


Bolt 
ASTM A490 or F2280 


Bolt 
Not more than 20,000 44 54 


From 20,000 to 500,000 40 49 
More than 500,000 31 38 


a Including the effects of prying action, if any, but excluding the pretension. 
 


6.2 Pretensioned Joints and Slip-Critical Joints 
6.2.1. Specified Minimum Yield Strength of Connected Material Less Than 40 ksi: 


When ASTM A490 or F2280 bolts are pretensioned in connected material of specified 
minimum yield strength less than 40 ksi, ASTM F436 washers shall be used under both the 
bolt head and nut, except that a washer is not needed under the head of an A490-
strengthF2280 round head twist-off bolt that meets the minimum bearing circle diameter 
requirements of ASTM F1852. 


 
Table 6.1 Washer Requirements for Bolted Joints with Oversized and Slotted Holes in the 


Outer Ply 
 
Hole Type in Outer Ply 


ASTM 
Designation 


Nominal 
Bolt 


Diameter, 
db, in. 


Oversized Short-Slotted Long-Slotted 


A325 or 
F1852 ½-1½ 


≤ 1 
ASTM F436a 


5/16-in.-thick 
plate washer 
or continuous 


barb, c 


A490 or 
F2280 >1 ASTM F436 with 5/16 in. 


Thicknessb,d 


ASTM F436 
washer with 
either a 3/8-


in.- thick 
structural 


grade plate 
washer or 
continuous 


barb 
a This requirement shall not apply to heads of round head tension-control bolt 
assemblies that meet the requirements in Section 2.7 and provide a bearing circle 
diameter that meets the requirements of ASTM F1852 or F2280. 
b Multiple washers with a combined thickness of 5/16 in. or larger do not satisfy 
this requirement. 
 c The plate washer or bar shall be of structural-grade steel material, but need not 
be hardened. 
d Alternatively, a 3/8-in.-thick plate washer and an ordinary thickness F436 washer 
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may be used. The plate washer need not be hardened. 
 


Washer Requirement Commentary 
{The first two paragraphs of the commentary are unchanged.  Modify the remainder of the 
commentary as noted.} 
Heat-treated washers not less than 5/16 in. thick are required to cover oversized and short-
slotted holes in external plies, when ASTM A490 or F2280 bolts of diameter larger than 1 
in. are used, except per footnote d. This was found necessary to distribute the high 
clamping pressure so as to prevent collapse of the hole perimeter and enable the 
development of the desired clamping force. Preliminary investigation has shown that a 
similar but less severe deformation occurs when oversized or slotted holes are in the 
interior plies. The reduction in clamping force may be offset by “keying,” which tends to 
increase the resistance to slip. These effects are accentuated in joints of thin plies. When 
long-slotted holes occur in an outer ply, 3/8 in. thick plate washers or continuous bars and 
one ASTM F436 washer are required in Table 6.1. This requirement can be satisfied with 
material of any structural grade. Alternatively, either of the following options can be used: 
(1) The use of material with Fy greater than 40 ksi will eliminate the need to also provide 


ASTM F436 washers in accordance with the requirements in Section 6.2.1 for ASTM 
A490 or F2280 bolts of any diameter. 


(2)  Material with Fy equal to or less than 40 ksi can be used with ASTM F436 washers in 
accordance with the requirements in Section 6.2.1 


This specification previously required a washer under bolt heads with a bearing area 
smaller than that provided by an F436 washer. Tests indicate that the pretension achieved 
with a bolt having the minimum F1852 or F2280 bearing circle diameter is the same as that 
of a bolt with the larger bearing circle diameter equal to the size of an F436 washer, 
provided that the hole size meets the RCSC Specification limitations. (Schnupp, 2003) 
 


7.2 Required Testing  
A representative sample of not fewer than three complete fastener assemblies of each 
combination of diameter, length, grade and lot to be used in the work shall be checked at the site 
of installation in a tension calibrator to verify that the pretensioning method develops a pretension 
that is equal to or greater than that specified in Table 7.1.  Washers shall be used in the pre-
installation verification assemblies as required in the work in accordance with the requirements in 
Section 6.2. 
If the actual pretension developed in any of the fastener assemblies is less than that specified in 
Table 7.1, the cause(s) shall be determined and resolved before the fastener assemblies are 
used in the work. Cleaning, lubrication and retesting of these fastener assemblies, except ASTM 
F1852 or F2280 twist-off-type tension-control bolt assemblies, (see Section 2.2) are permitted, 
provided that all assemblies are treated in the same manner. 
 


Table 7.1 Minimum Bolt Pretension for Pre-Installation Verification 
 


Minimum Bolt Pretension for Pre-Installation Verification, 
kips a Nominal Bolt 


Diameter db, 
in. ASTM A325 and 


F1852 Bolts 
ASTM A490 and 


 F2280 Bolts 
1/2 13 16 
5/8 20 25 
3/4 29 37 
7/8 41 51 
1 54 67 


1-1/8 59 84 
1-1/4 75 107 
1-3/8 89 127 
1-1/2 108 155 
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a  Equal to 1.05 times the specified minimum bolt pretension required in Table 
8.1 rounded to the nearest kip. 


 
Table 8.1. Minimum Bolt Pretension for 
Pretensioned and Slip-Critical Joints 


 
Specified Minimum Bolt Pretension Tm, kipsa Nominal Bolt 


Diameter 
db, in. 


ASTM A325 and 
F1852 Bolts 


ASTM A490 and  
F2280 Bolts 


1/2 12 15 
5/8 19 24 
3/4 28 35 
7/8 39 49 
1 51 64 


11/8 56 80 
11/4 71 102 
13/8 85 121 
11/2 103 148 


a  Equal to 70 percent of the specified minimum tensile strength of 
bolts as specified in ASTM Specifications for tests of full-size ASTM 
A325 and A490 bolts with UNC threads loaded in axial tension, 
rounded to the nearest kip. 


 
 
8.2.3. Twist-Off-Type Tension-Control Bolt Pretensioning: Twist-off-type tension control bolt 


assemblies that meet the requirements of ASTM F1852 or F2280 shall be used. 
{Paragraph 2 is unchanged.} 
 
Commentary: 
ASTM F1852 and F2280 twist-off-type tension-control bolt assemblies have a splined end 
that extends beyond the threaded portion of the bolt.  During installation, this splined end 
….{Remainder of commentary is unchanged.} 
 


9.2.3. Twist-Off-Type Tension-Control Bolt Pretensioning:  
{There are no changes to the body of the specification in this area.} 
Commentary:  
The sheared-off splined end of an installed ASTM F1852 twist-off-type tension-control bolt 
assembly merely signifies that at some time the bolt was subjected to a torque that was 
adequate to cause the shearing. If in fact…Remainder of commentary is unchanged.} 
 


B5.1. Allowable Shear and Tensile Stresses  
Shear and tensile strength shall not be reduced by the installed bolt pretension.  For joints, 
the allowable strength shall be based upon the allowable shear and tensile stresses of the 
individual bolts and shall be taken as the sum of the allowable strengths of the individual 
bolts. 


The allowable shear strength or allowable tensile strength for an ASTM A325, A490, or 
F1852, or F2280 bolt is Ra, where: 


{Remainder of section is unchanged.} 
 


B5.2. Combined Shear and Tension Stress 
When combined shear and tension loads are transmitted by an ASTM A325, A490, or 
F1852, or F2280 bolt, the bolt shall be proportioned so that the tensile stress Ft, ksi, on the 
cross-sectional area based upon the nominal diameter of bolt Ab produced by forces 
applied to the connected parts, shall not exceed the values computed from the equations in 
Table B5.2, where fv, the shear stress produced by the same forces, shall not exceed the 
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value for shear determined in accordance with the requirements in Section B5.1. 
 


Table B5.1. Allowable Stress in Bolts 
 


Allowable Stress Fa, ksi 
Applied Load Condition ASTM A325 or 


F1852 Bolt 
ASTM A490 or 


F2280 Bolt 
Static 44 57 Tension a Fatigue See Section B5.5 


Threads included
in shear plane 21 28 


Shear a,b Threads 
excluded 
from shear plane 


30 40 


a Except as required in Section B5.2. 
b In shear connections that transmit axial force and have length between extreme 
bolts measured 
parallel to the line of force exceeds 50 in., tabulated values shall be reduced by 20 


percent. 
 


Table B5.2. Allowable Tensile Stress Ft for Bolts 
Subject to Combined Shear and Tension 


 
Allowable Tensile Stress Ft , ksi Thread Condition ASTM A325 or F1852 Bolt ASTM A490 or F2280 Bolt 


Threads included in 
Shear plane SQRT((442)-4.39fv


2) SQRT((542)-3.71fv
2) 


Threads excluded 
From shear plane 


SQRT((442)-2.15fv
2) SQRT((542)-1.82fv


2) 


 
 
 


Table B5.3. Allowable Stress for Fatigue Loading 
 


Maximum Bolt Stress for Design at Service 
Loadsa, ksi Number of Cycles ASTM A325 or F1852 


Bolt 
ASTM A490 or F2280 


Bolt 
Not more than 20,000 44 54 


From 20,000 to 500,000 40 49 
More than 500,000 31 38 


a Including the effects of prying action, if any, but excluding the pretension.  
Voting Response: 


51  Affirmative 
0  Negative 
6 Abstain 
3 Affirmative w/ Comment 
0 Abstain w/ Comment 
Ballot passes as corrected (1st Vissat comment relating to Section 2.2 Commentary accepted. 
Vissat comment from Ballot item S09-027 regarding ASTM reference in Lot table accepted.) 


 
 
Person Vote Comment Proposed Res. Action 
Jim Aff Prefer direct reference to F2280 rather  Group 
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Person Vote Comment Proposed Res. Action 
Gialamas than the Group A/Group B, but this is 


acceptable. 
A/ B 
ballot 
did not 
pass 


Curtis 
Mayes 


Aff Table 2.1 “left side includes ZN/AL 
references that are not in the current 
spec.  This appears to be a typo, but 
should not effect the vote.  I am voting 
without regard to S09-025 since I do 
not have a copy of S09-025. 


Zn/Al reference is from a 
previously passed ballot. 


 


Floyd 
Vissat 


Aff Ballot item #6: last paragraph, last 
sentence:  Except for ASTM F1852 
and F2280 twist-off type.. 
Ballot item #7: Expand Table 2.1 for 
F2280, Type 1 to include Zn/Al 
Inorganic, per ASTM F1136 Grades 3 
& 5 similar to that for A490 bolt, nut 
and washer. 


While logical, F1136 
coating has not been 
passed by ASTM in 
regard to F2280. 
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Ballot Item 6.3a: (S09-027) – “Glossary clarify section heading and correct…” 
 
Curtis Mayes (AFFIRMATIVE) 
I am voting without regard to S09-027 since I do not have a copy of  S09-027. 
 
Floyd Vissat (AFFIRMATIVE) 
Ballot item #2: For ASTM F2280, Lot Definition in ASTM Section 3 should be 3.3.1 
 
Add the following to the Glossary: Strength Level Group: Strength level designation, where provisions apply 
equally to heavy-hex structural bolts and twist-off-type tension-control assemblies. ASTM A325 and ASTM 
F1852 twist-off-type tension-control assemblies are designated Group A. ASTM A490 and ASTM F2280 twist-
off-type tension-control assemblies are designated Group B. 
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2010 Agenda Item 5.4 
2009 Ballot Item 6.3a:  (S09-027) “Section heading and ASTM section reference” 
 
As Approved 
Glossary 
 
Lot. In this Specification, the term lot shall be taken as that given in the ASTM Standard as 


follows: 


Product ASTM Standard See Lot Defn in 
ASTM Section 


A325 9.4 
Bolts A490 11.3.2 or 


11.4.211.4 
Twist-off-type 


tension control bolt 
assemblies 


F1852 13.4 


Nuts A563 9.2 
Washers F436 9.2 


Compressible-
washer-type direct 
tension indicators 


F959 10.2.2 


 
 
Rationale or Justification for Change (attach additional pages as needed):   
Correct ASTM reference on lot definition. 


 


Voting Response: 
52  Affirmative 
0  Negative 
6 Abstain 
2 Affirmative w/ Comment 
0 Abstain w/ Comment 


Ballot Passes – No changes made after voting. 
 
