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1 General
1.1 Scope

The following document presents the design standards for the ConX connections that are
not designed using standard specifications. The document contains design procedures
and load path verification for all three of the ConX moment frame connection systems, in
addition to beam to beam shear connections, beam to column shear connections, column
splice connections, and column base connections. The calculations are presented for
both LRFD and ASD available strength for each connection. In order to properly use this
standard, an analysis of the steel framed structure should be performed in which all
applicable loads and load combinations are included, and the beams and columns are
modeled with the appropriate section properties, boundary conditions, and member
connection type assumptions. The member end forces resulting from the envelope of
design results taken from the analysis model of the frame should be used to verify that
the available strength of each connection exceeds the required strength.

1.2 References
This design standard is based on the latest edition of the references below, unless
otherwise noted.

1.2.1 ConXtech References

ConXtech Engineering References
CX-ENG-RFR-000001 ConXtech System Reference Tables

ConXtech Engineering Standards
CX-ENG-STD-000010 Design of Beam to Column Connections
CX-ENG-STD-000011 Design of Beam to Beam Connections

1.2.2 Industry Codes & Standards

California Building Code (CBC)
2019 CBC California Code of Regulations, Title 24.

International Building Code (IBC)
2018 IBC International Building Code

American Concrete Institute (ACI)
ACI 318/318R-14 Building Code Requirements for Structural Concrete
and Commentary

American Institute of Steel Construction (AISC)
AISC Steel Construction Manual — 15th Edition
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AISC 360-16 Specification for Structural Steel Buildings
ANSI/AISC 341-16 Seismic Provisions for Structural Steel Buildings
AISC 358-16 Pre-Qualified  Connections  for  Special and

Intermediate Steel Moment Frames for Seismic
Applications, Including Supplement No. 1

AISC DG1 Design Guide 1: Base Plate and Anchor Rod Design
(Second Edition)

AISC DG4 Design Guide 4: Extended End-Plate Moment
Connections Seismic and Wind Applications (Second
Edition

AISC DG16 Design Guide 16: Flush and Extended Multiple-Row
Moment End-Plate Connections.

AISC DG19 Design Guide 19: Vertical Bracing Connections -
Analysis and Design.

RCSC Research  Council on  Structural Connections
Specification for Structural Joints Using ASTM A325 or
ASTM A490 Bolts

American Iron and Steel Institute (AISI)
AISI S100-2016 North American Specification for the Design of Cold-
Formed Steel Structural Members

American Society of Civil Engineers (ASCE)

ASCE/SEI 7-16 Minimum Design Loads for Buildings and Other
Structures

ASCE - Report Guidelines for Seismic Evaluation and Design of
Petrochemical Facilities

ASCE - Report Wind Loads and Anchor Bolt Design for Petrochemical
Facilities

American Society of Mechanical Engineers (ASME)
ASME B31.3 Process Piping

The American Welding Society (AWS)
AWS D1.1/D1.1M-2015  Structural Welding Code — Steel
AWS D1.8/D1.8M-2016  Structural Welding Code — Seismic Supplement

Steel Deck Institute (SDI)
Design Manual for Composite Decks, Form Decks and Roof Decks

Steel Joist Institute (SJI)
Standard Specifications and Load Tables for Steel Joists and Joist Girders

Federal Standards and Instructions of the Occupational Safety and Health Administration

(OSHA 1910)
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US Department of Labor, Occupational Safety and Health Administration (OSHA)

OSHA 29 CFR 1910 Occupational Safety and Health Standards
OSHA 29 CFR 1926 Safety and Health Regulations for Construction
CX-ENG-STD-000001 Page 11 of 323
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2 ConX Moment Connections
2.1 ConXL400

2.1.1 Moment Connection Description

The ConXtech ConXL-400 moment connection is a
steel moment-resisting beam to column connection for
resisting gravity, wind and seismic forces imposed on a
building/non-building structure. As can be seen in
Figure 1, the collar connection is designed to join hollow
structural section columns (or built-up box columns)
and wide flange steel beams at all four sides of the
column, although the connection can be used for as few
as one beam.

Figure 1: ConXL-400 Moment
Connection Assembly.

Figure 2 shows an isolated view of a fully assembled
moment collar. The moment collar is comprised of
various components. The components that make up
each face of the collar are joined together by welds,
and the full collar assembly is held together by
sixteen pretensioned high strength bolts (not shown
in the figure)

Figure 2: 3D-Perspective
View of ConXL-400 Moment
Collar Assembly

CX-ENG-STD-000001 Page 12 of 323
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The ConXL-400 connection is only used on columns that are 16 in. (406.4 mm) square
combined with wide flange beams of the sizes shown in Table 1. Note that the connection
can only be used with moment beams from the same nominal depth family.

Table 1: List of Compatible Beam Sizes for the ConXL-400 System.

w18
W18X35
W18X40
W18X46
W18X50
W18X55
W18X60
W18X65
W18X71
W18X76
W18X86
W18X97
W18X106

w21
W21X44
W21X50
W21X57
W21X48
W21X55
W21X62
W21X68
W21X73
W21X83
W21X93

w24
W24X55
W24X62
W24X68
W24X76
W24 X84
W24X94
W24X103

w27
W27X84
W27X94
W27X102
W27X114

W30
W30X90
W30X99
W30X108
W30X116
W30X124
W30X132

A Collar Flange Assembly (CFA) is welded to the end of a moment beam and the Collar
Corner Assembly (CCA) is welded to the moment column. The ConXL-400 moment
connection assembly is comprised of four CFAs at each face of the moment column and
four CCAs at each corner of the square column.

The CCAs are drilled for through bolting and welded at the corners of the moment column

at each floor level.

CX-ENG-STD-000001
Version: 2
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BOX OR HSS 16x16 COL.
COLLAR CORNER
TOP CCT400
COLLAR FLANGE
TOP CFT400
MOMENT BEAM

COLLAR FLANGE
BOTTOM CFB400

HEAVY HEX NUT

WASHER

11/4"@H.S.BOLT

WEB EXTENSION
CWX400

COLLAR CORNER

MIDDLE CCM400
\ COLLAR CORNER

BOTTOM CCB400

Figure 3: ConXL-400 Collar System.

The CFA consists of a top and bottom
Collar Flange, each welded to the top
and bottom beam flange, and a Collar
Web Extension (CWX), which is welded
to the beam web and is welded to and
spans between the top and bottom
Collar Flanges.

The CWX comes in a variety of depths,
while the top and bottom Collar Flanges
are standardized modular units. The
CFA can be assembled for a variety of
beam sizes by adjusting the depth of the
CWX.

The CFA is also drilled along its outside
edges to receive Collar Bolts. Assembly
in the field is accomplished by lowering
the beam-CFA onto the column-CCA on
each face of the column.

The CCA has shear lugs at the bottom of the CCA (see Figure 3) that provide temporary
vertical support for the beam and CFA until the bolts are pre-tensioned. Once the bolts
are pretensioned, the friction due to the clamping force between the moment collar and
the column provides vertical (upward or downward) carrying capacity for the beam.

Once beam-CFA assemblies have been located on each of the four faces of the column,
high strength Collar Bolts are inserted into the holes in the adjoining CFAs and
pretensioned, clamping the CFA to the CCA/column, forming a rigid collar assembly that
surrounds the column.

The proceeding four pages illustrate the ConXL-400 connection in more detail. Standard
details of the CFAs, CWX and CCAs are shown, as well as perspective images of beams
fitted with the CFA.

CX-ENG-STD-000001
Version: 2
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2.1.2 Collar Flange Assembly

\
\@
S
\'\
N /\i\

Figure 4 above
shows the top view
of a Collar Flange
Top.

The figure on the
right shows an
exploded CFA. The
figure on the far
right (Figure 5) is a
section cut of a fully
assembled Collar
Flange Assembly.

Figure 6 shows the
top view of a Collar
Flange Bottom.

COLLAR FLANGE TOP (XL400-CFT)

S

s,
,% 1.4 5/16" ﬂ E}‘
: > }7& "%,
7350

e P "
[ [ ] [

"

Figure 4: Top View of Collar Flange Top.

COLLAR FLANGE

TOP CCT400 N
1916" 19116 X
~
TN
PN (/& { .
i~ f il ) E— [ =
N N ~
OR—Se
(8) 1 3/8"0 HOLES
WEB
EXTENSION —— |
CWX300 S
N
NI
. KA — KM | I
~ HI—— 77— f\:
N S TR
NV ] -
COLLAR FLANGE "
BOTTOM CCB400 (8)13/8"0 HOLES

Figure 5: Collar Flange Assembly
(XL400-CFA).

COLLAR FLANGE BOTTOM (XL400-CFB)

1'-4 5/16" |

Figure 6: Top View of Collar Flange Bottom.
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2.1.3 Beam-To-Collar Flange Assembly

The figures on this page
illustrate the three types of
beam configurations used
in the ConXL-400 system.

The beam at the top is
fitted with Collar Flanges
on both ends. This beam
configuration is referred to
as a Beam-Moment-
Moment (BMM).

The beam in the middle is
fitted with a Collar Flange
on one end. This beam is
referred to as a Beam-
Moment-Gravity (BMG) or
a Beam-Gravity-Moment
(BGM).

The beam on the bottom
has no Collar Flanges on
its ends and is referred to
as a Beam-Gravity-Gravity
(BGG).

Collar Flange Plates and
,/ B M + Web Extension Plate

W18x35 through W30x132

Figure 7: BMM.

Sn--

1 Web Extension Plate

Gravity Beam Holes

1
I Collar Flange Plates and

W18x35 through W30x132

All W Sections

Figure 9: BGG.

CX-ENG-STD-000001
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2.1.4 Collar Corner Assembly

3/4" RETURN
T&B TYP. 3/8
/éﬂL 8"
[
¢ OF BOLT

112" #‘747 718" %’

PLAN

P
$®
Vv

S
N
S

COLLAR CORNER
TOP CCT400

412"

Figure 10: Plan View of ConXL-400
Collar Corners and Column.

The figures on this page show the plan,
perspective and elevation views of the

Collar Corner Assembly.

As can be seen,

the Collar

Corner

Assemblies are attached to the moment

column with fillet welds.

Note that the Collar Corner Middle is
present only when the connected moment

beam is deeper than a W18.

-

Bl

Figure 11: Perspective View of Collar
Corner Assemblies welded onto a

Column.
ey COLLAR CORNER
T&BTYP, B
¥ 6% T TOP CCT400
= COLLAR CORNER
RIS MIDDLE CCM400
\ COLLAR CORNER
BOTTOM CCB400
VARIE
SEAL WELD ENTIRE 4
PERIMETER OF COLLAR
CORNER JOINTS —]
BETWEEN STRUCTURAL %, 0
WELDS _J TYP.
5/16 /0\1
o 0
=
BOX OR HSS 16x16 COL.
ELEVATION
Figure 12: Standard Detail of Collar

Corner Assemblies.
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HSS 16x16

Corner Collars

Base Plate

-

Figure 13: ConXL-400 Moment Column Assembly.

L
HSS
:- —_— ’ N
1 Bl (1 1
> ’
Double Gravity Clip Angles 0
’ N -
( Ve
! Base Plate

Figure 14: ConXL-400 Gravity Column Assembly.
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2.1.5 Beam and Moment Collar Assembly

The figure below shows the plan and elevation standard details of the ConXL-400
moment connection. As can be seen in the figure, the Collar Corner Assemblies are
attached to the 16 in. square column via fillet welds. The Collar Corner Top, Middle and
Bottom can be seen in the elevation view.

3/4" RETURN
T&BTYP.~ 3/

¢ OF BOLT

COLLAR CORNER
TOP CCT400
11/2"
3/4" RETURN
T&BTYP.” 3/ ] ; \ COLLAR CORNER
X | | TOP CCT400
— I
. | | COLLAR CORNER
) ! f COLLAR CORNER
; BOTTOM CCB400
= —— % — ==
|
SEALWELDENTIRE ~ VARIESHh-—— . ]
PERIMETER OF COLLAR T | =1
CORNER JOINTS — | I
BETWEEN STRUCTURAL |
WELDS 412" || 1D ‘ &5 70
! TYP.
i | ‘ 5/16 /0\ 1
o - T 70
~ | | | \
: S : BOX OR HSS 16x16 COL.

ELEVATION

Figure 15: Elevation and Plan Views of the ConXL-400 Moment Connection.
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2.1.6 Load Transfer Mechanism

—

g/ R S ——
=~

= JIB——9
[ Jeo— —a8)

Figure 16: ConXL-400 Beam-To-
Column Moment Transfer Mechanism.

Moment transfer between the beams and
column is accomplished through direct
compressive bearing as illustrated in

Figure 16. Compressive flexural forces are
transferred from the beam’s flange to the
Collar Flange through the CJP weld
connecting them.

The Collar Flange, acting as a beam
spanning between the CCAs, delivers the
compressive force through flexure to the
CCAs via direct bearing. The CCAs delivers
this bearing load to the column via fillet
welds. Tensile flexural forces are transferred
from the beam’s flange to the Collar Flange
through the CJP weld connecting them.

The Collar Flange, acting as a beam spanning between Collar Bolts, delivers the tensile
load force through flexure to Collar Bolts, which transfers this force in tension to the
orthogonal CFAs, which transfers this tensile force to the far Collar Bolts, which transfers
the tension force to the “rear” CFA. The “rear” CFA, acting as a beam spanning between
CCAs, transfers the force in flexure to the CCAs via direct bearing. The CCAs deliver this

bearing load to the column via fillet welds.

The CFA at the end of a moment beam is checked for required strengths per loading
conditions. Through statics, these CFA loads are reduced to the loads subjected to the
individual Collar Flange. These loads are then used to check the required strengths for

the individual Collar Flange.

Figure 17: Load Path - Flange Tension
Force to Column.

— —

Figure 18: Load Path - Flange
Compressive Force to Column.
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2.1.7 Design Requirements

The design requirements detailed in this document for the ConXL-400 moment
connection pertain to the fundamental strength of the moment connection for non-seismic
applications.

This document provides the design formulations for the following:

Collar Flange Connection - Design and Allowable Flexural Strength.
Bolted Connection - X-axis Design and Allowable Flexural Strength.
Bolted Connection - Y-axis Design and Allowable Flexural Strength.

Bolted Connection - Design and Allowable Strength for Combined Flexural,
Shear, & Axial Load.

Weld at Beam Web/Collar Web Extension - Design and Allowable Shear
Strength.

Weld at Collar Web Extension/Collar Flange - Design and Allowable Shear
Strength.

Weld at Collar Corner Assembly/Column - Design and Allowable Shear
Strength.

Collar Corner Assembly - Design and Allowable Shear Strength.

Friction at Collar Flange/Collar Corner - Design and Allowable Slip Resistance
Strength.

Bearing at Collar Flange and Collar Corner - Design and Allowable Bearing
Strength.

Collar Corner Assembly - Design and Allowable Tensile Strength.

Collar Corner Assembly - Design and Allowable Strength for Combined Shear
Load.

Panel Zone - Design and Allowable Shear Strength.
Local Yielding of HSS/Box Column Sidewalls - Design and Allowable Strength.

Local Crippling of HSS/Box Column Sidewalls - Design and Allowable Strength.

CX-ENG-STD-000001 Page 21 of 323
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Connection Design Notes:
The connection design procedure presented below is based on the Specification.

Definitions:
CF = Collar Flange: one CF welded to each flange of beam.

CFC = Collar Flange Connection: Top and bottom Collar Flange working in conjunction
with Collar Web Extension, connecting end of beam to column.

CWX = Collar Web Extension: welded to top and bottom Collar Flange; beam web is
welded to CWX.

CC = Collar Corner: welded to column; top and bottom Collar Flanges are clamped
into CC’s via bolt pretension; surface of CC and CF in contact with each other
are machined surfaces.

