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Preface 

This publication replaces and expands upon the information available previously in 
Quality Criteria and Inspection Standards (AISC, 1988), which has been updated by the 
AISC Committee on Manuals, Textbooks, and Codes as a general construction and design 
reference. It is not intended to preclude the use of other rational procedures or alternatives. 

This reference has been prepared to: (1) familiarize engineers, architects, fabricators, 
erectors, inspectors, and owners with the techniques and tolerances of standard steel 
fabricating and erecting practice and with the economic effect of special workmanship 
requirements; and, (2) to provide engineering guidance in answer to common questions 
in steel design and construction. Some common problems and conflicts of interpretation 
of standards involving fabrication tolerances and procedures are discussed; the AISC 
recommendation for their clarification and resolution is provided. Such recommenda 
tions should be used together with the existing specifications and codes to advance the 
goals of achieving steel structures that are safe, economical, and serviceable. While some 
recommendations offer helpful guidance, they may not be based upon code requirements. 

A wide variety of resource information exists in the literature. Specifications and codes 
such as AISC's LRFD Specification for Structural Steel Buildings and Code of Standard 
Practice for Steel Buildings and Bridges provide a practical basis for engineering and 
quality standards. Other organizations also provide specifications that cover steel-related 
products; the American Welding Society (AWS). the Research Council on Structural 
Connections (RCSC), the American Society for Testing and Materials (ASTM), the Steel 
Structures Painting Council (SSPC), and the American Association of State Highway and 
Transportation Officials (AASHTO). among others. 

These commonly accepted standards for fabricating and erecting structural steel framing 
provide satisfactory criteria for design, workmanship, fit, and appearance at minimum 
cost for the vast majority of buildings and bridges. The imposition of more restrictive 
criteria or tolerances, while sometimes justified by specific conditions of usage, can 
significantly increase the cost of fabrication. Furthermore, accuracy or perfection of 
finish that serves no useful function only increases the cost, not the quality, of steel 
construction. 

In addition to these documents, many other sources of information exist. Peer-reviewed 
papers covering a wide variety of steel design, fabrication, and erection concerns are 
published in the AISC Engineering Journal and the ASCE Journal of Structural Engi 
neering. The Proceedings of AISC's National Steel Construction Conference, published 
annually, contain many papers of interest. While primarily non-technical in nature, 
AISC's Modern Steel Construction Magazine regularly contains articles of interest in 
engineering decision-making. 

This guide is generally based upon the provisions of the 1993 AISC LRFD Specification 
for Structural Steel Buildings (referred to herein as the LRFD Specification). Most 
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information herein can also be used with the 1989 AISC ASD Specification for Structural 
Steel Buildings. Where this is not the case, it has been so noted in the text. 

In many cases, statements are quoted from the various referenced specifications, codes, 
and standards and other sources. In some cases, editorial clarification has been made 

herein to minimize the volume of verbiage. When this is the case, square brackets 
surround the editorialization. 
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Abbreviations and Definitions 

The following terms and abbreviations appear throughout the text of this guide. In 

general, defined terms are capitalized in the text. 

AASHTO American Association of State Highway and Transportation Officials. 

AC/ American Concrete Institute. 

AESS Architecturally exposed structural steel, as defined in AISC Code of Standard 

Practice Section 10. 

A/SC American Institute of Steel Construction. 

A/SJ American Iron and Steel Institute. 

ANSI American National Standards Institute. 

AP! American Petroleum Institute. 

Applicable Building Code The code under which the building was designed. 

ASCE American Society of Civil Engineers. 

ASTM American Society of Testing and Materials. 

A WS American Welding Society. 

CMTR Certified mill test report. 

HSS Hollow structural section. 

Mill The steel material manufacturer. 

NAAMM National Association of Architectural Metals Manufacturers. 

NDE Non-destructive Examination. 

PQR Procedure Qualification Record. 

RCSC Research Council on Structural Connections. 

SER Structural Engineer of Record. 

SSPC Steel Structures Painting Council. 

Statically Loaded Structures Structures subject to loading that characteristically is 
slowly applied and removed, as would be typical in building, sign, and 

tower structures; dead. live, wind and similar loads are generally consid 
ered to be static. 

Cyclically Loaded Structures Structures subject to loading that is applied andlor 
removed at a rate that cannot be considered to be static and requires 

consideration of fatigue, as would be typical in bridge structures and crane 

runways. 

WPS Welding Procedure Specification. 
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CHAPTER 1 

MILL PRODUCTION AND TOLERANCES 

ASTM A6/ A6M covers mill requirements for structural steel, including dimensional 
tolerances on the cross-section of structural shapes, the quality requirements and the type 
of mill conditioning permitted. This commentary includes a discussion of portions of 
these provisions and the work required either when supplied material does not meet the 
tolerances specified or when more restrictive tolerances are specified. 

1.1. Cross-sectional and Straightness Tolerances 

1.1.1. Where are the (mill) dimensional tolerances for structural shapes and plates 

given? 

Permissible variations for structural shapes and plates as received from the mill 
are established in ASTM A6/A6M Section 13. These historically developed 
standard tolerances define the acceptable limits of variation from theoretical 
dimension for the cross-sectional area, flatness, straightness, camber, and sweep 

for rolled sections. It should be noted that cross-sectional tolerances are expressed 
as a percentage of weight or area, not as tolerances on dimensions such as the 
flange and web thicknesses. 

Generally, standard fabrication practice accommodates these structurally ac 
ceptable variations. In special cases such as high-rise construction, the accumu 
lation of mill tolerances may require consideration in design by the SER. If more 
restrictive tolerances are required they must be specified in the contract docu 
ments. 

1.2. Surface Condition 

1.2.1. Where are the permissible variations in surface condition/or structural shapes 

defined? 

ASTM A6/ A6M Section 9 defines the permissible variations in the surface 
condition for structural shapes and plates in the as-rolled condition. It should be 
recognized that surface imperfections, such as seams and scabs, within these 
specified limits may be present on material received at the fabrication shop; 
particularly on heavyweight cross-sections because of higher finishing tempera 
tures and production difficulties. Certain steel chemistries, such as that for ASTM 
A588, will also exhibit a higher incidence of surface imperfections. 

Special surface-condition requirements must be specified in the contract docu 
ments. Material purchased to meet the requirements of ASTM A6/ A6M is usually 
subject to acceptance or rejection based upon visual inspection both at the rolling 
mill and at the time of receipt by the fabricator, although more extensive 
inspection methods may be used. This inspection is important because mills 
normally limit their contractual liability to replacement or credit. Because occa 
sional surface imperfections may be discovered after the fabricator's acceptance 
of mill material, particularly after blast cleaning, any requirements for remedial 
work should also be specified in the contract documents. 
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1.2.2. What corrective procedures are available to the mill when variations in surface 

condition do not meet specified tolerances? 

ASTM A6/ A6M Section 9 specifies limited conditioning that the mill may 
perform when as-rolled material does not meet specified tolerances. Note that it 
further states that "conditioning of imperfections beyond the [specified] limits ... 
may be performed by [the fabricator] at the discretion of [the fabricator]". 

Unless required in the contract documents, code-compliant surface imperfec 
tions generally need not be repaired or removed if they are not detrimental to the 
strength of the member. When required, they may be repaired by grinding or 
welding. The responsibility for any required repairs should be assigned in the 
contract documents so that it is clearly understood by all parties involved, 
including the owner's representative (e.g., general contractor), fabricator, erector, 
and painter. 

1.2.3. How should edge discontinuities in mill material be treated? 

Non-injurious edge discontinuities in Statically Loaded Structures need not be 
removed or repaired, unless otherwise specified in the contract documents. 
Injurious defects, such as a longitudinal discontinuity that will be subjected to 
through-thickness loading, should be repaired by welding and/or grinding. The 
requirements for treatment of such edge discontinuities must be clearly specified 
in the contract documents and the repair procedure should be approved by the 
SER. 

In Cyclically Loaded Structures, the provisions of AWS 01.1 Section 5.15.1.2 

for edges that are to be welded are appropriate for non-welded edges, except that: 

1. With the approval of the purchaser, discontinuities need not be explored to 
a depth greater than 1 in. When the depth of a discontinuity exceeds l in., 
the discontinuity should be gouged out to a depth of 1 in. and beyond its 
intersection with the surface and repaired by the deposition of weld metal 
as indicated in AWS 01.1 Section 5.15.1.1. 

2. For discontinuities over l-in. long, with depth exceeding 11,-in. but not 
greater than 1 in., the discontinuity must be removed and repaired, but no 
single repair should exceed 20 percent of the length of the edge repaired. 

1.3 Ordering Steel 

J.3.1. What information is required to be reported in a Certified Mill Test Report 

(CMTR)? 

The information required to be reported in a CMTR is as given in ASTM A6/ A6M 
Section 18. This includes but is not limited to the steel grade and nominal sizes 
supplied and tension test results. This document may be in written form or, per 
ASTM A6/ A6M Section 18.8, transmitted electronically. 

1.3.2. What must the specifier indicate when material is subject to a domestic 

purchasing requirement? 

When a domestic purchasing requirement is in effect for a given project, the 
specifier must indicate in the contract documents and purchase order that material 
must be melted and manufactured in the United States of America. 
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1.3.3. When a project is subject to a metric design requirement, what shapes are 
available? 
ASTM A6M, the metric equivalent of ASTM A6, covers the metric series of 
structural shapes that is in use in the United States. Because it is a soft' metric 
conversion, the metric series is physically identical to the inch-pound-unit shape 
series. The dimensions arc given in millimeters (mm) with mass expressed in 
kilograms (kg); note that the mass must be multiplied by the acceleration of 
gravity 9.81 mis' to obtain kilonewtons (kN). Metric properties and dimensions 
of the ASTM A6M shape series can be found in AISC's Metric Properties of 
Structural Shapes. 

1.3.4. To what ASTM Specifications are hollow structural sections (HSS) ordered? 
ASTM A500 and A847 are appropriate when specifying square, rectangular, and 
round HSS. These specifications cover cold-formed production of both welded 
and seamless HSS; ASTM A847 offers atmospheric corrosion resistance proper 
ties similar to that of ASTM A588 for W-shapes. Pipe-size rounds (P, PX, and 
PXX) are also available in ASTM A53 grade B material. 

1.4. Other General Information 

1.4.1. Color combinations are commonly used to indicate various steel grades. Where 
are these color combinations established? 
Colors that identify the various grades of structural steel are established in ASTM 
A6/A6M Section 12.6.3; for example, green and yellow for ASTM A572 grade 
50 steel and blue and yellow for ASTM A588 steel. 

1.4.2. Where are chemistry requirements for structural steel specified? 
Chemistry limitations and requirements are specified in the ASTM specifications 
for structural steels, such as ASTM A36, A572, A588, etc. Steel producers are 
required to report steel chemistry for each heat of steel produced on a CMTR (see 
1.3.1). 

1.4.3. Structurally, is there a difference between a 1/2 X 4 bar and a 1/2 x 4 plate? 
Structurally, none; furthermore, plate is becoming a universally applied term 
today. However, the historical classification system for such structural material 
would suggest the following physical difference: all four sides of a 1/2 x 4 bar 
would be rolled edges, i.e., the mill rolled it to that thickness and width. A 1/2 x 4 
plate will have been cut from a '1,-in. plate of greater width either by shearing or 
flame cutting. 

1.4.4. What are the common length limits on structural steel members as ordered from 
the mill? 
Common mill lengths range from 30 ft to 65 ft in 5-ft increments. However, 
because individual mill practices and standards vary, it is best to consult with 
individual mills directly. When steel is purchased from a warehouse, the selection 

I. A soft conversion is made by directly converting the U.S. customary unit value to a metric equivalent, for 
example, l in. equals 25.4 mm; conversely. a hard conversion is made by selecting new values in round metric 

increments. such as replacing I in. with 25 mm. 
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of available lengths may be further limited. Additionally, the method of shipment 

may also limit !he available length. 
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CHAPTER 2 

GENERAL FABRICATION 

The AISC LRFD Specification for Structural Steel Buildings and Code of Standard 

Practice for Steel Buildings and Bridges cover the requirements for fabrication of 
structural steel. This commentary includes a discussion of portions of these provisions 
and subsequent recommendations. 

2.1. Material Identification and Traceability 

2.1.1. What is required for the identification of material? 
Identification means the ability to determine that the specified material grade and 

size is being used. An identification system is required in AISC LRFD Specifica 
tion Section M5.5: " . . .  the fabricator shall be able to demonstrate by a written 

procedure and by actual practice a method of material application and identifica 
tion, visible at least through the "fit-up" operation, of the main structural elements 
ofa shipping piece. The identification method shall be capable of verifying proper 
material application as it relates to: 

1. Material specification designation 

2. Heat number, if required 
3. [CMTR] for special requirements [if required]." 

2.1.2. What is the difference between traceability and identification of material? 
Traceability means the ability to identify a specific piece of steel in a structure, 
throughout the life of the structure, and its specific CMTR. As such, traceability 

requirements are significantly more expensive than the identification require 
ments in 2.1.1. The owner should clearly understand the differences, limitations, 
and relative costs involved. 