 
Person Vote Comment Proposed Res. Action 
Curtis 
Mayes 


Aff I am voting without regard to S09-027 
since I do not have a copy of S09-027. 


  


Floyd 
Vissat 


Aff Ballot item #2: For ASTM F2280, Lot 
Definition in ASTM Section 3 should 
be 3.3.1 
Add the following to the Glossary: 
Strength Level Group: Strength level 
designation, where provisions apply 
equally to heavy-hex structural bolts 
and twist-off-type tension-control 
assemblies. ASTM A325 and ASTM 
F1852 twist-off-type tension-control 
assemblies are designated Group A. 
ASTM A490 and ASTM F2280 twist-
off-type tension-control assemblies are 
designated Group B. 


1st comment is related to 
ballot S09-025 rather than 
this ballot and has been 
incorporated as part of 
that item. 
2nd comment is related to 
ballot S09-026 rather than 
this ballot.  That ballot did 
not pass. 
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Ballot Item 6.3c: (S09-029) – “Appendix B” 
 
Peter Birkemoe (AFFIRMATIVE) 
I have checked none of the formulas in B.1 or B5.2 for correctness 
 
Gilbert Grondin (AFFIRMATIVE) 
The changes in Tables B5 that are not impacted by changes proposed in ballot item 3 are acceptable. 
 
Lawrence Kloiber (AFFIRMATIVE) 
I think the Table B5.2 as shown in the Schlafy document is misleading and probably wrong.  There is no 
reasonable way to combine tension and shear in end loaded connections over 38" L. with any degree of 
reliablity. 
 
Curtis Mayes (AFFIRMATIVE) 
I am voting without regard to S09-029 since I do not have a copy of  S09-029. 
 
Heath Mitchell (AFFIRMATIVE) 
I have voted affirmative for the rationale of this ballot item, however I did not check to verify the numerical 
revisions for accuracy. 
 
Ray Tide (AFFIRMATIVE) 
Correct Group B coefficients for less then 38 in. to 2.81 and 1.84 for 2.76 and 1.81, respectively. 
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2010 Agenda Item 5.5 
2009 Ballot Item 6.3c:  (S09-029) – “Appendix B adjustments in conjunction with Section 5” 
 
As Approved 


Make Appendix B equal to Section 5 divided by omega = 2. 
 


Table 5.2. Maximum Tensile Stress for Fatigue Loading 
 


Maximum Bolt Stress for Design at Service 
Loadsa, ksi Number of Cycles ASTM A325 or F1852 


Bolt 
ASTM A490 or F2280 


Bolt 
Not more than 20,000 4445 5457 


From 20,000 to 500,000 40 49 
More than 500,000 31 38 


a Including the effects of prying action, if any, but excluding the pretension. 
 
 


Table B5.1. Allowable Stress in Bolts 
 


Allowable Stress Fa, ksi 
Applied Load Condition ASTM A325 or 


F1852 Bolt 
ASTM A490 or 


F2280 Bolt 
Static 4445 5457 Tension a Fatigue See Section B5.5 


Threads included
in shear plane 2124 2830 


Shear a,b Threads 
excluded 
from shear plane 


30 4038 


a  Except as required in Section B5.2. 
b In shear connections that transmit axial force and have length between extreme 


bolts measured parallel to the line of force exceeds 50 in., tabulated values shall 
be reduced by 20 percent. 
 


Table B5.2. Allowable Tensile Stress Ft for Bolts 
Subject to Combined Shear and Tension 


 
Allowable Tensile Stress Ft, ksi Thread Condition ASTM A325 or F1852 Bolt ASTM A490 or F2280 Bolt 


Threads included in 
Shear plane SQRT((442452)-4.393.52fv


2) SQRT((542572)-3.713.61fv
2) 


Threads excluded 
From shear plane 


SQRT((442452)-2.152.25fv
2) SQRT((542572)-1.822.25fv


2) 


 
 


Table B5.3. Allowable Stress for Fatigue Loading 
 


Maximum Bolt Stress for Design at Service 
Loadsa, ksi Number of Cycles ASTM A325 or F1852 


Bolt 
ASTM A490 or F2280 


Bolt 
Not more than 20,000 4445 5457 


From 20,000 to 500,000 40 49 
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More than 500,000 31 38 
a Including the effects of prying action, if any, but excluding the pretension. 


 
Rationale or Justification for Change (attach additional pages as needed):   
Appendix B values should be equal to Section 5 divided by omega = 2. 
 
The original ballot proposal only modified the tension values in the three tables in Appendix B.  
The final solution as modified editorially by the Executive Committee does the following additional 
steps: 


1) Modify the shear values to be in agreement with the new modified tension values. 
2) Modify the combined shear and tension equations in Table B5.2 to be reflect the new 


shear and tension values. 
3) Modify Table 5.2 to match the information in Table B5.3. 


 
 
The Appendix B values appear to have been inconsistent with the equivalent values in Section 5 
since sometime prior to the 2000 Edition of the Specification.  This ballot and the later editorially 
revision bring the two areas into consistency. 
 


 
Voting Response: 


44  Affirmative 
0 Negative 
10 Abstain 
6 Affirmative w/ Comment 
0 Abstain w/ Comment 


Ballot Passes! 
 
Person Vote Comment Proposed Res. Action 
Peter 
Birkemoe 


Aff I have checked none of the formulas in 
B.1 or B5.2 for correctness 


  


Gilbert 
Grondin 


Aff The changes in Tables B5 that are not 
impacted by changes proposed in 
ballot item 3 are acceptable. 


Changes related to 
Ballot item 3 were not 
incorporated since that 
ballot has not passed. 


 


Lawrence 
Kloiber 


Aff I think the Table B5.2 as shown in the 
Schlafy document is misleading and 
probably wrong.  There is no 
reasonable way to combine tension 
and shear in end loaded connections 
over 38: L with any degree of reliablity. 


Changes related to 
Ballot item 3 were not 
incorporated since that 
ballot has not passed. 


 


Curtis 
Mayes 


Aff I am voting without regard to S09-029 
since I do not have a copy of S09-029. 


  


Heath 
Mitchell 


Aff I have voted affirmative for the 
rationale of this ballot item, however I 
did not check to verify the numerical 
revisions for accuracy. 


  


Ray Tide Aff Correct Group B coefficients for less 
then 38 in. to 2.81 and 1.84 for 2.76 
and 1.81, respectively. 


Changes related to 
Ballot item 3 were not 
incorporated since that 
ballot has not passed. 
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2010 Agenda Item 5.6 
 (S10-030) – “ASTM References Update” 
 
Accepted as an Editorial revision by the Executive Committee 
 
Update the referenced edition of the ASTM standards shown in Section 1.3 of the Specification to 
their most current edition. 


1.3. Referenced Standards and Specifications 
The following standards and specifications are referenced herein: 
 
American Institute of Steel Construction 
Load and Resistance Factor Design Specification for Structural Steel Buildings, December 27, 
1999March 9, 2005 
 
American National Standards Institute 
ANSI/ASME B18.2.6-9606 Fasteners for Use in Structural Applications 
 
American Society for Testing and Materials 
ASTM A123-97a09 Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and 
Steel Products 
 
ASTM A153-98 Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware 
{A153 is being removed as part of Change S10-031} 
ASTM A194-98b09 Specification for Carbon and Alloy Steel Nuts for Bolts for High Pressure or 
High-Temperature Service, or Both 
 
ASTM A325-9709a Standard Specification for Structural Bolts, Steel, Heat Treated, 120/105 ksi 
Minimum Tensile Strength 
 
ASTM A490-08b0 9  Standard Specification for Heat-Treated Steel Structural Bolts, 150 ksi 
Minimum Tensile Strength 
 
ASTM A563-97 07a Standard Specification for Carbon and Alloy Steel Nuts 
 
ASTM B695-91104(2009)  Standard Specification for Coatings of Zinc Mechanically Deposited on 
Iron and Steel 
 
ASTM F436-93 09 Standard Specification for Hardened Steel Washers 
 
ASTM F959-99a0 9 Standard Specification for Compressible-Washer-Type Direct Tension 
Indicators for Use with Structural Fasteners 
 
ASTM F1136-04 Standard Specification for Zinc/Aluminum Corrosion Protective Coatings for 
Fasteners 
 
ASTM F1852-9808 Standard Specification for “Twist off” Type Tension Control Structural 
Bolt/Nut/Washer Assemblies, Steel, Heat Treated, 120/105 ksi Minimum Tensile Strength 
 
ASTM F2280-0808e1 Standard Specification for “Twist Off” Type Tension Control Structural 
Bolt/Nut/Washer Assemblies, Steel Heat Treated, 150 ksi Minimum Tensile Strength 
 
American Society of Civil Engineers 


                                                 
1 Reapproved 1997. 
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ASCE 7-9805 Minimum Design Loads for Buildings and Other Structures 
 
IFI: Industrial Fastener Institute 
IFI 144 Test Evaluation Procedures for Coating Qualification Intended for Use on High-Strength 
Structural Bolts 
 
SSPC: The Society for Protective Coatings 
SSPC-PA2-9604Measurement of Dry Coating Thickness With Magnetic Gages 
 
 
Commentary (attach additional pages as needed):   
No Changes 
 
Rationale or Justification for Change (attach additional pages as needed):   
ASTM standards change on a relatively frequent basis.  It is inappropriate to refer to standards 
that were current in 2004. A number of standards have substantive updates that RCSC is taking 
into account, for example, the addition of F1136 coatings to A490. 
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Ballot Item 3: (S07-012) – Table 5.1 “Effect of length of connection on bolt strength” 
 
Gilbert Grondin (NEGATIVE) 
Please see enclosed document by Grondin and Kulak for the reasons for this negative vote.  
SEE ATTACHMENT A. 
 
Geoff Kulak (NEGATIVE) 
Attached as separate file. SEE ATTACHMENT A. 
 
William Milek (NEGATIVE) 
See comments to Item 4. 
 
Peter Birkemoe (AFFIRMATIVE) 
In the Commentary the use of the term "reduction factor" should be maintained in the explanation of the 
changes and the use of "reduced by" is then redundant. In the sentence starting in line 8 of paragraph 2, the 
"single reduction factor" would better be "constant' or "uniform," and "of one bolt" should be added at the end. 
The following sentence would remain as stated. Since the Table 5.1 does not mention 0.75 nor 0.9 perse, the 
final sentence should read: In Table 5.1, the average shear strength of bolts in joints longer than 38 in. were 
obtained by factoring the strength of a single bolt by 0.75 instead of 0.9 (Tide 2010). The last sentence is okay. 
 
Helen Chen (ABSTAIN) 
1. Subscript "n" in "Rn"; 2. no italiciz of "Fn" in the paragraph before Table 5.1; 3. The last sentence right 
before Table 5.1, recommend change"they shall be designed…" to "the connection shall be designed"; 3. In the 
Commentary, it marked "a single reduction factor of 0.90 is applied…".  If I plug in 3/4 in into the factor [1-
0.4(t'-0.25)] it would result in 0.8.  Does the reduction factor need to be revised? 
 
Karl Frank (ABSTAIN) 
I don't think the results of this change is really beneficial. I would support a change where we use no reduction 
for connections not subjected to tension. The scatter in the data does not support this change. The performance 
of snug tighted connections in tension need to be examined to verify the approach.   
 
Jerome Hajjar (AFFIRMATIVE) 
Overall comment: We couldn't have just rounded to 40 inches instead of 38? 


 
Two comments on the commentary: 


 
The second sentence of the new paragraph starts with "These relationships."  What relationships?  It is not clear. 


 
Also, that paragraph ends with "A few connection tests should be performed to confirm this fact."  What does 
this mean?  Is the commentary saying that a fabricator should conduct tests for each job with long connections?  
Or is the commentary calling out future research needs?  Either way, it seems the sentence should be clarified 
for the first case or removed for the second. 
 
Lawrence Kloiber (AFFIRMATIVE) 
Table 5.1 reads poorly and needs editorial work to make it clear the connection length requirements apply only 
to end loaded connections. 
 
Greg Miazga (ABSTAIN) 
I have received and reviewed a package of information from Grondin and Kulak outlining their reasons for 
voting negative to this ballot item.  Their information is persuasive enough for me to want their arguments 
reviewed and resolved by Tide.  I do not have independent information that would cause me to vote negative, 
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but conclude I need to at least abstain from voting on this ballot, pending resolution of the information 
presented by Grondin and Kulak. 
 