M., = LRFD Load Combinations Required Flexural Strength — Beam X-axis, k-ft (KN-m)

M., = LRFD Load Combinations Required Flexural Strength — Beam Y-axis, k-ft (KN-m)

v
s
|

LRFD Load Combinations Required Axial Strength — Beam, kips (kN)
Ve = LRFD Load Combinations Required Shear Strength — Beam X-axis, kips (kN)
V.= LRFD Load Combinations Required Shear Strength — Beam Y-axis, kips (kN)
P..= LRFD Load Combinations Required Axial Strength — Column, kips (kN)
Vurz= LRFD Load Combinations Required Shear Strength — Panel Zone, kips (kN)

wy = LRFD Load Combinations Uniform Applied Load — Beam, k/ft (KN/m)

CX-ENG-STD-000001 Page 22 of 323
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2.1.8 Flexural Strength of Collar Flange Connection

The design check treats the Collar Flange as a simply supported beam spanning between
the bolts that connect it to the Collar Corners. The flanges of the moment beam are
welded to the Collar Flange with a complete joint penetration weld; thus, the Collar Flange
(spanning between the bolts) at the beam flange is considered restrained. Consequently,
the location for critical shear/moment for the Collar Flange occurs just outside of the beam
flange.

*

V.cr = Collar Flange req’d shear strength

M,cr= Collar Flange req’d flex. strength

\/\ d = depth of beam

rrrrrrrrurnl tr=thickness of beam flange

Lcr = effective span of Collar Flange
Zcr = plastic modulus of Collar Flange

A,cr = shear area of Collar Flange

dp = diameter of XL-400 bolt (ASTM A574)

' dy=1.25 in. (31.8 mm)

M

Fycr = yield stress of Collar steel (ASTM
A572 Gr. 50)

b

Fycr =50 ksi (345 MPa)

Figure 19: Shear and Moment Diagram
of Collar Flange Under Loading.

As can be seen in Figure 19, the flexural capacity of the Collar Flange is the smaller of
either the flexural strength of the CF, F,crZcr, or the shear strength of the CF, Vicr,
multiplied by the distance (Lcr — by)/2.
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The section properties of the Collar Flange are shown in Figure 20.

Lepag =16.3in. (414 mm)
Acpao =13.93in? (8,987 mm?)
Zipan =28.04in (459,493 mm’)

1,4, = number of bolts per beam end =16

¢b,,, = width of compression block =0.991 in. (25.2 mm)

g ~
Properties

Base Material |2572GRE0
Axiz Angle 30
A 22.0055
J 44 4159
133 59,4687
122 57.7079
|23 -0.0319
A52 13.9344
AS3 191411
533+ ace) 14,2931
533(-face] 28,5482
522(+face] 16.4906
522(face] 16.4854
233 28.0363
222 27.9603
133 1.6439
122 1.6194
g -5.430E-04
Y'ecg -1.0388
Xpha -0.4802
Ypha 6.753E-05

. 4

Figure 20: ConXL-400 Collar Flange Section Properties.
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As explained previously on page 8, the flexural capacity of the Collar Flange is the smaller
of either the flexural strength of the CF, F,crZcr, or the shear strength of the CF, Vcr,
multiplied by the distance (Lcr — by)/2.

The nominal flexural strength of the CF is M,, = F\,crZcr. The design flexural strength (DFS)
and the allowable flexural strength of the Collar Flange are calculated as shown below:

Fr =50 ksi (345MPa)
Zor =28.04in’ (459,493 mm’)

LRFD ASD
M., ZoFo  (50ksi)(28.04in)

OV, = QF,; Ze =0.90(50 ksi)(28.04 in. ) o - o 1 67

@M, =1,262 kip —in. (142.6 kN-m)

% =839.5 kip—in. (94.85kN-m)

The nominal shear strength, V.cr, of the Collar Flange is calculated below:

Vier = 0'60F;CFAVCF

where
F.o =50ksi (345MPa)

Aep =1393in? (8,987 mm’)

Therefore, the design and the allowable critical moment demand of the Collar Flange
created by a shear load equal to the shear strength of the Collar Flange are as follows:

LRFD ASD
Ler =0 M. V. (L,—b
(WVCF = (anCF ( CF2 s j gr)CF - nggF ( CF2 f j

where
Ley =16.3in. (414 mm)

The flexural capacity of the Collar Flange is determined by comparing the value of the
CF’s flexural strength to the value of the critical moment demand created by a shear load
equal to the shear strength of the Collar Flange. If the critical moment demand due to the
shear strength of the Collar Flange is smaller than the flexural strength of the Collar
Flange, then the Collar Flange shear strength governs; otherwise, the flexural strength of
the Collar Flange governs.
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The flexural capacity of the Collar Flange, can be expressed in a mathematical formula

as shown below:

- LCF _bf
Flexural Strength of Collar Flange =min| F, ., Z.,V, —

If the Collar Flange shear strength governs, the maximum beam moment that the
connection can resist when the Collar Flange is the limiting component is as shown below:

LRFD ASD
M V
O, e =V, (2)(d_tf) %:"TCF(Z)(d—tf)

If the Collar Flange flexural strength governs, the maximum beam moment that the
connection can resist when the Collar Flange is the limiting component is as shown below:

LRFD

ASD

— (WnCF (2)(d _tf)

(‘WnCFC - LCF _ bf
2

M, cre _ M cr (2)(d _tf)

Q o Lz —b,
2

The Demand Capacity Ratio for the design and allowable Flexural Strength of the Collar

Flange Connection is calculated as shown below:

LRFD

ASD

DCR = M,

nCFC

DCR =

(MnCFC j
Q
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2.1.9 Bolted Connection: X-Axis Flexural Strength

As stated previously in this document, the
ConXL-400 collar flanges transfer a
beam’s moment into the moment collar
through pretensioned bolts. Because the
size and number of bolts in the connection
are a known constant, the maximum
moment capacity of the connection can
be determined in terms of the strength of
the bolts.

A moment load in the strong-axis of the
connected beam resolves into tension
and compression forces within the beam’s
flange.

As can be seen in the figures below, the
bolts are oriented 45 degrees relative to
the longitudinal axis of the connected
moment beam. Therefore, a tensile force
from a beam’s flange can be resolved into
a shear force and a tension force in the
bolt, as shown below.

f.cos(45°)=f, = f,
NS SN RS RENGY)

The following section determines the
maximum available bolt load, considering
the effects of combined loading as
stipulated in the Specifications.

For the formulations that follow, the
definitions below apply:

Jfit = required tensile stress, ksi (MPa)
Jv= required shear stress, ksi (MPa)
Jt = fv(bolts are 45° to applied load)

ELEVATION

Figure 21: ConXL-400 Bolted Moment
Connection Under Flexural Load.

= =

Figure 22: Bolt Load Resolved into a Tensile

and Shear Force Components.

J-= required resultant stress resisting applied load, ksi (MPa)
Fn = nominal tensile stress = 0.75F,, ksi (MPa) (Specification C-J3-2)
Fn = nominal shear stress = 0.563F,, ksi (MPa) (Specification C-J3-3)
F, = specified minimum tensile strength of bolt, ksi (MPa)

Mous = 0.75, resistance factor for bolts

Quois = 2.00, safety factor for bolts

R, = nominal strength of bolt resisting applied load, kips (kN)
A, = nominal unthreaded body area of bolt, in.?

CX-ENG-STD-000001
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Continuing from the previous page,

LRFD

ASD

Specification (C-J3-5a)

2 2
(pbolts En (pbolts Ezv

Specification (C-J3-5Db)

2 2
Qbolts ft‘ + Qboltsf\‘z = 1
F, F

nv

2 2
/i J\
+
[ (pbolts 075E1t (pbolts 0563F;lv

2 2
/i /i
+
( (pbolts 075E4 (pbolts 0563E4

/, 2( Lo, 1
0,.F, ) \0.75° 0563’

Lo Y(_ 0563 015
0. F ) (075 0.563° 0.563"[0.75

Q, £Y( 0563 0.75
( bolts tj ( . + . _1

£ Y( 0563 +0.75°
(pboltsF; (0563)2 (075)2

e (0.563)%(0.75)°
’ (0.5632 +0.752)

[q (‘pbolts Fu )2

f; = 045 ((pboltsF; )

2 2
Qboltsft + Qboltsfv - 1
0.75F, 0.563F

2 2
Qboltsf; + Qboltsf; — 1
0.75F, 0.563F

2
Qbaltsft ( 1 + 1 :1
F 0.75  0.563°

u

F, 0.75°[0.563*  0.563° [0.75

Q, ) 0.563*+0.75 _
F (0.563)2(0.75)°

u

/- (0.563)2(0.75)2% F JZ
" \(0.5637 +0.752) ([ Q,,,

7 =045 Lo
Qbolts

The nominal tensile capacity of a bolt is shown below:
R, = f.A4, =214, =/2(0.45) F, 4, =0.636F, 4,

The design tension and the allowable tension of a bolt is determined as shown below:

LRFD

ASD

(pbolts = 075

Gpots Ry = @ooiis S Ay = By \/Eft 4,

Q,... =2.00

bolts

R, _ f4 _2f4,

@R, =(0.75)32(0.45) F, 4, =0.477F, 4,

n
Qbults Qbults Qbults

R, _~N2(045)F,4

“> =0.318F, 4,
Q 2.00

bolts
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Continuing from the previous page, it follows that the nominal flexural strength of the
bolted moment connection is:

M, =0.636F 4, (”—5) (d-1,)

F.= specified minimum tensile strength of bolt, ksi (MPa)

ny = number of bolts in connection = 16

A»= nominal unthreaded body area of bolt = 1.227 in.? (791.6 mm?); diameter of
bolt is 1.25 in. (31.8 mm)

Therefore, the design and allowable flexural strength of the bolted connection is as shown
below:

LRFD ASD
@y = 0.75 Q,,,. =1.50
O, M, =@, 0.636F 4 (?”j(d ~1,,) ?jbl 0'6;222”4" (”—;](d ~1,,)
@M, =(0.75)0.636F, ( ] é‘i:x _ 0-622131Ab ["_217 j(d_ )
GpoisM . =0ATTE, 4, (”—;j(d 1) Mo —0318F 4, (?”j(d ~t,)
bolts

It follows that the Demand Capacity Ratio (DCR) for the design and allowable flexural
strength of the bolted connection is as shown below:
LRFD ASD

M DCR =

DCR =——— M
(pboltsMntx ( %bults )
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2110 Bolted Connection: Y-Axis Flexural Strength

This section discusses the weak-axis
flexural mechanics of the ConXL-400
collar connection. The weak-axis flexural
capacity of the bolted connection will be
determined.

A moment load in a connected beam’s
weak-axis causes flexure in the two
Collar Flanges attached to the beam, as
depicted in Figure 23. The flexural load
in the Collar Flanges causes tension on
one side of the Collar Flanges and
compression on the other side of the
Collar Flanges. The tensile force in the
Collar Flanges is transferred into the
Collar Corners through the pretensioned

Figure 23: Y-Axis Bending Moment - Load
Path Through Collars and Bolts to Column.

bolts.
The compressive force causes bearing 5 5 ﬁv
pressure between the Collar Flanges g g d=7i
and the Collar Corners, as illustrated in oF = £10-
Figure 24, O s 2 8 J\
where
effective depth of Collar Flange 1l
dcr= for Y-Axis bolt moment TT
effective length of Collar Flange 7HQ Chygo
Lcr= for Y-Axis bolt moment R S S 0
b — Width of compression block for
€040~ Y-Axis bolt moment - ° O
f—— L=16in. —

Figure 24: Cross-Section View of a ConXL-
400 Collar Flange in Weak-Axis Flexure.

The width of the compression block in the Collar Flange is calculated by setting the bolt
strength equal to the collar bearing strength. The ConXL-400 system can accept High
Strength or Super High Strength bolts. The depth of the compression block in the CF is a
function of the bolt strength. The stronger the bolts are, the longer the depth of the
compression block, and therefore, the smaller the moment arm. Super High Strength bolts
have a specified minimum tensile strength of 200 ksi. Thus, in the calculations that follow,
an ultimate strength F, of 200 ksi (1,379 MPa) is assumed for the bolts because this is
conservative in determining the Y-Axis flexural capacity of the bolted connection.
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Calculations of the width of the collar compression block are shown below. The bolt
tension load is as follows:

LRFD ASD
F, =200 ksi (1,379 MPa) F, =200 ksi (1,379 MPa)
4,=1.227 in? (791.6 mm’) 4,=1.227in* (791.6 mm’)
n, =16 n, =16
n R n,
@, R, =0.477F, 4, (—bj " =0.318F,4, (—j
2 bolts 2
=0.477(200 ksi) (1.227 in?)(ﬁ] =0.318(200 ksi)(1.227 in) (Ej
2 2
=936.4 kips (4,165 kN) =624.3 kips (2,777 kN)

In accordance with Specification Section J7, the nominal bearing strength, R,, for finished
(milled) surfaces is as shown below:

R =1.8FyApb J7-1)
¢®=0.75 (LRFD) Q=2.00 (ASD)
where
F,= specified minimum yield stress, ksi (MPa)

A= projected bearing area, in.2 (mm?2)

The width of the compression block in the collar is determined by setting the bolt tension
load equal to the bearing strength of the collar, as shown on the next page.
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The calculations below consider both the top and the bottom Collar Flanges, and thus,

the projected bearing area is twice the bearing area of one Collar Flange.

LRFD

ASD

F,=50ksi (345 MPa)
dee =7.0in. (178 mm)
Apb =2d cbyy

OR, =@l.8F, 4, =936.4 kips
0.75(1.8(50 ksi)2(7.0 in.) cb,y, ) = 936.4 kips

cbyy, =0.991in. (25.2 mm)

F,=50ksi (345 MPa)
do. =7.0in. (178 mm)
Apb =2dzcbyy
R, _1.8F 4

n pb _ .
=624.3 kips
0 /4

1.8(50 ksi)2(7.0 in.) cb,y, =2.00(624.3 kips)

cbyy, =0.991in. (25.2 mm)

Now that the depth of the compression stress block has been determined, the Y-Axis
flexural strength of the bolted connection can be calculated. Using d. to denote the depth
of the column, the design or allowable Y-Axis flexural strength of the bolted connection is

as shown below:

LRFD

ASD

d, =16in. (406.4 mm)
cbyyy =0.991in. (25.2 mm)

L, . d,

d, =16in. (406.4 mm)
cbyy, =0.991in. (25.2 mm)

n ch
o M =0477F 4| 2 || 2 4 Lo - DPm
bolts nty u b( 2 j( 2 2 2

J

Mo — 03185 4 [ | Loy Do _un
bolts " 2 2 2 2

The Demand Capacity Ratio for the design or allowable Y-Axis flexural strength of the

bolted connection is as shown below:

LRFD ASD
M
M = v
DCR=—"— PeR=ar
(pboltsM nty Qbolts
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2.1.11 Bolted Connection: Combined Flexural, Shear, and Axial
Loading

Where there is a combined flexural (in both X and Y axes), shear, and axial load on the
bolted moment connection, the Demand Capacity Ratio is determined as shown below:

LRFD

2
M
DCR e Mux + ( Vux J + uy + 1)14/7
(pboltsMntx (mncf (pboltsMnty nb (pbolts Rn

ASD

2

14

ux

Mux + + M”y + Pub
M / R / Mm/ nbly
Qbalts Q Qbalts Qbolts

DCR =

where
Ve = required strong-axis beam shear load from load combinations.
P.,= required beam axial load from load combinations.
R..s= available slip resistance from Section 2.1.17.
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2.1.12 X-Axis Shear Transfer from Beam to Column

In the ConXL-400 moment collar connection, strong-axis shear is transferred to the Collar
Flange Assembly via fillet welds between the beam web and the Collar Web Extension
(CWX). The Collar Web Extension transfers the shear load via fillet welds between the
top and bottom Collar Flanges (CFs) and the Collar Web Extension. This shear load is
transferred to the Collar Corners (CC) through friction via direct bearing between
machined surfaces of the top and bottom Collar Flanges and the Collar Corners clamped
together by pretensioned bolts. The Collar Corners transfer the shear load to the column
via fillet welds between the Collar Corners and the column.

