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1.1. SCOPE

This Standard specifies design, detailing, fabrication and quality criteria for connections that are prequalified in
accordance with the AISC Seismic Provisions for Structural Steel Buildings (herein referred to as the AISC
Seismic Provisions) for use with special moment frames (SMF) and intermediate moment frames (IMF).

The connections contained in this Standard are prequalified to meet the requirements in the AISC Seismic Provisions
only when designed and constructed in accordance with the requirements of this Standard. Nothing in this Standard
shall preclude the use of connection types contained herein outside the indicated limitations, nor the use of other
connection types, when satisfactory evidence of qualification in accordance with the AISC Seismic Provisions is

presented to the authority having jurisdiction.

1.2. REFERENCES

The following publications form a part of this Standard to the extent that they are ref~ ~ced and ap, licable:

American Institute of Steel Construction (AISC)

ANSI/AISC 341-16 Seismic Provisions for Structural Steel b. ildings (heiin referred to as the AISC

Seismic Provisions)

ANSI/AISC 360-16 Specification for Structural Steer ™+ .idings (herein referred to as the AISC
Specification)

AISC Steel Construction Manual 14th Ed.

American Society of Me hanic. ' Eng aeers (ASME)

ASME B46.1-0¢ Surface + * e, Surface Roughness, Waviness, and Lay

Americ in 8 “ety1 - Nondestructive Testing (ASNT)

Ad: T-T ‘-12 2011 Personnel Qualification and Certification in Non-destructive Testing

A LM International (ASTM

A36/A36M-14 Standard Specification for Carbon Structural Steel

A354-11 Standard Specification for Quenched and Tempered Alloy Steel Bolts, Studs, and Other Externally Threaded Fasteners
A370-15 Standard Test Methods and Definitions for Mechanical Testing of Steel Products

A488/A488M-16 Standard Practice for Steel Castings, Welding, Qualifications of Procedures and Personnel
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39 GENERAL

A49014-a Standard Specification for Heat-Treated Steel Structural Bolts, Alloy Steel, Heat Treated, 150 ksi

Minimum Tensile Strength

A572/AS572M-15 Standard Specification for High-Strength Low-Alloy Columbium- Vanadium Structural Steel
A574-13 Standard Specification for Alloy Steel Socket Head Cap Screws

AGOYAGOIM-12 Standard Practice for Castings, Carbon, Low-Alloy, and Martensitic Stainless Steel, Ultrasonic Examination Thereof
A668/A668M-15 Standard Specification for Steel Forgings, Carbon and Alloy, for General Industrial Use
AT81/AT81M-14b Standard Specification for Castings, Steel and Alloy, Common Requirements, for General Industrial Use
AT788/AT88M-15 Standard Specification for Steel Forgings, General Requirements

A802/A802M-95(2015) Standard Practice for Steel Castings, Surface Acceptance Standards, Vi ual Examina “on
A903/A903M-99(2012)e1 Standard Specification for Steel Castings, Surface Acceptance Stana. vds, Magnetic
Particle and Liquid Penetrant Inspection

A913/A913M-15 Standard Specification for High-Strength Low-Alloy Stc> Sh. »es o, Structural Quality,
Produced by Quenching and Self-Tempering Process (OST)

A958/A958M-15 Standard Specification for Steel Castings. “~rbor. and Alloy, with Tensile Requirements,
Chemical Requirements Similar to Standard Wrought Gre 1o

A992/A992M-11(2015) Standard Specification for Structural Steel Shapes

B19-15 Standard Specification for Cartric ~e P~ s Sheet, Strip, Plate, Bar, and Disks

B36/B36M-13 Standard Sj ~cific tion for Bre.  .“late, Sheet, Strip, and Rolled Bar

E186-15 Standard Refer ice . dioy aphs for Heavy Walled [2 to 42 in. (50.8 tol14 mm)] Steel Castings
E446-15 Standar ! Refere. ~e R iaiographs for Steel Castings Up to 2 in. (50.8 mm) in Thickness

E709-15 ““-nda: ' Guide for Magnetic Particle Examination

F1852-14 stai. '=+d Specification for “Twist Off” Type Tension Control Structural Bolt/Nut/Washer Assemblies,
Steel, leat lreated, 120105/ ksi Minimum Tensile Strength

F. ' 25/F3125M-15a Specification for High Strength Structural Bolts, Steel and Alloy Steel, Heat Treated, 120 ksi
(830 MPa) and 150 ksi (1040 MPa) Minimum Tensile Strength, Inch and Metric Dimensions