Gian Rassati (AFFIRMATIVE) 
Remember to add full reference to Tide (2010) paper. 
 
Bob Shaw (AFFIRMATIVE) 
The last sentence of the added commentary should be deleted. "A few connection tests should be performed to 
confirm this fact." leads the reader to question whether anything is known about what this paragraph says. 
 
Floyd Vissat (AFFIRMATIVE) 
Commentary: Second paragraph, fifth sentence: …all joints up to and including 38 in. in length… 
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Ballot Item 4: (S08-024) – Table 5.1 “Addition of footnote c” 
 
Karl Frank (NEGATIVE) 
The inequalities appear to simply state the tensile strength and the yield strength of the plate should exceed the 
shear capacity of the bolts. I realize the author used a different path to these equations but the net result is the 
same. These results can be satisfied by reducing the number of bolts. Since the bolt shear capacity of the bolts 
increases when these inequalities are satisfied, the apparent strength of the connection is increased. As noted in 
the commentary, we need some tests to examine the validity of this proposal.  
 
Gilbert Grondin (NEGATIVE) 
For consistency with my vote for ballot item 3. 
 
Allen Harold (NEGATIVE) 
The ballot champion has indicated that the value of the coefficients in the added equations is probably not quite 
right.  I see no reason to include this provision if even the proposed is not convinced that the equation is correct. 
 
William Milek (NEGATIVE) 
The Title of Table5.1 Reads."Nominal Strengths per Unit Area of Bolts"  In my opinion while this is accurate, it 
is a potential trap for misapplication or controversy.  Further, new footnote c, reinforces the potential.  One 
might interpret the requirement to apply to all long connection and not specifically to joints in which the force 
along the lengrh is subject to differing distortions of the fasteners and material along the length of the loint 
results in unequal loads on individual fasteners. With joints subject transverse shear, the shear is assumed to 
arrive at the joint uniformly distributed through the depth of the girder web.  The point needs to be clearly stated 
here and perhaps else where so thea even a lawyer can't twist it out of intrent. Change t 
itle to read, "Strength per Unit Area of Bolts Uniquely Applicable to Long Connection Subject to Axial Load"   
 
Comment 2 The liberalization of allowable  bolt loads and the reduction of the length parameter from 50 to 38 
inches may make these or similar modified provisions applicable to gusset plate connections extending 38 or 
more inches..  Has an ambiguity  or an unacceptible beta potential been introduced?     
 
Heath Mitchell (NEGATIVE) 
I find the last sentence in the added commentary to be odd. It does correctly match the recommendations in the 
Conclusion of the reference document. However, it indicates that further testing is should be performed in order 
to substantiate the proposed change. This indicates to me that it is premature to add such a provision to the 
Specification. 
 
Tom Schlafly (NEGATIVE) 
At this time the provision will confuse more than it helps. I can not confirm the coefficients. 
 
Joe Yura (NEGATIVE) 
This item should not even be balloted. It is premature. This portion of R. Tide's proposal was not vetted by the 
RCSC Spec. Committee and the AISC Spec rejected this material.R.Tide told me he just wants to get it on the 
record. That is not justifcation for requiring a ballot. 
 
Peter Birkemoe (AFFIRMATIVE) 
Other comments on commentary as noted in previous item. In the "additional" paragraph (#3) the second 
sentence refers to 0.9 as a "connection length reduction"; consistent reference as a strength reduction factor 
should be the goal. The sentence (line 7) beginning "Regardless" attempts to justify the change by a 
compensating adjustment in the phi factor. A statement suggesting that the an adequate safety index is still 
achieved would be more suitable; it sounds a little like last minute juggling at the moment. The last sentence 
should be omitted as speculation on future research that should be done before this is accepted.   
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Robert Connor (AFFIRMATIVE) 
I suggest we modify the last sentence on the 2nd full paragraph on page 12 to read "Further research using full-
scale connecitons is needed to cofirm this issue"  Stating research is needed to confirm "a fact" does not make 
much sense.  If it is fact, then why do we need to test the concept?    
 
Helen Chen (AFFIRMATIVE) 
In the last paragraph of Table 5.1, it defines Fup and Fyp the nominal strength of connected material - it seems 
not clear if the connected shim or fillers and the connected plates have different strength, which one should be 
used.  . 
 
Lawrence Kloiber (AFFIRMATIVE) 
See comments on Ballot Item 3. 
 
Johathan McGormley (AFFIRMATIVE) 
The commentary indicates "A few connection tests should be performed to confirm this fact." This comment 
seems out of place for the commentary as it typically is used to provide explanation and historical information. 
Including this statement suggests we have not done our research. 
 
Greg Miazga (ABSTAIN) 
As ballot item 4 follows out of ballot item 3, I am abstaining from voting on ballot item 4, based on my 
comments to ballot item 3. 
 
Gian Rassati (AFFIRMATIVE) 
Editorial: add a comma after “bolt properties” in footnote c. 
 
Ray Tide (AFFIRMATIVE) 
Last sentence in new commentary should read "A few connection tests should be performed to refine 
coefficients 0.56" 
 
Floyd Vissat (AFFIRMATIVE) 
Commentary: Second paragraph, fifth sentence: …all joints up to and including 38 in. in length… 
Commentary: Third paragraph, first sentence: …with lengths less than or equal to 38 in. 
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2009 Agenda Item 5.8 
 
2009 Ballot Items 3 & 4:  (S07-012, S08-024) – “Table5.1 Length Allowances” 
 
As Balloted (S07-012) 
5.1. Design Shear and Tensile Strengths   


Shear and tensile strengths shall not be reduced by the installed bolt pretension. For joints, 
the design shear and tensile strengths shall be taken as the sum of the strengths of the 
individual bolts. The design strength in shear or the design strength in tension for an ASTM 
A325, A490, or F1852 or F2280 bolt is φRn, where φ= 0.75 and: 


  Rn = FnAb  (Equation 5.1)  


where  


Rn = nominal strength (shear strength per shear plane or tensile strength) of a bolt, 
kips; 


Fn = nominal strength per unit area from Table 5.1 for the appropriate applied load 
conditions, ksi, adjusted for the presence of fillers, and, 


Ab = cross-sectional area based upon the nominal diameter of bolt, in.2 


 
When a bolt that carries load passes through fillers or shims in a shear plane that are equal 
to or less than 1/4-in. thick, Fn from Table 5.1 shall be used without reduction. When a bolt 
that carries load passes through fillers or shims that are greater than 1/4-in. thick, they shall 
be designed in accordance with one of the following procedures:  


 
Table 5.1 Nominal Strengths per Unit Area of Bolts 


Nominal Strength per Unit Area, Fn, ksi Applied Load Condition ASTM A325 or F1852 Bolt ASTM A490 or F2280 Bolt 
Static 90 113 Tensiona 


Fatigue See Section 5.5 
Threads included 


in shear plane 
48 60 


L ≤ 38 54 68 
   


L > 38 45 56 
Threads 


excluded from 
shear plane 


60 75 


L ≤ 38 68 84 
   


Sheara,b 


L > 38 56 70 
a  Except as required in Section 5.2 
b  In shear connections that transmit axial force and have length (L), inches, between 


extreme bolts hole centers measured parallel to the line of force exceeds 50 in., 
tabulated values shall be reduced by 20 percent. 


 
(1) For fillers or shims that are equal to or less than 3/4 in. thick, Fn from Table 5.1 shall be 


multiplied by the factor [1 - 0.4(t' - 0.25)], where t' is the total thickness of fillers or 
shims, in., up to 3/4 in.; 


(2) The fillers or shims shall be extended beyond the joint and the filler or shim extension 
shall be secured with enough bolts to uniformly distribute the total force in the 
connected element over the combined cross-section of the connected element and the 
fillers or shims; 
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(3) The size of the joint shall be increased to accommodate a number of bolts that is 
equivalent to the total number required in (2) above; or 


(4) The joint shall be designed as a slip-critical joint.  The slip resistance of the joint shall 
not be reduced for the presence of fillers or shims. 


Commentary:  
The nominal shear and tensile strengths of ASTM A325, F1852, and A490 and F2280 bolts 
are given in Table 5.1. These values are based upon the work of a large number of 
researchers throughout the world, as reported in the Guide (Kulak et al., 1987). The design 
strength equals the nominal strength multiplied by a resistance factor φ. On average, the 
design strengths result in bolted joint designs that are approximately equivalent to those 
provided under the allowable stress rules given in the 1980 edition of this Specification.  


The nominal shear strength is based upon the observation that the shear strength of a 
single high-strength bolt is about 0.62 times the tensile strength of that bolt (Kulak et al., 
1987; pp. 44-50). However, in lap splices transmitting axial force between members with 
more than two bolts in the line of force, non-uniform deformation of the connected material 
between fasteners causes a non-uniform distribution of the shear force to the bolts. 
Consequently, the strength of the joint decreases in terms of the average strength of all the 
bolts in the joint as the joint length increases (Kulak et al., 1987; pp. 99-104). Rather than 
provide a decreasing function that reflects this decrease in average fastener strength with 
joint length, a single reduction factor of 0.80 0.90 is applied to the 0.62 multipliershear 
strength. This accommodates bolts in all joints up to 50 38 in. in length without seriously 
affecting the economy of very short joints. As noted in Footnote b in Table 5.1, the average 
shear strength of bolts in joints longer than 5038 in. in length must be furtheris reduced by 
20 percent0.75 instead of 0.90 (Tide 2010). Note that this second reduction does not apply 
in cases when the distribution of force is essentially uniform along the joint, such as the 
bolted joints in a shear connection at the end of a deep plate girder.  


The average ratio of nominal shear strength for bolts with threads included in the shear 
plane to the nominal shear strength for bolts with threads excluded from the shear plane is 
0.83 with a standard deviation of 0.03 (Frank and Yura, 1981). Conservatively, a reduction 
factor of 0.80 is used to account for the reduction in shear strength for a bolt with threads 
included in the shear plane but calculated with the area corresponding to the nominal bolt 
diameter. The case of a bolt in double shear with a non-threaded section in one shear plane 
and a threaded section in the other shear plane is not covered in this Specification for two 
reasons. First, the manner in which load is shared between these two dissimilar shear areas 
is uncertain. Second, the detailer's lack of certainty as to the orientation of the bolt 
placement might leave both shear planes in the threaded section. Thus, if threads are 
included in one shear plane, the conservative assumption is made that threads are included 
in all shear planes.  


The tensile strength of a high-strength bolt is the product of its ultimate tensile strength 
(per unit area) and some area through the threaded portion. This area, called the tensile 
stress area, is a derived quantity that is a function of the relative thread size and pitch. For 
the usual sizes of structural bolts, it is about 75 percent of the nominal cross-sectional area 
of the bolt. Hence, the nominal tensile strengths per unit area given in Table 5.1 are 0.75 
times the tensile strength of the bolt material. According to Equation 5.1, the nominal area of 
the bolt is then used to calculate the design strength in tension. The nominal strengths so-
calculated are intended to form the basis for comparison with the externally applied bolt 
tension plus any additional tension that results from prying action that is produced by 
deformation of the connected elements.  


If pretensioned bolts are used in a joint that loads the bolts in tension, the question 
arises as to whether the pretension and the applied tension are additive. Because the 
compressed parts are being unloaded during the application of the external tensile force, the 
increase in bolt tension is minimal until the parts separate (Kulak et al., 1987; pp. 263-266). 
Thus, there will be little increase in bolt force above the pretension load under service loads. 
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After the parts separate, the bolt acts as a tension member, as expected, and its design 
strength is that given in Equation 5.1 multiplied by the resistance factor φ.  


Pretensioned bolts have torsion present during the installation process. Once the 
installation is completed, any residual torsion is quite small and will disappear entirely when 
the fastener is loaded to the point of plate separation. Hence, there is no question of 
torsion—tension interaction when considering the ultimate tensile strength of a high-strength 
bolt (Kulak et al., 1987; pp. 41-47).  


When required, pretension is induced in a bolt by imposing a small axial elongation 
during installation, as described in the Commentary to Section 8. When the joint is 
subsequently loaded in shear, tension or combined shear and tension, the bolts will undergo 
significant deformations prior to failure that have the effect of overriding the small axial 
elongation that was introduced during installation and, thereby, removing the pretension. 
Measurements taken in laboratory tests confirm that the pretension that would be sustained 
if the applied load were removed is essentially zero before the bolt fails in shear (Kulak et 
al., 1987; pp. 93-94). Thus, the shear and tensile strengths of a bolt are not affected by the 
presence of an initial pretension in the bolt.  
See also the Commentary to Section 5.5.  