The strength of the aforementioned welds is calculated in accordance with Specification
Section J2.4, as follows:

R"l = F}'IWAWE (J2_4)
¢=0.75 (LRFD) Q=2.00 (ASD)
For fillet welds,
F,, =0.60F,, (1.0+0.50sin"* (6)) (J2-5)

where
Fexx = filler metal classification strength, ksi (MPa)
0 = angle of loading measured from the weld longitudinal axis, degrees
Awe = effective area of the weld, in.2 (mm?)

The proceeding pages show calculations to determine the strength of the beam web to
Collar Web Extension welds, Collar Web Extension to Collar Flange welds and Collar
Corners to Column welds.
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2.1.13 Weld at Beam Web to Collar Web Extension

The shear strength of the fillet welds
between the Beam Web and the Collar Web
Extension (CWX) is determined as follows:

MOMENT COLUMN

COLLAR FLANGE

The ConXL-400 beam web to Collar Web
Extension (CWX) connection uses a 5/16 in.
(7.94 mm) fillet weld on each side of the
beam web, as shown in Figure 25.

5/16

W BEAM /

COLLAR WEB
EXTENSION

Figure 25: Beam Web-To-Collar Web
Extension Welds.
The length of the fillet weld is:

l,, =2(d -2k)in. (mm)
The size of the fillet weld is:

ZQ EIS— in.=0.221in.
2 16

we

The area of the fillet weld is:

A, =t

we we” wh
The strength of the fillet weld is:

6=0°
F, =70 ksi (483 MPa)

R, =0.60F,,, (1.0+0.50sin'* (8)) 4

=0.60(70 ksi)(1.0+0.50sin"* (0°)) (0.221 in.)x2(d = 2k)
=0.60(70 ksi)(1.0)(0.221in.)x2(d - 2k)
- kip

R, = (18.56 ,—](d - 2k)

mn.
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The design and allowable shear strength of the Beam Web to Collar Web Extension fillet
welds is:

LRFD ASD
0=0.75 Q=2.00
ki 18.56 *7 (d —2k)
OR, = 0.75(1 8.56 lj(d ~2k) R, _\"" i,
o Q 2.00
ENGLISH ENGLISH
_ kip -
9, —(13-92 gj(d‘%) R, :(9.28 @j(d—zk)
: Q in.
METRIC METRIC
kN
OR, =(2-438—j(d‘2k) R, =(1 625k—Nj d -2k

The Demand Capacity Ratio (DCR) for the design and allowable shear strength of the
Beam Web to Collar Web Extension (CWX) fillet welds is calculated as shown below:
LRFD ASD

_ Vux DCR :L

DC _En (%2)
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2114 Weld at Collar Web Extension to Collar Flanges

The ConXL-400 Collar Web Extension
(CWX) to Collar Flange connections use
5/16 in. (7.94 mm) fillet welds. As can be
seen in the figure on the right, the weld
consists of both a parallel and a
perpendicular part relative to the direction of

/ COLLAR FLANGE
the beam shear load. g
The size of the fillet weld is: N o
—%—< T&B
5/16

MOMENT COLUMN

t :QEIS—in. =0.221in.
2 16

we

The total length and area of the
perpendicular fillet welds is:

W BEAM /

COLLAR WEB
EXTENSION

W
.

L, =4(5.0in)=20.0in.
A, =t.l, =(0.221in.)(20.0in)=4.42in’

wep we”wbp

The total length and area of the parallel fillet

Ids is:
welds Is Figure 26: CWX-To-Collar Flange

Welds.

L, =4(2.0in)=8.0in.

Ay =ty = (0.221in.)(8.0in) =1.77 in?

The strength of the weld is the sum of the strengths of the parallel and the perpendicular
welds. It is calculated below:

6,=0
Fo =70 ksi (483 MPa)
6, =90’
R, =0.60F,y (1.0+0.50sin'* (8,)) 4,,, +0.60F,, (1.0+0.50sin"*(8,)) 4

wel]

R, =0.60(70 ksi) (1.0 +0.50sin" (0°)) (1.77 in?)...

+0.60(70 ksi) (1.0+0.50sin'* (90°)) (4.42in?)

R, =0.60(70 ksi)(1.77 in?) +0.60(70 ksi) (1.5) (4.42 in”)
R, =352.8 kips
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The design and allowable shear strength of the Collar Web Extension to Collar Flange

fillet welds is:
LRFD ASD
Q=2.00
©=0.75
R, _ 3528 kips
@R, =0.75(352.8 kips) Q 200

@R, =264.6 kips (1,177 kN)

n

1;2 =176.4 kips (784.6 kN)

The Demand Capacity Ratio for design and allowable shear strength of the Collar Web

Extension (CWX) to Collar Flange fillet welds is:

LRFD ASD
_ b,
DCR = L DCR = R/
, 0
ENGLISH ENGLISH
= p— DCR = L
264.6 kips 176 4 kips
METRIC METRIC
— VM,’C
- R = Uux
L177kN 784.6 kKN
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2.1.15

Weld at Collar Corner Assembly and Column (X-Axis Shear)

The ConXL-400 Collar Corner Assembly to column connection is a 3/8 in. (9.53 mm) fillet
weld. As can be seen in the figure below, the weld is parallel to the direction of the strong-
axis beam shear load.

¢ OF BOLT

3/4" RETURN
T&B TYP. 318

" / M.LP.

.

112" ﬁHLY 718

PLAN

A1

COLLAR CORNER
TOP CCT400

3/4" RETUR
T&BTYP., 3/8 N

11/4

COLLAR CORNER
TOP CCT400

COLLAR CORNER

SEAL WELD ENTIRE
PERIMETER OF COLLAR
CORNER JOINTS
BETWEEN STRUCTURAL
WELDS

~

~
=

"

VARIE!

|

MIDDLE CCM400

COLLAR CORNER
BOTTOM CCB400

412"

s
1

17/16"

ELEVATION

il

T\ .
BOX OR HSS 16x16 COL.

ﬁﬁ TYP.
5116 /o\ 1

Figure 27: Collar Corner Assembly-To-Column Welds.

Using d.., to denote the nominal depth of the connected beam, the total length of the fillet

weld is:

| =

we

2(d

The size of the fillet weld is:

= % E}rg in.=0.265in.

wce

The area of the fillet weld is:

A

wce

=t/

The strength of the fillet weld is:

6=0

R, =0.60F,, (1.0+0.50sin"*(6)) 4

nom

wewe

+6.0 in.)

=(0.265in.)2(d

nom

+6.0 in.)

we

=0.60(70 si) (1.0+0.50sin'* (0°))(0.53 in)(d,,, +6.0in.)

=0.60(70 ksi)(1.0+0)(0.53in.)(d,,, +6.0in.)
R, =223%P5 (g +6.0in)
n.
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The design and allowable shear strength of the Collar Corner to column fillet welds is:

LRFD ASD
Q= 0.75 Q=2.00
kips 22355 (4 +6.0in)
@R, =0. 75(22 3—(d,,, +6.0 in.)j R, _ in. """
in. Q 2.00
ENGLISH ENGLISH
kips .
@R, =16.7—"—(d,,, +6.0in.) R, 11 Kps (d,, +6.0in)
in. Q in.
METRIC

R, =2.92 k—N(d,wm +152.40 mm)
mm

METRIC

=1.94 k—N(dm +152.40 mm)
mm

The Demand Capacity Ratio for design and allowable shear strength of the Collar Corner

to column fillet welds is:

LRFD ASD
ENGLISH ENGLISH
DCR=Ju = y Vi DCR = RV T Vi
@R, 1675 (a, +6.0in) ( éj 111575 (g, +6.0in)
. in.
METRIC METRIC
v v
DCR=—2=—— = DCR =" = = Vi
@R 292" (4, +152.4mm) R, | o4 “(d,, +152.4 mm)
mm mm
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2.1.16 Shear Yielding and Shear Rupture in Collar Corner

Assemblies (X-Axis Shear)

In accordance with Specification Section
J4.2, the available shear strength of the
affected and connecting elements shall be
the lower value obtained according to the
limit states of shear yielding and shear
rupture:

a. For shear yielding of the element:
R, =0.60F 4, (J4-3)
¢®=1.00 (LRFD) Q =1.50 (ASD)

b. For shear rupture of the element:
R =0.60F A4, (J4-4)
®=0.75 (LRFD) Q=2.00 (ASD)

The Collar Corner Assemblies are made
from ASTM A572 Grade 50 material. This
material has the following specifications:

F,= 50 ksi

As stated below the figure directly on the
right, the thickness of the CCA varies
along its length. It starts out at 1-in. at the
Collar Corner Top and is 1-13/16 in. at the
Collar Corner Bottom. The average
thickness of the CCA is 1.41 in. (35.8 mm).

The thickened vertical line in the figure on
the right shows the shear plane of the
gross section. The length of the shear
plane, L, is taken as the nominal beam
depth, du.m, for conservatism.

11/4"

VARIES

17/16"

ELEVATION

¢ OF BOLTS

© | 611/16"
- g o
>¢

513/16"

@
N
N

90
51/8"

.
©
\
%

Plan View of Collar Corner Section;
maximum dimension shown.

&
&

COLLAR
— CORNER
ASSEMBLY

b
g1

Shear Yielding in the CCA.
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For shear yielding in the gross-section:
A, =(141in)L=(1.41in)(d,,,)

R, =0.60F, 4, x 2 CCAs
=0.60(50 ksi)(1.41in.)(d,,, ) x2

= (84.6 kl—pj d

n.

The available design strength or allowable strength is:

LRFD

ASD

©=1.00

.

@R = 1.00(84.6 @j d.

ENGLISH

(I:Rn = (846 kl_pj dnom

n.

METRIC

R = (14.8 k—Nj d.,.

mm

Q=150

|

84.6 k’pj d
in.

o

ENGLISH

X
Q

METRIC

Rn_(
Q

1.50

56.4 @j d
in.

9.89 k—Nj d,
mm
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The thickened vertical lines in the figure on the
right show the shear plane of the net section. In
conformance with Specification Section B4.3b, in
computing the net area for tension and shear, the
width of a bolt hole shall be taken as 1/16 in. (2
mm) greater than the nominal dimension of the
hole.

The length of the shear plane, L, is taken as the
nominal beam depth, d..m, for conservatism. The
average thickness of the CCA was previously
calculated to be 1.41 in. (35.8 mm).

For shear rupture in the net-section:

1
A =|L-4 —in. | |(1.41in.
nv ( (dh+16lnjj( ln)
= (dm - 4(1é i+ in.D(l Alin.)
8 16

=(d,,, =5.76 in.)(1.41in.)

nom

R, =0.60F A4,

=0.60(65 ksi)((d,, =5.76 in.)1.41in.) x 2 CCAs

nom

=110.0 225 (4
in.

~5.76in.)

nom

13/8" @
'— BOLT

ﬁ HOLE (TYP)

The available design strength or allowable strength is:

COLLAR
— CORNER
ASSEMBLY

Shear Rupture in the CCA.

LRFD ASD
kips _ .
@R =0, 75(110 055 (4 ~576 in.)j g, MO0 (=576 in.)
in. Q 2.00
ENGLISH ENGLISH
kip .
(m (82 5 j(d’wm _576 ln) =(55 0 klpj(d _576 ln)
in. in. nom
METRIC METRIC
GR, (14 4k—Nj(d =146 mm) 9.63° N \(d, 146
mm ) " mm ( nom mm)
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Note: Based on the preceding calculations, shear rupture is the governing limit state of
the two.

2.1.17 Friction at Collar Flange / Collar Corners and Column

The next step in the design process is to determine the slip resistance of the friction force
between the CFA and CCA and the Column.

In accordance with Specification Section J3.8, the design slip resistance, ¢R,, and the
allowable slip resistance, R./Q, shall be determined for the limit state of slip as follows:

R, =(WDTn ), (J3-4)

For standard size and short-slotted holes perpendicular to the direction of the load,
@®=1.00 (LRFD) Q=1.50 (ASD)

For the limit state of slip resistance, the following definitions apply:

mean slip coefficient for Class A or B surfaces. The CFA and CCA have Class

M= A surfaces and therefore p = 0.30.
D = 1.13, a multiplier that reflects the ratio of the mean installed bolt pretension
“ to the specified minimum bolt pretension.
minimum fastener tension given in Specification Section Table J3.1, kips, or
T, = Table J3.1M, kN. As specified in the ConXL-400 Standard Details, the ASTM

A574 bolts are pretensioned to ASTM A490 bolt specifications. Per
Specification Table J3.1, T, = 102 kips for a 1-1/4 in. diameter bolt.
hr=factor for filler. There are no fillers present, thus, #,=1.0

number of slip planes. For this case, n; = 1.0. Only one slip plane is used for
each bolt because only the side pertaining to one beam is considered.

ny = number bolts. For this case, n, = 16.

ng =
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Using the information above, the slip resistance is determined as follows:

T, =102 kips
Rn = (uDuhf];)nv)nb

R, =0.30(1.13)(1.0) (102 kips)(1.0)(16)

R, =553 kips

The design slip resistance, ¢R,, and the allowable slip resistance, R,/Q, is

LRFD

ASD

©=1.00

@R,., =1.00(553.2 kips) =553.2 kips

Q=1.50

R, _553.2 kips

=368.7 ki
Q 1.50 P

The Demand Capacity Ratio for the shear strength of the friction force at the Collar Flange

Collar Corner and column interface is shown below:

LRFD ASD
VLLX
DCR=—e pek= Rnc/
nef Q
ENGLISH ENGLISH
333.2 kips 368.7 kips
METRIC METRIC
= tu _ W
2,461 kN XS
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2.1.18 Y-Axis Shear Transfer from Beam to Column

In the ConXL-400 moment collar connection, weak-axis shear is transferred to the Collar
Flange Assembly via CJP welds between the beam flanges and the Collar Flanges (CFs).
The Collar Flanges transfer the shear load via direct bearing against the Collar Corners
(CCs); the weak-axis shear thus does not contribute to the interaction of forces resisted
by the bolts. The Collar Corners transfer the shear load to the column via fillet welds
between the Collar Corners and the column.

2119 Bearing Strength at Collar Flange and Collar Corner

In accordance with Specification Section
J7, the available bearing strength of
surfaces in contact shall be determined for
the limit state of bearing as follows:

R, =18F 4, (J7-1) ¢ OF BOLTS

©=0.75 (LRFD) Q =2.00 (ASD) 611/16" >
The Collar Corner Assemblies are made 1
from ASTM A572 Grade 50 material. This w 7 %
material has the following specifications: S % i

F,= ©65Kksi VP, Vuy ) ,\‘b\\

As shown in the figure on the right, the 513/16"
weak-axis shear is resisted by bearing of
the Collar Flange against two surfaces of Plan View of Collar Corner Section;
the Collar Corner. One component of the maximum dimension shown.

shear is resisted by the head of the Collar
Corner and the other component is
resisted by the neck of the Collar Corner.

The dimensions of the tapered Collar Corner that result in the minimum bearing areas
will be used,

where:

dcry = effective depth of Collar Flange for bearing
ween =  Width of Collar Corner head
ween = Width of Collar Corner neck

teen = thickness of Collar Corner neck
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For bearing at the head of the Collar Corner:

Apbh = 2dCF (chhz_tccn j — 2(7.001}1)(3'501’1, _21.8125 ll/l.j

=11.81in?

R, =18F 4,
=1.8(50ksi)(11.81in)
=1,063 kips

The available design strength or allowable strength is:

LRFD ASD
Q=2.00
©=0.75 |
R, _ 1063 kips
@R,,, =0.75(1063 kips) Q 200
ENGLISH ENGLISH
J Rnbh —_ .
@R, =797.2kips ? =531.5kips
METRIC METRIC
@R, =3,546kN .

—bh =2 364kN
Q
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For bearing at the neck of the Collar Corner:

Ay, =2dpw,, =2(7.00in.)(3.34in.)
=46.76in.