American Welding Society (AWS)

AWS C4.1:2010 Criteria for Describing Oxygen-Cut Surfaces
AWS D1.1/D1.1M-2015 Structural Welding Code—Steel
AWS D1.8/D1.8M-2016 Structural Welding Code—Seismic Supplement

Manufacturers Standardization Society (MSS)

MSS SP-55-2011 Quality Standard for Steel Castings for Valves, Flanges and Fit- tings and Other Piping
Components—Visual Method for Evaluation of Surface Irregularities
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41 GENERAL

Research Council on Structural Connections (RCSC)

Specification for Structural Joints using High-Strength Bolts, 2014 (herein referred to as
the RCSC Specification)

1.3. GENERAL

All design, materials and workmanship shall conform to the requirements of the AISC Seismic
Provisions and this Standard. The connections contained in this Stan- dard shall be designed according to
the load and resistance factor design (1RFD) provisions. Connections designed according to this Standard
are permitted to be used in structures designed according to the 1RFD or allowable strength desigr ©ASD)

provisions of the AISC Seismic Provisions.
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45 DESIGN REQUIREMENTS

2.1. SPECIAL AND INTERMEDIATE MOMENT FRAME CONNECTION TYPES
The connection types listed in Table 2.1 are prequalified for use in connecting beams to column flanges

in special moment frames (SMF) and intermediate moment frames (IMF) within the limitations specified
in this Standard.

2.2. CONNECTION STIFFNESS

All connections contained in this Standard shall be considered fully restrained (Type FR) for the purpose of seismic analysis.
Exception: For the Simpson Strong-Tie Strong Frame connection, a partially restrained (Type PR) connection, the

seismic analysis must include the force- deformation characteristics of the specific connection per Section 12 9.

2.3. MEMBERS
The connections contained in this Standard are prequalified in accordance with the requirements of the. ISC Seismic

Provisions when used to connect members meeting the limitations of Sections 2.3.1 7 “ 2 or * 3.3, as applicable.

1. Rolled Wide-Flange Members
Rolled wide-flange members shall conform to the crose oo fion »rofile limitations applicable to the

specific connection in this Standard.

2. Built-up Members

Built-up members having a dor bly symmeu.c, [-s: aped cross section shall meet the following requirements:
(1) Flanges and webs shall he e w. 'th, depth and thickness profiles similar to rolled wide-flange sections meeting
the profile limitations fo wide- ‘angc sec- tions applicable to the specific connection in this Standard.

(2) Webs shall " «: continuou..y connected to flanges in accordance with the require- ments of Sections 2.3.2a

or2.3.25,as mplic ble.

2a. } uilt-up Beams

The web and flanges shall be connected using complete-joint-penetration (CJP) groove welds with a pair of
reinforcing fillet welds within a zone extending from the beam end to a distance not less than one beam depth
beyond the plastic hinge location, S,, unless specifically indicated in this Standard. The minimum size of these fillet

welds shall be the lesser of % in. (8 mm) and the thickness of the beam web.
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47 DESIGN REQUIREMENTS

TABLE 2.1:Prequalified Moment Connections

Connection Type Chapter Systems
Reduced beam section (RBS) 5 SMF, IMF
Bolted unstiffened extended end plate (BUEEP) 6 SMEF, IMF
Bolted stiffened extended end plate (BSEEP) 6 SMF, IMF
Bolted flange plate (BFP) 7 SME, IMF
Welded unreinforced flange-welded web (WUF-W) 8 SMF, IMF
Kaiser bolted bracket (KBB) 9 SMF, IMF B
ConXtech ConXL moment connection (ConXL) 10 SM.' IMF
SidePlate moment connection (SidePlate) 1 U SMF, IMF
Simpson Strong-Tie Strong Frame moment connection ? SMF, IMF
Double-tee moment connection 13 SMF, IMF

Exception: This provision shall not apply where individ»  connection prequalifica- tions specify other requirements.

2b. Built-up Columns
Built-up columns shall con: »rm t  the provisic - of subsections (1) through (4), as applicable. Built-up columns
shall satisfy the requireme ws « “the . 'SC Specification, except as modified in this section. Transfer of all internal

forces and stresses betwe. » elen « ats of the built-up column shall be through welds.