Add to References: 
 
Tide, R.H.R. (2010), “Bolt Shear Design Considerations”, Engineering Journal, AISC, Vol. ____, 
No. _____, _____Quarter, pp. ____ to ____ 
 
Rationale or Justification for Change (attach additional pages as needed):   
 
Modify RCSC Table 5.1 to reflect the re-evaluation of bolt shear strength.  A step function similar 
to that which was used in the past is the proposed criteria.  The shear strength has been 
increased and the step location has changed.  A graphical solution is attached superimposed on 
the test data.   
 
The current step function is a carryover from the ASD Specification.  As suggested at the 2007 
RCSC Annual Meeting the original test data has been evaluated using LRFD to establish the 
location of the steps and the beta values.  The chosen step was based on first locating the 
optimum criteria, an intermediate sloping line, but the consensus appeared to favor a single step. 
 
A power point presentation was made at the 2008 Annual Meeting, Toronto, explaining the 
development of the optimum solution.  A draft of a paper explaining all the issues has been sent 
to RCSC to distribute to the committee. 
 
Another revision to Table 5.1 requirements is also proposed.  See RCSC Proposed Change S08-
024C. 


 
As Balloted (S08-024) 
{Table 5.1 as presented includes the changes proposed by Ballot Item 3 (S07-012C).  The 
inclusion of this footnote is meaningless until that ballot item passes.} 
 
5.1. Design Shear and Tensile Strengths   


Shear and tensile strengths shall not be reduced by the installed bolt pretension. For joints, 
the design shear and tensile strengths shall be taken as the sum of the strengths of the 
individual bolts. The design strength in shear or the design strength in tension for an ASTM 
A325, A490, F1852 or F2280 bolt is φRn, where φ= 0.75 and: 


  Rn = FnAb  (Equation 5.1)  
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where  


Rn = nominal strength (shear strength per shear plane or tensile strength) of a bolt, 
kips; 


Fn = nominal strength per unit area from Table 5.1 for the appropriate applied load 
conditions, ksi, adjusted for the presence of fillers, and, 


Ab = cross-sectional area based upon the nominal diameter of bolt, in.2 


 
When a bolt that carries load passes through fillers or shims in a shear plane that are equal 
to or less than 1/4-in. thick, Fn from Table 5.1 shall be used without reduction. When a bolt 
that carries load passes through fillers or shims that are greater than 1/4-in. thick, they shall 
be designed in accordance with one of the following procedures:  


 
Table 5.1 Nominal Strengths per Unit Area of Bolts 


Nominal Strength per Unit Area, Fn, ksi Applied Load Condition ASTM A325 or F1852 Bolt ASTM A490 or F2280 Bolt 
Static 90 113 Tensiona 


Fatigue See Section 5.5 
Threads included 


in shear plane 
  


L ≤ 38 54 68 
   


L > 38 45 56 
Threads 


excluded from 
shear plane 


  


L ≤ 38 68 84 
   


Sheara,b,c 


L > 38 56 70 
a  Except as required in Section 5.2 
b  In shear connections that transmit axial force and have length (L), inches, between 


extreme bolt hole centers measured parallel to the line of force. 
c. When the connection geometry, bolt properties and plate properties satisfy the 


following equations: 
An ≥ 0.56 As Fub / Fup and  
 
Ag ≥ 0.56 As Fub / Fyp, then 
 
The bolt shear strength for connections less than 38 in. is applicable regardless 
of connection length. 
 
Where An and Ag are the net and gross area (in2) of the governing connected 
material.  As is the area (in2) of the bolts in the shear plane(s).  Fub is the nominal 
tensile strength of the bolt (ksi). Fup and Fyp are the nominal tensile and yield 
strength of the connected material (ksi). 


 
 


(1) For fillers or shims that are equal to or less than 3/4 in. thick, Fn from Table 5.1 shall be 
multiplied by the factor [1 - 0.4(t' - 0.25)], where t' is the total thickness of fillers or 
shims, in., up to 3/4 in.; 


(2) The fillers or shims shall be extended beyond the joint and the filler or shim extension 
shall be secured with enough bolts to uniformly distribute the total force in the 
connected element over the combined cross-section of the connected element and the 
fillers or shims; 


(3) The size of the joint shall be increased to accommodate a number of bolts that is 
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equivalent to the total number required in (2) above; or 
(4) The joint shall be designed as a slip-critical joint.  The slip resistance of the joint shall 


not be reduced for the presence of fillers or shims. 


Commentary:  
The nominal shear and tensile strengths of ASTM A325, F1852, A490 and F2280 bolts are 
given in Table 5.1. These values are based upon the work of a large number of researchers 
throughout the world, as reported in the Guide (Kulak et al., 1987). The design strength 
equals the nominal strength multiplied by a resistance factor φ. On average, the design 
strengths result in bolted joint designs that are approximately equivalent to those provided 
under the allowable stress rules given in the 1980 edition of this Specification.  


The nominal shear strength is based upon the observation that the shear strength of a 
single high-strength bolt is about 0.62 times the tensile strength of that bolt (Kulak et al., 
1987; pp. 44-50). However, in lap splices transmitting axial force between members with 
more than two bolts in the line of force, non-uniform deformation of the connected material 
between fasteners causes a non-uniform distribution of the shear force to the bolts. 
Consequently, the strength of the joint decreases in terms of the average strength of all the 
bolts in the joint as the joint length increases (Kulak et al., 1987; pp. 99-104). Rather than 
provide a decreasing function that reflects this decrease in average fastener strength with 
joint length, a single reduction factor of 0.90 is applied to the shear strength. This 
accommodates bolts in all joints up to 38 in. in length without seriously affecting the 
economy of very short joints. As noted in Table 5.1, the average shear strength of bolts in 
joints longer than 38 in. in length is reduced by 0.75 instead of 0.90 (Tide 2010). Note that 
this second reduction does not apply in cases when the distribution of force is essentially 
uniform along the joint, such as the bolted joints in a shear connection at the end of a deep 
plate girder.  


The historical test data indicates that as the strength and quasi stiffness of the 
connected material exceed the limits given in Table 5.1 footnote (c), there is no need to 
reduce the bolt shear below the value given for connections with lengths less than 38 in.  
These relationships were developed from the net and gross area requirements for 
connected shapes and plates with a connection length reduction of 0.90.  The referenced 
tests were conducted with bolts fully tightened and therefore influenced by a nominal 
amount of friction when the first bolt failed.  Regardless, the test results can still be used for 
snug tight bolted connections because the frictional component is offset by using a reduced 
φ of 0.75 (13 percent), limiting the connection length capacity factor to 0.90 (11 percent).  In 
addition, the gross area coefficient is increased from 0.47 to 0.56 (19 percent) and the 
historic bolts were ordered to a minimum strength rather than obtaining a random 
distribution of strengths above the minimum.  A few connection tests should be performed to 
confirm this fact. 


The average ratio of nominal shear strength for bolts with threads included in the shear 
plane to the nominal shear strength for bolts with threads excluded from the shear plane is 
0.83 with a standard deviation of 0.03 (Frank and Yura, 1981). Conservatively, a reduction 
factor of 0.80 is used to account for the reduction in shear strength for a bolt with threads 
included in the shear plane but calculated with the area corresponding to the nominal bolt 
diameter. The case of a bolt in double shear with a non-threaded section in one shear plane 
and a threaded section in the other shear plane is not covered in this Specification for two 
reasons. First, the manner in which load is shared between these two dissimilar shear areas 
is uncertain. Second, the detailer's lack of certainty as to the orientation of the bolt 
placement might leave both shear planes in the threaded section. Thus, if threads are 
included in one shear plane, the conservative assumption is made that threads are included 
in all shear planes.  


The tensile strength of a high-strength bolt is the product of its ultimate tensile strength 
(per unit area) and some area through the threaded portion. This area, called the tensile 
stress area, is a derived quantity that is a function of the relative thread size and pitch. For 
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the usual sizes of structural bolts, it is about 75 percent of the nominal cross-sectional area 
of the bolt. Hence, the nominal tensile strengths per unit area given in Table 5.1 are 0.75 
times the tensile strength of the bolt material. According to Equation 5.1, the nominal area of 
the bolt is then used to calculate the design strength in tension. The nominal strengths so-
calculated are intended to form the basis for comparison with the externally applied bolt 
tension plus any additional tension that results from prying action that is produced by 
deformation of the connected elements.  


If pretensioned bolts are used in a joint that loads the bolts in tension, the question 
arises as to whether the pretension and the applied tension are additive. Because the 
compressed parts are being unloaded during the application of the external tensile force, the 
increase in bolt tension is minimal until the parts separate (Kulak et al., 1987; pp. 263-266). 
Thus, there will be little increase in bolt force above the pretension load under service loads. 
After the parts separate, the bolt acts as a tension member, as expected, and its design 
strength is that given in Equation 5.1 multiplied by the resistance factor φ.  


Pretensioned bolts have torsion present during the installation process. Once the 
installation is completed, any residual torsion is quite small and will disappear entirely when 
the fastener is loaded to the point of plate separation. Hence, there is no question of 
torsion—tension interaction when considering the ultimate tensile strength of a high-strength 
bolt (Kulak et al., 1987; pp. 41-47).  


When required, pretension is induced in a bolt by imposing a small axial elongation 
during installation, as described in the Commentary to Section 8. When the joint is 
subsequently loaded in shear, tension or combined shear and tension, the bolts will undergo 
significant deformations prior to failure that have the effect of overriding the small axial 
elongation that was introduced during installation and, thereby, removing the pretension. 
Measurements taken in laboratory tests confirm that the pretension that would be sustained 
if the applied load were removed is essentially zero before the bolt fails in shear (Kulak et 
al., 1987; pp. 93-94). Thus, the shear and tensile strengths of a bolt are not affected by the 
presence of an initial pretension in the bolt.  
See also the Commentary to Section 5.5.  


 
Rationale or Justification for Change (attach additional pages as needed):   
 
A review of the test data indicates that when these two provisions are satisfied the test results 
show no decrease in strength with increasing connection length.  The 0.56 value comes from a 
product of 0.625 and 0.90.  The 0.625 is the shear / tensile ratio of steel and the 0.90, which is 
above the approximate test cut off limit of 0.85.  The 0.56 can be directly derived from the 
net/gross area requirements of the AISC Specification, Section D2.  A copy of the derivation is 
attached. 
 
This proposal should be considered in conjunction with the previous Table 5.1 revisions. Ballot 
Item 3: (Item S07-12C) 
 
The rationale for the change was discussed in a power point presentation made at the 2008 
Annual Meeting. 
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Voting Response: 
S07-012 


39  Affirmative 
3 Negative 
10 Abstain 
5 Affirmative w/ Comment 
3 Abstain w/ Comment 


S08-024 
33  Affirmative 
7 Negative 
11 Abstain 
8 Affirmative w/ Comment 
1 Abstain w/ Comment 


 
 
 
Person Vote Comment Proposed Res. Action 
S07-012     
Gilbert 
Grondin 


Neg Please see enclosed document by 
Grondin and Kulak for the reasons 
for this negative vote.  
SEE ATTACHMENT A. 


  


Geoff 
Kulak 


Neg Attached as separate file. SEE 
ATTACHMENT A. 


  


William 
Milek 


Neg See comments to Item 4. For the first item his 
negative concerned the 
title of RCSC Table 5.1.  
When he realized and 
agreed that the Table 
caption had not changed 
from the previous edition 
and therefore was NOT a 
ballot item, he AGREED 
to withdraw his negative. 


withdrawn 


Peter 
Birkemoe 


Aff In the Commentary the use of the 
term "reduction factor" should be 
maintained in the explanation of 
the changes and the use of 
"reduced by" is then redundant. In 
the sentence starting in line 8 of 
paragraph 2, the "single reduction 
factor" would better be "constant' 
or "uniform," and "of one bolt" 
should be added at the end. The 
following sentence would remain 
as stated. Since the Table 5.1 does 
not mention 0.75 nor 0.9 perse, the 
final sentence should read: In 
Table 5.1, the average shear 
strength of bolts in joints longer 
than 38 in. were obtained by 
factoring the strength of a single 
bolt by 0.75 instead of 0.9 (Tide 
2010). The last sentence is okay. 