R,, =1.8F,4,
=1.8(50ksi)(46.76in. )
= 4,208 kips

The available design strength or allowable strength is:

ENGLISH
@R, =3,156kips

METRIC
@R, =14,040kN

LRFD ASD
Q=2.00
©=0.75 |
R, _ 4208 kips
@R,,, =0.75(4208 kips) Q 2.00
ENGLISH

Rb
—tbn = 2,104 kips
5 p

METRIC

R =9,359kN
Q

The Demand Capacity Ratio for the bearing strength of the Collar Corner Assembly is

shown below:

ASD

DCR =

V, cos(45°) N v, sin(45°)

Rnb/ Rnb/
Q Q

LRFD
DCR = V., cos(45°) N v, sin(45°)
(Mnbh (Mnbn
where
Vuy =

required weak-axis beam shear load from load combinations.
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2.1.20
Assembly

In accordance with Specification Section
J4.1, the available tensile strength of the
affected and connecting elements shall be
the lower value obtained according to the
limit states of tensile yielding and tensile
rupture:

a. For tensile yielding of the element:
R, =F A4, (J4-1)
¢®=0.90 (LRFD) Q=1.67 (ASD)

b. For tensile rupture of the element:
R =F A, (J4-4)

¢=0.75 (LRFD) Q =2.00 (ASD)

The Collar Corner Assemblies are made

from ASTM A572 Grade 50 material. This
material has the following specifications:

F,= 50 ksi

As stated below the figure directly on the
right, the thickness of the CCA varies
along its length. It starts out at 1-in. at the
Collar Corner Top and is 1-13/16 in. at the
Collar Corner Bottom. The average
thickness of the CCA is 1.41 in. (35.8 mm).

The thickened vertical line in the figure on
the right shows the tension plane of the
gross section. The length of the tension
plane, L, is taken as the nominal beam
depth, du.m, for conservatism.

Tensile Yielding and Tensile Rupture in Collar Corner

412" || |3 i

VARIES

41/2"

17/16"

ELEVATION

[ N
o}‘\%

Wl €

513/16" < N
’\n‘)\'\
Plan View of Collar Corner Section with
maximum dimensions shown; tension
plane indicated by thickened vertical line.

718"
Y|

o
T

&
&

COLLAR
— CORNER
ASSEMBLY

b
g1

Tensile Yielding in the CCA.
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For tensile yielding in the gross-section:

A, =(1.41in.)L =(1.41in)d,,,

R, =F A,
=(50ksi)(1.41in.)d,,,
= (70.5@] d,

mn.

The available design strength or allowable strength is:

mn.

(mn = (634 kl_pj dnom
METRIC
R = (1 1.1 k—dem

mm

LRFD ASD
©=0.90 Q=1.67
. kip
(‘mn = 090(705 @j dnom Rn e (705 ln jdnom
o Q 1.67
ENGLISH ENGLISH

R, - {42.2 @j d,
o :

n.

METRIC

R, = (7.39 k—N) d.,.
Q mm
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The thickened vertical lines in the figure on the
right show the tension plane of the net section. In
conformance with Specification Section B4.3b, in
computing the net area for tension and shear, the
width of a bolt hole shall be taken as 1/16 in. (2
mm) greater than the nominal dimension of the
hole.

The length of the tension plane, L, is taken as the
nominal beam depth, d..m, for conservatism. The
average thickness of the CCA was previously
calculated to be 1.41 in. (35.8 mm).

For tensile rupture on the effective net area:

A=A, = (L —4(61,1 +%in.D(l.4lin.)

= dnom—4(1§in.+iin.j (1.41in.)
8 16

=(d,,, —5.76in.)(1.41in.)

Rn = EAA(?
=(65ksi)(d,,, —5.76in.)(1.41in.)
= 91.6@(@'%,” -5.76in.)

n.

The available design strength or allowable strength is:

13/8" @
— BOLT
HOLE (TYP)

I

COLLAR
— CORNER
ASSEMBLY

Tensile Rupture in the CCA.

LRFD ASD
0=0.75 Q=2.00
kip 916" (4 ~576in)
08 :0.75(91.6,—(01”% -5.76 in.)j R _~ gV T
mn. Q 2.00
ENGLISH ENGLISH
_ kip : ‘
@R = {68.7 —j (dwm -5.76 zn.) R, = (45_8 kl—pj(dmm -5.76 in.)
in. Q in.
METRIC METRIC
kN
@R, :(IZ.O—j(dwm —-146 mm) R, :(8.02 k_N] d_—146 mm
mm Q mm ( nom )
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Note: based on the preceding calculations, tensile rupture is the governing limit state of

the two.

The Demand Capacity Ratio for the tensile strength of the Collar Corner Assembly is

shown below:

LRFD

ASD

DCR =

B Vuy cos(45°)

n

DCR =

v, cos(45°)

e
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21.21 Shear Yielding and Shear Rupture in Collar Corner
Assembly (at Neck, Y-Axis Shear)

The shear planes for shear yielding and shear rupture in the Collar Corner are identical
to those described in Section 2.1.16. Since the Collar Flanges bear against one Collar
Corner Assembly, only one Collar Corner Assembly resists the weak-axis shear (instead
of two as is the case for strong-axis shear). Therefore, the available design strengths and
allowable strengths will be one-half of those computed in Section 2.1.16.

For shear yielding in the gross-section, the available design strength or allowable strength

IS:

METRIC

kN
mm

Mn = (741 _j dnom

LRFD ASD
. kip
4.6 -
@R =1.00(84.6 7P )4 V] R (8 . jd””"’
n ln nom 2 n o— xy
Q 1.50 2
ENGLISH ENGLISH
_ kip -
(mn - (42.3 ;j dnom Rn = {25'3 @j dnom
: Q in.

METRIC

R, = (4.44 k—Nj d.,.
Q mm
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For shear rupture in the net-section, the available design strength or allowable strength

IS:
LRFD ASD
¢®=0.75 Q=2.00
kips 110075 (4 =5.76in)
@R, :0.75(110.o,i(d,wm ~5.76 in.)jx% R, MO0 e m70M)
" Q 2.00 2
ENGLISH ENGLISH
- kip : .
= {41'3 '_j(d””’" ~576n) %, =(27.5 kl—pj(dmm ~5.76in.)
o Q in.
METRIC METRIC
kN
=[722=2|(a,,, ~146 R, _ kN )
R, ( mm}( \on —146 mm) —(4.82 Ej(d’wm 146 mm)

Note: Based on the preceding calculations, shear rupture is the governing limit state of

the two.

The Demand Capacity Ratio for the shear strength of the Collar Corner Assembly at the

neck is shown below:

LRFD

ASD

DCR = V;y sin(45°)

n

_ V,, sin(45°)

o
Q

DCR
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2.1.22
Shear)

In accordance with Specification Section
J4.2, the available shear strength of the
affected and connecting elements shall be
the lower value obtained according to the
limit states of shear yielding and shear
rupture:

a. For shear yielding of the element:
R, =0.60F A4, (J4-3)

¢=1.00 (LRFD) Q =1.50 (ASD)

b. For shear rupture of the element:
R =0.60F 4, (J4-4)
@=0.75 (LRFD) Q=2.00(ASD)

The Collar Corner Assemblies are made
from ASTM A572 Grade 50 material. This
material has the following specifications:

Fy= 50 ksi
Fu= 65ksi

The limit state of shear rupture on the net-
section will not be evaluated as there are
no bolt holes interrupting the shear plane.

The thickened vertical lines in the figure on
the right show the shear plane of the gross
section. The length of the shear plane, L,
is taken as twice the depth of the Collar
Flange, dcr, for conservatism.

The thickness of the Collar Corner head,
tech, Will be taken as the minimum thickness
at the tip for conservatism

Shear Yielding in Collar Corner Assembly (at Head, Y-Axis

412" || B3 £

VARIES

412"

17/16"

ELEVATION

¢ OF BOLTS
©

6 11/16" 5
° 2
N 2

o

7/8" L
TYP. 513/16" .
Ny

N

IS NS

Plan View of Collar Corner Section with
maximum dimensions shown; shear
plane indicated by thickened horizontal

line.
o4
L/2
&G
COLLAR
- CORNER
ASSEMBLY
-G
L/2
ot

Shear Yielding in the CCA.
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For shear yielding in the gross-section:

A, =2d gt =2(7.00in.)(0.806in.)
=11.28in.

R, =0.60F,4,,
=0.60(50ksi)(11.28in.)
=338.4 kips

The available design strength or allowable strength is:

LRFD ASD
Q=1.50
=1.00
? R _(3384kips)
@R, =1.00(338.4kips) Q 1.50
ENGLISH ENGLISH
@R, =338.4kips 1;2” =225.6 kips
METRIC METRIC
@R, =1,505kN R
* =1,003kN
Q

The Demand Capacity Ratio for the shear strength of the Collar Corner Assembly at the

head is shown below:

LRFD

ASD

V cos(45°
DCR _V,, cos(45%)

n

DCR =2

V. cos(45°)

"

CX-ENG-STD-000001
Version: 2

Page 56 of 323



Design of Connections

21.23 Combined Shear and Tension in Collar Corner Assembly (Y-
Axis Shear)

For the interaction of shear and tension in the Collar Corner Assembly, the Demand
Capacity Ratio is determined as shown below:

LRFD ASD

2 2

o2 ) N2 . ‘ .
DCR = \/(V"y cos(43 )] +(V"y sin(45 )j per= || Lwcos3%) | 1V, sin(357)

(plem” (‘pRnsr Rn/ Rnsr/
/0 Q
where:
R.r = tensile rupture strength at the neck from Section 2.1.20
R.s» = shear rupture strength at the neck from Section 2.1.21
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2.1.24 Weld at Collar Corner Assembly and Column (Y-Axis Shear)

The ConXL-400 Collar Corner Assembly to column connection is a 3/8 in. (9.53 mm) fillet
weld. The weld is perpendicular to the direction of the weak-axis beam shear load. The
load is oriented 90° to the longitudinal axis of the weld.

Using d..n to denote the nominal depth of the connected beam, the total length of the fillet
weld is:

l.=2(d,, +6.0in.)

nom

The size of the fillet weld is:

t = g E}r8 in.=0.265in.

we

The area of the fillet weld is:

4, =t =(0265in)2(d,, +6.0in.)

The strength of the fillet weld is:

6=90’
R, =0.60F,,, (1.0+0.50sin'* (8)) 4

we

=0.60(70 ksi) (1.0 +0.50sin"* (90°))(0.53 in)(d,,, +6.0in)
=0.60(70 ksi) (1.0 +0.50)(0.53in.)(d,,, +6.0in.)
_ 7 4 Kips .
R, =334—"—(d, +6.0in)
mn.
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The design and allowable shear strength of the Collar Corner to column fillet welds is:

LRFD ASD
0=0.75 Q=2.00
kips 334kzps(d +6.0in.)
@R =0. 75(33 4-—+-(d,, +6.0 in.)j R, _ in, \
in. Q 2.00
ENGLISH ENGLISH
kips .
@R, =250 (4 +6.0in) R o167 505 (g, +6.0in)
ll’l. l}’l‘ nom
METRIC METRIC
kN
@R, =438~ (d, +152.40 mm) R, N (4 +152.40 mm)
mm nom

The Demand Capacity Ratio for design and allowable shear strength of the Collar Corner

to column fillet welds is:

LRFD ASD
ENGLISH ENGLISH
DCR = V. - Vs DCR = RV = V,
OR, 55 ¢ Kips (d,,, +6.0in.) ( éj 1672 (4, +6.0in.)
in. in.
METRIC METRIC
DCR=e= T DCR = v,
438 —(d,,, +152.4 mm) (R%)) 2. 927 ., +152.4 mm)
mm
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2.1.25

Collar Corner Assembly: Combined Shear Loading

Where there is a combined shear load in both X and Y axes, the Demand Capacity Ratio

is determined as shown below:

LRFD
|4 (v cos(45°) (v sin(45°) ?
o[ P
(mnsr (mntr (pRm
ASD

V

Uux

DCR =

N V., cos(45°)

2

N Vuy sin(45°)

2

R,m/
Q

Rmr/
Q

RW/
Q

2.1.26

Weld at Collar Corner Assembly: Combined Shear Loading

Where there is a combined shear load in both X and Y axes, the Demand Capacity Ratio

is determined as shown below:

ASD

LRFD
2 2
%
DCR = ( Ve J +| —
(pRan (pRnwy

DCR =

2

v

Vux + w
Rnw/ Rn w%
Q Q

where
Rix =
Rnwy

available strong-axis shear strength from Section 2.1.15.
available weak-axis shear strength from Section 2.1.24.
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2.1.27

The final step of the ConXL-400 moment
connection design process is determining
the Shear Strength of the Panel Zone.

Panel zone shear is resisted by the
column walls and the Collar Corner
Assemblies. The Collar Corner
Assemblies act as reinforcing plates for
the column web.

The Collar Corner Assemblies are welded
along their entire depth to the column, with
their depth greater than the depth of the
moment beam.

In accordance with Specification Section
J10.6, the available strength of the web
panel zone for the limit state of shear
yielding shall be determined as follows:

®=0.90 (LRFD) Q =1.67 (ASD)
In the figure on the right, the shaded
regions represent the area effective in
resisting panel zone shear.

Panel Zone Shear Strength

(16) 1 1/4"@ H.S. BOLTS
AT EACH SIDE

BOX OR HSS 16x16 COL.

'\7

XL400 COLLAR I
FLANGE
ASSEMBLY, TYP

oo

PLAN

FACE OF

\ \ COLLAR

gcoL

1-31/8"
A7 e

WEB EXTENSION
CWX400

COLLAR FLANGE

CCM400

TOP 7
cCT400 COLLAR CORNER
TOP
CCT400
:% ?f COLLAR CORNER
' t- MIDDLE
(16) 114'HS. LI L] / CCM400
BOLTS AT EACH SIDE
T FH
g ([ [l
O 3 \
COLLARFLANGE W MOMENT BEAM
BOTTOM
CCB400 / COLLAR CORNER
BOTTOM
BOX OR HSS 16x16 COL T

ELEVATION

Figure 28: ConXL-400 Elevation and
Plan View at Panel Zone.

The nominal strength, R,, shall be determined as follows: when the effect of panel-zone
deformation on frame stability is not considered in the analysis:

For P <04P
For P >04P

where

R =0.60F d 1

R, =0.60F,d.1, (1 4 —ﬁj
P

(J10-9)

yocw

(J10-10)

c

F,= specified minimum yield stress of the column web, ksi (MPa)

d.= depth of column, in. (mm)

tw= thickness of column web, in. (mm)
Pr =

P.= 0.60P,, kips (kN)

required axial strength using LRFD or ASD load combinations, kips (kN)
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The Collar Corner Assemblies contribute to the

steel area resisting the panel zone shear. The
properties of the column and CCAs pertaining to
panel zone shear are shown below:
Apz = 2dctc + 4dcctec
t.= thickness of column wall, in. (mm)
d..= effective depth of Collar Corner Assembly
leg = 3.5 in. (88.9 mm)
te.= effective thickness of Collar Corner
Assembly leg = 0.5 in. (12.7 mm)
A= column cross-sectional area, in.? (mm?) COLLAR CORNER
P,= F, A, axial yield strength of the column, kips TOP CCT400

(kN)

PLAN

Figure 29: Effective Shear
Areas of Column and CCA.

The axial yield strength of the column is determined as shown below:
P =P =FA=F,(2d1,+4d.t,)

cece

The shear strength of the panel zone is as follows:

For P <04P R, =0.60F, (2d 1, +4d.t)

cecce

For P >04P

cecce

Ry, =0.60F, (2d,1, +4d, )(1.4—%j

c

The design panel zone shear strength, ¢R,, and the allowable panel zone shear strength,

R,/Q, are as follows:

LRFD ASD
= M = M

The Demand Capacity Ratio for the panel zone shear strength is shown below:

LRFD ASD
v DCR=—turz__
DCR = vz (ng/j
nPZ Q

CX-ENG-STD-000001
Version: 2

Page 62 of 323



Design of Connections

2.1.28

Local Yielding of HSS Sidewalls

In accordance with Section J10.2 of the
Specification, the limit state of Web Local
Yielding (i.e., Local Yielding of HSS
Sidewalls) is determined as follows:

R =F, 1, (5k+1) (J10-2)

¢®=1.00 (LRFD) Q=150 (ASD)

where
F,w= specified minimum vyield
stress of HSS material, ksi
(MPa)
Iy = bearing length, which equals
the depth of the Collar
Flange, dcr.
k= outside HSS corner radius
(O for Box)

F,=50ksi (345 MPa)
tw = tdes
l,=d.. =7.0in.
k=1.5t,,

Connection Type

Transverse Plate T- and
Cross-Connections, Under
Plate Axial Load

Note: since HSS members have two
webs, the available strength resulting
from Eq. J10-2 will be multiplied by 2.