Traceability is not a requirement in the AISC LRFD Specification and, when 
required, must be clearly specified in the contract documents prior to the ordering 
of material. The following elements of traceability should be selected only as 

needed: 

1. Lot traceability vs. piece-mark traceability vs. piece traceability: Lot trace 
ability means that the materials used in a given project can be traced to the 

set of CMTR 's for that project. Piece-mark traceability means that the heat 
number can be correlated for each piece mark, of which there can be many 
individual pieces. Piece traceability means that the heat number can be 

correlated for each piece, which effectively demands separate piece marks 
for each piece. 

Each of these three successive levels of traceability adds significant costs. 
Piece traceability, the most expensive option, is necessary only in critical 

applications, such as the construction of a nuclear power facility. Piece-mark 
traceability is often specified for main members in bridges. Lot identification 
is most common in other applications where traceability is required. 
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2. Main-,naterial traceability vs. all-material traceability: Main-material 
traceability means that beams, columns, braces, and other main structural 
members are traced as specified above. All-material traceability means that 
connection and detail materials are also traced as specified above. 

All-material traceability, the more expensive option, is necessary only in 
critical applications, such as the construction of a nuclear power facility. In 
other cases, main-material traceability is sufficient, when traceability is a 

requirement. 
3. Consumables traceability means that lot numbers for consumables such as 

bolts, welding electrodes, and paint can be traced. This is necessary only in 
critical applications, such as the construction of a nuclear power facility. 

4. Required record retention defines the level of detail required in documenting 
traceability (who, what, when, where, how, etc.). 

5. Fool-proof record retention vs. fraud-proof record retention: Fool-proof 
record retention means internal verification of records. Fraud-proof record 
retention means external certification of records. Fraud-proof record reten 
tion is necessary only in critical applications, such as the construction of a 
nuclear power facility. In other cases, foolproof record retention is sufficient, 
when traceability is a requirement. 

2.1.3 How does a fabricator maintain traceability, when it is required? 
Each heat of steel produced by the mill is tested for chemical content and 
mechanical properties and the results are recorded on a CMTR, which is provided 
to and maintained in the records of the fabricator. Each piece that is rolled from 
this heat is then labeled with an identification mark that relates to the correspond 
ing CMTR. The fabricator applies an identification mark to each piece. Because 
this piece mark remains with the piece throughout the fabrication and erection 
process, the material is traceable back to the CMTR for that individual piece. 

Many connecting elements and similar fittings are too small to accommodate 
the marks to identify the piece from which they were cut. Additionally, such items 
are commonly made from stock materials with marks that may have inadvertently 
been abraded or lost during years of storage. In such cases, the fabricator provides 
written certification that the stock material meets the contract requirements. 

Manufacturers of consumables such as bolts, welding electrodes and paint 
provide documentation as to the content and specification compliance of their 
products. This documentation is provided to and maintained in the records of the 
fabricator. The packaging in which the products are shipped is referenced to this 

documentation. 
In some cases, the fabricator may purchase materials through a warehouse. 

When this is the case, the warehouse must transmit the necessary documentation 
from the manufacturer to the fabricator. 

2.2. Cutting and Finishing Steel 

2.2.1. What methods are available for cutting steel and what is the corresponding range 

of utility for each' 
The following methods are commonly used to cut steel: 

AMERICAN INSTITl.TTE OF STEEL CONSTRUCTION 
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I .  Friction sawing, which is performed with a high-speed rotary blade, is 
commonly used by mills and is limited only by machine size. This cutting 

method, however, is no longer commonly used in fabrication shops. 
2. Cold sawing, whether by rotary saw, hack saw, or band saw, is limited only 

by machine size. 
3. Oxygen-acetylene (and related fuel) flame cutting, which can be mechani 

cally or hand-guided, is commonly used for general cutting and edge 

preparation operations, such as coping, beveling, notching, etc.; its utility is 
virtually unlimited. 

4. Plasma cutting, which is mechanically guided, is generally useful for cutting 

plate of up to 3/,-in. thickness. 
5. Laser cutting, which is mechanically guided, is generally useful for cutting 

plate; thickness limitations vary. 

6. Shearing, which is performed with mechanical presses, is generally useful 
for cutting plates and angles and is limited only by machine size and capacity. 

Additional minor material removal and finishing may also be accomplished by 
one of the methods listed in 2.2.2. 

2.2.2. What methods are commonly used to provide finished surfaces, when required? 

Some of the cutting methods in 2.2.1 result in surfaces that are finished without 
further treatment; see 2.2.3 and 2.2.4. When this is not the case, the following 
methods are commonly used to provide finished surfaces: 

1. Milling, which is commonly used to bring members to their required length 

and end finish. 
2. Face machining, which can be used to finish large areas to exact dimensions. 

3. Planing. 
4. Grinding, which is commonly used for edge preparation, including treatment 

of flame-cut edges, removal of burrs, etc. when required. 

2.2.3. Can the end of a column, as received from the rolling mill, be considered to be a 
finished surface? 
Yes, provided the mill cut is at right angles to the column axis and meets the 

surface roughness requirements in ANSI/ASME B46.l (see 2.2.4). 

2.2.4. Is it commonly necessary to mill bearing surfaces after sawing? 

No. As stated in AISC LRFD Specification Section M2.6, "compression joints 
which depend on contact bearing ... shall have the bearing surfaces of individually 

fabricated pieces prepared by milling, sawing, or other suitable means." AISC 
Code of Standard Practice Section 6.2.2 states that "any fabricating technique 

such as friction sawing, cold sawing, milling, etc. that produces [a finished surface 
with maximum ANSI roughness height value of 500] may be used." Cold-sawing 

equipment produces cuts that are more than satisfactory. 

2.2.5. What constitutes acceptable thermal cutting practice? 

Structural steel preferably should be thermally cut by mechanically guided 
means. However, mechanica1ly guided cutting may not be feasible in some cases, 

such as the cutting of copes, blocks, holes for other than bolt holes (see 2.4.1 and 
2.4.2), and similar cuts. Accordingly, hand-guided thermal cutting should be 
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allowed as an alternative. Regardless, thermally cut surfaces must meet the 
appropriate roughness limitations as summarized in 2.2.6. 

2.2.6. What are the appropriate roughness limitations for thennally cut edges? 

Inadvertent notches or gouges of varying magnitude may occur in thermally cut 
edges, depending upon the cleanliness of the material surface, the adjustment and 
manipulation of the cutting head, and various other factors. When thermally cut 
edges are prepared for the deposition of weld metal, AISC LRFD Specification 
Section M2.2 and AWS 01.1 Section 5.15.1.1 provide acceptance criteria that 
consider the effect of discontinuities that are generally parallel to the applied 
stress on the soundness of welded joints. Additionally, correction methods for 
defects of various magnitudes are stipulated therein. When thermally cut edges 
are to remain unwelded, the following surface condition guidelines are recom 

mended: 

1. If subjected to a calculated tensile stress parallel to the edge, edges should, 
in general, have a surface roughness value not greater than 1,000 as defined 
in ANSI/ ASME B46. l. 

2. Mechanically guided thermally cut edges not subjected to a calculated 
tensile stress should have a surface roughness value not greater than 2,000 

as defined in ANSI/ ASME B46. l. 

3. Hand-guided thermally cut edges not subjected to a calculated tensile stress 
should have a roughness not greater than I;,6-in. 

4. All thermally cut edges should be free of notches' and reasonably free of 
gouges.3 Occasional gouges not more than 3;16-in. deep are permitted. 

Gouges greater than 31,.-in. deep and all notches should be repaired as indicated 
in 2.2.7. 

2.2. 7. When surface roughness for thermally cut edges does not meet the limitations in 

2.2.6, how is the surface repaired' 

Roughness exceeding the criteria in 2.2.6 and notches not more than 3/16-in. deep 
should be removed by machining or grinding and fairing-in at a slope not to 
exceed 1 :2Y2• The repair of notches or gouges greater than '!win. deep by welding 
should be permitted. The following criteria are recommended: 

1. The discontinuity should be suitably prepared for good welding. 
2. Low-hydrogen electrodes not exceeding 5/32-in. diameter should be used. 

3. Other applicable welding requirements of AWS 01.1 should be observed. 
4. The repair should be made flush with the adjacent surface with good 

workmanship. 
5. The repair should be inspected to assure soundness. 

2.2.8 To what profile must re-entrant corners, such as corners of beam copes, be 

shaped? 

Re-entrant comers should provide a smooth transition between adjacent surfaces, 
but generally need not be cut exactly to a circular profile. The recommendation 

2. defined as a V-shaped indentation or hollow. 
3. defined as a groove or cavity having a curved shape. 
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in the AISC LRFD Manual (page 8-225) is that an approximate minimum radius 
of 1/2-in. is acceptable. However, the primary emphasis should be that square-cut 
comers and corners with significantly smaller radii do not provide the smooth 

transition that is required. From AISC LRFD Specification Section J 1.6, it is 
acceptable to provide radius transitions by drilling (or hole sawing) with com 
mon-diameter drill sizes (not less than %-in.) as suggested in LRFD Specification 
Commentary Figure C-J 1.2. 

When the comer of a cope has been square-cut, a common solution is to 

flame-cut additional material at the comer to provide a smooth transition as 
illustrated in Figure 2.2.8-1. Note that the sides of the cope need not meet the 
radius transition tangentially. Any notches that occur at re-entrant comers should 
be repaired as indicated in 2.2.7. 

2.3. Use of Heat in Fabrication 

2.3.1. ls it permissible to use controlled heat to straighten, curve, or camber structural 

steel shapes? 
Yes. AWS DI.I Section 5.26.2 permits heat-straightening of members that are 
distorted by welding and stipulates rules for this procedure. These rules are 
equally applicable for all heat straightening or curving. Furthermore, AISC LRFD 
Specification Section M2. ! and the discussion in the AISC LRFD Manual (page 
1-12), provide a sound basis for the use of controlled heat to straighten, curve, 
camber, and form structural steel. The proper control of heat application generally 
involves the use of rosebud tips on torches to disperse the applied flame and 
temperature indicating crayons or similar devices to monitor the induced tem 

perature. 

2.3.2. Is it permissible to accelerate cooling of structural steel after the application of 

controlled heat? 
Yes, provided heated steel for Cyclically Loaded Structures is first allowed to 
cool ambiently to 600 degrees F. Because the maximum temperature permitted 

flame cut to 
remove sharp 

corner 

Fig. 2.2.8-1. Correction of square-cut copes. 
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by AISC LRFD Specification Section M2. l for heating operations is below any 
critical metallurgical temperature for the material being heated, the use of 
compressed air, water mist, or a combination thereof should be permitted to 
accelerate the final cooling of the heated. For members to be used in cyclically 
loaded structures (i.e., where fatigue and toughness are design issues) it is 
recommended that such accelerated cooling not begin until the temperature has 
dropped below 600 degrees F. This limitation is more historical than technical in 
nature. As a fair balance between the desires of the fabricator and the concerns 
of the owner, it provides an added safeguard to prevent the abuse of excessive 
cooling and undesirable residual stresses should accepted procedures not be 

strictly monitored. 

2.4. Bolt Holes 

2.4. J. What are the acceptable methods for making bolt holes? 
Acceptable methods for making bolt holes include: 

l. Punching 
2. Sub-punching and reaming 
3. Drilling 
4. Hole sawing 

5. Flame piercing and reaming 
6. Flame cutting, subject to surface quality requirements as discussed in 2.4.2. 

See also 5.1.3. 

2.4.2. What variation in profile is generally acceptable for bolt holes? 

The slightly conical hole that naturally results from punching operations is 
acceptable. From RCSC Specification Section 3(c), "holes not more than V,,-in. 
larger in dimension than the true decimal equivalent of the nominal dimension 
that may result from a drill ... of the corresponding nominal diameter are 
considered to be acceptable." The width of slotted holes that are produced by 
flame-cutting, or a combination of punching or drilling and flame-cutting should 

generally be not more than 11,,-in. greater than the nominal width except that 
gouges not more than V..-in. deep are permitted. In Statically Loaded Structures, 
the flame-cut surface need not be ground smooth; for Cyclically Loaded Struc 

tures, the flame-cut surface must be ground smooth. 

2.4.3. Must burrs be removed in bolted connections? 

From RCSC Specification Section 3(c), "Burrs extending V..-in. or less above the 

plate surface are permitted for connections that are not slip-critical. Burrs that 
would prevent solid seating of the connected parts in the snug-tight condition 
shall be removed from slip-critical connections." This longstanding provision is 
augmented by more recent test results as reported in RCSC Bolt Bulletin No. 5: 
" . . .  burrs are not detrimental to the performance of bearing connections. [In 
slip-critical connections] if burrs are so small that they are flattened during the 
snugging, it is not necessary that they be removed." It is further stated therein that 
larger burrs can remain if extra care is taken in the bolt installation process to 
achieve the proper bolt tension. 
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GENERAL FABRICATION 

2.5. Correction of Fabrication Errors 

I I  

2.5.1. Must fabrication errors always be repaired? 
No. Because the human element is involved in all phases of structural steel 
fabrication, material inadvertently may be cut to the wrong length, holes may be 
misplaced, parts may be located incorrectly, or notches or gouges may occur. 
However, many such errors or deviations need not be altered or repaired and are 
acceptable without change or penalty to the structure or its end use. Furthermore, 
some repair work may be more detrimental, such as that which creates higher 
residual stresses. In general, the SER should evaluate the deviation and whether 
it would be detrimental to the end use of the product. 