  







Agenda Item 5.8 31 Ballot Items 3 & 4 (S07-012, S08-024) 


Person Vote Comment Proposed Res. Action 
Helen 
Chen 


Abs 1. Subscript "n" in "Rn"; 2. no 
italiciz of "Fn" in the paragraph 
before Table 5.1; 3. The last 
sentence right before Table 5.1, 
recommend change"they shall be 
designed…" to "the connection 
shall be designed"; 3. In the 
Commentary, it marked "a single 
reduction factor of 0.90 is 
applied…".  If I plug in 3/4 in into 
the factor [1-0.4(t'-0.25)] it would 
result in 0.8.  Does the reduction 
factor need to be revised? 


  


Karl Frank Abs I don't think the results of this 
change is really beneficial. I would 
support a change where we use no 
reduction for connections not 
subjected to tension. The scatter in 
the data does not support this 
change. The performance of snug 
tighted connections in tension need 
to be examined to verify the 
approach.   


  


Jerome 
Hajjar 


Aff Overall comment: We couldn't 
have just rounded to 40 inches 
instead of 38? 
Two comments on the 
commentary: 
The second sentence of the new 
paragraph starts with "These 
relationships."  What relationships?  
It is not clear. 
Also, that paragraph ends with "A 
few connection tests should be 
performed to confirm this fact."  
What does this mean?  Is the 
commentary saying that a 
fabricator should conduct tests for 
each job with long connections?  
Or is the commentary calling out 
future research needs?  Either 
way, it seems the sentence should 
be clarified for the first case or 
removed for the second. 


  


Lawrence 
Kloiber 


Aff Table 5.1 reads poorly and needs 
editorial work to make it clear the 
connection length requirements 
apply only to end loaded 
connections. 
 


  







Agenda Item 5.8 32 Ballot Items 3 & 4 (S07-012, S08-024) 


Person Vote Comment Proposed Res. Action 
Greg 
Miazga 


Abs I have received and reviewed a 
package of information from 
Grondin and Kulak outlining their 
reasons for voting negative to this 
ballot item.  Their information is 
persuasive enough for me to want 
their arguments reviewed and 
resolved by Tide.  I do not have 
independent information that would 
cause me to vote negative, but 
conclude I need to at least abstain 
from voting on this ballot, pending 
resolution of the information 
presented by Grondin and Kulak. 


  


Gian 
Rassati 


Aff Remember to add full reference to 
Tide (2010) paper. 


  


Bob Shaw Aff The last sentence of the added 
commentary should be deleted. "A 
few connection tests should be 
performed to confirm this fact." 
leads the reader to question 
whether anything is known about 
what this paragraph says. 


  


Floyd 
Vissat 


Aff Commentary: Second paragraph, 
fifth sentence: …all joints up to and 
including 38 in. in length… 


  


     
S08-024     
Karl Frank Neg The inequalities appear to simply 


state the tensile strength and the 
yield strength of the plate should 
exceed the shear capacity of the 
bolts. I realize the author used a 
different path to these equations 
but the net result is the same. 
These results can be satisfied by 
reducing the number of bolts. 
Since the bolt shear capacity of the 
bolts increases when these 
inequalities are satisfied, the 
apparent strength of the 
connection is increased. As noted 
in the commentary, we need some 
tests to examine the validity of this 
proposal.  


  


Gilbert 
Grondin 


Neg For consistency with my vote for 
ballot item 3. 


  


Allen 
Harrold 


Neg The ballot champion has indicated 
that the value of the coefficients in 
the added equations is probably 
not quite right.  I see no reason to 
include this provision if even the 
proposed is not convinced that the 
equation is correct. 


  







Agenda Item 5.8 33 Ballot Items 3 & 4 (S07-012, S08-024) 


Person Vote Comment Proposed Res. Action 
William 
Milek 


Neg The Title of Table5.1 
Reads."Nominal Strengths per Unit 
Area of Bolts"  In my opinion while 
this is accurate, it is a potential trap 
for misapplication or controversy.  
Further, new footnote c, reinforces 
the potential.  One might interpret 
the requirement to apply to all long 
connection and not specifically to 
joints in which the force along the 
lengrh is subject to differing 
distortions of the fasteners and 
material along the length of the 
loint results in unequal loads on 
individual fasteners. With joints 
subject transverse shear, the shear 
is assumed to arrive at the joint 
uniformly distributed through the 
depth of the girder web.  The point 
needs to be clearly stated here and 
perhaps else where so thea even a 
lawyer can't twist it out of intrent. 
Change t 
itle to read, "Strength per Unit Area 
of Bolts Uniquely Applicable to 
Long Connection Subject to Axial 
Load"   
 
Comment 2 The liberalization of 
allowable  bolt loads and the 
reduction of the length parameter 
from 50 to 38 inches may make 
these or similar modified provisions 
applicable to gusset plate 
connections extending 38 or more 
inches..  Has an ambiguity  or an 
unacceptible beta potential been 
introduced?     


For the second  item his 
negative concerned the 
wording in the new 
footnote (c).  It turns out 
that the wording he is 
concerned with is in 
footnote (b) and again 
was the wording copied 
from the previous edition 
up to the word “force”.   
Based on this information 
he again AGREED to 
withdraw his negative. 
  
Based on our 
conversation, I think he 
has a valid point that the 
wording of the footnote 
(b) could be re-arranged 
to remove a possible 
ambiguity.  I believe this 
is an editorial issue and 
does not have to be 
balloted.  Because I am 
trying to resolve 
negatives on my ballot 
issues I think it best if 
someone else propose 
the revised wording after 
talking to Bill.   Tom, I 
think you should do it. 
 


withdrawn 


Heath 
Mitchell 


Neg I find the last sentence in the 
added commentary to be odd. It 
does correctly match the 
recommendations in the 
Conclusion of the reference 
document. However, it indicates 
that further testing is should be 
performed in order to substantiate 
the proposed change. This 
indicates to me that it is premature 
to add such a provision to the 
Specification. 


 withdrawn 
4/25/10 


Tom 
Schlafly 


Neg At this time the provision will 
confuse more than it helps. I can 
not confirm the coefficients. 


 withdrawn 
4/27/10 







Agenda Item 5.8 34 Ballot Items 3 & 4 (S07-012, S08-024) 


Person Vote Comment Proposed Res. Action 
Joe Yura Neg This item should not even be 


balloted. It is premature. This 
portion of R. Tide's proposal was 
not vetted by the RCSC Spec. 
Committee and the AISC Spec 
rejected this material.R.Tide told 
me he just wants to get it on the 
record. That is not justifcation for 
requiring a ballot. 


  


Peter 
Birkemoe 


Aff Other comments on commentary 
as noted in previous item. In the 
"additional" paragraph (#3) the 
second sentence refers to 0.9 as a 
"connection length reduction"; 
consistent reference as a strength 
reduction factor should be the goal. 
The sentence (line 7) beginning 
"Regardless" attempts to justify the 
change by a compensating 
adjustment in the phi factor. A 
statement suggesting that the an 
adequate safety index is still 
achieved would be more suitable; it 
sounds a little like last minute 
juggling at the moment. The last 
sentence should be omitted as 
speculation on future research that 
should be done before this is 
accepted.   


  


Robert 
Connor 


Aff I suggest we modify the last 
sentence on the 2nd full paragraph 
on page 12 to read "Further 
research using full-scale 
connections is needed to confirm 
this issue"  Stating research is 
needed to confirm "a fact" does not 
make much sense.  If it is fact, then 
why do we need to test the 
concept?   


  


Helen 
Chen 


Aff In the last paragraph of Table 5.1, 
it defines Fup and Fyp the nominal 
strength of connected material - it 
seems not clear if the connected 
shim or fillers and the connected 
plates have different strength, 
which one should be used.  . 


  


Lawrence 
Kloiber 


Aff See comments on Ballot Item 3.   







Agenda Item 5.8 35 Ballot Items 3 & 4 (S07-012, S08-024) 


Person Vote Comment Proposed Res. Action 
Jonathan 
McGormley 


Aff The commentary indicates "A few 
connection tests should be 
performed to confirm this fact." 
This comment seems out of place 
for the commentary as it typically is 
used to provide explanation and 
historical information. Including this 
statement suggests we have not 
done our research. 


  


Greg 
Miazga 


Abs As ballot item 4 follows out of ballot 
item 3, I am abstaining from voting 
on ballot item 4, based on my 
comments to ballot item 3. 


  


Gian 
Rassati 


Aff Editorial: add a comma after “bolt 
properties” in footnote c. 


  


Ray Tide Aff Last sentence in new commentary 
should read "A few connection 
tests should be performed to refine 
coefficients 0.56" 


  


Floyd 
Vissat 


Aff Commentary: Second paragraph, 
fifth sentence: …all joints up to and 
including 38 in. in length… 
Commentary: Third paragraph, first 
sentence: …with lengths less than 
or equal to 38 in. 


  


See also the following documents contained in the Zip file. 
Grondin/Kulak Attachment A 
Tide Response to Negatives (2/15/10) 
Tide Response to Grondin / Kulak (2/28/10) 
Tide Response – Bolts (5/6/10) 


 





		5 - ExpandedBallotItemsInformation 1

		5 - ExpandedBallotItemsInformation 2

		5 - ExpandedBallotItemsInformation 3

		5 - ExpandedBallotItemsInformation 4

		5 - ExpandedBallotItemsInformation 5

		5 - ExpandedBallotItemsInformation 6

		5 - ExpandedBallotItemsInformation 7

		5 - ExpandedBallotItemsInformation 8

		5 - ExpandedBallotItemsInformation 9

		5 - ExpandedBallotItemsInformation 10

		5 - ExpandedBallotItemsInformation 11

		5 - ExpandedBallotItemsInformation 12
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Discussion of Tide's proposal for bolted joint length effect (Ballot item 3) 
by G.Y. Grondin and G.L. Kulak 


The writers do not support the changes to joint shear resistance proposed by Tide. The 
reasons for this negative vote are explained below. Since Tide has conducted his analysis 
using a slightly different approach than that traditionally used for bolted joints, 
background information on two methods of reliability analysis, the one commonly used 
for connections and the one used by Tide, is presented in an Appendix.  


Approach used by Tide 


Of the two approaches summarized in Appendix A, the first approach has been widely 
accepted and used for bolted and welded connections since the work of Fisher et al. 
(1978). It has been used as recently as Moore et al. (2009) for the shear strength of single 
bolts. However, the second approach was used by Tide to calculate the safety index for 
the lap splice strength calculation that he is proposing. This approach is consistent with 
the approach recently used by Galambos (2006) for an assessment of AISC LRFD safety 
index for various structural members.  


In order to compare the safety indices obtained by Tide with what has been traditionally 
accepted for bolted joints, we first compare the safety indices obtained using the two 
approaches presented in Appendix A. This comparison is presented in Table 1. In his 
proposal to the RCSC, Tide has used a bias coefficient and COV for the tensile strength 
of the bolts of 1.2 and 0.07, respectively, which are the values applicable to A325 bolts. 
(The corresponding values for A490 bolts are 1.07 and 0.02.) The bias coefficient and the 
COV for the bolt area were taken as 1.0 and 0.02, respectively.   In the design equation 
proposed by Tide, a strength reduction factor of 0.9 is proposed for joints up to 31.5 in. 
long and 0.75 is used for longer joints. It is noted that the bias coefficient for the 
professional factor (ρP = test to predicted ratio) presented in the table is the test-to-
predicted ratio presented by Tide divided by the strength reduction factor.  


Table 1 shows that Approach 2 effectively yields the same results as those presented by 
Tide. Although the safety index seems to be significantly lower than the desired value of 
4.0 to 4.5 for several connection lengths, the safety indices obtained using Approach 1 
are found to be higher than the values obtained using Approach 2. Safety indices of 4.0 to 
4.5 using Approach 1 correspond to safety indices of 3.4 to 3.7 using Approach 2. It is 
also observed that for all the joint lengths investigated by Tide, the 31.5 in. and 52.3 in. 
long joints yield lower than acceptable values of safety index. The 94 in. joints seem to 
be marginally acceptable. 