Note: Eq. J10-2 only applies when the
concentrated load is applied at a distance
from the member end that is greater than
the nominal depth of the HSS (i.e., 16
in.). If the concentrated load is applied at
a distance from the member end that is
less than or equal to the nominal depth of
the HSS (e.g., if the collar is near the top
of the column), then Eq. J10-3 is used
instead as demonstrated on the following
pages.

The available strength is therefore calculated as follows:

R =F 1, (5k +1,)x2 walls

= (SOksi) (tdes ) (5(1.5tdes ) + 7.0in.) x2walls

=(100ksi)t,, (7.5, +7.0in.)
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The design wall local yielding strength, ¢R,, and the allowable wall local yielding strength,

R./Q, are as follows:
LRFD ASD
Q=150
®=1.00
. . R _(1004si)t,, (7.5, +7.0in.)
@R, =1.00(100 ksi),,, (7.5¢,,, +7.0in.) . 150
ENGLISH ENGLISH
R, =100 1), (751, +7.01n) & ~(oo7 k) (751, 4700
Q
METRIC
@R, = (689 MPa)t, (7.5, +177.8 mm) METRIC
1:; = (460 MPa)¢,, (7.5t +177.8 mm)

When the concentrated force is applied at a distance from the member end that is less
than or equal to the nominal depth of the HSS (i.e., 16 in.), the coefficient on k decreases
to 2.5 (Eq. J10-3); for example, this condition should be checked when the collar is located
near the top of the column. The design wall local yielding strength, ¢R,, and the allowable
wall local yielding strength, R,/Q, are then calculated as follows:

LRFD )
Q=1.50
¢®=1.00
- - R _(100ksi)t,, (2.5(1.5t,,)+7.0in.)
@R, =1.00(100 ksi)z,,, (2.5(1.5¢,, ) +7.0in.) 'S -
ENGLISH ENGLISH
= (100 ksi)z, (3.75¢, +7.0in.
@R, = (100 ksi)t,,, (3.75t,, +7.0in.) R = (667 ksi)1,, (3751, +7.0in))
Q
METRIC

@R, = (689 MPa)t,, (3.75¢,,, +177.8 mm) METRIC

1;; = (460 MPa)¢,, (3.75t,, +177.8 mm)
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The Demand Capacity Ratio for wall local yielding is shown below:
LRFD ASD

P
Dper=2r DCR=—2—

o, (%)

where

[ [T
d-t. 2

with M, and the P.; are the required beam moment (X-axis) and the required beam axial
demand, respectively. The term d denotes the depth of the beam and the term # is the
thickness of the beam flange.
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2.1.29

Local Crippling of HSS Sidewalls

In accordance with Section J10.3 of the
Specification, the limit state of Web Local
Yielding (i.e., Local Crippling of HSS
Sidewalls) is determined as follows:

1.5
I\ ¢ EF t.
— 2 w S
R =0.80r, 1+3(—Q(—J »ro.

t t,

(J10-4)

¢®=0.75 (LRFD) Q =2.00 (ASD)

where

E = modulus of elasticity of steel

= 29,000 ksi (200,000 MPa)

F,w= specified minimum yield
stress of HSS main member
material, ksi (MPa)

Iy = thickness of transverse
plate, which equals the
depth of the Collar Flange,
dcr.

tw = design web thickness of

HSS or Box column
= ldes
tr= design flange thickness of
HSS or Box column

Connection Type

Transverse Plate T- and
Cross-Connections, Under
Plate Axial Load

5]

oo

Note: since HSS members have two
webs, the available strength resulting
from Eq. J10-4 will be multiplied by 2.

Note: Eq. J10-4 only applies when the
concentrated compressive force is applied
at a distance from the member end that is
greater than or equal to d/2. If the
concentrated compressive force is applied
at a distance from the member end that is
less than d/2 (e.g., if the collar is near the
top of the column), then Eq. J10-5a or J10-

5b should be wused instead as
= ldes ) demonstrated on the following pages.
d = depth of web, in. (mm)
= H- 3tdes
Or= chord-stress interaction
parameter
From Specification Table K3.2, Oris determined as follows:
O, =1 for connecting surface in tension,
U
O, =1.3—0.4E for connecting surface in compression.
CX-ENG-STD-000001 Page 66 of 323

Version: 2



Design of Connections

Per Specification Section K3.1, the width ratio, 3, is defined as the ratio of overall branch
width (i.e., Collar Flange length) to chord width (i.e., column width) = B, / B for rectangular
HSS. Since the Collar Flange length is slightly larger than the column width, 3 = 1.0.
The utilization ratio, U, is determined as follows using Eq. K2-4:

| B M,
F4, FS

where P,, and M,, are determined on the side of the joint that has the lower compression
stress. P, and M,, refer to required strengths in the HSS.

P,, =P, for LRFD; P, for ASD.
M,, = M, for LRFD; M, for ASD.

The available strength based on the limit state of local crippling is calculated as follows:

F,=50ksi (345 MPa)
H =16in. (406.4 mm)

[, =d.. =70in.
U
=1.3-0.4| =—|<1.0
< (1.0}

1.5
EF 1,
R =0.80t {1+3(l—bj(ﬁ] J =2 0 %2 walls
d l‘f t, '

1.5
EF ¢t
=1'6tdesz 1+3 dL Laes ﬂQf
H _3tdes tdes tdes ‘

3d
=1.6t, *|1+—<L | |EF
des H _ 3 tdeS J y Qf

H-3t, +3d
=161, | e j [EF,0,
des

=1.61,° 16in.=31,, +3(7.0in.)
° 16in.— 3t

j\/(29000ksi)(50ksi)Qf

des

37 in.—3t
R =(1,926 ksi)z, >| = —des
= Jlas (16in.—3szQf
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The design local wall crippling strength, ¢R,, and the allowable local wall crippling
strength, R,/Q, are as follows:

LRFD ASD
®=0.75 Q=2.00
37 in.— 3t
: 37 in. = 3t 1,926 ksi)t,, 2| o des
R, =0.75(1,926 ksi)z,,” [WJQ ) R :( S) (161.”._3% ]Qf
o Q 2.00
ENGLISH ENGLISH
37in.—3t
@R, = (1,445 ksi )1, 2(—@}@ R _ N o[37in-3t,
n es . _ n - 963 ksl t ) es
16in.= 3, Q ( las 16in.~3t, <
METRIC METRIC

0,

939.8 mm—3tdesj

=(9,962 MPa)¢, ’
@, = )la (406.4mm—3tdes

Qf R" = (6, 639 MPa) ZLde'sz {

939.8 mm-—3¢,,
Q

406.4 mm -3¢,

If the concentrated compressive force is applied at a distance from the member end that
is less than d/2, then either Eq. J10-5a or J10-5b shall be used instead depending on the
quantity /d.

L _ de  _ 7.0in
d H-3t, 16.0in.-3¢,,

The quantity /,/d will always be greater than or equal to 0.2 regardless of t.s; therefore,
Eqg. J10-5b applies and the local wall crippling strength shall be determined as shown on
the following page.
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t t

1.5
EF 1
R =0.40z° 1+(4—lb—0.2j(’lj 0 X2 walls
d P

=0.80¢,,°

=0.80z,,°
=0.80¢,,°

=0.80¢,,°

A

w

1.5
1| A o |[ L EF ey
H - 3tdes tdes tdes !

4d
1+—E——-0.2 JEF O,
H-3t, J R

4d., +0.8(H =31,
e N

3 tdes

4(7.0in) +0.8(16in) = 2.41,,

6in—3r }/(29, 000 si) (50 ksi)Q,

des

R, =(963ksi)t,, (40'8"1' L ij

16in.-3t,,

The design local wall crippling strength, ¢R,, and the allowable local wall crippling
strength, R,/Q, are as follows:

LRFD ASD

@R, = 0.75(963 ksi)z,, (40‘8 .~ 2.8 JQ_,- R

@R, =(722 ks

@R, =(4,980 MPa)tdesz(

l6in.-3td€s — 16in'_3tdes
Q 2.00
ENGLISH NGLISH
40.8 in.— 2.4t
i)t, 2( "’“ij R, _ N, 2 408in.—2.41,
: in.— - v = (481 ksi)t = |0
om = ol 8 T s, )
METRIC VETRIC
1,036 mm -2.4¢,
’ = |0,| R, 1,036 mm —2.41,,
406.4 mm -3, JQ" o (3,320 MPa)z,,* ( Ty e— 3tdd : ]Qf

0= 075 Q=200

(963 ksi)1,.” (40.8 in.—2.4t,, j 0,
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The Demand Capacity Ratio for wall local crippling is shown below:

LRFD

ASD

P
DCR=-2

n

DCR =

B,

(%)
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2.2 ConXL300

2.2.1 Moment Connection Description

The ConXtech ConXL-300 moment
connection is a steel moment-resisting
beam to column connection for resisting
gravity, wind and seismic forces imposed
on a building/non-building structure. As
can be seen in Figure 30, the collar
connection is designed to join hollow
structural section columns (or built-up
box columns) and wide flange steel
beams at all four sides of the column,
although the connection can be used for
as few as one beam.

Figure 31 shows an isolated view of a
fully assembled moment collar. The
moment collar is comprised of various
components. The components that make
up each face of the collar are joined
together by welds, and the full collar
assembly is held together by sixteen
pretensioned high strength bolts.

Figure 30: ConXL-300 Moment
Connection Assembly.

Figure 31: 3D-Perspective View of
ConXL-300 Moment Collar Assembly.
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The ConXL-300 connection is only used on columns that are 12 in. (304.8 mm) square
combined with wide flange beams of the sizes shown in Table 2. Note that the connection
can only be used with moment beams from the same nominal depth family.

Table 2: List of Compatible Beam Sizes for the ConXL-300 System.

W12 W14 W16 W18 W21
W12X19 W14X22 W16X26 W18X35 W21X44
W12X22 W14X26 W16X31 W18X40 W21X50
W12X26 W14X30 W16X36 W18X46 W21X57
W12X30 W14X34 W16X40 W18X50 W21X48
W12X35 W14X38 W16X45 W18X55 W21X55
W12X40 W14X43 W16X50 W18X60 W21X62
W12X45 W14X48 W16X57 W18X65 W21X68
W12X50 W14X53 W16X67 W18X71 W21X73
W12X58 W14X61

W14X68

A Collar Flange Assembly (CFA) is welded to the end of a moment beam and the Collar
Corner Assembly (CCA) is welded to the moment column. The ConXL-300 moment
connection assembly is comprised of four CFAs at each face of the moment column and
four CCAs at each corner of the square column.

BOX OR HSS 12612 COL The CCAs are drilled for through
bolting and welded at the corners
of the moment column at each
floor level.

SEAL PLATE TYP.

COLLAR CORNER
TOP CCT300

COLLAR CORNER
MIDDLE CCM300

COLLAR CORNER
BOTTOM CCB300

The CFA consists of a top and
bottom Collar Flange, each
welded to the top and bottom
beam flange, and a Collar Web
Extension (CWX), which is welded
to the beam web and is welded to
and spans between the top and
bottom Collar Flanges.

COLLAR FLANGE
TOP CFT300

COLLAR FLANGE
BOTTOM CFB300

WEB EXTENSION

MOMENT CWX300
BEAM T i

HEAVY
HEX NUT

The CWX comes in a variety of
depths, while the top and bottom
Collar Flanges are standardized
modular units. The CFA can be
11/4" @H.S. BOLT assembled for a variety of beam

Figure 32: ConXL-300 Moment Connection gs&; by adjusting the depth of the

Assembly.

WASHER
DTI.

CX-ENG-STD-000001 Page 72 of 323
Version: 2



Design of Connections

The CFA is also drilled along its outside edges to receive Collar Bolts. Assembly in the
field is accomplished by lowering the beam-CFA onto the column-CCA on each face of
the column. The CCA has shear lugs at the bottom of the CCA (see Figure 32) that
provide temporary vertical support for the beam and CFA until the bolts are pre-tensioned.
Once the bolts are pretensioned, the friction due to the clamping force between the
moment collar and the column provides vertical (upward or downward) carrying capacity
for the beam.

Once beam-CFA assemblies have been located on each of the four faces of the column,
high strength Collar Bolts are inserted into the holes in the adjoining CFAs and
pretensioned, clamping the CFA to the CCA/column, forming a rigid collar assembly that
surrounds the column.

The proceeding four pages illustrate the ConXL-300 connection in more detail. Standard
details of the CFAs, CWX and CCAs are shown, as well as perspective images of beams
fitted with the CFA.
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2.2.2 Collar Flange Assembly

COLLAR FLANGE TOP (XL300-CFT)

1-0 7/16"

313/?6%\1" -
p | S \
%, @n \\/F / '4 %%15/8"
;( \ 135°‘ o ” \]\
7/16”

Figure 33: Top View of Collar Flange Top.

17/16"
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| o= N
L [ % i
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1-51116" ——

Figure 34: Front View of Collar

Flange Top.
COLLAR FLANGE (@)1 3/8'D
TOP CCT300 HOLES
1716" —o 17/16" 7
N,
— A
= A (
©
= ~
WEB e o~
EXTENSION N
CWX300
0
T 7 ZERR|
0 0
COLLAR FLANGE (4)13/8'0
BOTTOM CFB300 HOLES

Figure 35: Collar Flange Assembly
(XL300-CFA).

COLLAR FLANGE BOTTOM (XL300-CFB)

10 7/16"

1" S R
7 \i< il 1 q ] T: ] ‘ %ﬁ\mu
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Figure 36: Top View of Collar Flange
Bottom.
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Figure 37: Front View of Collar
Flange Bottom.
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2.2.3 Beam-To-Collar Flange Assembly

The figures on this page
illustrate the three types of
beam configurations used /
in the ConXL-300 system. 1

The beam at the top is
fitted with Collar Flanges '
on both ends. This beam
configuration is referred to
as a Beam-Moment- P
Moment (BMM). /

The beam in the middle is ~ =

W12x19 through W21x93

Collar Flange Plates and
Web Extension Plate

fitted with a Collar Flange
on one end. This beam is

Figure 38: BMM.

referred to as a Beam-
Gravity-Moment (BGM) or
a Beam-Moment-Gravity
(BMG) ey Holes
The beam on the bottom \
has no Collar Flanges on
its ends and is referred to
as a Beam-Gravity-Gravity
(BGG).

Gravity Beam

Collar Flange |
Plates and Web !
Extension Plate '

W12x19 through W21x93

Figure 39: BGM.

Gravity Beam Holes

Gravity Beam Holes

All W Sections

Figure 40: BGG.

CX-ENG-STD-000001
Version: 2

Page 75 of 323



Design of Connections

2.2.4 Collar Corner Assembly

3/4" RETURN

T&B TYP. 3/8

AN

r

U

¢ OF TOP & BOTTOM
BOLT ROWS

¢ OF MIDDLE

BOLT ROW

COLLAR
CORNER

TOP CCT300

Figure 41: Plan View of ConXL-300 Collar Corners and Column.

The figures on this page show the plan,
perspective and elevation views of the
Collar Corner Assembly.

As can be seen, the Collar Corner
Assemblies are attached to the moment
column with fillet welds.

Note that the Collar Corner Middle is
present only when the connected moment
beam is deeper than a W18.

)

gl

sl

Figure 42: Perspective View of Collar
Corner Assemblies welded onto a
Column.