In some cases, repair wi11 be required and can usually be made so that the 
member will meet all performance criteria. Corrective measures to meet the 

requirements of shop drawings and specifications may generally be made by the 
fabricator during the normal course of fabrication, using qualified personnel and 
procedures that meet AJSC and AWS specifications. Such action is considered to 
be a part of the fabricator's quality control program and should not require either 
notification of, or approval from, the owner or SER. However, in cases where 
major work is involved (cutting or removal of welded members from a welded 
assembly, modification of design, deviation from critical dimensions, etc.), the 
SER must be consulted and a plan of corrective action agreed upon. 

2.5.2. What repair is appropriate for material that is cut too short? 
When material is short of the minimum required length, welded splices or 
deposited weld metal, when applied with appropriate welding procedures and 
specified material, should be permitted with the approval of the SER. 

2.5.3. What repair is appropriate for mislocated bolt holes? 

Generally, mislocated fastener holes are not detrimental to the strength of a 
member if the remaining effective net section is adequate for the loads. As such, 
they may be left open, filled with bolts, or plug welded in accordance with AWS 
DI.I Section 5.26.5 with the approval of the SER. Ultrasonic inspection is not 
generally required for plug-welded fastener holes. Alternatively, if a bolt hole is 
mislocated by a small amount, say less than a bolt diameter, it is often possible 
to adjust the connection material to accommodate the error. 

2.5.4. What repair is required when a minor member mislocation occurs? 
When detail parts are placed in error, minor mislocations should be investigated 
to determine if relocation is necessary. When relocation is necessary, such as when 
dimensions are critical, the error is major, or the incorrectly placed part is visually 
unacceptable under an AESS requirement, the incorrectly placed part should be 
removed. For a welded detail, flame cutting, gouging, chipping, grinding, or 
machining may be required. Care should be taken to avoid damage to the main 
material of the associated member. The surface of the main material should be 
ground smooth and repaired, if necessary, as indicated in 2.2.6 and 2.2.7. 

2.5.5. What is "moderate reaming" as indicated in AJSC Code of Standard Practice 

Section 7.12? 
During the course of erection, it occasionally becomes necessary to ream holes 
so fasteners can be installed without damage to the threads, resulting in a hole 
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that is larger than normal or elongated. The hole types recognized by the AISC 
and RCSC Specifications are standard, oversized, short-slotted, and long-slotted, 
with nominal dimensions as given in AISC LRFD Specification Table J3.3. From 
RCSC Specification Section 3(c), "holes not more than 1/n-in. larger in dimension 
than the true decimal equivalent of the nominal dimension that may result from 
a ... reamer of the corresponding nominal diameter are considered to be accept 
able." Note that reamed holes must meet the provisions for minimum edge 
distance and minimum spacing in AISC LRFD Specification Sections J3.3 and 
J3.4, respectively. 

When more major misalignments occur, it is indicated in AISC Code of 
Standard Practice Section 7.12 that they are " ... reported immediately to the 
owner and fabricator by the erector, to enable whoever is responsible to either 
correct the error or to approve the most efficient and economical method of 
correction to be used by others." 

2.6. Other General Information 

2. 6.1. What precautions are required when cold bending material with sheared or 
flame-cut edges? 

When cold bending plates or perfonming other operations involving cold bending 
and a sheared or flame-cut edge, care must be taken to preclude the initiation of 
cracks at the edge. Minimum radii for cold bending plates of various steel grades 
are indicated in AISC LRFD Manual Table 9-13 (page 9-219). It is indicated in 
the corresponding text therein that the tabular values may have to be increased 
when bend lines are parallel to the direction of final rolling or longer than 36 in. 
Additionally, "Flame cut edges of hardenable steels should be machined or 
softened by heat treatment. Nicks should be ground out and sharp comers should 
be rounded." 

2.6.2. What are the common length limits on fabricated structural steel members? 
The maximum length of a fabricated assembly is primarily limited by shipping 
and erectability concerns, such as overall length, depth, and total weight. How 
ever, because individual practices and capabilities vary, it is best to consult with 
the fabricator directly. 

The common solution to a member length concern is a splice, which may be 
necessary and/or desirable for fabrication, shipping, and/or erectability consid 
erations. When approved by the SER, fabricator-initiated splices in members are 
acceptable. 

2.6.3. Common steel items, such as metal deck and open-web steel joists, are not 

considered to be structural steel in the A/SC Code of Standard Practice. Why? 
Even though items such as metal deck and open-web steel joists may be provided 
by the structural steel fabricator, they are not considered to be structural steel 
because they are neither manufactured nor fabricated by the structural steel 
fabricator. As such they are listed in Section 2.2 as "other steel or metal items". 
Items that are normally part of the fabricator's work are listed as structural steel 
items in Section 2.1. 
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CHAPTER 3 

FABRICATION AND ERECTION TOLERANCES 

The AISC LRFD Specification for Structural Steel Buildings, the AISC Code of Standard 
Practice for Steel Buildings and Bridges, AWS Dl.l, and other existing specifications 
and codes cover tolerance requirements for the fabrication and erection of structural steel. 
This commentary includes a discussion of portions of these provisions and subsequent 
recommendations. 

The structural steel fabrication industry has traditionally achieved a remarkable degree 
of dimensional accuracy in the fabrication and erection of steel structures. This is 
particularly evident when considering the variety and levels of skills essential to coordi 
nate and perfonm the planning, detailing, fabrication, and erection of many unique and 
complex steel buildings, bridges, and other special structures. 

3.1. Member Cross-sectional Tolerances 

3.1.1. Can out-of-tolerance mill material be adjusted by the fabricator so that it 
conforms to the appropriate tolerances? 

Sometimes. Infrequently, material is discovered after delivery to be beyond mill 
tolerances. When material received from the rolling mill does not confonm to the 
requirements of ASTM A6/A6M or more restrictive tolerances that are specified 
in the contract documents, the fabricator can use controlled heating, mechanical 
straightening, or a combination of both methods, consistent with manufacturer 
recommendations, to adjust cross-section. flatness, straightness, camber, and/or 
sweep. 

3.1.2. What is the tolerance on depth/or built-up girders and trusses? 
The appropriate tolerances for the welded cross-section are specified in AWS 
01.1 Section 5.23. However, at bolted splices for such members, AWS Dl.l 
Section 5.23 is silent on this subject. AISC recommends that the permissible 
deviations for girder depth in AWS Dl.l Section 5.23.9 be applied to depth at 
bolted splices. Any differences within the prescribed tolerances at such joints 
should be taken up, if necessary, by shimming. . 

3. 1.3. What is the flatness tolerance for webs of built-up girders? 
For members in Statically Loaded Structures, web flatness does not affect the 
structural integrity of a girder because it primarily resists shear. Accordingly, 
neither the AISC LRFD Specification nor the AISC Code of Standard Practice 
includes a limitation on the out-of-flatness of girder webs. Such a tolerance is 
specified for welded plate girders, however, in AWS Dl.l Section 5.23.6.2. 

Shrinkage of web-to-flange welds and/or welds that attach stiffeners to the web 
can create operational difficulties in girder webs, particular those that are less 
than '116-in. thick. Accordingly, the dimensional tolerance for deviation from 
flatness of a girder web less than '116-in. thick, with or without stiffeners, in 
Statically Loaded Structures should be determined as the larger of '!:,-in. or the 
value determined in AWS D 1 .1 Section 5.23.6.2. In Cyclically Loaded Structures, 
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the value in AWS Dl.l Section 5.23.6.3 should be observed. If architectural 
considerations require a more restrictive flatness tolerance, it should be specified 

in the contract documents. In all cases, the web thickness specified should be 
adequate to minimize such distortion. 

3.2. Member Straightness Tolerances 

3.2.1. How are the permissible deviations from straightness described in Chapter 1 
accounted for in fabrication and erection? 

In most cases, deviations from true straightness and dimension of individual 

members (within the tolerances specified in ASTM A6/A6M) are compensated 
for during erection by the relative flexibility of the individual members compared 

to that of the overall structural steel frame they comprise. In some structures using 
heavy, rigid cross-sections, however, the stiffness of the member may preclude 
any adjustment of out-of-straightness that, although within acceptable limits, can 

prevent tight fit-up of connections. This situation is most likely to occur with 
multi-story building columns and may cause difficulty in erecting the floor 
framing members. 

Although normal detailing practices may compensate in part for this problem, 
special shop layout practices are essential for heavy, rigid framing. A straight 
theoretical working line should be established between member ends as defined 
by the AISC Code of Standard Practice Section 7.ll.2(d). 

See also 3.5.3. 

3.2.2. What tolerance is applicable for the camber ordinate when beam camber is 
specified? 

As indicated in AISC Code of Standard Practice Section 6.4.5, for members less 
than SO-ft long, the camber tolerance is minus zero/plus 112-in; an additional I/8-in. 

per each additional IO ft of length (or fraction thereof) is allowed for lengths in 
excess of 50 ft. An exception is also included: members received from the rolling 
mill with 75 percent of the specified camber require no further cambering. 

Furthermore it is specified that camber be inspected in the fabricator's shop in an 
unstressed condition. 

3.2.3. What is the tolerance on sweep for curved girders? 

Permissible variations in sweep for horizontally curved welded plate girders are 
specified in AWS Dl.l Section 5.23.5. However, because the method of meas 
urement for this sweep dimension is not defined, the tolerance is sometimes 

misapplied. The permissible variation specified is the deviation of the theoretical 
mid-ordinate from a chord through the ends of a single fabricated girder section. 

If it is required to hold the ordinate of additional points along the beam within 

a certain tolerance, these requirements should be specified in the contract docu 
ments. Note, however, that most girders have sufficient lateral flexibility to easily 
permit the attachment of diaphragms, cross-frames, lateral bracing, etc., without 

damaging the structural member or its attachment. 

3.2.4. What is the tolerance on twist of welded box members? 

As stated in AWS Dl.l Section 5.23.11.4, " . . .  [the tolerance on) twist of box 
members . . .  shall be individually determined and mutually agreed upon by the 
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contractor and the owner with proper regard for erection requirements." In the 
absence of a specified tolerance, an attempt is sometimes made to apply the 
provisions of ASTM A500 or ASTM A6/A6M. However, the provisions of these 
material specifications should not be applied to fabricated box members. 

In an unspliced member, the necessary tolerance on twist is generally a matter 
of serviceability or aesthetics. In a member that will be spliced, twist must be kept 
within limits that will allow safe and uncomplicated erection. Shop assembly of 
the entire member by the fabricator may be necessary to accomplish this. It is 
recommended that the fabricator and erector mutually agree on the means and 
methods necessary to achieve installation of an acceptable member in the com 
pleted structure (see 3.5.1). Connection details for fabricated box members should 
accommodate twist in the completed member. 

In any case, the required twist tolerance should be specified in the contract 
documents. Note, however, because of high torsional strength and stiffness, 
correction of twist in a closed box or similar shape is nearly impossible and carries 
the potential for damage. If the actual twist of a fabricated member exceeds a 
specified tolerance, whether to attempt correction should be a case-by-case 
decision made by the SER. 

3.3. Element Location Tolerances 

3.3.1. ls a tolerance on hole or hole pattern location specified in the AISC Code of 
Standard Practice? 
No. Neither the ±1/,.-in. tolerance, where applicable, on overall length of members 
framed to other steel parts, nor the l/16-in. clearance on size of standard holes, 
should be construed as implying that the tolerance ±1/,.-in. also applies either to 
the maximum tolerance on hole location within a pattern of holes or to the position 
of intermediate connections. 

3.3.2. What is the tolerance on location of intermediate and longitudinal stiffeners? 

When intermediate stiffeners are spaced at a distance that is approximately equal 
to the girder depth, weld shrinkage up to %-in. in a 100-ft-long girder is not 
unconunon. Furthermore, thermal expansion or contraction in a like length of 
girder due to a temperature differential of 50 degrees F. can cause a change in 
length of approximately 3/s-in. In view of these and other factors, there is a need 
for a tolerance on the location of longitudinal stiffeners. Because AWS DI.I 
Section 5.23 is silent on this subject, AISC recommends the following criteria: 

1. Intermediate stiffeners may deviate from their theoretical location ±2 in. as 
measured from the girder end. 

2. Diaphragm and other connection stiffeners may deviate from their theoreti 
cal location by no more than twice the thickness of the stiffener. 

3. Longitudinal stiffeners may deviate from their theoretical location by a 
distance equal to I percent of the girder depth. 

4. If longitudinal stiffeners are interrupted by vertical stiffeners, the ends 
should not be offset by more than half the thickness of the longitudinal 
stiffeners. 
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3.3.3. When forces are to be transferred by contact bearing, is a gap allowed between 

the contact surfaces? 
From AISC LRFD Specification Section M4.4, " . .  .lack of contact bearing not 

exceeding a gap of '1,.-in., regardless of the type of splice used [i.e., welded or 
bolted] is permitted." If the gap exceeds 1/,.-in., but is less than '1,-in., and an 
engineering investigation shows that the actual area in contact (within 1/16-in.) is 

adequate to transfer the load, then the gap is acceptable. Otherwise, from AISC 
LRFD Specification Section M4.4, the gap must be packed with non-tapered steel 

shims. Similarly, a tolerance of 11,.-in. for bearing stiffeners is allowed in AWS 
Dl.l Section 5.23.11 .1 .  Such a gap would presumably be closed under load, 
bringing the stiffener into full contact bearing. 