(1) I-S’..ved “olumns

The elem ats . “uilt-up I-shaped columns shall conform to the requirements of the AISC Seismic Provisions.
Witht, a zone extending from 12 in. (300 mm) above the upper beam flange to 12 in. (300 mm) below the lower
b. m flange, unless specifically indicated in this Standard, the column webs and flanges shall be connected using
CJP groove welds with a pair of reinforcing fillet welds. The minimum size of the fillet welds shall be the lesser of
cin. (8 mm) and the thickness of the column web.

Exception: For SidePlate moment connections, each column flange may be connected to the column web using a
pair of continuous fillet welds. The required shear strength of the fillet welds, $R,, shall equal the shear developed
at the column flange-to-web connection where the shear force in the column is the smaller of

(a) The nominal shear strength of the column per AISC Specification Equation G2-1.

(b) The maximum shear force that can be developed in the column when plastic hinge(s) form in the connected beam(s).
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49 DESIGN REQUIREMENTS

(2) Boxed Wide-Flange Columns

The wide-flange shape of a boxed wide-flange column shall conform to the requirements of the AISC Seismic Provisions.

w

The width-to-thickness ratio, i of plates used as flanges shall not exceed 0.6 Fi , where b shall
y
not be taken as not less than the clear distance between plates.

The width-to-thickness ratio, L, of plates used only as webs shall conform to the requirements of the AISC
w

Seismic Provisions.

Within a zone extending from 12 in. (300 mm) above the upper beam flange to 12 in. (300 mm) below th= ower

beam flange, flange and web plates of boxed wide-flange columns shall be joined by CJP groove welds. Outside s

zone, plate elements shall be continuously connected by fillet or groove welds.

(3) Built-up Box Columns

The width-to-thickness ratio, L of plates used as flanges <hall 1. t exceed 0.6 Fi , where p shall not
y

w

be taken as not less than the clear distance between web platc

The width-to-thickness ratio, , of plates used only .s webs shall conform to the requirements of the AISC
t

w

Seismic Provisions.
Within a zone extending fron 12 1. (300 mm) above the upper beam flange to 12 in. (300 mm) below the lower
beam flange, flange and v b pla « * of box columns shall be joined by CJP groove welds. Outside this zone, box
column weh and  ‘ange plates shall be continuously connected by fillet welds or groove welds.
F-~eptior . For « _nX1 moment connections, partial-joint-penetration (PJP) groove welds conforming to the requirements

‘£ Sect bn 10.3.2 shall be per- mitted within the zone extending from 12 in. (300 mm) above the upper beam flange to 12
in. (- 70 mm) below the lower beam flange.
(4) Flanged Cruciform Columns
The elements of flanged cruciform columns, whether fabricated from rolled shapes or built up from plates, shall
meet the requirements of the AISC Seismic Provisions.
Within a zone extending from 12 in. (300 mm) above the upper beam flange to 12 in. (300 mm) below the lower

beam flange, the web of the tee-shaped sections shall be welded to the web of the continuous I-shaped section with

CJP groove welds with a pair of reinforcing fillet welds.
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51 DESIGN REQUIREMENTS

The minimum size of fillet welds shall be the lesser of ¢ in. (8§ mm) or the thickness of the column web. Continuity
plates shall conform to the requirements for wide-flange columns.

Exception: For SidePlate moment connections, the web of the tee-shaped section(s) may be welded to the web of the continuous
I-shaped section with a pair of continuous fillet welds. The required strength of the fillet welds, ¢R, shall equal the shear
developed at the column web to tee-shaped section connec- tion where the shear force in the column is the smaller of

(a) The shear strength of the column section per AISC Specification Equation G2-1.

(b) The maximum shear that can be developed in the column when plastic hinge(s) form in the connected beam(s).

3. Hollow Structural Sections (HSS)
The width-to-thickness ratio, h/t,, of HSS members shall conform to the require- ments of .ne AISC Se. mic
Provisions and shall conform to additional cross-section

profile limitations applicable to the individual connection as specified in the apnli car = chapter.

2.4. CONNECTION DESIGN PARAMETERS

1. Resistance Factors

Where available strengths are calculated in accordz ce with the AISC Specification, the resistance factors
specified therein shall apply. When ava. ~~'_'_ -engths are cal- culated in accordance with this Standard,
the resistance factors ¢, a. 1 ¢, hall be uscu as specified in the applicable section of this Standard. The

values of ¢d and ¢n sh: | ber ken . 5 follows:

(a) For ductilu ‘umit states

d,=100

(b) b rnc..auctile limit states

¢, =090

2. Plastic Hinge Location

The distance of the plastic hinge from the face of the column, S, shall be taken in accordance with the requirements
for the individual connection as specified herein.