\

3/4" RETURN

T&B TYP,
SEAL T&B

TYP.> /

BOX OR HSS 12x12 COL.

17

0
5/16 /0\2
70

TYP.

3],

y
i’(ﬁ

[l
r

COLLAR CORNER
TOP CCT300
COLLAR CORNER
MIDDLE CCM300

478" £~

=

I}

5/16 /O\1
70

SEAL WELD ENTIRE
PERIMETER OF COLLAR
CORNER JOINTS
BETWEEN STRUCTURAL
WELDS

N

\VARIES

i

a

=)

47/8" -

|
0

!

70
COLLAR CORNER

BOTTOM CCB300

Figure 43: Standard Detail of Collar
Corner Assemblies.
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HSS 12x12

Corner Collars

Base Plate

Figure 44: ConXL-300 Moment Column Assembly.

HSS

| Double Shear Tabs

\

} Base Plate
/

/

Figure 45: ConXL-300 Gravity Column Assembly.
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2.2.5 Beam and Moment Collar Assembly

The figure below shows the plan and elevation standard details of the ConXL-300
moment connection.

¢ coL

COLLAR CORNER

COLLAR FLANGE TOP CCT300

TOP CFT300

W MOMENT 7
BEAM o

(8)11/4"@H.S.BOLT

COLLAR CORNER
AT EACH SIDE BOTTOM CCB300
BOX OR \ COLLAR FLANGE
HSS 12x12 COL. BOTTOM CFB300
ELEVATION
BOX OR

COLLAR CORNER HSS 12x12
TOP CCT300 coL.

ez )

COLLAR FLANGE
TOP CFT300

PLAN

Figure 46: Elevation and Plan Views of the ConXL-300 Moment Connection.
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2.2.6 Load Transfer Mechanism

/\/

Figure 47: ConXL-300 Beam-To-Column
Moment Transfer Mechanism.

Moment transfer between the
beams and column is accomplished
through direct compressive bearing
as llustrated in Figure 47.
Compressive flexural forces are
transferred from the beam’s flange
to the Collar Flange through the CJP
weld connecting them. The Collar
Flange, acting as a beam spanning
between the CCAs, delivers the
compressive force through flexure
to the CCAs via direct bearing. The
CCAs delivers this bearing load to
the column via fillet welds. Tensile
flexural forces are transferred from
the beam’s flange to the Collar
Flange through the CJP weld
connecting them. The Collar Flange,
acting as abeam spanning between
Collar Bolts, delivers the tensile
load force through flexure to Collar
Bolts, which transfers this force in

tension to the orthogonal CFAs, which transfers this tensile force to the far Collar Bolts,
which transfers the tension force to the “rear” CFA. The “rear” CFA, acting as a beam
spanning between CCAs, transfers the force in flexure to the CCAs via direct bearing.
The CCAs deliver this bearing load to the column via fillet welds.

The CFA at the end of a moment beam is checked for required strengths per loading
conditions. Through statics, these CFA loads are reduced to the loads subjected to the
individual Collar Flange. These loads are then used to check the required strengths for

the individual Collar Flange.

Figure 48: Load Path - Flange Tension
Force to Column.

] I~

Figure 49: Load Path - Flange
Compressive Force to Column.
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2.2.7 Design Requirements

The design requirements detailed in this document for the ConXtech XL-300 moment
connection pertain to the fundamental strength of the moment connection for non-seismic
applications.

This document provides the design formulations for the following:

Collar Flange Connection - Design and Allowable Flexural Strength.
Bolted Connection - X-axis Design and Allowable Flexural Strength.
Bolted Connection - Y-axis Design and Allowable Flexural Strength.

Bolted Connection - Design and Allowable Strength for Combined Flexural,
Shear, & Axial Load.

Weld at Beam Web/Collar Web Extension - Design and Allowable Shear
Strength.

Weld at Collar Web Extension/Collar Flange - Design and Allowable Shear
Strength.

Weld at Collar Corner Assembly/Column - Design and Allowable Shear
Strength.

Collar Corner Assembly - Design and Allowable Shear Strength.

Friction at Collar Flange/Collar Corner - Design and Allowable Slip Resistance
Strength.

Bearing at Collar Flange and Collar Corner - Design and Allowable Bearing
Strength.

Collar Corner Assembly - Design and Allowable Tensile Strength.

Collar Corner Assembly - Design and Allowable Strength for Combined Shear
Load.

Panel Zone - Design and Allowable Shear Strength.
Local Yielding of HSS/Box Column Sidewalls - Design and Allowable Strength.

Local Crippling of HSS/Box Column Sidewalls - Design and Allowable Strength.
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Connection Design Notes:
The connection design procedure presented below is based on the Specification.

Definitions:

CF = Collar Flange: one CF welded to each flange of beam.

CFC = Collar Flange Connection: Top and bottom Collar Flange working in conjunction
with Collar Web Extension, connecting end of beam to column.

CWX = Collar Web Extension: welded to top and bottom Collar Flange; beam web is
welded to CWX.

CC = Collar Corner: welded to column; top and bottom Collar Flanges are clamped into
CC'’s via bolt pretension; surface of CC and CF in contact with each other are
machined surfaces.

M.x = LRFD Load Combinations Required Flexural Strength — Beam X-axis, k-ft (kN-m)

M,, = LRFD Load Combinations Required Flexural Strength — Beam Y-axis, k-ft (KN-m)

P, = LRFD Load Combinations Required Axial Strength — Beam, kips (kN)

Ve = LRFD Load Combinations Required Shear Strength — Beam X-axis, kips (kN)

V. = LRFD Load Combinations Required Shear Strength — Beam Y-axis, kips (kN)

P.. = LRFD Load Combinations Required Axial Strength — Column, kips (kN)

Vupz = LRFD Load Combinations Required Shear Strength — Panel Zone, kips (kN)

wy = LRFD Load Combinations Uniform Applied Load — Beam, k/ft (kN/m)
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2.2.8 Flexural Strength of Collar Flange Connection

The design check treats the Collar Flange as a simply supported beam spanning
between the bolts that connect it to the Collar Corners. The flanges of the moment
beam are welded to the Collar Flange with a complete joint penetration weld; thus, the
Collar Flange (spanning between the bolts) at the beam flange is considered
restrained. Consequently, the location for critical shear/moment for the Collar Flange
occurs just outside of the beam flange.

A

V.cr = Collar Flange req'd shear
strength

M,cr = Collar Flange req'd flex.
\/\ strength

F"Y?Y""Vllrt;\! d=depth0fbeam

tr= thickness of beam flange
v [ Lcr = effective span of Collar Flange

Zcr = plastic modulus of Collar
It Flange

Aycr = shear area of Collar Flange
dp = diameter of XL-300 bolt

‘ dp=1.25in. (31.8 mm)

M

Fycr = yield stress of Collar steel
(ASTM A572 Gr. 50)

Fycr = 50 ksi (345 MPa)

Figure 50: Shear and Moment Diagram of
Collar Flange Under Loading.

As can be seen in the figure above, the flexural capacity of the Collar Flange is the smaller
of either the flexural strength of the CF, F,crZcr, or the shear strength of the CF, Vcr,
multiplied by the distance (Lcr — by)/2.
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The section properties of the Collar Flange are shown in Figure 51 below.

Lepsgy =12.4in. (315 mm)
Aepyo =8.11in2 (5,232 mm”)
Zeps =16.42in (269,076 mm’)

N, = number of bolts per beam end =8

cb,,, = width of compression block = 0.694 in. (17.6 mm)

) Secticn Paopartan i

B Maferl
PLr by
Orieriation of 2-As Tor Fese Properbes
@) Defmt ) Porcpal s () Uner |
Brge From - 42 2-Puin ] deg

Propestes
w  (Cenber of Grareity

vmm

et

Ama i)
Thg crot-isctaonl sy

Figure 51: ConXL-300 Collar Flange Section Properties.
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As explained previously on page 82, the flexural capacity of the Collar Flange is the
smaller of either the flexural strength of the CF, F,crZcr, or the shear strength of the CF,
Vacr, multiplied by the distance (Lcr — by)/2.

The nominal flexural strength of the CF is M,, = F\,crZcr. The design flexural strength (DFS)
and the allowable flexural strength of the Collar Flange are calculated as shown below:

Fp =50ksi (345 MPa)
Zep =1642in” (269,076 mm’ )

LRFD ASD
MnCF — ZCFEVCF
@, = (prCFZCF Q Q
=0.90(50 ksi)(16.42 in.’) _(50ksi)(16.42in)
=739 kip —in. (83.5kN-m) 1.67
=492 kip—in. (55.6kN-m)

The nominal shear strength, V,cr, of the Collar Flange is calculated below:

VnCF =0.60F, yCFA\CF

where
F. =50 ksi (345 MPa)

Aer =8.11in? (5,232 mm’)

Therefore, the design and the allowable critical moment demand of the Collar Flange
created by a shear load equal to the shear strength of the Collar Flange are as follows:

LRFD ASD
Ler —b M. V. (L, b
WrCF:(pV"CF( > fj o - SF( > fj

where
Loy =124in. (315 mm)

The flexural capacity of the Collar Flange is determined by comparing the value of the
CF’s flexural strength to the value of the critical moment demand created by a shear load
equal to the shear strength of the Collar Flange. If the critical moment demand due to the
shear strength of the Collar Flange is smaller than the flexural strength of the Collar
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Flange, then the Collar Flange shear strength governs; otherwise, the flexural strength of
the Collar Flange governs.

The flexural capacity of the Collar Flange, can be expressed in a mathematical formula
as shown below:

— Ler =by
Flexural Strength of Collar Flange =min| F,.Z..,V, —

If the Collar Flange shear strength governs, the maximum beam moment that the
connection can resist when the Collar Flange is the limiting component is as shown below:

LRFD ASD
M 4
O e = O, (2)(d-1,) %:”T”(Z)(d_tf)

If the Collar Flange flexural strength governs, the maximum beam moment that the
connection can resist when the Collar Flange is the limiting component is as shown below:

LRFD ASD
oM _ oM, (2)(d _tf) M, rc _ M, cp (2)(d _tf)
nCFC LCF —bf Q a LCF —bf
2 2

The Demand Capacity Ratio for the design and allowable Flexural Strength of the Collar
Flange Connection is calculated as shown below:

ASD
— MM)C
DCR = M, DCR = —MnCFc
(WnCFC Q
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2.2.9 Bolted Connection: X-Axis Flexural Strength

As stated previously in this
document, the ConXL-300 collar
flanges transfer a beam’s moment
into the moment collar through
pretensioned bolts. Because the size
and number of bolts in the
connection are a known constant,
the maximum moment capacity of
the connection can be determined in
terms of the strength of the bolts.

A moment load in the strong-axis of
the connected beam resolves into
tension and compression forces
within the beam’s flange.

As can be seen in the figures below,
the bolts are oriented 45 degrees
relative to the longitudinal axis of the
connected moment beam.
Therefore, a tensile force from a
beam’s flange can be resolved into a
shear force and a tension force in the
bolt, as shown below.

frcos(45°):fv = f,
VAN SN AR NGy

The following section determines the
maximum  available bolt load,
considering the effects of combined
loading as stipulated in the
Specifications.

d'tbf Mbo\ts

Figure 52: ConXL-300 Bolted Moment
Connection Under Flexural Load.

%

450
S

Figure 53: Bolt Load Resolved into a Tensile
and Shear Force Components.
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For the form

fi=
fo=

ulations that follow, the definitions below apply:

required tensile stress, ksi (MPa)
required shear stress, ksi (MPa)

Ji= /v (bolts are 45° to applied load)

Jf-= required resultant stress resisting applied load, ksi (MPa)
Fn= nominal tensile stress = 0.75F,, ksi (MPa) (Specification C-J3-2)
Fa.=nominal shear stress = 0.563F,, ksi (MPa) (Specification C-J3-3)
Fu.= specified minimum tensile strength of bolt, ksi (MPa)
®ois = 0.75, resistance factor for bolts
Quois = 2.00, safety factor for bolts
R, = nominal strength of bolt resisting applied load, kips (kN)
Ap= nominal unthreaded body area of bolt, in.?
LRFD ASD
Specification (C-J3-5a) Specification (C-J3-5Db)
2 2 2 2
( f; j +[ f;/ J :1 (QboltsﬁJ +(QboltsﬁiJ :1
%oltsEﬁ %OIZSF;’IV E1t Ew
2 2 0 2 0 2
f; + f; _ ( bolts]rtJ +( boltsf;J :1
(gmltso'75F;zt %oh‘so'563Ezv 075F:4 0563F:4
2 2
f; ’ + f; ’ _ (Qboh‘sf;J +( Qboltsf; J :1
(pbolts 075E4 (gmlts 0563F:4 075F:4 0563F:4
P 2
f; 1 + 1 :1 Qboltsf; ( 1 + 1 :1
0...F, ) \0.75  0.563’ F, ) \0.75" 0.563°
/i 2 0.563° N 0.75% -1 Q, ., 2 0.563° + 075" =1
O, F, ) | 0.75°0.563° 0.563°0.75° ) F, ) {0.75°[0.563° 0.563°[0.75°
£ Y[ 0563 +0.75 | (Qbomf, H 0.563 +0.75° ) _,
- 2 2
®,...F. ) | (0.563)*(0.75) F, (0.563)7(0.75)
(0.563)*(0.75) 2 (0.563)2(0.75° ( F. Y
_ . : 7 _ : . )
/ \/ (0.563° +0.757) 10t 7 (0.563% +0.75%) EEQJ
£,=045(9,,.F,) /=0 45{ F, J
Qb()lts
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The nominal tensile capacity of a bolt is shown below:
R, = f.A4, =\2f,4, =\2(0.45) F,4, =0.636F, 4,

The design tension and the allowable tension of a bolt is determined as shown below:

@R, =(0.75)2(0.45) F, 4, =0.477F, 4,

LRFD ASD
Q. =200
@,, =075
R fA _N2f4,
B R, = B S, 4, =P N21 4, Qe QO

bolts bolts bolts

R, _~2(0.45)F,4,

= =0.318F 4,
Qbolts 200

The nominal flexural strength of the bolted moment connection is:

M =0.636F 4, (”—gj(d ~t)

F.,= specified minimum tensile strength of bolt, ksi (MPa)

np, = number of bolts in connection = 8

A= nominal unthreaded body area of bolt = 1.227 in? (791.6 mm?); diameter of

bolt is 1.25 in (31.8 mm)

Therefore, the design and allowable flexural strength of the bolted connection is as shown

below:

LRFD

ASD

n
(pboltsMntx = (pbolts0'636F;t Ab (?bj (d - tbf)

@M .. =0.477TF 4, (n?bj (d - tbf)

M, 0.636F 4 (&j(d —l‘ )
Qholts Qbo/ts 2 Y

My —0318F 4, (%”)(d ~ty)

bolts
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It follows that the Demand Capacity Ratio for the design and allowable flexural strength

of the bolted connection is as shown below:

LRFD ASD
— MMX
DCR = —Mu beR= M,
(pboltsM ntx Abaltv

2.210

This section discusses the weak-axis
flexural mechanics of the ConXL-300
collar connection. The weak-axis flexural
capacity of the bolted connection will be
determined.

A moment load in a connected beam’s
weak-axis causes flexure in the two
Collar Flanges attached to the beam, as
depicted in Figure 54. The flexural load in
the Collar Flanges causes tension on one
side of the Collar Flanges and
compression on the other side of the
Collar Flanges. The tensile force in the
Collar Flanges is transferred into the
Collar Corners through the pretensioned
bolts.

The compressive force causes bearing
pressure between the Collar Flanges and
the Collar Corners, as illustrated in
Figure 54,

Where

dcr = effective depth of Collar Flange for
Y-Axis bolt moment

Lcr= effective length of Collar Flange
for Y-Axis bolt moment

cbsoo = width of compression block for Y-
Axis bolt moment

Bolted Connection: Y-Axis Flexural Strength

Figure 54: Y-Axis Bending Moment -
Load Path Through Collars and Bolts
to Column.

der=5.0in.