3.4. Erection Tolerances 

3.4.1. How do individual member deviations impact the alignment and erected position 

of the overall structural steel frame? 
In many cases, individual member deviations that exceed established tolerances 
will have no adverse effect on the overall structural steel frame. However, in other 
instances, individual member deviations may accumulate and cause the overall 

structural steel frame to substantially exceed the overall permissible tolerances 
for plumbness, level, and line. It is essential that the effect of individual member 
tolerances on the overall structural steel frame be recognized and accounted for 

with practical detailing and fabrication techniques that permit compliance with 
overall tolerances. 

3.5. Other General Information 

3.5.1. How are tolerances determined if they are not addressed in the applicable 

standards? 
The fabrication and erection tolerances in the AISC I.RFD Specification for 
Structural Steel Buildings, the AISC Code of Standard Practice for Steel Build 

ings and Bridges, AWS Dl.l, and other existing specifications and codes have 
evolved over nearly three-quarters of a century. Although these standards gener 

ally present a workable format for the fabricator and erector, they tend to address 
individual members, rather than the role of individual members in the completed 

structure. 
Tolerances for assemblies, such as those on shop-assembled bents, frames, 

platforms, pairs of girders, etc., are not covered by any code or standard. AWS 
DI.I Section 5.23.11.4 states that" ... other dimensional tolerances of members 

not covered by [Section] 5.23 shall be individually determined and mutually 
agreed upon by the contractor and the owner with proper regard for erection 

requirements." This practice is recommended in all cases. The agreed upon 
tolerances should account for the erection tolerances specified in the AISC Code 

of Standard Practice. 

3.5.2. If special or more restrictive tolerances are required for the overall structural 

steel frame, can they be met? 
Possibly, but at a higher cost. Special clearances or tolerances may be difficult or 
impossible to achieve because of considerations such as temperature change, 
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fabrication and construction procedures, and erection stresses. When specified, 
such requirements must be identified in the contract documents. The additional 
cost of special or more restrictive tolerance requirements should be justified. 

3.5.3. How can the accu,nulation of mill, fabrication, and erection tolerances be 

economically addressed? 

While individual member tolerances are usually self-compensating and of minor 

significance in the overall structure, the possibility exists that these tolerances 
may accumulate and lead to misalignments that are difficult to correct in the field. 

As an example of the effect individual member tolerances may have on the total 
structure, consider the tolerances on columns and beams. Individual column and 
beam members are shown with their respective permissible tolerances in Figure 

3.5.3-1. These tolerances come from several sources: permissible camber and 

Detail Dimension ± 1/16 when L s  30'·0 

Detail Dimension± 1/8 when L > 30'·0 
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Fig. 3.5.3-1. Beam and column fabrication tolerances 
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sweep are specified in ASTM A6/ A6M andAWS D 1 . 1 ;  permissible variation from 
detailed length for members framed to other steel parts is specified in the AISC 
Code of Standard Practice; mill tolerances on the cross-section are illustrated in 

AISC Code of Standard Practice Commentary Figure I.  The foregoing example 
involves a possible but highly unlikely scenario. 

A case where individual members fabricated within permissible tolerances 

could make it impossible to erect a heavy two-story column within the plumbness 
tolerance of ±1:500 is illustrated in Figure 3.5.3-2. Although the condition shown 
would be unusual and represents the worst case with all member tolerances 

maximized and accumulated in one direction, it is evident that the accumulation 
of tolerances requires special consideration. Other possible examples include 

double-angle and end-plate connections to columns, attached shelf or spandrel 
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Fig. 3.5.3-2. Possible (but unlikely) accumulation of tolerances 

when details are located from actual centerlines. 
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angles, large plan dimensions in which many pieces line up, long bracing, 
expansion joints, and vertical systems such as stairs and multi-story wall panels. 
Deflections of cantilevered members and tolerance accumulation on complex 
framing systems involving a long series of connections before the load is in the 
column (causing accumulation of vertical tolerances) should also be considered. 

Details for material supported by the steel framing must provide for the 
standard tolerances. For example, in buildings with large plans, it is beneficial to 
develop special details that accommodate the accumulation of fabrication toler 
ances. Note that building expansion joints cannot be adjusted to proper position 
without a provision for this adjustment. 

The use of oversized holes, short-slotted holes, and long-slotted holes, provided 
a satisfactory method for achieving erection within tolerances as illustrated in 
Figures 3.5.3-3 and 3.5.3-4. Other satisfactory methods include the use of finger 
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Fig. 3.5.3-3. Adjustments for column curvature in 

beam-to-column connections. 
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shims, shop layout to theoretical working lines, and recognition of tolerance 

accumulation in details for finishes, such as the curtain wall or stonework 

attachments. 
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CHAPTER 4 

MEMBER DESIGN 

The AISC LRFD Specification for Structural Steel Buildings covers requirements for the 
design of structural steel members. This commentary includes a discussion of portions 
of these provisions and subsequent recommendations. Additional information on specific 
topics of interest can be found in the AISC Design Guide Series listed in Appendix B. 

4.1. AISC Specification Requirements 

4.1.1. Can the AJSC LRFD Specification be used to design structural shapes not listed 

in Part 1 of the Manual of Steel Construction? 
Yes. AISC's Manual of Steel Construction is written based upon the AJSC LRFD 
Specification for Structural Steel Buildings and provides design aids and charts 
for commonly used structural shapes: those listed in ASTM A6/ A6M as well as 
HSS (square, rectangular, and round), which are listed in their corresponding 
specifications. This coverage is not intended to exclude the use of other shapes 

that may be available. Other shapes and combinations thereof may be designed 
and used within the requirements of the AISC LRFD Specification. 

4.1.2. Why are deflection and drift limits not specified in the AISC LRFD Specification? 
Deflection and drift are examples of serviceability criteria. Serviceability limita 
tions are not mandated other than the requirement in AISC LRFD Specification 
Section L3.l that "Deformations ... shall not impair the serviceability of the 
structure." Summarizing from AISC LRFD Specification Commentary Section 
L3. l ,  any specific serviceability limit would depend on the function and compo 
nents of the structure. Guidance can be found in AISC Design Guide #3 Service 

ability Design Considerations for Low-Rise Buildings (Fisher and West, 1990). 

4.1.3. It is indicated in the AISC LRFD Specification Section 87 that the slenderness 
ratio of a tension member should preferably not exceed 300. Why? ls this 

requirement strength related? 

From AISC LRFD Specification Commentary Section B7, this recommended 
limit is "based on professional judgment and practical considerations of econom 
ics, ease of handling, and care required to minimize inadvertent damage during 
fabrication, transport and erection." It is further indicated that this requirement is 

not strength related. 
Essentially, this rule also ensures that a non-pretensioned structural brace will 

be stiff enough that significant lateral deflection of the structure will not be 
required to activate the strength of the brace. As such, this requirement does not 
pertain to rod bracing, cable bracing and other light bracing systems that are 
fabricated and installed with draw to activate the brace. 
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4.1.4. What is the difference in design philosophy between a building structure that has 
been designed to meet the AISC LRFD Specification for Structural Steel Buildings 
and a building that has been designed to meet the AJSC Seismic Provisions for 
Structural Steel Buildings? 
A building designed to the AISC LRFD Specification for Structural Steel Build 
ings is one that possesses adequate strength to resist all design loads, primarily 
through nominally elastic behavior. A building designed to the AISC Seismic 
Provisions for Structural Steel Buildings, contains additional provisions for 
dissipating large magnitude seismic input energy through controlled inelastic 
deformations in discreet locations in the structure, such as through hinging of 
beams in moment frames, buck.ling of braces in concentrically braced frames, and 
shear (or flexural) yielding of the link in eccentrically braced frames to preclude 
structural collapse under high overload conditions that may occur. Obviously, a 
higher cost is associated with designing to the latter specification and achieving 
this level of ductility. 

4.2. Requirements in Other Related Specifications and Codes 

4.2.1. As defined in AISC Code of Standard Practice Section 7.9, what is the difference 
between a self-supporting and a non-self-supporting steel frame? 
A non-self-supporting steel frame requires interaction with other elements (a 
precast concrete shear wall system, masonry infill, metal deck diaphragms, etc.) 
for stability while resisting gravity and/or lateral loads, even when completely 
erected. A self-supporting steel frame, once completely erected, is stable while 
resisting gravity and/or lateral loads. Note that structural steel and non-structural 
elements are as defined in AISC Code of Standard Practice Section 2.0; see also 

2.6.3. 

4.2.2. When design loads are not specified in the Applicable Building Code,from where 
can they be determined? 
The provisions in ANSI/ASCE 7-95 Minimum Design Loads for Buildings and 
Other Structures (ASCE, 1995) cover most loads in building structures, including 
design live loads and lateral loads. 

4.2.3. To what standards are non-structural steel items such as metal stairs, handrails, 
and catwalks designed? 
Design force requirements for these items are commonly specified in the Appli 
cable Building Code. Also, ANSI Al264.1 is available and the National Associa 
tion of Architectural Metals Manufacturers (NAAMM) publishes standards that 
cover the design of miscellaneous and certain other non-structural steel elements. 

4.3. Stability Bracing 

4.3.1. What constitutes a lateral brace for a beam? 
The designer may use one or both of two general options to provide a beam brace: 
(!) brace the flange subject to compression directly or (2) prevent twist of the 
cross section. A direct brace may be provided for a beam by a properly attached 
floor system itself or by a secondary framing member or brace. Generally, a brace 
connection, such as the simple shear connection for an infill beam, that is located 
within the one-third depth of the beam web that is closest to the compression 
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flange can be considered to provide a direct brace. If this is not the case, transverse 
stiffening can be provided to prevent twist and transfer the bracing effectiveness 
from a properly attached floor system to the compression flange. 

A long-standing rule of thumb is to provide bracing for two percent of the 
compressive force in the flange or member being braced. Alihough it lacks an 
explicit consideration of the required bracing stiffness, this approximation is 
typically conservative. A task committee of the AISC Committee on Specifica 
tions is currently developing specific strength and stiffness criteria for beam 
bracing, which will be included in a future revision of the AJSC LRFD Specifi 
cation. Additional information on this and other bracing topics can be found in 
Yura and Helwig (1995). 

4.3.2. Fora continuous crane runway girder with multiple spans and cantilevered ends, 
what bottom-flange laterally unbraced length must be assumed in design? 
The use of continuous crane runway girders should be discouraged because they 
are subject to many problems and a short fatigue life (see 4.8.4). However, if such 
girders must be made continuous, three alternatives are available in the literature: 
(!) from ANSI (1981), the unbraced lengih should be taken as twice the cantile 
vered distance or the distance between the supports, whichever is greater; (2) 
Tanner (1985) gives an alternative and possibly less conservative solution that 
considers the ratio of overhanging span to the adjacent interior span in the 
developed equations; and, (3) for doubly symmetric cross-sections, Galambos 
(1988) gives cantilever unbraced lengths for use in a corresponding equation for 
nominal lateral torsional buckling strength. 

4.4. Special Design Considerations 

4.4.1. When should notch toughness properties be specified' 
Toughness is ihe ability of a material to deform inelastically in the presence of 
flaws and under conditions of high stress concentration. A tough material will 
resist the initiation of a crack at points of stress concentration. Although, under 
certain abnormal conditions, the stress may rise locally to such levels that a crack 
is initiated, a tough material will better resist the propagation of the crack. The 
consideration of fracture mechanics principles may be necessary in some in 
stances. 

Some examples of when notch toughness should be specified include: 

I. dynamic or impact loading 
2. fatigue loading 
3. service temperatures below 25 degrees F. 

Additionally; selected welding details require notch toughness, such as welding 
of heavy shapes (see LRFD Specification Section A3.lc) and CJP groove welds 
in high-seismic systems (see 1997 AJSC Seismic Provisions). The use of bolted 
alternatives will often relieve or eliminate the need for special notch-toughness 
properties. 

4.4.2. What special considerations are required for structures in low-temperature 
service? 
As indicated in 4.4.1, notch toughness properties should be specified. 
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4.4.3. What special considerations are required for structures in elevated-temperature 

service? 

The reduction in yield strength as temperature is increased must be considered in 

design for service at elevated temperature. An excellent discussion of the effect 

of elevated temperature on mechanical properties as well as creep and other 
effects can be found in Brockenbrough and Johnston (1981). 

Alternatively, the steel can be shielded from the source of heat. For example, 
a 1/4-in. steel plate shield with a 2-in. air space is sometimes provided for crane 
girders that span above furnaces in mill buildings. 

4.4.4. When a beam with a web penetration requires reinforcement, what is the most 
efficient location for this reinforcement? 
As indicated in AISC Design Guide lf2 Steel and Composite Beams with Web 

Openings (Darwin, 1990), horizontal reinforcement above and below the web 
penetration as illustrated in Figure 4.4.4-1 is the most efficient and effective, when 
reinforcement is required. 

4.4.5. AISC LRFD Specification Appendix K covers constant amplitude fatigue. What 
about variable amplitude fatigue loading? 
An effective stress range can be calculated using Miner's rule (Schilling and 

Kleppstein, 1978). 