3. Probable Maximum Moment at Plastic Hinge

The probable maximum moment at the plastic hinge shall be:

M, = C,.R,F,Z, @41
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53 DESIGN REQUIREMENTS

where

R, =ratio of the expected yield stress to the specified minimum yield stress,

F, | as specified in the AISC Seismic Provisions

Z , = effective plastic section modulus of section (or connection) at location of the plastic hinge, in.3 (mm?)
C » = factor to account for peak connection strength, including strain hardening,local restraint, additional
reinforcement and other connection conditions. Unless otherwise specifically indicated in this Standard,

the value of Cpr shall be:

C,=--—%<12 (2-4-2)
where
F, = specified minimum tensile strength of yielding element, ksi (MPa)
F, = specified minimum yield stress of yielding element, ksi (MPa)
4. Continuity Plates

Beam flange continuity plates shall be provided in accordance wi. the. [SC Seismic Provisions.

Exceptions:

1. For bolted end-plate connections, contir ...y platcs shall be provided in accor- dance with Section 6.5.

2. For the Kaiser bolted bracke. connection, the pr visions of Chapter 9 shall apply. When continuity plates are
required by Chapter 9, thickr. ss ar. ' detail- ing shall be in accordance with the AISC Seismic Provisions.

3. For the SidePlate conni “tion, i am flange continuity plates are not required. Horizontal shear plates as defined
in Chapter 11 m. * be required.

4. For e 51 ason Strong-Tie Strong Frame connection, continuity plates shall be provided in accordance

with “ect. . 12.9.

2... PANEL ZONES

Panel zones shall conform to the requirements of the AISC Seismic Provisions.
Exception: For the SidePlate moment connection, the contribution of the side plates to the overall panel zone strength

shall be considered as described in Section 11.4(2).

2.6. PROTECTED ZONE

The protected zone shall be as defined for each prequalified connection.
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55 DESIGN REQUIREMENTS

Unless other- wise specifically indicated in this Standard, the protected zone of the beam shall be defined as the
area from the face of the column flange to one-half of the beam depth beyond the plastic hinge. The protected
zone shall meet the requirements of the AISC Seismic Provisions, except as indicated in this Standard. Bolt
holes in beam webs, when detailed in accordance with the individual connection provisions of this Standard,

shall be permitted.
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59 WELDING REQUIREMENTS

3.1. FILLER METALS

Filler metals shall conform to the requirements of the AISC Seismic Provisions.

3.2. WELDING PROCEDURES

Welding procedures shall be in accordance with the AISC Seismic Provisions.

3.3. BACKING AT BEAM-TO-COLUMN AND CONTINUITY PLATE-TO-COLUMN JOINTS

1. Steel Backing at Continuity Plates

Steel backing used at continuity plate-to-column welds need not be removed. At col- umn flanges. steel
backing left in place shall be attached to the column flange using a continuous c-in. (8-mm) fillet weld ox the
edge below the CJP groove weld.

When backing is removed, the root pass shall be backgouged to sound weld - tal a. 1 backwelded with a

reinforcing fillet. The reinforcing fillet shall be continuous wit* a minimut. size« ¢ in. (8§ mm).

2. Steel Backing at Beam Bottom Flange
Where steel backing is used with CJP groove welds between i bottc n beam flange and the column, the backing

shall be removed.

Following the removal of steel hacking, thc _ut p. ss shall be backgouged to sound weld metal and backwelded
with a reinforcing fillet. The ‘ze ¢ the reinforcing fillet leg adjacent to the column flange shall be a minimum of
% in. (8 mm), and the rc - forc g fiilet leg adjacent to the beam flange shall be such that the fillet toe is located

on the beam flai. < base metal.

¥ ~eptn: 1 e base metal and weld root are ground smooth after removal of the backing, the reinforcing
fillet ¢ 'jacent to the beam flange need not extend to base metal.

3.+ cel Backing at Beam Top Flange

Where steel backing is used with CJP groove welds between the top beam flange and the column, and the
steel backing is not removed, the steel backing shall be attached to the column by a continuous % in.