% Ler=120in. ﬂ

Figure 55: Cross-Section View of a
ConXL-300 Collar Flange in Weak-
Axis Flexure.
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The width of the compression block in the Collar Flange is calculated by setting the bolt
strength equal to the collar bearing strength. The ConXL-300 system can accept High
Strength or Super High Strength bolts. The depth of the compression block in the CF is
a function of the bolt strength. The stronger the bolts are, the longer the depth of the
compression block, and therefore, the smaller the moment arm. Super High Strength
bolts have a specified minimum tensile strength of 200 ksi. Thus, in the calculations
that follow, an ultimate strength F, of 200 ksi (1,379 MPa) is assumed for the bolts
because this is conservative in determining the Y-Axis flexural capacity of the bolted
connection.

Calculations of the width of the collar compression block are shown below. The bolt
tension load is as follows:

LRFD ASD
F, =200 ksi (1,379 MPa) F, =200ksi (1,379 MPa)
4,=1227in? (791.6 mm?) 4,=1227in? (791.6 mm’)
n, =8 n, =8
n R n
@, R, =0.477F, 4, (—bj " =(.318F 4, (_bj
2 bolts 2
— . . 8 ' ' 8
=0.477(200 ksi) (1.227 in.” )(5] =0.318(200 ksi)(1.227 m'z)[ij
=468.2 kips (2,083 kN) =312.1kips (1,388 kN)

In accordance with Specifications Chapter J7, the nominal bearing strength, R,, for
finished (milled) surfaces is as shown below:

R =18F A, J7-1)
®=0.75 (LRFD) Q =2.00 (ASD)
where
F,= specified minimum yield stress, ksi (MPa)

A= projected bearing area, in.2 (mm?2)

The width of the compression block in the collar is determined by setting the bolt tension
load equal to the bearing strength of the collar, as shown on the next page.
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The calculations below consider both the top and the bottom Collar Flanges, and thus,

the projected bearing area is twice the bearing area of one Collar Flange.

LRFD

ASD

F, =50ksi (345 MPa)
dep =5.0in. (127 mm)
Apb =2d :¢hyy,

@R, =@.8F A, =468.2 kips
0.75(1.8(50 ksi) 2(5.0 in.) cbyy, ) = 468.2 kips

cbyy, =0.694 in. (17.6 mm)

F, =50ksi (345 MPa)
dep =5.0in. (127 mm)
Apb =2d :¢hyy,

1.8F A
R0 =312.1kips
Q Q

1.8(50 ksi) 2(5.01in.) cbyy, =2.00(312.1 kips)

cbyyy =0.694 in. (17.6 mm)

Now that the depth of the compression stress block has been determined, the Y-Axis
flexural strength of the bolted connection can be calculated. Using d. to denote the depth
of the column, the design or allowable Y-Axis flexural strength of the bolted connection is

as shown below:

LRFD

ASD

d, =12in. (304.8 mm)
cbyy, =0.694 in. (17.6 mm)
L d. _%

n
M _=047TF A4 | 2 || —<L£+-£
(gmlts nty u“’b ( 2 j( 2 2 2

J

d, =12in. (304.8 mm)
cbyyy =0.694 in. (17.6 mm)

Mo 03187, 4, (ﬁj (Lﬂ +dc b j
22 2 2

bolts

The Demand Capacity Ratio for the design or allowable Y-Axis flexural strength of the

bolted connection is as shown below:

LRFD ASD
M
M = M
per= DCR (Mmy j
(pbolts nty Qholtx
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Design of Connections

2.2.11 Bolted Connection: Combined Flexural, Shear and Axial
Loading

Where there is a combined flexural (in both X and Y axes), shear, and axial load on the
bolted moment connection, the Demand Capacity Ratio is determined as shown below:

LRFD

2
M
DC R - M ux + I/ux + uy + Blb
%oltxM ntx Mncf %oltsM nty nb %althn

ASD

2

V.

ux

M M, P,
w4 + Y+ -
M / R / M/ an/
Qbalt‘s‘ Q Qbolts Qbalt‘s‘

DCR =

where
Ve = required strong-axis beam shear load from load combinations.
P.,= required beam axial load from load combinations.
R..s= available slip resistance from Section 2.2.17.
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2.2.12 X-Axis Shear Transfer from Beam to Moment Collar

In the ConXL-300 moment collar connection, shear is transferred to the Collar Flange
Assembly via fillet welds between the beam web and the Collar Web Extension (CWX).
The Collar Web Extension transfers the shear load via fillet welds between the top and
bottom Collar Flanges (CFs) and the Collar Web Extension. This shear load is transferred
to the Collar Corners (CC) through friction via direct bearing between machined surfaces
of the top and bottom Collar Flanges and the Collar Corners clamped together by
pretensioned bolts. The Collar Corners transfers the shear load to the column via fillet
welds between the Collar Corners and the column.

The strength of the aforementioned welds is calculated in accordance with Chapter J2.4
of the Specifications, as follows:

R =F A, (J2-4)
¢=0.75 (LRFD) Q =2.00 (ASD)
For fillet welds,
F,, =0.60F,,, (1.0+0.50sin'* (8)) (J2-5)

where
Fexx=filler metal classification strength, ksi (MPa)
6= angle of loading measured from the weld longitudinal axis, degrees
Awe = effective area of the weld, in.2 (mm?)

The proceeding pages show calculations to determine the strength of the beam web to
Collar Web Extension welds, Collar Web Extension to Collar Flange welds and Collar
Corners to Column welds.
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2213

Weld at Beam Web to Collar Web Extension

The shear strength of the fillet welds between the Beam Web and the Collar Web
Extension (CWX) is determined as follows:

The ConXL-300 beam web to
Collar Web Extension (CWX)
connection uses a 5/16 in.
(7.94 mm) fillet weld on each
side of the beam web, as
shown in Figure 56.

The length of the fillet weld is:
1, =2(d —2k) in. (mm)

The size of the fillet weld is:

=£ E—Ii in.=0.221in.
2 16

we

The area of the fillet weld is:

Iqwe = twelwb

VW

MOMENT COLUMN

COLLAR FLANGE

W BEAM /

COLLAR WEB
EXTENSION

Figure 56: Beam Web-To-Collar Web Extension

Welds.

CX-ENG-STD-000001
Version: 2

Page 94 of 323



Design of Connections

The strength of the fillet weld is:
=0
Fyy =70 ksi (483 MPa)
R, =0.60F,, (1.0+0.50sin' (6)) 4,,

=0.60(70 ksi) (1.0 +0.50sin"* (0 ))(g E—ll% m.]z (d -2k)
=0.60(70 ksi)(l.o)(g E—Il% in.JZ(d - 2k)

=(18.56 'fllj(d ~2k)

mn.

The design and allowable shear strength of the Beam Web to Collar Web Extension fillet
welds is:

LRFD ASD
©=0.75 Q=2.00
oR, =0.75( 18.56 2 (d -2k) 18.56 1P (d -2k)
! in. R, _ in.
Q 2.00
ENGLISH
: ENGLISH
R, :(13.92 k_l—pj(d—Zk) R y
in. = (9.28 —pj(d ~2k)
Q in.
METRIC
METRIC
@R, =(2.438 k—Nj(d—Zk) R N
mm n :(1.625 —j(d—zk)
Q mm

The Demand Capacity Ratio (DCR) for the design and allowable shear strength of the
Beam Web to Collar Web Extension (CWX) fillet welds is as shown below:
LRFD ASD

v DCR =L

. "
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2.2.14 Weld at Collar Web Extension to Collar Flanges

The ConXL-300 Collar Web Extension
(CWX) to Collar Flange connections use
5/16 in. (7.94 mm) fillet welds. As can be
seen in the figure on the right, the weld
consists of both a parallel and a
perpendicular part relative to the direction of
the beam shear load.

The size of the fillet weld is:

t, =£E|57 in.=0.221in.
2 16

e

The total length and area of the
perpendicular fillet welds is:

L, =4(4375in)=175in.
A4, =t,l, =(0221in)(17.5in) =3.87 in’

we” why

The total length and area of the parallel fillet
welds is:

l,, =4(1.0in.) =4.0in.
A4, =t.l, =(0.221in.)(4.0in)=0.884 in’

we, we” wh -

MOMENT COLUMN

COLLAR FLANGE

T&B

W BEAM —/

COLLAR WEB
EXTENSION

Figure 57: CWX-To-Collar Flange
Welds.

The strength of the weld is the sum of the strengths of the parallel and the perpendicular

welds. It is calculated below:
6, =0
Fyy =70 ksi (483 MPa)
0, =90°
R, =0.60F,, (1.0+0.50sin'"* (6,)) 4

+0.60F,, (1.0+0.50sin* (8,,)) 4

wel|

well

R, =0.60(70 ksi)(1.0+0.50sin'* (0°)) (0.884 n.?)...

+0.60(70 &si)(1.0+0.50sin" (90°)) (3.87 in2)

R, =0.60(70 ksi)(0.884 in* ) +0.60(70 ksi) (1.5)(3.87 in.”)

R =280.9 kips
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The design and allowable shear strength of the Collar Web Extension to Collar Flange

fillet welds is:
LRFD ASD
Q=2.00
©=0.75
R _ 280.9 kips
@R, =0.75(280.9 kips) QO 200
@R, =210.7 kips (937.2kN) 1;2,, = 140.5 kips (624.9 kN)

The Demand Capacity Ratio for design and allowable shear strength of the Collar Web

Extension (CWX) to Collar Flange fillet welds is:
LRFD ASD
V
DCR = V_“x DCR = ux
Mr[ R/
Q
ENGLISH
v ENGLISH
~ 2107 kips DCR = Ve
140.5 kips
METRIC
METRIC
R = ux
937.2kN R=_ Vu
624.9 kN
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2215 Weld at Collar Corner Assembly and Column (X-Axis Shear)

The ConXL-300 Collar Corner Assembly to column connection is a 3/8 in. (9.53 mm) fillet
weld. As can be seen in the figure below, the weld is parallel to the direction of the beam
shear load.

3/4" RETURN BOX OR HSS 12x12 COL.
3/4" RETURN TEBTYP. 58],
T&BTYP.” 378 SEAL _;I'\fg> /
g G —p 6" g
7 7 L i COLLAR CORNER
4 o W TOP CCT300
S f COLLAR CORNER
S \ | | MIDDLE CCM300
g
- \ il i 5/16 /O\ 1
SEALWELDENTIRE |8 ‘ 70
PERIMETER OF COLLAR| &
 OF TOP & BOTTOM CORNER JOINTS > S %
LT ROWS COLLAR CORNER BETWEEN STRUCTURAL 0
 OF MIDDLE TOP CCT300 WELDS ® 516 /0\ 2
BOLTROW s 0

70

COLLAR CORNER
PLAN ELEVATION COLLAR CORNE

ﬁé%ﬁ jﬁ; .
ﬁﬁ TYP.
5116 O\ 1

Figure 58: Collar Corner Assembly-To-Column Welds.

Using d..n to denote the nominal depth of the connected beam, the total length of the fillet
weld is:

l.=2(d,,+45in)

The size of the fillet weld is:
.= % % in.=0.265 in.

The area of the fillet weld is:

4, =t.1, =(0265in)2(d,, +4.5in.)

The strength of the fillet weld is:

6=0
R, =0.60F,, (1.0+0.50sin'* (6)) 4

we

=0.60(70 ksi) (1.0 +0.50sin"* (0°)) (0.53in.)(,,, +4.5 in.)
=0.60(70 ksi)(1.0+0)(0.53 in.)(d,,, +4.5in.)
_ kips )
R,=223—"—(d, +4.5in)
mn.
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The design and allowable shear strength of the Collar Corner to column fillet welds is:

LRFD

ASD

©=0.75

@R =0. 75(22 3PS (4 445 in.)j

in.

ENGLISH

@ =16.7 5 (4

+4.5 in.)
in.

nom

METRIC

R, =2.92 ﬁ(dm +114.3 mm)
mm

Q=2.00

22385 (4 +45in)

Rn - in.
Q 2.00
ENGLISH
R
=11.1 4P (d,,, +45in)
Q in.
METRIC

@R, =1.94 k—N(dm +114.3 mm)
mm

The Demand Capacity Ratio for design and allowable shear strength of the Collar Corner

to column fillet welds is:

LRFD ASD
ENGLISH ENGLISH
DCR =2 = Vi DCR = RV - Vi
R, 16755 (g +45in) ( é) 115 (g, +45i0n)
in. in.
METRIC METRIC
DCR = Ve — N Vi DCR = Vs = Vi
®, 2.92—(d,,, +114.3 mm) @R, 1.94ﬁ(d +114.3 mm)
mm mm nom
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2.2.16 Shear Yielding and Shear Rupture

Assemblies (X-Axis Shear)

In accordance with Specification Chapter
J4.2, the available shear strength of the
affected and connecting elements shall be
the lower value obtained according to the
limit states of shear yielding and shear
rupture:

a. For shear yielding of the element:
R =0.6OEVAgV (J4-3)

¢®=1.00 (LRFD) Q =1.50 (ASD)

b. For shear rupture of the element:
R =060F 4, (J4-4)

¢®=0.75(LRFD) Q =2.00 (ASD)

The Collar Corner Assemblies are made
from ASTM A572 Grade 50 material. This
material has the following specifications:

Fy= 50 Ksi
Fu.= 65 ksi

As can be seen in the figure directly on the
right, the thickness of the CCA is 1-5/16 in.
(33.3 mm).

in Collar Corner

47/8" 4/~ VARIES - 47/8"

¢ OF MIDDLE
BOLT ROWS

G OF TOP &
BOTTOM BOLT
ROWS

‘Fm\/w

25/8"

et

15/1
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The thickened vertical line in the figure on

the right shows the shear plane of the Collar Corner
gross section. The length of the shear / Assembly
plane, L, is taken as the nominal beam B
depth, duom, for conservatism. \
For shear yielding in the gross-section:
A
5 5
= l1—in. |L=|1—in. |(d
(=12 ) M1l
s K
- N
R, =0.60F A4, x2CCAs
=0.60(50 ksi)(l% in.j(dm)xz
N
(78 g Jip jdwm
in.
The available design strength or allowable strength is:
LRFD ASD
®=1.00 Q=150
kip kip
@ =1.00| 78.8— |d, 788 —1d,
in. ) """ R, _ in.
Q 1.50
ENGLISH
ENGLISH

| (78 8 klp)dam

.

METRIC
| = (13 8k—dewm

mm

K, (52 5 kip jd,mm
Q in.

METRIC
R, (9 19 k—N) d.,.
Q mm
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The thickened vertical lines in the figure on the right
show the shear plane of the net section. In
conformance with Specification Chapter B4.3b, in
computing the net area for tension and shear, the
width of a bolt hole shall be taken as 1/16 in. (2 mm)

Collar Corner

/ Assembly

greater than the nominal dimension of the hole.
The length of the shear plane, L, is taken as the G}
nominal beam depth, d..m, for conservatism. 13/8" &
_ _ | |Bolt Hole
For shear rupture in the net-section: Y/
_ L5, M
A, = L-2|d +—in. || 1—=in L
16 16 (
/
=\d,, —2(1§in.+iin.j (li in. \_
8 16 16
=(d,,, —2.875in.)1.3125 in.
R =0.60F 4 T
=0.60(65 ksi)((d,,, —2.875in.)1.3125 in.) x 2 CCAs
=1024 75 (g ~2875n)
in.
The available design strength or allowable strength is:
LRFD ASD
©=0.75 Q =2.00
kips .
102.4 =2=(d,, —2.875in.)

@, =0. 75(102 4 lips (dm ~2.875 in.)J
in

o)t

ENGLISH

OR (76 g kip ](dmm ~2.875in.)

in.

METRIC

OR, (13 4k—Nj(dW ~73.0 mm)

mm

in.
2.00

ENGLISH

(51 » kip j(dm ~2.875in.)
in.

METRIC

(8 97 k—N](dmm ~73.0 mm)
mm
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Note: Based on the preceding calculations, shear rupture is the governing limit state of
the two.