4.5. Composite Design 

4.5.1. What is the minimum concrete cover required above the head of a shear stud 

connector? 
At one time, such a requirement did exist in the AISC Specification. However, 
the strength of a shear stud connector depends upon the strength of the connector 

itself and the cone of concrete under the head, not the concrete over it. Accord 
ingly, the cover requirement was eliminated. The reader is cautioned, however, 
to allow sufficient slab thickness to accommodate possible variations in compos 
ite beam shape, such as that due to camber, which could otherwise cause shear 

stud connectors to protrude through the top of the slab. 

/ Shelf size adequate / for fillet weld 
I 

- � Stiffeners on both sides when required for strength 
=====> 

Fig. 4.4.441. Web penetration reinforcement. 
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4.5.2. Can a shear stud connector be welded to the beam flange at any location across 

its width as long as there is adequate space for the weld? 
Yes, however, from AISC LRFD Specification Commentary Section 15.6, "[the 
diameter of] studs not located directly over the web of a beam ... is limited to [a 
maximum of] 2.5 times the flange thickness." 

4.5.3. What is meant when a shear stud is said to be located in the strong or weak 

position? 
Modern steel deck profiles generally have a reinforcing rib at the center of the 
corrugation that prevents the welding of shear stud connectors directly in the 
center of the rib. When a stud is welded on the side of the rib that is away from 
the point of maximum moment, it is said to be in the strong position (see Figure 
4.5.3-l) because more load can be transmitted to it. Conversely, a stud that is 
welded on the side of the rib that is toward the point of maximum moment is said 
to be in the weak position. For furtherinformation, referto Easterling et al. (l 993). 

4.5.4. What is the impact on design strength of shored vs. unshared construction in 

composite beam design? 
Research has shown that the ultimate strength of a composite beam is unaffected 
by the construction (shored or unshared). The ultimate flexural strength of the 
cross-section is unaffected by the initial load present because the applicable limit 
states in AISC LRFD Specification Chapter I occur in the inelastic range (i.e., 
after stress is no longer proportional to strain). The acceptability of unshared 
construction then is entirely a question of serviceability and constructability . 

• 

0 

• 

Reinforcing Rib 

• • 

0 

Strong 

• 

• 

0 

- v  

Fig. 4.5.3-1. Shear stud connectors in the 

strong and weak positions. 
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4.5.5. Can an existing non-composite steel beam and concrete slab be made to act 

compositely by adding shear stud connectors through cored holes in the slab? 

Yes. Cored holes must be of a diameter that is sufficient to allow stud placement 

and grouting. A shrink-compensating cementitious grout with strength at least 
equal to that of the existing slab should be used. As stated in 4.5.4, the design 

strength of the resulting composite beam is independent of the initial load present. 

4.6. Built-up Member Design 

4.6.1. In a built-up I-shaped cross-section, how are welds connecting the plates 

designed' 
Assuming that continuous fillet welds are used, the welds may be minimum size 

per AISC LRFD Specification Table J2.4 (fillet welds) if the member is subjected 
only to axial compression or tension. If the member is subjected to flexure, the 
shear flow (kips/in.) can be calculated from the beam shear v. as V.Q I I and the 

weld sized to provide for this required strength; Q is the first moment about the 
neutral axis of the flange area and I is the moment of inertia of the entire 
cross-section. 

4.6.2. Can built-up sections be designed and fabricated with elements of different grades 
of steel, such as ASTM A572 grade 50flanges and anASTM A36 web? 
Yes. This common practice results in a member that is known as a hybrid girder. 

4.6.3. What is tension-field action' 

Tension-field action is the post-buckling development of diagonal tensile stresses 
in slender plate-girder web panels and compressive forces in the transverse 
stiffeners that border those panels. When tension-field action is considered in 

design, AISC LRFD Specification Appendix G3 provisions apply; otherwise 
AISC LRFD Specification Section F2 is used. 

4.7. Design of Angles 

4.7.I. When a pair of angles is noted SI.BB or LI.BB. what does this mean? 

SLBB stands for "short legs back-to-back." Alternatively, LLBB stands for "long 
legs back-to-back." 

4.7.2. When a single angle is noted SLV or LL\!, what does this mean? 

SLY stands for "short leg vertical." Alternatively, LLV stands for "long leg 
vertical." 

4.7.3. How is a masonry shelf-angle designed' 
From Tide and Krogstad (1993), "Factors such as deformation of lower courses 

of masonry during construction and the rigidity of masonry walls after the mortar 
begins to set cause shelf angles to be loaded by a combination of uniform and 

concentrated loads acting near the back edge of the masonry. Restraint provided 
by friction and the masonry ties reduces torsional forces and deflection and 

provides lateral support for the shelf angles." A design procedure that accounts 
for these factors can also be found in Tide and Krogstad (1993). 
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4.8. Other General Information 

4.8.1. When a stiffening element is attached to a plate, what width of plate is effective 
in resisting load with the stiffening element? 

A general rule of thumb that is used in American Petroleum Institute (AP!) and 
American Iron and Steel Institute (AISI) standards for liquid storage tanks is that 
16 times the plate thickness is effective on either side of a stiffening element, but 
not greater than: 

I .  The actual projecting width. 
2. One-half the distance to the next stiffening element. 
3. One-quarter of the stiffener span. 
4. The width based upon the limiting width-thickness ratios in AISC LRFD 

Specification Table BS. I for compression elements. 

4.8.2. How are stepped columns designed? 
This subject is addressed in AISC Design Guide If/ Industrial Buildings-Roofs 

to Column Anchorage (Fisher, 1993; page 67) and Anderson and Woodward 
(1972). 

4.8.3. Should weep holes be used at the bottoms of HSS columns? 
If the HSS assembly is fabricated as an airtight enclosure, weep holes need not 
be provided because any moisture in the contained air will quickly be used and 
corrosion cannot progress. When non-airtight HSS columns are exposed to the 
weather or to temperature changes that can cause interior condensation, weep 

holes should be provided. If, however, a column is protected from the elements 
and is neither subject to drastic temperature change nor a humid environment, 
weep holes may not be necessary. 

4.8.4. What special considerations should be noted in crane-girder design? 
The following special design considerations should be noted: 

I. Adequate vertical and lateral stiffness are of primary importance. 
2. Simple-span construction should be used. 
3. The cross-section should be proportioned on the basis of its elastic flexural 

strength. 
4. Lateral stability should be provided at the bearing ends without inhibiting 

end rotations. 

5. Vertical and lateral impact loads should be considered. 
6. Lateral forces due to trolley acceleration and braking, runway misalign- 

ment, crane skew, and other sources should be considered. 

7. Fatigue should be considered. 
8. The class of service to which the crane will be subject should be considered. 
9. The local strength of the web under crane wheel loads should be checked. 

10. Biaxial bending of the top flange should be checked. 
11 .  Bottom-flange bracing should be provided when required; bottom-flange 

bracing is recommended for spans over 36 ft. in AISE (1991). 
12. For built-up crane-girders, the weld between the top flange and the web 

should be a CJP groove weld. 
13. Suitable provision should be made for the crane-rail attachment system. 
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14. Suitable provision should be made for the electrification of the crane 

system. 

Further information is available in the following references: AISE (1991), 

Fisher (1993), and Ricker (1982). 
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CHAPTER 5 

CONNECTIONS 

The AISC LRFD Specification for Structural Steel Buildings covers requirements for the 
design of structural steel connections. Additional recommendations can be found in the 
AISC LRFD Manual, Volume II-Connections. This commentary includes a discussion of 

portions of these provisions and subsequent recommendations with regard to general 
issues in connection design, fabrication, and erection. For bolting- and welding-specific 
issues, refer to Chapters 6 and 8, respectively. 

5.1. Bolt Holes 

5.1.1. Maximum hole sizes for bolts are specified in LRFD Specification Table 13.3. 

What if an actual hole dimension is between two of the values? 

AISC LRFD Specification Table 13.3 is based upon RCSC Specification Table I 
and contains the maximum dimensions of standard, oversized, short-slotted, and 
long-slotted holes. If an actual dimension exceeds the tabulated maximum, it must 
be treated as the next larger hole size. For example, a 13116-in. by 1114-in. slotted 
hole for a 31,-in. diameter bolt must be treated as a long-slotted hole because it 

exceeds the maximum short-slotted hole size (131,.-in. by I in.). Note that RCSC 
Specification Section 3(c) allows a 1/12-in. tolerance on these maximum hole sizes 
as discussed in 2.4.2 and 2.5.5. 

5.1.2. Alternatives are provided in AISC LRFD Specification Section 13.10 for the 
calculation of bearing strength at bolt holes with deformation considered or not 

considered. What is the philosophical difference between these options? 

When deformation is a design consideration, the design strength is limited to the 
force at which the hole edge has deformed by a maximum of 1/,-in. When 

deformation is not a design consideration, larger hole ovalization is permitted as 
the material attains its maximum bearing strength. 

5.1.3. Does flame-cutting of bolt holes affect connection strength and performance? 
Generally, no. lwankiw and Schlally (1982) investigated the performance of 

double-lap joints with holes made by punching, punching with burrs removed, 
sub-punching and reaming, drilling, flame-cutting, and flame-cutting and ream 
ing. The comparison of 18 samples using 1/2-in.-thick ASTM A36 steel plates with 

standard holes indicated that there is no significant variation in connection 
strength according to the method of hole formation under static load. Additional 

considerations may be warranted for much thicker plates, steel grades other than 
those tested, and Cyclically Loaded Structures. 
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5.2. Single-plate Connections 

5.2.1. In the design procedure for single-plate connections in the AJSC LRFD Manual, 
the plate thickness is limited to a maximum of Yl6"in. larger than half the bolt 
diameter and the fillet weld size is required to be three-quarters of the plate 

thickness. What does this accomplish? 
Generally, it results in a plate that is the critical element of the connection. Bolt 
bearing deformation will occur before bolt shear and plate yielding will occur 
before weld rupture; thereby, a ductile limit-state will control the strength of the 
connection. 

5.2.2. Are through-plates always required for single-plate connections to HSS columns? 
No. Sherman and Ales (1991) demonstrated that local yielding of the support was 
not a concern due to the self-limiting nature of simple-shear connection end 

rotation and that the compressive strength of the HSS column was unaffected by 
the associated local deformations. However, this same research indicated that 

punching shear may be of concern for relatively thin supporting material thick 
nesses. Punching shear can be prevented by selecting an HSS with a wall 
thickness t; that meets the following criteria: 

where 

t > (F, t),, 
w -  �  ...  

(5.1) 

F.,, = yield strength of the single plate 
t,1 = thickness of the single plate 
F,,. = tensile strength of the HSS wall 

Note that this equation differs slightly from that given in Sherman and Ales 
(1991). Here, the expression is derived at the design strength level (<I> factors 
included) whereas it was previously derived at the nominal strength level (no <I> 

factors). 
If the actual maximum stress is known, it can be substituted for f°yp1 in the above 

equation for a less conservative result. 
The above minimum thicknesses would also be applicable to a welded plate 

tension connection (uniform stress distribution assumed). However, for cantile 

vered bracket connections, which do not have self-limiting rotations; yielding 
must also be checked. 

5.3. Other General Information 

5.3.1. In pin-connected plates, it is required in the AJSC LRFD Specification that the 
net area beyond the pin hole be greater than or equal to the net area required for 
strength across the pin hole. Why? 
As stated in AISC LRFD Specification Section 03, "In pin-connected plates other 
than eyebars, the minimum net area beyond the bearing end of the pin hole, 
parallel to the axis of the member, shall not be less than two-thirds of the net area 
required for strength across the pin hole." As illustrated in Figure 5.3.1-1, this 
ensures that the end distance a will be adequate to prevent a tearout of the pin 

through the end of the plate. 
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5.3.2. Are shop assembly requirements, such as sub-punching and reaming or reaming 

to a template, necessary in contract documents? 

The use of modern punching and drilling equipment consistently produces and 

duplicates hole patterns with excellent dimensional accuracy. Some specifica 

tions fail to recognize this capability and still require that matching hole patterns 
be produced by drilling or reaming through a steel template. 

In lieu of a template or assembly drilling or reaming, the fabricator should be 

allowed to demonstrate the capability to fabricate component structural members 
to the tolerance and accuracy specified so that further shop assembly to assure 
proper fit can be eliminated. In some cases, however, such as large trusses or plate 
girders, shop assembly may be advisable to reduce the occurrence of field fit-up 
problems. In any case, responsibility for final fit inevitably rests with the fabri 

cator. 

5.3.3. How much of a joint must be in contact to be considered to be in full contact? 
Projecting elements of bolted connection attachments, such as clip-angles or 
end-plates, often are not flat in the plane of the connection because of profile 
variations due to as-rolled mill tolerances or welding distortions. In double-angle 

connections, for example, the outstanding legs tend to bend back toward the 

t = thickness 

a 

Axis of 

member 
b 

' 

�--- - - - - - - - -  

net area beyond 
pinhole parallel 

to axis of member 

= [a- (dh+ ;'16")]1 

.: 
net area across the pin hole= [b- (dh + 1/16")) t 

From LRFD Specification Section 03: 

Fig. 5.3.1-1. Pin-connected plates. 
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centerline of the span. Any resulting gaps are usually drawn together when the 
bolts are installed, except in relatively thick material. 