ATTACHMENT A
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Table 1 – Comparison of reliability analyses (live/dead = 3.0) 


Safety index , β Joint Length No. of 
tests ρP COV 


Tide Approach 1 Approach 2
10.5 21 1.098 0.0297 4.6 5.7 4.6 
21 9 0.992 0.0996 3.7 4.4 3.7 


31.5 7 0.858 0.1041 3.1 3.5 3.1 
42 7 1.131 0.2075 3.4 4.0 3.4 


52.3 7 1.008 0.2103 2.9 3.4 2.9 
62.0 4 1.201 0.1354 4.2 5.0 4.2 
94 2 0.832 0.0373 3.2 3.8 3.2 


It is noted that Tide fragmented the available data pool into discrete bins according to 
joint length. The data for A325 and A490 bolts were also pooled. The total number of test 
data available for the reliability analysis is 66 (48 joints with A325 bolts and 18 joints 
with A490 bolts). Although this is considered a decent sample size, the number of data 
points in each bin used by Tide can be very small (varying from 21 test results for joints 
10.5 in. long to just two test results for 94 in. long joints). Although the sample size for 
the 10.5 in. long joints is decent, all the other bins have nine or fewer data points. It is the 
writers' opinion that the sample size is too small to conduct a valid reliability analysis.  


The writers suggest a regrouping of some of the datasets to form larger datasets. An 
examination of the available test data indicates a difference in joint behaviour between 
A325 bolts and A490 bolts. (This is logical since the shear ductility is different for these 
two grades.) Furthermore, from a reliability analysis of pooled data it was found that a 
satisfactory safety index for all joint lengths is obtained if the joints are split between 
those that are shorter than or equal to 30 in. and those longer than 30 in. A strength 
reduction factor of 1.0 (compared to 0.9 proposed by Tide) is used for the former and a 
strength reduction factor of 0.85 is used for joints longer than 30 in.  


The results of the reliability analysis (Approach 1, which is commonly used for bolted 
and welded connections) are presented in Table 2. It is noted that the statistics for A490 
bolts are based on published data and the statistics for bolt area are based on 
measurements conducted at the University of Alberta on several hundred bolts of 
diameters varying from 3/4 in. to 1-1/2 in., various grades, and bolts manufactured over a 
period of about 20 years. Based on this analysis, reduction factors of 1.0 for joints shorter 
than 30 in. and 0.85 for longer joints provide the desired safety index. 
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Table 2 – Summary of Reliability Analysis for Step Function Proposed by Grondin and 
Kulak 


 L ≤ 30.0 in. L > 30.0 in. All lengths 
Bolt Grade A325 A490 A325 A490 A325 A490 


No. of Tests 29 8 19 10 48 18 


uFρ  1.2 1.07 1.2 1.07 1.2 1.07 


bAρ  0.994 0.994 0.994 0.994 0.994 0.994 


Pρ  0.941 0.969 0.996 1.104 0.966 1.044 


uFV  0.07 0.02 0.07 0.02 0.07 0.02 


bAV  0.005 0.005 0.005 0.005 0.005 0.005 


PV  0.069 0.022 0.154 0.105 0.113 0.105 


Rρ  1.12 1.03 1.19 1.17 1.15 1.11 


RV  0.098 0.030 0.170 0.107 0.133 0.107 
β   4.7 5.6 4.0 4.8 4.3 4.4 
φ   0.75 0.75 0.75 0.75 0.75 0.75 


 


Closing remarks 


Tide is proposing a strength reduction factor of 0.9 for joints shorter than 31.5 in. and a 
strength reduction factor of 0.75 for joints longer than 31.5 in. This is based on a 
reliability analysis of a fragmented data pool. A reliability analysis of the same data pool, 
divided into four groups, according to joint length and bolt grade, indicates that an 
acceptable safety index is obtained without imposing a reduction factor of 0.9.  
Combination of joints with A490 bolts with those of A325 bolts increases the variability 
in the data. Tide has invoked the need to account for second-order effects through this 
reduction factor. It is the writers' opinion that second-order effects should be accounted 
for in the calculation of bolt forces rather than in the calculation of bolt strength. 
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Appendix A – Reliability analysis of bolted joints 


The probability of failure of a structural element or its connections is directly related to 
the safety index, β, given as: 


 
2 2


ln R/D


R DV V
β =


+
 (A-1) 


where R is the resistance and D the demand, or load effect. The term ln R/D  is the mean 
of the natural log of the capacity to demand ratio. The coefficients of variation RV  and 


DV  are associated to the resistance and demand, respectively. The calculation of the 
safety index has commonly been done using one of two approaches, identified as 
Approach 1 and Approach 2, as described below. The first approach involves separating 
the resistance from the load effects in the formulation of the safety index, whereas the 
second approach, more general, keeps both the resistance and the load effects in the 
formulation. A short overview of the two approaches follows. 


Approach 1 


In an attempt to separate the load effect from the resistance, Lind (1971) proposed an 
approximation for 2 2


R DV V+  using a separation factor, α, as follows: 


 2 2 ( )R D R DV V V Vα+ = +  (A-2) 


For the range 1 3
3


R
D


V
V≤ ≤  and α = 0.75, this approximation is within 6% of the 


exact formulation.  Galambos and Ravindra (1977) extended this concept further by 
introducing two separation factors, αR and αD, such that 


 2 2
R D R R D DV V V Vα α+ = +  (A-3) 


The expression for the safety index, β, can now be rewritten as: 


 ln /


R R D D


R D
V V


β
α α


=
+


 (A-4) 


from which we can obtain: 


 exp( ) exp( )R R D DR V D Vβ α β α− =  (A-5) 
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This equation relates the mean values of the resistance and the load effect. In order to re-
write the equation in terms of the associated nominal values, set 


 R D
R Dand
R D


ρ ρ= =  (A-6) 


where Rρ  and Dρ are the bias coefficient for the resistance and the bias coefficient for 
the demand, respectively. R  and D  are the nominal values of resistance and demand. 
The relationship between the nominal values of R and D becomes: 


 exp( ) exp( )R R R D D DV R V Dρ β α ρ β α− =  (A-7) 


The nominal values of R and D are related as follows: 


 φ R  =  α' D  (A-8) 


where φ is called the resistance factor, or performance factor, and α' is called the load 
factor. Therefore: 


 exp( )R R RVφ ρ β α= −  (A-9) 


Galambos and Ravindra (1977) proposed a separation factor αR = 0.55. In this equation, 
the bias coefficient for the resistance can be expressed in terms of the various sources of 
variation as follows: 


 R G M P dρ ρ ρ ρ ρ=  (A-10) 


where 


Gρ : bias coefficient for the cross-sectional geometry, i.e. the mean value of the ratio of 
the relevant geometric property, such as A, I, b, d, t, w, Z, S, to the nominal value as 
given in tables of section properties. This factor is sometimes referred to as the 
fabrication factor. 


Mρ : bias coefficient for the material property, i.e., the ratio of the relevant material 
property (E, yF , uF ) to the nominal value as given in material specifications. 


Pρ : bias coefficient for the professional factor (i.e., the ratio of the measured or test 
strength to the value predicted by the design equation). 


dρ : bias coefficient of the discretization factor. It represents the ratio of the actual 
member size to the required member size. It recognizes that only a discrete number 
of steel shapes are available to resist a continuum of demands from the applied 
loads.  
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From the background information presented above, 2 2 2 2
R G M P dV V V V V= + + +  where 


GV , MV , PV  and dV  are the coefficients of variation of the geometric properties, 
material properties, test/predicted strength ratios, and discretization. 


It should be noted that, because of the interdependence of the resistance factor and the 
load factor, an adjustment factor is needed when load factors are established for 
structures as a whole based on a target safety index of 3.0. This factor is less than 1.0 for 
values of β greater than 3.0. Fisher et al. (1978) showed that this factor varied only from 
0.86 to 0.90 for a safety index of 4.5 and a wide range of live to dead load ratios. The 
following equation can be used to obtain the reduction factor for values of β other than 
3.0. 


 ( )
( )0.0275


1.086 1.0933 1.3936
e 1 0.03111 1 0.1313


L De
C


L Deβ β β
+


=
⎡ ⎤+ + +⎣ ⎦


 (A-11)  


where L and De are the live and dead loads, respectively.  


Figure 1 illustrates the variation of the correction factor as a function of the safety index 
for different values of live load to dead load ratio, varying from 0.5 to 3.0. A simple 
polynomial expression can be fitted through any one of the curves using a least square 
regression analysis. For a live to dead load ratio, L/De, of 3.0, which has been adopted in 
the AISC specification, the correction factor can be obtained as: 


 20.008 0.1584 1.4056C β β= − +  (A-12) 


and the equation for the resistance factor thus can be written as: 


 ( )expR R RC Vφ ρ β α= −  (A-13) 


 


Figure 1 – Polynomial representation of the correction factor, C. 
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Approach 2 


The above equation for the resistance factor made use of a separation variable to separate 
the effect of loads from the resistance. It was used to calculate the resistance factor 
without considering the load factors or load statistics. Although this approach is 
convenient and has been used extensively, the more recent approach used by Galambos 
(2006) and Schmidt and Bartlett (2002) includes the load statistics in the calculation of 
the resistance factor. (This approach was proposed by Nowak and Lind in 1979.) The 
approach does not use a separation variable and, consequently, the resistance factor is 
expressed as follows: 


 ( )2 2expi i
R R D


D V V
D
αφ ρ β∑= − +  (A-14) 


where iα  is the load factor for the nominal load iD , D  is the mean of the total load and 


DV  its COV. The other variables are as defined earlier. For the common case dead loads 
and live loads only, the equation for the resistance factor becomes: 


 ( )2 21.2 1.6 expR R D
De L V V
De L


φ ρ β+
= − +


+
 (A-15) 


where  


 
( )


2 2


2
σ σ+


=
+


De L
DV


De L
 (A-16) 


For convenience, the equation for the resistance factor can be rewritten in terms of the 
Live to Dead Load ratio as follows: 


 
( )
( )


( )2 2
1.2 1.6


expR R D
De L


L
De V V


L
De


φ ρ β
ρ ρ


+
= − +


+
 (A-17) 


where Deρ  is the bias coefficient for the dead load and Lρ  is the bias coefficient for the 
live load due to use and occupancy. Similarly, the COV for the demand becomes: 


 


2 2
2 2


2
1


L
De L


De
D


L


De


LV V
De


V
L
De


ρ
ρ


ρ
ρ


⎛ ⎞ ⎛ ⎞+ ⎜ ⎟⎜ ⎟ ⎝ ⎠⎝ ⎠=
⎛ ⎞+⎜ ⎟
⎝ ⎠


 (A-18) 


The safety index, expressed in terms of the live to dead load ratio, is: 
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( )( )
( )( )


2 2


1.2 1.6
ln


R


De L


R D


L
De


L
De


V V


ρ


φ ρ ρ
β


⎡ ⎤+
⎢ ⎥
⎢ ⎥+⎢ ⎥⎣ ⎦=


+
 (A-19) 


The statistics for the live and dead load effects that have been proposed by Galambos 
(2006) are as shown in Table A-1. 


Table A-1 – Load statistics used by Galambos (2006) 


Load type Bias coefficient COV 


Dead 1.05 0.10 


Live 1.00 0.25 


It should be noted that the COV for the live load represents the COV for the load itself 
and the COV for the analysis. 
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Ballot Item 5: (S08-022) – Section 3.3 “Bolt Holes” 
 
Chris Curven (NEGATIVE) 
There is not enough oversight on hole dimensions.  NASCC has actually had speakers promote rounding up to 
an 1/8" to make room for galvanizing then classify them as standard size holes to improve constructability in 
the field.  When in acutality it changes the hole type to over-sized. This change will encourage hole choice at 
the fabrication level without the knowledge of the engineer of record.  Let's leave this deciscion up to the EORs. 
 
Patrick Fortney (NEGATIVE) 
"…of Record shall specify..." This has the possibility of being abused, and can possibly tie the hands of 
efficiency and economy of the fabricator. I would prefer to have it read "...of Record may specify..."   
 
Gilbert Grondin (NEGATIVE) 
The engineer of record must approve the type of hole used since it may affect the behavior of the structure. 
 
Lawrence Kloiber (NEGATIVE) 
The section should indicate that if the SEOR does not specify hole requirements in the contract documents the 
holes permitted shall be as noted below.  Without language like this there is no default condition. 
 