(8-mm) fillet weld on the edge below the CJP groove weld.
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61  WELDING REQUIREMENTS

4. Prohibited Welds at Steel Backing

Backing at beam flange-to-column flange joints shall not be welded to the underside of the beam flange, nor shall
tack welds be permitted at this location. If fillet welds or tack welds are placed between the backing and the beam
flange in error, they shall be repaired as follows:

(1) The weld shall be removed such that the fillet weld or tack weld no longer attaches the backing to the
beam flange.

(2) The surface of the beam flange shall be ground flush and shall be free of defects.

(3) Any gouges or notches shall be repaired. Repair welding shall be done with E7018 SMAW electrodes or other
filler metals meeting the requirements of Section 3.1 for demand critical welds. A special welding prc > >dure

specifica- tion (WPS) is required for this repair. Following welding, the repair weld shall be ground smc »th.

5. Nonfusible Backing at Beam Flange-to-Column Joints

Where nonfusible backing is used with CJP groove welds between the beam flan- - nd t. > column, the backing
shall be removed and the root backgouged to sound weld metal and backwelded w ‘h arc ~forcing fillet. The size of
the reinforcing fillet leg adjacent to the column shall be a minimum ot AS—, in. (8 mm), and the reinforcing fillet leg
adjacent to the beam flange shall be such that the fillet toe is Ic :ated un the »eam flange base metal.

Exception: If the base metal and weld root are ground smooth a..cr removal of the backing, the reinforcing fillet

adjacent to the beam flange need not extend *J vase metal.

3.4. WELD TABS

Where used, weld tabs 1all b rem ved to within 1/3 in. (3 mm) of the base metal surface and the end of
the weld finish~(, except « ~_atinuity plates where removal to within %in. (6 mm) of the plate edge shall
be perrue.  Ret. oval shall be by air carbon arc cutting (CAC-A), grinding, chipping, or thermal cutting.
.. oroc ss s 1au be controlled to minimize errant gouging. The edges where weld tabs have been removed
‘hall t : finished to a surface roughness of 500 p-in. (13 microns) or better. The contour of the weld end shall
pre tide a smooth transition to adjacent surfaces, free of notches, gouges, and sharp corners. Weld defects
greater than z in. (2 mm) deep shall be excavated and repaired by welding in accordance with an applicable

WPS. Other weld defects shall be removed by grinding, faired to a slope not greater than 1:5.

3.5. TACK WELDS

In the protected zone, tack welds attaching backing and weld tabs shall be placed where they will be

incorporated into a final weld.
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63  WELDING REQUIREMENTS

3.6. CONTINUITY PLATES

Along the web, the corner clip shall be detailed so that the clip extends a distance of at least 12 in. (38
mm) beyond the published &, dimension for the rolled shape. Along the flange, the plate shall be clipped
to avoid interference with the fillet radius of the rolled shape and shall be detailed so that the clip does
not exceed a distance of 2 in. (13 mm) beyond the published &, dimension. The clip shall be detailed to
facilitate suitable weld terminations for both the flange weld and the web weld. When a curved corner
clip is used, it shall have a minimum radius of 2 in. (13 mm).

At the end of the weld adjacent to the column web/flange juncture, weld tabs for continuity plates shall not
be used, except when permitted by the engineer of record. Unless specified to be removed by the engin .er of
record, weld tabs shall not be removed when used in this location.

Where continuity plate welds are made without weld tabs near the column fillet radius, weld . yers shall be
permitted to be transitioned at an angle of 0° to 45° measured from the vertical pl-.uc. The effective length of
the weld shall be defined as that portion of the weld having full size. Nondt ‘ ruct. -e tes. ag (NDT) shall not

be required on the tapered or transition portion of the weld not ha ing full sizc

3.7. QUALITY CONTROL AND QUALIT\ 4SS JRANCE

Quality control and quality assurance shall be in acce® dance with the AISC Seismic Provision.
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67 BOLTING REQUIREMENTS

4.1. FASTENER ASSEMBLIES
Bolts shall be pre-tensioned high-strength bolts conforming to ASTM F3125 Grades A325, A325M,
A490, A490M, F1852 or F2280, unless other fasteners are permitted by a specific connection.

4.2. INSTALLATION REQUIREMENTS

Installation requirements shall be in accordance with AISC Seismic Provisions and the RCSC Specification,

except as otherwise specifically indicated in this Standard.

4.3. QUALITY CONTROL AND QUALITY ASSURANCE

Quality control and quality assurance shall be in accordance with the AISC Seismic Prov. ‘ons.
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