In bearing connections, this is of little concern. In slip-critical connections, the 
full slip resistance of the connection will be developed regardless of the initial 
position of such projecting elements if the following conditions are met: 

l . Some part of the connection is in contact with the support before the bolts 
are tensioned. 

2. The bolts are subsequently tensioned in accordance with the RCSC Speci 
fication. 

3. The faying surfaces are drawn into contact at the bolts within the area of the 
bolt head or nut as illustrated in Figure 5.3.3-1. 

Accordingly, it is stated in AISC Code of Standard Practice Section 6.3.1 that 
"projecting elements of connection attachments need not be straightened in the 

connecting plane if it can be demonstrated that installation of the connectors or 
fitting aids will provide reasonable contact between faying surfaces." 

5.3.4. What lamellar tearing considerations are required for through-thickness 

loading' 

Lamellar tearing concerns affect material, design, fabrication, testing and inspec 
tion, and erection in conjunction with welded details. When material is loaded in 
the through-thickness direction and the strength of the component is dependent 
upon soundness of the material in this direction, understanding of and attention 
to the special problems involved are required. Lack of such understanding and 
attention on the part of the designer may make the task of the fabricator impos 
sible. Conversely, lack of attention and substandard welding workmanship may 
result in difficulties with good designs and details. 

Figure 5.3.3-1. 
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From AJSC LRFD Manual page 1-8, "It should be noted that elongation and 

area reduction values may well be significantly lower in the through-thickness 
direction than in the planar direction. This inherent directionality is of small 
consequence in many applications, but does become important in the design and 
fabrication of structures containing massive members with highly restrained 
welded joints. With the increasing trend toward heavy welded-plate construction, 

there has been a broader recognition of the occurrence of lamellar tearing in some 
highly restrained joints of welded structures, especially those using thick plates 
and heavy structural shapes. The restraint induced by some joint designs in 

resisting weld deposit shrinkage can impose tensile strain sufficiently high to 
cause separation or tearing on planes parallel to the rolled surface of the structural 

member being joined. The incidence of this phenomenon can be reduced or 
eliminated through greater understanding by designers, detailers, and fabricators 
of: (I) the inherent directionality of construction grades of steel, (2) the high 

restraint developed in certain types of connections, and (3) the need to adopt 
appropriate weld details and welding procedures with proper weld metal for 
through-thickness connections. Further, steels can be specified to be produced by 

special practices and/or processes to enhance through-thickness ductility and thus 
assist in reducing the incidence of lamellar tearing. Steels produced by such 
practices are available from several producers. However, unless precautions are 
taken in both design and fabrication, larnellar tearing may still occur in thick 

plates and heavy shapes of such steels at restrained through-thickness connec 
tions. Some guidelines in minimizing potential problems have been developed 
(AISC, 1973). See also [AISC LRFD Manual page 8-113 and ASTM A770]." 

5.3.5. What is shear lag and when must it be considered? 
Shear lag describes behavior at an end connection of a tension member where 

some but not all of the cross-sectional elements are connected; the area that is 
effective in resisting tension may be Jess than the full calculated net area. 
Procedures for treatment of shear lag and determination of the effective net area 
in bolted and welded connections are provided in AISC LRFD Specification 
Section B3. Alternatively, shear lag concerns can be addressed by selecting a 

connection length that mobilizes the entire load-transmitting capability. 

5.3.6. What column stiffening requirements apply at beam-to-column-flange moment 

connections? 

Column stiffening requirements are covered in AISC LRFD Specification Section 
Kl for concentrated flange forces and panel zone shear. Additionally, column 
stiffening is covered in the AISC LRFD Manual (pages 10-35 through 10-55). 

Generally, the use of larger columns to eliminate column stiffening, particularly 

web doubler plates, is recommended. For seismic applications, see the 1997 AISC 

Seismic Provisions. 

5.3. 7. In many design examples in the 2nd Edition LRFD Manual of Steel Construction, 
yielding and buckling in a gusset plate or similar fitting are checked on a 

Whitniore section. What is a Whitmore section? 

A Whitmore section identifies a theoretica11y effective cross-sectional area at the 
end of a connection resisting tension or compression, such as that from a 
brace-to-gusset-plate connection or similar fitting. As illustrated in Figure 5.3. 7-1 

AMERICAN INSTI11JTE OF SlcEL CONSTRUCTION 



34 CHAPTERS 

for a WT hanger connection, the effective length for the Whitmore section L. is 
determined using a spread-out angle of 30 degrees along both sides of the 
connection, beginning at the start of the connection. It is applicable to both welded 

and bolted connections. 

5.3.8. How can adequate flexibility be maintained in double-angle simple shear 

connections subjected to combined shear and tension load? 

As the tensile force component increases in a double-angle shear connection 

subjected to combined shear and tension, prying action and/or bending require 

that the fitting thickness be increased or the bolt gage be decreased, thereby 
decreasing the available flexibility. Thornton (1995) assesses the ductility of bolts 
in the outstanding legs of double-angle and similar simple-shear connections. 

This study validates the long-standing AISC Manual recommendation that maxi 
mum angle thickness be limited to %-in. for usual gages (41/2-in. to 6Y,-in.) in 
double-angle simple-shear connections. For welded connections, a parallel ex 

amination can be made as illustrated in Thornton ( 1996). It should be noted that 
an alternative connection detail, such as a single-plate connection, may be more 
feasible for shear-tension applications. 

Lw 

30° 

Fig. 5.3.7-1. Whitmore section. 
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CHAPTER 6 

BOLTING 

The AISC LRFD Specification/or Structural Steel Buildings and the RCSC Specification 
for Structural Joints Using ASTM A325 or A490 Bolts cover requirements for the use of 
bolts in structural steel connections. This commentary includes a discussion of portions 

of these provisions and subsequent recommendations. Some of the discussion is taken 

from Bolt Bulletins published by RCSC. 

6.1. Economical Suggestions 

6.1.1. Why should bolt diameters be limited to a I-in. maximum when possible? 
The industry standard :Y-4-in., 7/s-in., and 1-in. bolt diameters provide adequate 

design strength for the vast majority of connections in steel structures. Accord 
ingly, commonly available bolt installation equipment has been designed with a 
capacity to fully tension I-in. diameter ASTM A490 bolts, when required; larger 
bolts will usually require special equipment and/or effort. Additionally, bolt 
diameters larger than l in. require larger clearances, edge distances, and spacings 
than are standard. Therefore, bolt diameters larger than I in. should be avoided, 
when possible, to avoid potential bolt tensioning difficulties. 

6.1.2. Why should mixed use of ASTM A325 and A490 bolt grades be limited to different 
diameters? 
If ASTM A325 and A490 bolts of the same nominal diameter are mixed on a 
project, there exists the possibility that the A325 bolts might be installed where 
the A490 bolts were required. Therefore, when ASTM A325 and A490 bolts are 
used on the same project, quality assurance is simplified if different diameters are 

used for different grades. 

6.2. Ordering Bolts 

6.2.1. What quality requirements must high-strength bolts, nuts, and washers meet? 
The manufacturing quality requirements for high-strength bolts, nuts, and wash 
ers are covered in the following specifications: for high-strength bolts, ASTM 
A325/ A325M and ASTM A490/ A490M; fornuts, ASTM A563/ A563M or ASTM 
Al94/A194M; for washers, ASTM F436/F436M; and for direct tension indica 
tors, ASTM F959/F959M. These fasteners should be specified and accepted based 
upon the criteria established therein. 

6.2.2. What information must be included in the purchase order for high-strength bolts? 
From RCSC Bulletin No. 3, the purchase order for high-strength bolts must 
include the ASTM grade (A325 or A490), the type (I or 3), a copy of the project 
specification for the manufacturer or vendor, and the "Ordering Information" as 
required by ASTM, Volume 15.08 Fasteners, pages 56 and 98. Additionally, the 
purchase order should require the following: 
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I. That the vendor provide certification that the bolts, nuts, and washers 
furnished conform to all requirements of the referenced ASTM specifica 

tions. 

2. That certified manufacturer's mill test reports be supplied that clearly show 
the applicable ASTM mechanical and chemical requirements together with 
the actual test results for the lot of supplied fasteners. 

3. That the bolt heads and the nuts of the supplied fasteners be marked with the 
manufacturer's identification mark and the ASTM grade and type as speci 
fied in ASTM specifications. 

4. For projects requiring slip-critical connections, that the lubricated bolt, nut, 
and washer be pre-assembled to ensure proper fit of the bolt and nut and that 
the lot be tested for strength prior to shipment to the purchaser to meet the 
requirements of RCSC Specification Table 4. 

6.2.3. When must high-strength bolts be ordered as a bolt/nut assembly from a single 

manufacturer? 

As indicated in the RCSC Specification Commentary, there are two cases in which 
bolts and nuts must be treated as a manufactured matched assembly: when bolts 
are galvanized (Section C2) and when "tension-control" bolts are specified 
(Section C8). In the former case, because nut-thread over-tapping to accommo 
date the added thickness of galvanizing may reduce the nut stripping strength, 
ASTM A325 requires that the galvanized assembly be lubricated and tested by 
the manufacturer to ensure adequate rotational capacity. In the latter case, some 

of the negative aspects of this torque-controlled installation method are mini 
mized through good quality control in the matched assembly. 

6.2.4. Is it acceptable to substitute ASTM A449 bolts for ASTM A325 bolts? 
In general, no. While ASTM A449 seems to offer the same strength as ASTM 
A325, the use of A449 material is restricted in AISC LRFD Specification Section 
A3 .3 to bolt diameters larger than l Y,-in. for non-slip-critical connections. This 
is because, A449 bolts are not produced to the same inspection and quality 
assurance requirements as ASTM A325 bolts. Also, A449 bolts are not produced 
to the same heavy-hex head dimensions as are A325 bolts. 

6.2.5. ls it acceptable to substitute SAE 1429 grades 5 and 8 bolts for ASTM A325 and 

A490 bolts, respectively? 
No. The strength properties of SAE 1429 grade 5 bolts and ASTM A325 bolts are 
identical; likewise, SAE 1429 grade 8 bolts are the strength equivalent of ASTM 
A490 bolts. These material specifications differ, however, in that ASTM A325 
and A490 specify thread length and head size, whereas SAE 1429 does not. 
Additionally, quality assurance and inspection requirements for ASTM A325 and 
A490 bolts are more stringent. 

6.2.6. What is an ASTM A325T bolt? 
The "T' in the designation ASTM A325T invokes supplement SI in ASTM A325, 
which allows for full-length threading (ASTM A325T). This provision may be 
specified for ASTM A325 bolts of length less than or equal to four times the bolt 
diameter only; there is no similar provision in ASTM A490. The fully threaded 
bolt allows the fabricator the option to use a single-length fastener in the majority 
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of bolting applications, if desired. Note that if ASTM A325T bolts are specified, 

it is impossible to exclude the threads from the shear plane and the design must 
be based upon the "threads included" strength values. 

6.3. Verification Testing 

6.3.1. What constitutes evidence of material conformity for high-strength bolts, 
washers, and nuts? 

In its Bulletin No. 1, RCSC recommends that the supplier's certification that bolts, 
nuts, and washers furnished comply with all of the appropriate requirements of 

the applicable specifications, and that complete manufacturers mill test reports 
(manufacturers inspection certificate) be accepted as evidence of conformity. 

Certification numbers must appear on the product containers and correspond to 

the identification numbers on the mill test reports. Additionally, the manufacturers 
symbol and grade markings must appear on all bolts and nuts. 

6.3.2. What testing should be performed on high-strength bolts upon delivery from the 

manufacturer? 

To ensure that the delivered fasteners comply with the purchase requirements and 
furnished documents, upon receipt, the purchaser should verify that: 

1 .  The bolts and nuts are marked as specified. 
2. The manufacturer's mill test report shows a chemistry that meets the require 

ments for the type of bolts and nuts specified. 
3. Certification numbers appear on the product containers and correspond to 

the certification numbers on the mill test reports for the fasteners. 

4. Mill test reports are supplied to both the purchaser and the testing laboratory 
responsible for quality control. 

5. If the fasteners are galvanized, rotational capacity test results and nut 
lubrication should be verified to be in compliance with the appropriate 
ASTM specification requirements. 

A bolt tension calibration device (see 6.9) should be available in the shop and 

at the jobsite at the beginning of bolting start-up. From RCSC Bulletin No. 1, 
regardless of installation requirements for the project, whenever high-strength 
bolts are to be installed, not less than three bolt, nut, and washer assemblies from 

each lot supplied should be tested in a tension measuring device. Such testing 
must demonstrate that the bolts and nuts, when used together, can develop tension 

not less than that provided in RCSC Specification Table 4. The bolt tension should 
be developed by tightening the nut. A representative of the manufacturer or 
supplier should be present, if required by the SER, to assure that the fasteners are 

properly used, and to demonstrate that the fastener assemblies supplied satisfy 
the specification requirements. Additionally, the inspector should be present. 

6.3.3. Why must the purchaser test high-strength bolts if the manufacturer has already 

done so? 

ASTM Specifications are adequate and appropriate for the strength and quality 

of the separate components, but may not be representative of the factors and 
conditions that determine performance of the fastener assembly during installa 

tion and service as it is used in construction. For one example, the bolt itself is 
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tested for strength by the manufacturer by screwing the bolt into a standard testing 
fixture and subjecting it to pure tension. However, in usual applications, bolt 

tension is induced by torque on the nut and the bolt is subject to combined tension 
and torque, which may cause the bolt to fail at a load less than its strength in pure 

tension. Testing is performed to ensure that the highly variable torque component 
of the combined stress is not so large that, for bolts required to be fully tensioned, 

it prevents the development of the minimum tension specified in RCSC Specifi 
cation Table 4. 