Todd Ude (NEGATIVE) 
The rationale provided addresses inconsistency between the RCSC spec and J3.2 of AISC spec in their 
treatment of short slotted holes.  But the proposed spec changes have the effect of shifting responsibility for 
hole type from the Engineer to the Fabricator (under the guidance’s provided in sections3.3.*.)(a) If such 
changes are to be made, corresponding change to the commentaryof3.3.1 would be required (where 
commentary explains why approvals of the engineer are required). (b) There are some connections which play a 
role in structure stability, but without having well-defined "loaded directions" under all load cases.  It does not 
seem appropriate to shift responsibility for properly identifying "the loaded direction" from the Engineer to the 
Fabricator, as might be interpreted from the proposed change.(c) Proposed changes have the potential to 
introduce additional freedom and play in steel erection. It would be desirable to document some "typical", "best-
case", and "worst-case" scenarios of potential changes in erectability, plumbness & alignment, and cost savings, 
prior to introducing such a change.(d)It is a valuable convenience to the Engineer to know that the spec has a 
single, unambiguous default hole type which governs in the absence of other direction.  It is reasonable that this 
be the stringent limiting case of standard hole size. Blanket acceptance of standard holes and of "short slots 
transverse to the loaded direction in some types of connections" clouds this picture. (Actually an objection to 
AISC J3.2.) 
 
Peter Birkemoe (AFFIRMATIVE) 
The use of "individual" twice in 3.3.4 could be removed; a or "a" or "any" seem adequate. 
 
David Sharp (ABSTAIN) 
The writer observes that is not clear whether the revision allows the detailer to specify hole types and submit 
them to the EOR for approval.  A literal read of the proposed revision suggests the detailer does not have this 
flexibility.  Could we add something along the lines of the following:  "Any proposed change(s) to hole type(s) 
specified by the EOR to accommodate fabrication or construction considerations shall be submitted to the EOR 
and used only upon formal acceptance by the EOR". 
 
Floyd Vissat (AFFIRMATIVE) 
Subsection 3.3.4, last sentence: spelling of considered. 
 
 
 












2010 Agenda Item 9.1 
From 2008-09 Ballot comments 
Peter Birkemoe: (NEGATIVE) 
The current wording that permits "coated with coatings of any formulation" for PT joints remains in 
the revisions with further explanation. The PT joint is one that a significant level of pretension is 
expected to be sustained during the lifetime of the structure regardless of the slip resistance at 
the faying surface or any statements on performance of the bolts regarding sustained tension. A 
list of coatings that have acceptable performance data would be a better approach than this 
"open door" inclusion of "anything." Partially cured or soft coatings of any thickness may exhibit 
negative creep characteristics yet would apparently be permitted in PT joints. The same coating 
may have an acceptable slip characteristic under sustained compression in a slip test but fail the 
sustained load test because fastener tension is lost over time.  Thus it seems as though we would 
permit this coating for a PT but not an SC joint application. My negative is not for the 
improvement that has been suggested but for the original and I would hope that a responsible 
modified definition of permitted coatings will go further to correct the deficiency that we have in 
the 2004 version before and after the proposed changes.  
 
The requirements for curing are specified for SC but curing developes hardness and final 
thickness of a coating and thus has an impact on the relaxation of tension as well as on the slip 
coefficient.  I believe the desirability of a PT joint hinges on retaining the tension that is installed 
and thus the allowance of any coating formulation is too permissive. This permission is counter to 
our prohibition of any soft gasket material in a connection and a coating can act in that way. The 
proposed commentary give some guidelines and goes a long way to solve this deficiency but 
doesn't go far enough to permit the engineer to chose or evaluate a coating that is under 
consideration. 
 
From 2009 Spec Committee Minutes 
5.2 S06-005B Commentary, Section 3.2.1 - Thick coatings on faying surface (Shaw): 


(January 2009 Ballot summary: 63/1/3 – Affirmative /Negative/Abstention) 


One additional change proposed to the as balloted item (Carter).  Include in Section 3.2, 
Commentary (new second paragraph, first sentence):  For pretensioned joints, caution should be 
used in the specification and application of thick coatings within the faying surface.  Although slip 
resistance is not required, fastener assemblies in joints with thick or multi-layer coatings may 
exhibit significant loss of pretension because of compressive creep in softer coatings such as 
epoxies, alkyds, vinyls, acrylics, and urethanes and others.  Proposed resolution to Birkemoe 
negative vote is being considered as new business. 


 


Further discussion followed (Frank, Birkemoe, Carter, Harrold).  Since test data in not available, 
the proposed ballot serves as a warning, which is why the change is being noted in the 
commentary.  The 15-mil limit is per surface not total thickness between elements, which is being 
considered editorial to the proposed ballot.  The last sentence of the proposed wording will now 
read, “Tests have indicated that significant bolt pretension may be lost when the total coating 
thickness within the joint approaches 15 mils per surface and that surface coatings beneath the 
both head and nut can contribute to additional reduction in pretension.” 
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2010 Agenda Item 9.2 
 
From 2008-09 Ballot comments 
Tom Schlafly: (NEGATIVE) 
Delete the concept of tightening a turn of nut fastener in a plate. It does not accomplish anything. 
Charlie Carter: (AFFIRMATIVE) 
Wow! We have essentially stated in the last couple sentences of the proposed addition that 
preinstallation verification isn't really necessary for turn-of-nut installations with short bolts. I 
agree, and we could also say that for long bolts as well. I suggest we eliminate the preinstallation 
verification requirements across the board for turn-of-nut installation.  
 
From 2009 Specification Committee Minutes 
 
5.9 S08-018 Specification, Section 7.1 - Tension Calibrator (Shaw): 


(January 2009 Ballot summary: 59/3/5 – Affirmative /Negative/Abstention) 


Several additional changes proposed to the as balloted item (Grondin, Kaufman, Schlafly, 
Birkemoe, Carter, Iyer, Mitchell, Yura, Biel, Muir).  Revise Specification, Section 7.1 (last 
paragraph):  The accuracy of the a hydraulic tension calibrator shall be confirmed through 
calibration at least annually. 


Revise Section 7.1, Commentary:  A tension calibrator is a hydraulic device that indicates the 
pretension that is developed in a bolt. that is installed in it. Such a device is an economical and 
valuable tool and It must be readily available whenever high-strength bolts are to be 
pretensioned. A bolt tension calibrator is essential for: 


(1)  The pre-installation verification of the suitability of the fastener assembly, including the 
lubrication that is applied by the manufacturer or specially applied, to develop the specified 
minimum pretension; 


(2)  Verifying the adequacy and proper use of the specified pretensioning method to be used; 
(3)  Determining the installation torque for the calibrated wrench pretensioning method; and, 
(4)  Determining an arbitration torque as specified in Section 10, if required to resolve dispute. 
 
It is the only economically available tool for the described essential uses in the shop and field. 
 
Hydraulic tension calibrators undergo a slight deformation during bolt pretensioning. Hence, when 
bolts are pretensioned according to Section 8.2.1, the nut rotation corresponding to a given 
pretension reading may be somewhat larger than it would be if the same bolt were pretensioned 
in a solid steel assembly. Stated differently, the reading of an hydraulic tension calibrator tends to 
underestimate the pretension that a given rotation of the turned element would induce in a bolt in 
a pretensioned joint. 
 
Direct tension indicators (DTIs) may be used as tension calibrators, except in the case of turn-of-
nut installation. This method is especially useful for, but not restricted to, bolts that are too short 
to fit into a hydraulic tension calibrator. The DTIs to be used for verification testing must first have 
the average gap determined for the specific level of pretension required by Table 7.1, measured 
to the nearest 0.001". This is commonly termed the “calibrated gap.” Such measurements should 
be made for each lot of DTIs being used for verification testing, commonly termed the “verification 
lot.” The fastener assembly may then be installed in a standard size hole with the additional 
verification DTI. The prescribed pretensioning procedure is followed, and it is verified that the 
average gap in the verification DTI is at or below equal to or less than the calibrated gap for the 
verification lot. For calibrated wrench installation, the verification DTI should be placed at the 
fastener end opposite the installation wrench. For twist-off bolt installation, the verification DTI 
must be placed beneath the bolt head, with an additional F436 washer between bolt head and 
verification DTI, and the bolt head is not permitted to turn. For DTI installation, the verification DTI 
must be placed at the end opposite the placement of the production DTI. 
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Agenda Item 9.2 3 Turn-of-the-Nut Pre-Installation Reqmt 


This technique cannot be used for the turn-of-nut method because the deformation of the DTI 
consumes a portion of the turns provided. For turn-of-nut pre-installation verification of bolts too 
short to fit into a hydraulic calibration device, installing the fastener assembly in a solid plate with 
the proper size hole and applying the required turns is adequate. No verification is required for 
achieved pretension to meet Table 7.1. 
 
Further discussion followed (Birkemoe, Frank, Mayes, Kaufman, Wallace, Gialamas, Wilson, 
Schlafly, Curven).  The intent of the proposed change was to accommodate a testing method for 
bolts too short to fit into a hydraulic tension calibrator. 


 


Shaw moved to find Grondin‘s negative vote to be non-persuasive. 
Harrold requested a vote with results as follows: 


17 affirmative 
  3 negative 
  0 abstention 


Shaw moved and Frank seconded to find Schlafly’s negative vote to be non-persuasive. 
Harrold requested a vote with results as follows: 


15 affirmative 
  3 negative 
  1 abstention 


Depending on council vote, Shaw will reconsider Schlafly’s negative vote as new business and 
re-write considering turn-of-nut installation.  Schlafly withdrew his negative vote with the 
understanding that his negative will be considered new business. 
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2010 Agenda Item 9.5 
From:  Schlafly, Tom [schlafly@aisc.org] 
Sent:  Tuesday, October 27, 2009 11:00 AM 
To:  Harrold, Allen J. 
Cc:  carter@aisc.org 
Subject:  RCSC Spec potential new item 
 
AISC TC6 has an item on its task list that we wish RCSC to address.  
We have been asked to write a provision for the use of TC bolts in snug tight connections. I 
suspect we want it to say it is ok to leave or remove the tips.  
 
This item has been on our task list for quite a while so you may have tackled this before but I do 
not recall it.  
THX 
 
 
Tom Schlafly 
American Institute of Steel Construction 
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2010 Agenda Item 9.6 
Al and Joe, 
 
We (Tom) sent this to Larry Muir, who chairs our task committee on connections for the AISC 
Committee on Specifications. However, this is a matter on which RCSC and IFI need to get out in 
front. 
 
It appears from the article submitted (which we will not print before there is proper technical 
consideration) that there is a problem with STD hole sizes and max fastener diameters at larger 
bolt diameters. Perhaps we need a STD hole of d+1/8 for 1 ¼ and over but no min hole or we will 
be measuring every hole we make and we have not had the incidents to justify that. It affects 
RCSC Table 3.1, IFI’s info, and the standards that we use from ASME. I’d love it if it were just a 
matter of getting ASME to fix their spec.  
 
Where do you gentlemen want to head on this? 
 
Charlie 
 
 
Comments from Chad or Joe Greenslade in regard to ASTM F16.02 action on this topic.  ??? 


 
See also the following document contained in the Zip file. 


Drake & Hunt - Bolt Holes And Tolerances  (4/22/10) 
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From:                              Carter, Charlie [carter@aisc.org]
Sent:                               Friday, April 23, 2010 10:26 AM
To:                                   Harrold, Allen J.; Joe Greenslade
Cc:                                   Chad Larson; Schlafly, Tom; Larry Muir
Subject:                          FW: MSC Article For Publication
Attachments:                 Drake & Hunt - Bolt Holes And Tolerances 
22Apr10.pdf


 
Al and Joe,
 
We (Tom) sent this to Larry Muir, who chairs our task committee on connections for the AISC Committee on Specifications. 
However, this is a matter on which RCSC and IFI need to get out in front.
 
It appears from the article submitted (which we will not print before there is proper technical consideration) that there is a problem 
with STD hole sizes and max fastener diameters at larger bolt diameters. Perhaps we need a STD hole of d+1/8 for 1 ¼ and over 
but no min hole or we will be measuring every hole we make and we have not had the incidents to justify that. It affects RCSC 
Table 3.1, IFI’s info, and the standards that we use from ASME. I’d love it if it were just a matter of getting ASME to fix their spec. 
 
Where do you gentlemen want to head on this?
 
Charlie
 


From: Melnick, Scott  
Sent: Friday, April 23, 2010 9:14 AM 
To: Carter, Charlie 
Cc: Schlafly, Tom; Klemens, Tom 
Subject: FW: MSC Article For Publication
 
 


From: Rick.Drake@fluor.com [mailto:Rick.Drake@fluor.com]  
Sent: Thursday, April 22, 2010 4:44 PM 
To: Melnick, Scott 
Cc: Tom.Hunt@fluor.com; Klemens, Tom 
Subject: MSC Article For Publication
 
 
Scott:  
 
Attached is a pdf file of an article that I think would be appropriate for MSC publication.  
 
 
 
Regards,  
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Rick Drake, SE, SECB 
Senior Fellow, Structural Engineering 
Fluor Enterprises, Inc. 
3 Polaris Way 
Aliso Viejo, California  92698 
Phone: 949-349-5791 
E-Mail: Rick.Drake@fluor.com
------------------------------------------------------------
The information transmitted is intended only for the person 
or entity to which it is addressed and may contain 
proprietary, business-confidential and/or privileged material.  
If you are not the intended recipient of this message you are 
hereby notified that any use, review, retransmission, dissemination, 
distribution, reproduction or any action taken in reliance upon 
this message is prohibited. If you received this in error, please 
contact the sender and delete the material from any computer.  
 
Any views expressed in this message are those of the individual 
sender and may not necessarily reflect the views of the company.  
------------------------------------------------------------
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INTRODUCTION 


I have been associated with several industrial projects over the years with highly loaded 
members and connections that require larger diameter high strength bolts.  It is quite 
common to have RFI’s from the field where the 1-1/2 inch diameter bolts do not fit in the 
bolt holes.  This involves both ASTM A325 and ASTM 490 bolts.  QA measurements 
typically indicate that the bolts meet the ASTM Specification and the holes meet the 
AISC specification. 


 


Photo courtesy of Fluor Constructors, Inc. 
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Bolt Tolerances 


Production of high strength bolts are in accordance with either ASTM A325 or ASTM 
A490.  Both specifications refer to ASME B18.2.6 for geometry. 


ASME B18.6.2 Table defines the bolt body diameter, including plus or minus tolerances. 
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Note (2) is applicable to the Body Diameter and refers to Section 2.1.7. 


 


Section 2.1.7 allows an increase in body diameter at the “swell” under the head or at any 
die seam.  Notice that the increase is proportional to the bolt diameter. 


Working Table 1 and Section 2.1.7 together for 1-1/2 inch diameter bolts: 


inchd


inchd


590.1


470.1


max


min






 


BOLT HOLE TOLERANCES 


Bolt hole tolerances are defined in Table 3.1 of the RCSC High Strength Bolt 
Specification. 
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Notice that the bolt hole size is constant regardless of bolt diameter.  This means that the 
percentage difference between the bolt diameter and the bolt hole size is decreasing with 


increased bolt diameter. Also note that the table provides a plus tolerance 






 inch


32


1
, 


but is silent about negative tolerances. 


Interpreting Table 3.1 for 1-1/2 inch diameter standard bolt holes: 


inchh


undefinedh


5937.1max


min






 


Because the HSB Specification is not an ANSI approved document, AISC provides a bolt 
hole table, invoked by AISC 360 Section J3.2. 


 


 


Notice that the tolerance footnotes were not copied from the RCSC Specification; in lieu 
of a plus tolerance the bolt holes sizes are defined as a maximum.  The Specification is 
also silent about negative tolerances. 


Interpreting Section J3.2 and Table J3.3 for 1-1/2 inch diameter standard bolt holes: 


inchh


undefinedh


5625.1max


min




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CONCLUSION 


Putting the bolt and bolt tolerances together for 1-1/2 inch diameter bolts with standard 
bolt holes: 


inchh


undefinedh


inchd


5625.1


590.1


max


min


max







 


The bolts at their maximum diameter tolerance won’t fit in to the bolt holes with the 
maximum tolerance, much less at the minimum undefined tolerance. 


How has this been resolved in the past? 


Old timers (who prefer to remain anonymous) indicate that the shops fabricated the bolt 


holes 
32


1
 to 


16


1
 inch bigger without telling the engineer.  This was the original “Don’t 


Ask; Don’t Tell”, adopted more recently by the military. 


How is this resolved now? 


With the increased attention by AISC to Quality Assurance (a good thing), the fabricators 
are now fabricating holes within the defined maximum hole sizes.  They can’t afford to 
let inspectors measure bolt holes that are oversized, even if it facilitates construction. 


This now increases the occurrence of large diameter high strength that do not fit in the 
bolt holes. Typically, the resolution is for the Engineer-Of-Record (EOR) on the project 
to approve reaming the existing bolt holes and allowing larger bolt hole tolerances.   


How could it be resolved in the future? 


To minimize the occurrences where the EOR is forced to approve a project-specific 
deviation from AISC 360, the Specification should be revised.  I recommend that Table 
J3.3 of AISC 360 be revised to (1) define both plus and minus tolerances on bolt hole 
sizes, and (2) redefine standard bolt holes for the larger diameter bolts. 
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2010 Agenda Item 5.9 
 


2009 Ballot Item 5:  (S08-022) - Section 3.3 "Short Slots Usage" 
 
As Balloted 
3.3 Bolt Holes 


The Engineer of Record shall specify the hole type in the contract documents as standard, 
oversized, short-slotted or long-slotted holes, and for slotted holes, their orientation.  The 
nominal dimensions of standard, oversized, short-slotted and long-slotted holes for high-
strength bolts shall be equal to or less than those shown in Table 3.1.  Thermally cut bolt 
holes shall be permitted if approved by the Engineer of Record.  For statically loaded joints, 
thermally cut surfaces need not be ground.  For cyclically loaded joints, thermally cut 
surfaces shall be ground smooth. 


 
{Table 3.1 Nominal Bolt Hole Dimensions is unchanged and not reproduced here.} 
 


{Ballot Item 1: (S07-008) has been proposed to modify this same section.  Any new ballot action 
will be updated to reflect the resolution of S07-008.} 
 
3.3.1. Standard Holes:  In the absence of approval by the Engineer of Record for the use of other 


hole types, Sstandard holes shall be usedare permitted in all plies of bolted joints. 
 
3.3.2. Oversized Holes:  When approved by the Engineer of Record, Ooversized holes are 


permitted in any or all plies of slip-critical joints as defined in Section 4.3. 
 
3.3.3. Short-Slotted Holes:  When approved by the Engineer of Record, Sshort-slotted holes are 


permitted in any or all plies of snug-tightened joints as defined in Section 4.1, and 
pretensioned joints as defined in Section 4.2, provided the applied load is approximately 
perpendicular (between 80 and 100 degrees) to the axis of the slot.  When approved by the 
Engineer of Record, Sshort-slotted holes are permitted in any or all plies of slip-critical 
joints as defined in Section 4.3 without regard for the direction for the applied load. 


 
3.3.4. Long-Slotted Holes:  When approved by the Engineer of Record, Llong-slotted holes are 


permitted in only one ply at any individual faying surface of snug-tightened joints as defined 
in Section 4.1, and pretensioned joints as defined in Section 4.2, provided the applied load 
is approximately perpendicular (between 80 and 100 degrees) to the axis of the slot.  When 
approved by the Engineer of Record, Llong-slotted holes are permitted in one ply only at 
any individual faying surface of slip-critical joints as defined in Section 4.3 without regard 
for the direction of the applied load.  Fully inserted finger shims between the faying 
surfaces of load-transmitting elements of bolted joints are not considered a long-slotted 
element of a joint; nor are they consdered to be a ply at any individual faying surface. 


 
 
Commentary (attach additional pages as needed):   
 
No Commentary changes are proposed. 
 
Rationale or Justification for Change (attach additional pages as needed):   
 
The use of slotted holes facilitates assembly in shop and field, allows more standard connections 
reducing the number of detail pieces required, and reduces the amount of field slotting and 
reaming that may be required for fit-up. The industry should be permitted to use short-slotted 
holes as typical practice, rather than seek the Engineer’s approval for each case or project. 
 
RCSC requires Engineer’s approval to use short-slotted holes, even when normal to direction of 
load. AISC Specification J3.2, 2nd paragraph allows use of short-slotted holes when normal to 
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direction of load, as follows: 
 


Standard holes or short-slotted holes transverse to the direction of the load shall be provided 
in accordance with the provisions of this specification, unless oversized holes, short-slotted 
holes parallel to the load or long-slotted holes are approved by the engineer of record. 
 


In addition, the 4th paragraph of the same section permits their use in slip-critical joints and in 
“shear-bearing” joints, when loaded perpendicular to direction of stress 


 
 


Voting Response: 
47  Affirmative 
5 Negative 
8 Abstain 
0 Affirmative w/ Comment 
0 Abstain w/ Comment 
 


 
Person Vote Comment Proposed Res. Action 
Chris 
Curven 


Neg There is not enough oversight on 
hole dimensions.  NASCC has 
actually had speakers promote 
rounding up to an 1/8" to make 
room for galvanizing then classify 
them as standard size holes to 
improve constructability in the 
field.  When in acutality it changes 
the hole type to over-sized. This 
change will encourage hole choice 
at the fabrication level without the 
knowledge of the engineer of 
record.  Let's leave this deciscion 
up to the EORs. 


  


Patrick 
Fortney 


Neg "…of Record shall specify..." This 
has the possibility of being abused, 
and can possibly tie the hands of 
efficiency and economy of the 
fabricator. I would prefer to have it 
read "...of Record may specify..."   


  


Gilbert 
Grondin 


Neg The engineer of record must 
approve the type of hole used since 
it may affect the behavior of the 
structure. 


  


Lawrence 
Kloiber 


Neg The section should indicate that if 
the SEOR does not specify hole 
requirements in the contract 
documents the holes permitted 
shall be as noted below.  Without 
language like this there is no 
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Person Vote Comment Proposed Res. Action 
default condition. 


Todd Ude Neg The rationale provided addresses 
inconsistency between the RCSC 
spec and J3.2 of AISC spec in their 
treatment of short slotted holes.  
But the proposed spec changes 
have the effect of shifting 
responsibility for hole type from 
the Engineer to the Fabricator 
(under the guidance’s provided in 
sections3.3.*.)(a) If such changes 
are to be made, corresponding 
change to the commentaryof3.3.1 
would be required (where 
commentary explains why 
approvals of the engineer are 
required). (b) There are some 
connections which play a role in 
structure stability, but without 
having well-defined "loaded 
directions" under all load cases.  It 
does not seem appropriate to shift 
responsibility for properly 
identifying "the loaded direction" 
from the Engineer to the 
Fabricator, as might be interpreted 
from the proposed change.(c) 
Proposed changes have the 
potential to introduce additional 
freedom and play in steel erection. 
It would be desirable to document 
some "typical", "best-case", and 
"worst-case" scenarios of potential 
changes in erectability, plumbness 
& alignment, and cost savings, 
prior to introducing such a 
change.(d)It is a valuable 
convenience to the Engineer to 
know that the spec has a single, 
unambiguous default hole type 
which governs in the absence of 
other direction.  It is reasonable 
that this be the stringent limiting 
case of standard hole size. Blanket 
acceptance of standard holes and 
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Person Vote Comment Proposed Res. Action 
of "short slots transverse to the 
loaded direction in some types of 
connections" clouds this picture. 
(Actually an objection to AISC 
J3.2.) 


Peter 
Birkemoe 


Aff The use of "individual" twice in 
3.3.4 could be removed; a or "a" or 
"any" seem adequate. 


  


David 
Sharp 


Abs The writer observes that is not 
clear whether the revision allows 
the detailer to specify hole types 
and submit them to the EOR for 
approval.  A literal read of the 
proposed revision suggests the 
detailer does not have this 
flexibility.  Could we add 
something along the lines of the 
following:  "Any proposed 
change(s) to hole type(s) specified 
by the EOR to accommodate 
fabrication or construction 
considerations shall be submitted 
to the EOR and used only upon 
formal acceptance by the EOR". 


  


Floyd 
Vissat 


Aff Subsection 3.3.4, last sentence: 
spelling of considered. 


  


 
 