6.4. Handling and Storage 

6.4.1. Should bolts and nuts be cleaned of all grease, wax or other lubricant prior to 

installation? 

No. Bolts are intentionally lubricated to facilitate installation. Accordingly, it is 

stated in RCSC Specification Section 8(a) that "Fasteners shall not be cleaned of 
lubricant that is present in [the] as-delivered condition." Note however that 
provision is also made in this section for fasteners that accumulate rust or dirt 

resulting from job site conditions, which, if used, " . . .  shall be cleaned and 
[properly] relubricated prior to installation." 

6.4.2. What storage requirements apply to high-strength bolts, nuts, and washers? 

All fastener components must be stored in a manner that affords complete 

protection from moisture, heat, and dirt contamination. These precautions are 
necessary to avoid corrosion, loss of lubricant effectiveness, and dirt contamina 
tion that will both alter the required installation torque and increase the corre 
sponding scatter of installed tension. 

Each day, upon removal from storage, each bucket of fasteners should be 
visually inspected for corrosion, lubricant condition, and dirt contamination; any 
fastener found to be corroded, lacking lubrication, or dirty is unacceptable for 

installation, but may be cleaned, re-lubricated with an approved lubricant, and 
re-tested. Such fastener assemblies that cannot be demonstrated to have an 
installed tension that is 5 percent greater than the minimum tension required in 

RCSC Specification Table 4 should be deemed unacceptable for use. 
Only the number of fasteners that are required for work to be done that day 

should be removed from storage. At the end of the work day, all fasteners that are 

not installed should be returned to storage. 

6.5. Bolt Installation 

6.5.1. What can be done to prevent the nut from loosening? 

In general, when properly installed, the high-strength bolt-nut assembly will not 
loosen. When snug-tight bolts are used, the loading will be such that loosening 
of a nut will not occur. When fully tensioned bolts are required, as for slip-critical 

connections subjected to vibratory or fatigue loading, the installed tension and 
the attendant friction on the threads will prevent the nut from loosening. 

In some other cases, such as nuts on anchor rods (for which full-tensioning is 
generally inappropriate), further consideration may be required. In such cases, an 

additional jamb-nut or second nut may be provided. Alternatively, the threads can 
be spiked or marred or the nut can be tack-welded to the base metal to prevent it 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



BOLTING 39 

from turning. Note that the latter two solutions are permanent actions. There also 
exist proprietary nut devices with locking features to prevent the nut from backing 
off. 

6.5.2. What is the definition of snug-tight bolt installation and when is it allowed' 
RCSC defines snug-tight as "the [bolt] tightness that exists when all plies of a 
joint are in firm contact." Note that no specific level of installed tension is required 
to achieve this condition, which is commonly attained after a few impacts of an 
impact wrench or the full effort of an ironworker with an ordinary spud wrench. 
It is a simple analogy to say that a snug-tight bolt is installed in much the same 
manner as the lug nut on the wheel of a car; each nut is turned to refusal and the 
pattern is cycled and repeated so that all fasteners are snug. Essentially, snug-tight 
bolts utilize the higher shear/bearing strength of high-strength bolts with instal 
lation procedures similar to those used for ASTM A307 common bolts, which are 
never fully tensioned (see 6.6.2). 

6.5.3. When must bolts be fully tensioned' 
Snug-tight high-strength bolts are perntitted for all bearing joints except when 
fully tensioned (bearing or slip-critical) bolts are required per AISC LRFD 
Specification Section JJ.11 and RCSC Specification Sections 5 through 8. For 
example, high-strength bolts must be fully tensioned for: 

l. Slip-critical connections (see 6.5.4). 
2. Connections where the bolts are subject to direct tension loading. 
3. Column splice connections in tier structures that are 200 ft or more in height, 

100 to 200 ft in height if the least horizontal dimension is less than 40 percent 
of the height, or less than 100 ft io height if the least horizontal dimension 
is less than 25 percent of the height. 

4. In structures over 125 ft in height, connections of beams and girders to 
columns and of any other beams and girders upon which the bracing of 
columns is dependent. 

5. In structures carrying cranes over five ton capacity, roof-truss splices and 
connections of trusses to columns, columns splices, column bracing, knee 
braces, and crane supports. 

6. Connections for supports of running machinery or of other live loads that 
produce impact or stress reversal. 

7. Other connections stipulated as fully tensioned on the design plans. 

6.5.4. When should bolted connections be specified as slip-critical? 
Slip in bolted connections is not a structural concern for the majority of connec 
tions in steel building structures. RCSC Specification Commentary Section C4 
states that "The maximum amount of slip that can occur in [any] connection ... 
is, theoretically, an amount equal to two hole clearances. In practical terms, it is 
observed to be much less than this. In laboratory tests it is usually about one-half 
a hole clearance. This is because the acceptable inaccuracies in the location of 
holes within a pattern of bolts would usually cause one or more bolts to be in 
bearing in the initial unloaded condition. Furthermore, . . .  even with perfectly 
positioned holes, the usual method of erection would cause the weight of the 
connected elements to put the bolts into direct bearing at the time the member is 
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supported on loose bolts and the lifting crane is unhooked. Subsequent gravity 
loading could not cause additional connection slip." 

In some cases, slip resistance is required. The AISC and RCSC Specifications 
list cases where connections must be designated by the SER as slip-critical: 

1.  Connections with oversized holes 

2. Connections with slotted holes when the direction of the slot is not perpen 
dicular to the direction of the load, unless slip is the intended function of the 
joint. 

3. Connections subject to fatigue or significant load reversal. 
4. Connections in which welds and bolts share in transmitting shear loads at a 

common faying surface. 
5. Other connections stipulated as such on the design plans (i.e., From RCSC 

Specification Commentary Section C4, " ... those cases where slip could 
theoretically exceed an amount deemed by the Engineer of Record to affect 
the suitability for service of the structure by excessive distortion or reduction 
in strength or stability ... "). 

One special case also exists. A nominal amount of slip resistance is required at 

the end connections of bolted built-up compression members so that the individ 
ual components will act as a unit in column buckling. As specified in AISC LRFD 
Specification Section E4, "the end connection shall be . . .  fully tensioned bolted 
with clean mill scale or blast-cleaned faying surfaces with Class A coatings." In 
other words, the end connection can be proportioned as a bearing connection as 
long as the faying surfaces offer at least a Class A slip coefficient. 

6.6. Methods for Fully Tensioned Installation 

6.6.1. What torque is required to fully tension a high-strength bolt? 

Torque is an invalid measure for fully tensioned installation, unless it is calibrated. 
In 1951, the first RCSC Specification incorporated a table of standard torque 
values for the installation of fully tensioned high-strength bolts. However, de 
pending upon the condition of the threads, it was demonstrated that the resulting 
installed tension varied by as much as plus or minus 40 percent. It is now known 

that clean, well lubricated threads result in tensions that are higher than required 
(and probably a few broken bolts), whereas, rusted, dirty, or poorly lubricated 
threads result in tensions that are below the minimum required. Therefore, 

recognition of these standard torque values has long been withdrawn. Accepted 
procedures for fully tensioning high-strength bolts can be found in RCSC Speci 
fication Section 8 (see also 6.6.3.). If torque is to be used as in the calibrated 
wrench method as described in RCSC Specification Section 8(d)(2), it must be 
calibrated on a daily basis for the lot, diameter, and condition of bolts being 
installed. 

6.6.2. Can anASTM A307 bolt be fully tensioned? 

No. ASTM A307 is the bolting strength equivalent of the AS1M A36 steel 
specification. As such, it is a mild steel material that is suitable only for use in 
snug-tight bearing connections. Note that ASTM A307 bolts are seldom used in 
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structural connections today, except perhaps for the end connections of purlins 
and girts, incidental sub-framing, and as anchor rods. 

6.6.3. What are the accepted procedures for fully tensioning high-strength bolts? 

Provisions in RCSC Specification Section 8 include four methods for the instal 
lation of high-strength bolts in fully tensioned bearing and slip-critical connec 
tions: tum-of-nut method, calibrated wrench method, alternative design bolt 
method, and direct tension indicator method. When used properly, each method 
can produce properly tensioned high-strength bolts. The RCSC Specification 
gives the complete requirements for each method. The use of these methods is 
further described in 6.6.4 through 6.6.7. 

6.6.4. How should the turn-of-nut method be used? 

At the start of work, the bolt installation crew should demonstrate in a bolt tension 
calibration device that the routine installation procedure properly establishes both 
the snug-tight condition and the subsequent rotation required to fully tension the 
bolts. 

Installation should commence at the tightest part of the joint and progress 
toward the free edges, both in the initial stage of snug-tightening and the final 
stage of fully tensioning; several cycles may be needed. Bolt tensioning to the 
proper final tension may be accomplished with greatest assurance by match 
marking the outer face of the nut with the protruding bolt point after the initial 
snug-tightening operation. 

The inspector should observe the testing of representative samples and verifi 

cation demonstrations of the method to be used, as well as monitor actual work 
to assure that the proven method is routinely followed and that all bolts are 
properly tensioned. 

6.6.5. How should the calibrated wrench method be used? 

Hardened washers must be used under the element to be turned in tightening (to 
control the frictional resistance). 

At least once each working day, using the bolt tension calibration device and 
representative samples of the fasteners to be installed that day, the erector should 
calibrate the wrenches and demonstrate that the installation procedure and equip 
ment being used achieves a tension that is at least 5 percent higher than that 
specified in RCSC Specification Table 4. Standard torque values determined by 
formula, table, or other uncalibrated means are invalid and should not be used. 
The installation procedure should be revalidated or recalibrated any time a 
component of the installation process. such as the operator, impact wrench, 
compressor, or fastener component combination, is changed. 

Installation should commence at the tightest part of the joint and progress 
toward the free edges, both in the initial stage of snug-tightening and the final 
stage of fully tensioning; several cycles may be needed. 

The inspector should observe the calibration of wrenches and/or required 
installation torque, as appropriate, for the fastener assemblies to be used and use 
the torques so determined to check the tightening of bolts in the work and to assure 
that all bolts are properly tensioned. 
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6.6.6. How should the alternative design bolt method be used? 
The sheared-off splined end of an individual bolt indicates only that, at the time 
the splined end was torqued off, enough torque had been applied to the bolt to 
fracture the break-neck. Proper tension is assured for all bolts in a connection 

only if the bolts have been systematically snug-tightened and subsequently fully 
tensioned as specified. 

Installation should commence at the tightest part of the joint and progress 
toward the free edges, both in the initial stage of snug-tightening and the final 
stage of fully tensioning (fracturing the break-neck); several cycles may be 
needed in the snugging operation. Installation to the full tension and shearing of 
the break-neck should not be accomplished in a single, continuous operation, 
especially in large joints. 

The greatest assurance of properly installed and tensioned bolts will result if 
the inspector monitors work in progress to assure that all bolts are initially 
properly snug-tightened and subsequently properly fully tensioned, i.e., progress 
ing from the most rigid part of the connection to the free edges before the 
break-neck is sheared. Note that specific and proper lubrication of "tension-con 
trol" or "twist-off' bolts is essential to the reliable installation of these fasteners. 

6.6. 7. How should the direct-tension-indicator method be used? 

Strict adherence to the manufacturers installation instructions is required with 
direct-tension indicators (DTI). 

At the start of work, representative samples should be checked in a bolt tension 
calibration device to demonstrate that the DTI's supplied are within the installed 
tolerances specified in ASTM F959 Table 3. The presence of a DTI with protru 
sions that are compressed to the specified gap merely indicates that at some time 
an adequate load was applied. 

Tightening of individual bolts with DTI's to final gap should not be accom 
plished in a single continuous operation. First, all fasteners should be tightened 
so as to compress the DTI protrusions to approximately twice the specified final 
gap. The subsequent stage of full tensioning should progress from the most rigid 
part of the connection to the free edges until the calibrated torque is reached for 
all bolts in the group; several cycles may be needed. 

The greatest assurance of properly installed and tensioned bolts will result if 
the inspector observes work in progress to assure that all bolts are initially 
properly snug-tightened and subsequently properly fully tensioned. 

6.6.8. What is the upper limit on the installed tension of high-strength bolts? 
As stated in RCSC Specification Section 9(a), installed tensions in excess of those 
given in RCSC Specification Table 4 shall not be cause for rejection. Accordingly, 
there is no specified upper limit on the installed tension of high-strength bolts. 
This supports the long-standing rule of thumb that as long as the bolt is not broken 
during installation, the bolt is adequate for service. 

This general rule applies because the bolt is subjected to combined stress 
(tension and torque) during installation. Once installed, however, the torque is 
relaxed and the bolt is essentially subject only to a tensile stress that is always 
less than the combined stress. Thus, even if the bolt were on the verge of failure 

AMERICAN INSTITUTE OF STEEL CONSTRUCTION 



BOLTING 43 

during installation, it would be subject to a less demanding state of stress (simple 
pretension) during service. 

6.7. Faying Surfaces 

6. 7.1. When is paint permitted on the faying surfaces of bolted connections? 
In snug-tight and fully tensioned bearing connections, paint is unconditionally 
permitted on the faying surfaces. In slip-critical connections, however, if paint is 

present, it must be a qualified paint. A qualified paint is one that has been tested 
in accordance with RCSC Specification Appendix A and offers a defined slip-co 
efficient. Other paints that do not offer a defined slip-coefficient are not permitted 
on the faying surfaces of slip-critical connections, even when due to inadvertent 
over-spray. 

6. 7.2. Both the A/SC and RCSC Specifications require that paint on the faying surfaces 
of slip-critical connections be qualified (providing a minimum slip coefficient) or 
that such surfaces remain unpainted. Does this requirement apply to the surfaces 

under the bolt head and nut' 
No. In a slip-critical connection, the faying surfaces are those that resist relative 
movement (or slip) of the plies. This occurs on the contact surfaces between the 
plies, not those surfaces under the bolt head or nut. 

6.7.3. What is the difference between the surface preparation requirements for Class A, 

B, and C slip resistance in slip-critical connections? 
With uncoated faying surfaces, clean mill scale provides a Class A slip resistance 
(µ = 0.33), whereas blast cleaning is required to obtain the higher Class B slip 
coefficient µ = 0.50. With painted faying surfaces, the slip resistance is deter 
mined by the tested performance of the paint system as meeting Class A, B, or 
some other intermediate slip coefficient and the steel to be painted must be 
blast-cleaned in all cases. Class C surfaces are roughened (see 6.7.4) hot-dip 
galvanized surfaces that provide a slip coefficient µ = 0.35. This current value, 
taken from the RCSC Specification, is lower than the historically permitted slip 
coefficient of0.40. 

6.7.4. As required in RCSC Specification Section 3(b)(5), galvanized surfaces in 
slip-critical connections must be roughened by means of hand wire brushing. 
What treatment constitutes roughening? 

Kulak et al. (1987) indicates that the galvanized surface must be visibly altered 
without disrupting the continuity of the galvanizing. This is usually accomplished 
by wire brushing. As indicated in RCSC Specification Commentary Section C3, 
such treatment must be controlled to achieve the necessary roughening or scoring. 

Power wire-brushing is generally not acceptable because it tends to polish the 
surface rather than roughen it. Note that an acceptable result can be achieved with 
a variable-speed power tool with a stiff wire brush when used within a speed range 
that is comparable to that for hand wire brushing. 
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6.8. Inspection 

6.8. I. What should the inspector observe when bolts are installed? 

From RCSC Bulletin No. 1, the inspection procedures should be in accordance 
with RCSC Specification Section 9. The inspector should confirm that the 
materials meet the requirements of the contract documents and that they are 
properly cared for. 

When connections are required to be slip-critical, the inspector should confirm 
that the faying surfaces have been properly prepared before the connections are 
assembled. When bolts are required to be fully tensioned, the inspector should 
observe the specified job-site testing and calibration and confirm that the instal 
lation procedure to be used does provide the required tension. Additionally, the 
inspector must monitor the work to assure that these procedures are routinely 
followed on the joints that are specified to be fully tensioned. Such surveillance 
by the inspector provides the greatest assurance of proper bolt installation. The 
inspector should confirm that the bolt holes are properly made and ready to 
receive the bolt and that the proper type and size of bolt is installed. 

As stated in RCSC Specification Section 8(c), snug-tightened and fully ten 
sioned bearing connections need not [and should not] be subject to inspection 
testing to determine the actual level of bolt tension; the inspector need only 

confirm that all bolts in the group have been adequately visited during the 
installation. For fully tensioned bolts in slip-critical connections and connections 
subject to direct tension, however, RCSC Specification Section 9(a) indicates that 
"the Inspector shall monitor installation of bolts to determine that all plies of the 
material have been drawn together and that the selected procedure has been used 
to tighten all bolts ... " 

6.8.2. How is a dispute over installed bolt tension in slip-critical connections resolved? 

When disputes arise, an arbitration procedure utilizing a calibrated torque wrench 
is covered in RCSC Specification Section 9(b). The reader is also referred to the 
supporting information in RCSC Commentary Sections C8 and C9. As discussed 
in 6.6. l ,  published standard torque values are not acceptable for use in lieu of 
actual calibrated torque values. 

6.9. Bolt Tension Calibration 

6.9.1. The RCSC Specification discusses a "calibration device capable of indicating 
bolt tension. " What is an example of such a bolt tension calibration device? 

One such device is the Skidmore-Wilhelm Bolt Tension Calibrator, manufactured 
by the Skidmore-Wilhelm Manufacturing Company, Cleveland, OH, 216/481- 
4774. When a sample bolt is installed in the "Skidmore," the tension is measured 
on a dial gauge. Thus, the appropriate torque for use in the calibrated wrench 
installation method may be determined, or the proper tension resulting from the 
tum-of-nut, alternative design bolt, or direct tension indicator methods may be 
verified. It is not intended that the use of other similar devices be excluded by 
this discussion. 
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6.9.2. When short bolts will not fit in the bolt tension calibration device how can they 

be tested? 
Because devices such as the Skidmore have a minimum bolt length, testing of 
shorter bolts can be accomplished in any convenient steel plate by the use of a 
washer-type direct tension indicator (DTI). A similar DTI must first be tested 
using a longer bolt in the bolt tension calibration device to verify that they are 
neither under nor over strength. Alternatively, a calibrated torque may be deter 
mined using a bolt tension calibration device and a longer bolt with a hardened 
washer under the turned element. This torque may then be used for testing shorter 
bolts with a hardened washer under the turned element in a steel plate, provided 
lubrication and condition of threads for the long and short bolts are similar. 

6.10 Washer Requirements 

6.10.1. When are washers required in bolted connections? 

The cases in which 5/32-in.-thick ASTM F436 washers must be used with ASTM 
A325 and A490 bolts are indicated in RCSC Specification Section 7(c). Such 
washers are not required for these high-strength bolts in standard, oversized, and 
short-slotted holes except: 

I. Under the turned element when the bolt is fully tensioned by the calibrated 
wrench method. 

2. Under the bolt head and nut when ASTM A490 bolts are used in combination 
with material with a specified yield strength below 40 ksi. 

3. To cover an oversized or short-slotted hole in an outer ply. For ASTM A490 
bolts over 1 in. in diameter through an oversized or short-slotted hole in an 

outer ply, the washer must be 51
16-in. thick; two 5/32-in.-thick washers do not 

meet this requirement. 

Some alternative design fasteners provide a bearing circle on the bolt head 
and/or nut of diameter that is equal to or greater than the diameter of an ASTM 
F436 washer. When such fasteners are used, the need for washers in cases I and 
2 above is eliminated, except where it is necessary to eliminate the potential for 

galling. 
When high-strength bolts are used with long-slotted holes in an outer ply, a 

plate washer with standard holes that completely covers the slot must be provided. 
The plate washer must be made from structural grade material with a minimum 
thickness of 5/win., but need not be hardened. For ASTM A490 bolts over l in. 
in diameter through long-slotted holes in an outer ply, single 5/win.-thick ASTM 
F436 washers must be used; two '1,,-in.-thick washers do not meet this require 
ment. 

In some cases, the combination of grip and selected bolt length may be such 
that the nut would jam on the thread run-out. In such cases, the use of washer(s) 
is a common solution. 

6.10.2. When are beveled washers required? 

To assure proper bolt performance, it is required in RCSC Specification Section 
7(c)(l) that the surfaces against which the head and nut bear have a slope not 
greater than l :20 with respect to the plane normal to the bolt axis. American 
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standard beams (S-shapes) and channels are rolled with beveled flanges that 
exceed this limit. Because bolt holes are made perpendicular to the outside face 
of these flanges, a beveled washer must be used at the inside face to provide the 
required parallelism. Beveled washers are made square or rectangular so that they 
can more easily be prevented from turning to assure that the bevel is oriented in 
the proper direction. 

6.11. Other General information 

6.11.1. Why is the design strength of a bolt calculated in the A/SC UIFD Specification 
on the basis of the nominal cross-sectional area rather than the net tensile area 

that remains after threading? 

The ratio of stress area to nominal bolt area ranges from 0.75 for 3/4-in. diameter 
to 0. 79 for 1 V,-in. diameter (Kulak et al., 1987). Accordingly, to simplify calcu 
lations, the lower bound reduction of 0.75 is incorporated in AISC-tabulated 
nominal strength values for use with nominal bolt areas. 

6.11.2. When is it permissible to reuse high-strength bolts' 
High-strength bolts that have been previously installed in the snug-tight condition 
are suitable for reuse. However, high-strength bolts that have been fully tensioned, 
either in bearing or slip-critical connections, may or may not be suitable for reuse 
as follows. 

As stated in RCSC Specification Section 8(f), ASTM A490 bolts and galva 
nized ASTM A325 bolts are never suitable for reuse if they have once been fully 
tensioned in accordance with the procedures in RCSC Specification Section 8(d). 
Reuse of non-galvanized ASTM A325 bolts is acceptable if approved by the SER. 
As indicated in AISC LRFD Manual page 8-19, such reuse is acceptable, 
regardless of previous use, if the nut can be placed on the threads and run down 
the full length of the thread by hand. This simple rule-of-thumb gives a good 
indication of the amount of plastic deformation that has occurred on the shank of 
the fastener. Other references suggest that one or two reuses is acceptable. 

Note the qualification in the RCSC Specification that "touching-up or re-tight 
ening previously snug-tightened bolts that may have been loosened by the 
snugging of adjacent bolts shall not be considered to be a reuse." Similarly, fit-up 
bolts (which are snug-tight when initially installed) may be left in place and 
subsequently fully-tensioned, if required, as permanent bolts in the connection. 

6.11.3. What minimum stick-through is required for high-strength bolts? 
None. As defined in RCSC Commentary Section C2, full thread engagement is 
achieved when" . . .  the end of the bolt at least flush with the face of the nut." Some 
contract documents include a stick-through requirement (minimum protrusion of 
the bolt point beyond the nut). However, because the threaded length for any given 
bolt diameter is constant regardless of the bolt length, a stick-through requirement 
(which may require a longer bolt) increases the risk of jamming the nut on the 
thread run-out." Because a stick-through requirement does not enhance the 
performance of the bolt, its specification is discouraged. 

4. Nut jamming is not a concern for fully threaded ASTM A325T bolts. See 6.2.6. 
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Note that there is no specified maximum limitation on bolt stick-through. 
However, in order to properly tension high-strength bolts, sufficient thread must 
be available. The use of additional flat washers under the head and/or nut is a 
common solution when there is a risk of jamming the nut on the thread run-out. 
Multiple washers are permitted under either or both the head and the nut. 

6.11.4. When an extended end-plate moment connection is specified as slip-critical, must 

the slip resistance of the bolts at the tension flange be reduced for the tension 

present? 

No. Because the tensile and compressive flange forces are equal and opposite, 
any loss of slip resistance adjacent to the tension flange of the beam is compen 
sated for by an increase in slip resistance adjacent to the compression flange. This 

is further discussed in RCSC Specification Commentary Section C5. 

6.11.5. What ply thickness is required to exclude threads from the shear plane in 
high-strength bolted connections? 

A common rule of thumb given in RCSC Specification Commentary Section C2 
is as follows: with no washers, the threads will always be excluded from the shear 
plane (regardless of the grip) for3/,-in. and 71,-in. diameter bolts if the ply thickness 
closest to the nut is not less than 3/s-in.; the same is true for 1-in. and 1 Vs-in. 
diameter bolts if the ply thickness closest to the nut is not less than \!,-in. With 
one washer under the nut, these values may be reduced by 1/s-in. Because this rule 
of thumb is based upon the worst case combination of grip and bolt length, lesser 
thickness of the ply closest to the nut is often acceptable. Refer to Carter (1996). 

6.11.6. As indicated in A/SC LRFDSpecification Table 13.2, when the pattern of fasteners 
in a bolted joint exceeds 50 in. in length, tabulated design strengths should be 

reduced by 20 percent. Why? 
As indicated in Kulak et al. (1987) the average shear strength per bolt varies with 
the number of bolts in the joint due to the non-uniformity of force distribution; 
see Figure 5.28 on p. 107 therein. To simplify joint design, bolt shear strengths 
in the RCSC and AISC LRFD Specifications incorporate a 20 percent reduction 
to allow the use of a consistent per-bolt design strength for joints up to 50 in. in 
length. However, if joint length exceeds 50 in., the designer must further reduce 
the design strength by another 20 percent. This phenomenon is a by-product of 
shear lag in the connection. 

6.11. 7. How do hot-dip galvanizing and mechanical galvanizing processes differ? 

In the hot-dip galvanizing process, the piece is first degreased and cleaned with 
a combination of caustic and acidic solutions. After rinsing, the piece is dipped 

into a tank of molten zinc for a specified period of time. The full process is 
described in ASTM Al 53. 

In the mechanical galvanizing process, the piece is similarly cleaned and 
rinsed. The piece is then tumbled in a mixture of various-sized glass beads and a 
predetermined amount of water, with small amounts of chemicals and powdered 
zinc added periodically. Collisions between the glass beads, zinc, and the piece 
causes a cold-welding process that applies the zinc coating. Powdered zinc is 
added until the specified thickness is attained. The full process is described in 
ASTMB695. 
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