2217 Friction at Collar Flange / Collar Corners and Column

The next step in the design process is to determine the slip resistance of the friction force
between the CFA and CCA and the Column. In accordance with Specification Chapter
J3.8, the design slip resistance, @R,, and the allowable slip resistance, R,/Q, shall be
determined for the limit state of slip as follows:

R, =(WD,h,Tn, ), (J3-4)

For standard size and short-slotted holes perpendicular to the direction of the load,
®=1.00 (LRFD) Q =1.50 (ASD)

For the limit state of slip resistance, the following definitions apply:

mean slip coefficient for Class A or B surfaces. The CFA and CCA have Class

M= A surfaces and therefore p=0.30.

D = 1.13, a multiplier that reflects the ratio of the mean installed bolt pretension to
“  the specified minimum bolt pretension.

T, = minimum fastener tension given in Specification Table J3.1, kips, or Table

J3.1M, kN

hy=factor for filler. There are no fillers present, thus, #,=1.0

number of slip planes. For this case, n; = 1.0. Only one slip plane is used for
each bolt because only the side pertaining to one beam is considered.

ny = number bolts. For this case, n, = 8.

ns =

Using the information above, the slip resistance is determined as follows:
R, = (uDuth;Jns)nb
R, =0.30(1.13)(1.0)(7;)(1.0)(8)
R, =2.7127,

The design slip resistance, @R,, and the allowable slip resistance, R./Q, is

LRFD ASD
W, =¢(2.7127,) R, 27127,
=1.00(2.7127;) Q 150
=2.7127T, =1.8081,
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The Demand Capacity Ratio for the shear strength of the friction force at the Collar Flange
Collar Corner and column interface is shown below:

LRFD ASD
14 14
_V._ V. DCR = o=
DCR = & 270 (Rmf j 1.8087,
ncf : b Q
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2.2.18 Y-Axis Shear Transfer from Beam to Column

In the ConXL-300 moment collar connection, weak-axis shear is transferred to the Collar
Flange Assembly via CJP welds between the beam flanges and the Collar Flanges (CFs).
The Collar Flanges transfer the shear load via direct bearing against the Collar Corners
(CCs); the weak-axis shear thus does not contribute to the interaction of forces resisted
by the bolts. The Collar Corners transfer the shear load to the column via fillet welds
between the Collar Corners and the column.

2.219 Bearing Strength at Collar Flange and Collar Corner

In accordance with Specification Section
J7, the available bearing strength of
surfaces in contact shall be determined for
the limit state of bearing as follows:

G OF MIDDLE G OF TOP &

- BOLTROWS— BOTTOM BOLT
R 1.8F;Apb J7-1) BT

®=0.75 (LRFD) Q =2.00 (ASD)

The Collar Corner Assemblies are made
from ASTM A572 Grade 50 material. This NG

material has the following specifications: %
F,= 50 ksi N ©
F,= ©65ksi ©

As shown in the figure on the right, the
weak-axis shear is resisted by bearing of
the Collar Flange against two surfaces of ) )
the Collar Corner. One component of the Plan View of Collar Corner Section.
shear is resisted by the head of the Collar

Corner and the other component is

resisted by the neck of the Collar Corner.

The dimensions of the tapered Collar Corner that result in the minimum bearing areas
will be used,

where:

dcry = effective depth of Collar Flange for bearing
ween =  Width of Collar Corner head

ween = Width of Collar Corner neck

thickness of Collar Corner neck

tCCl’l
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For bearing at the head of the Collar Corner:

Apbh = 2dCF (chhz_tccn j — 2(5.00171.)(2625 . _21 .3125 ln.j

=6.563in.”

R,, =1.8F A,
=1.8(504si)(6.563in. )

=590.6 kips
The available design strength or allowable strength is:
LRFD ASD
Q=2.00
©=0.75
R,y _ 590.6 kips
@R, =0.75(590.6 kips) @ 200
ENGLISH
ENGLISH R
QR,,, =442.9kips #b” =295.3kips
METRIC METRIC
=1,970kN
o Run =1 31318
Q
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For bearing at the neck of the Collar Corner:

A, =2dw,, =2(5.00in.)(3.75in.)

=37.50in.’
R, =18F 4,
=1.8(50si)(37.50in.”)
=3,375kips

The available design strength or allowable strength is:

ENGLISH
@R, =2,531kips

METRIC
@R, =11,260kN

LRFD ASD
Q=2.00
©=0.75
R, _3375kips
@, =0.75(3375kips) Q 200
ENGLISH

R, _
—21 = 1,688 kips
0 p

R
Q

b =77,506 kN

METRIC

The Demand Capacity Ratio for the bearing strength of the Collar Corner Assembly is

shown below:

LRFD ASD
pep <V C0s@35) |V, sin(45°) DR = Vuy;os(45 ), Vuy;m(45 )
(pRnbh (mnbn nbh 0 nb%)
where
Vuw = required weak-axis beam shear load from load combinations.
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2.2.20 Tensile Yielding and Tensile Rupture in Collar Corner

Assembly

In accordance with Specification Section
J4.1, the available tensile strength of the
affected and connecting elements shall be
the lower value obtained according to the
limit states of tensile yielding and tensile
rupture:

c. For tensile yielding of the element:
R =FyAg (J4-1)
®=0.90 (LRFD) Q =1.67 (ASD)

d. For tensile rupture of the element:
R, =F,4, (J4-4)
®=0.75 (LRFD) Q =2.00 (ASD)

The Collar Corner Assemblies are made
from ASTM A572 Grade 50 material. This
material has the following specifications:

Fy= 50 ksi
Fu= 65ksi

As can be seen in the figure directly on the
right, the thickness of the CCA is 1-5/16 in.
(33.3 mm).

= = L
= \ ) i

A \ D g

= |

¢ OF MIDDLE G OF TOP &
BOLT ROWS BOTTOM BOLT

Plan View of Collar Corner Section;
tension plane indicated by thickened
vertical line.
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The thickened vertical line in the figure on

the right shows the tension p

lane of the

gross section. The length of the tension
plane, L, is taken as the nominal beam

depth, duom, for conservatism.

For tensile yielding in the gross-section:

Ag:@f%m)L=(LM25m)d

R,=F A,
=(50ksi)(1.3125in.)d

:(65.6’2de

n.

The available design strength or allowable strength is:

nom

Collar Corner
/ Assembly

Ve
.
| H

L

Y
NP

A

N

Tensile Yielding in the CCA.

LRFD ASD
0=0.90 Q=1.67
. kip
W® = 0,90(65.6 @J d, R, _ (65.6 denom
mn. Q 1.67
ENGLISH ENGLISH
a kip j
(‘pRn _(59'()?}6&0:71 &=(393 @jdmm
Q in.
METRIC METRIC
or =103 )4 R, _[¢g8 XN
n mm nom - 688 - dnom
Q mm
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The thickened vertical lines in the figure on the
right show the tension plane of the net section. In
conformance with Specification Section B4.3b, in
computing the net area for tension and shear, the
width of a bolt hole shall be taken as 1/16 in. (2
mm) greater than the nominal dimension of the
hole.

The length of the tension plane, L, is taken as the
nominal beam depth, d..m, for conservatism. The
thickness of the CCA was previously determined
to be 1-5/16 in. (33.3 mm).

Collar Corner

/ Assembly
NV,

A
L/

13/8" @
Bolt Hole

For tensile rupture on the effective net area:

AL,:Am:(L—z(dh+%in_D( 5 j

l—in.
16
3., 1. .
=\d,,, —2|1=in.+—in.||(1.3125in.)
8 16

=(d,,, —2.875in.)(1.3125in.)

R}'l = F;AAE
=(65ksi)(d,,, —2.875in.)(1.3125in.)
= 85.3@(61”0”1 ~2.875in.)

.

The available design strength or allowable strength is:

N

P

Tensile Rupture in the CCA.

LRFD ASD
kip 85.3 k’l(d ~2.875in.)
@R, =0.75| 85.3—(d,,, —2.875in.) R, _ 777 i
in. Q 2.00
ENGLISH ENGLISH
ki . '
OR, = (64.0 i} (d,,, —2.875in.) R, _ (42_7 @J (d,,, —2.875in.)
in. Q in.
METRIC METRIC
kN
@R, = (1 1.2 —J (d,,, =73.0 mm) R _ (7,47 ﬁ}(dm ~73.0 mm)
mm Q mm
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Note: based on the preceding calculations, tensile rupture is the governing limit state of

the two.

The Demand Capacity Ratio for the tensile strength of the Collar Corner Assembly is
shown below:

LRFD

ASD

DCR

_ V., cos(45°)

n

DCR =

V., cos(45°)

"
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2.2.21 Shear Yielding and Shear Rupture in Collar Corner
Assembly (at Neck, Y-Axis Shear)

The shear planes for shear yielding and shear rupture in the Collar Corner are identical
to those described in Section 2.2.16. Since the Collar Flanges bear against one Collar
Corner Assembly, only one Collar Corner Assembly resists the weak-axis shear (instead
of two as is the case for strong-axis shear). Therefore, the available design strengths and
allowable strengths will be one-half of those computed in Section 2.2.16.

For shear yielding in the gross-section, the available design strength or allowable strength
is:

LRFD ASD
=1.00 Q=1.50
. kip
@ =1.00[ 788%2 |4 A R (78'8 in. Jd””’"
o2 R %
Q 1.50 2
ENGLISH ENGLISH
_ kip .
Q in.
METRIC METRIC
_ kN
*, _(6'90 Ejdw R, :(4.60 k—NJdmm
Q mm
CX-ENG-STD-000001 Page 112 of 323

Version: 2



Design of Connections

For shear rupture in the net-section, the available design strength or allowable strength

IS:
LRFD ASD
) kips .
ki 4= -2. .
® :0.75(102.4£(dm ~2.875 in.)jx% g, 10247 (du, —2875in) o
n. Q 2.00 2
ENGLISH ENGLISH
ki . '
@R, = (38.4 i}(dwm ~2.875in.) R, :(25_6 ’“_PJ(dm ~2.875 in.)
in. Q in.
METRIC METRIC
kN
@R, = (6.72 —j (d,,, —73.0mm) R _ (4.48 k—NJ (d,,, —73.0 mm)
mm Q mm

Note: Based on the preceding calculations, shear rupture is the governing limit state of

the two.

The Demand Capacity Ratio for the shear strength of the Collar Corner Assembly at the

neck is shown below:

LRFD

ASD

V sin(45°
peg =Lw¥E)

n

V., sin(45°)

"

DCR =
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2.2.22 Shear Yielding in Collar Corner Assembly (at Head, Y-Axis

Shear)

In accordance with Specification Section
J4.2, the available shear strength of the
affected and connecting elements shall be
the lower value obtained according to the
limit states of shear yielding and shear
rupture:

c. For shear yielding of the element:
R, =O.6OFyAgv (J4-3)
©=1.00 (LRFD) Q =1.50 (ASD)

d. For shear rupture of the element:
R, =0.60F A4, (J4-4)
®=0.75 (LRFD) Q =2.00(ASD)

The Collar Corner Assemblies are made
from ASTM A572 Grade 50 material. This
material has the following specifications:

F,= 50 ksi

The limit state of shear rupture on the net-
section will not be evaluated as there are
no bolt holes interrupting the shear plane.

= = L
= \iu i
A \3 g
2 |

. u O\ 2

G OFMIDDLE G OF TOP &
BOLT ROWS BOTTOM BOLT

Plan View of Collar Corner Section; shear
plane indicated by thickened horizontal

line.
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The thickened vertical lines in the figure on
the right show the shear plane of the gross
section. The length of the shear plane, L,
is taken as twice the depth of the Collar
Flange, dcr, for conservatism.

The thickness of the Collar Corner head,
tech, Will be taken as the minimum thickness
at the tip for conservatism

For shear yielding in the gross-section:

A, =2d gt =2(5.00in.)(0.625in.)
=6.250in.”

R, =0.60F,4,,
=0.60(50ksi)(6.250in.%)
=187.5kips

Collar Corner

/ A‘ssembly
$

L/2

b

Shear Yielding in the CCA.

The available design strength or allowable strength is:

LRFD

ASD

¢=1.00
@R, =1.00(187.5kips)

ENGLISH
@R, =187.5kips

METRIC
@R, =834.0kN

Q=1.50
R, _(1875kps)
Q 150

ENGLISH

R
—+=125.0kips
0 P

METRIC

R, - 556.0kN
Q
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The Demand Capacity Ratio for the shear strength of the Collar Corner Assembly at the
head is shown below:
LRFD ASD

_ V., cos(45°) DCR = V., cos(45°)

ok, R/

DCR

2.2.23 Combined Shear and Tension in Collar Corner Assembly (Y-
Axis Shear)

For the interaction of shear and tension in the Collar Corner Assembly, the Demand
Capacity Ratio is determined as shown below:

LRFD ASD

2 2

oy \? : o \2 o . o
DCR = \/[Vuy cos(45 )j _{Vuy sin(45 )J DCR= V,, cos(45°) N v, sin(45°)

f “a )1 ™
r qyemr Q Q
where:
R.» = tensile rupture strength at the neck from Section 2.2.20
R.s = shear rupture strength at the neck from Section 2.2.21
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2.2.24 Weld at Collar Corner Assembly and Column (Y-Axis Shear)

The ConXL-300 Collar Corner Assembly to column connection is a 3/8 in. (9.53 mm) fillet
weld. The weld is perpendicular to the direction of the weak-axis beam shear load. The
load is oriented 90° to the longitudinal axis of the weld.

Using d..n to denote the nominal depth of the connected beam, the total length of the fillet
weld is:

l.=2(d,, +4.5in.)

nom

The size of the fillet weld is:

— g E}r8 in.=0.265in.

wce

The area of the fillet weld is:

4, =t =(0265in)x2(d,, +4.5in.)

The strength of the fillet weld is:

6=90"
R, =0.60F,,, (1.0+0.50sin'* (8)) 4

we

=0.60(70 ksi) (1.0 +0.50sin"* (90°))(0.53 in)(d,,, +4.5 in.)
=0.60(70 ksi) (1.0 +0.50)(0.53in.)(d,,, +4.5in.)
_ 7 4 Kips .
R, =334—"—(d, +45in)
mn.
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The design and allowable shear strength of the Collar Corner to column fillet welds is:

LRFD ASD
©=0.75 Q=2.00
kips 334505 (4 +450n)
@R, =0. 75(33 4-—+-(d,, +4.5 in.)j R, _ i, \Lnom T 1
" 0 2.00
ENGLISH ENGLISH
kips )
@R, =250 (d,, +45in) R o167 55 (g +45in)
in. in. nom
METRIC METRIC
kN
@R, =4.38—(d,,, +114.3 mm) @R =2. 92k—N(dmm +114.3 mm)
mm mm

The Demand Capacity Ratio for design and allowable shear strength of the Collar Corner

to column fillet welds is:

LRFD ASD
ENGLISH ENGLISH
4 4
DCR="v = - Vi DCR= =t
R, 55 BP(g, +45in) ( éj 167 (d, +4.5in)
mn. .
METRIC METRIC
v 4
DOR= G =, DCR="o = Vo
438N (g 1143 ) R, 200 N (g +1143mm)
mm mm nom
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2.2.25

Collar Corner Assembly: Combined Shear Loading

Where there is a combined shear load in both X and Y axes, the Demand Capacity Ratio

is determined as shown below:

DCR =

LRFD
V (v cos(45°) (v sin(45°) ’
(m?lSV (ml’ll‘r (plznsr
ASD
2 2 2
14 V., cos(45°) N V., sin(45°)

w |+
Rm/
Q

R, %
Q

Rm/
Q

2.2.26

Weld at Collar Corner Assembly: Combined Shear Loading

Where there is a combined shear load in both X and Y axes, the Demand Capacity Ratio

is determined as shown below:

LRFD ASD
2 2
(v Y v v
DCR = ( Vo J + —= DCR = i
qyenwx (plenwy R”WX R" W%
Q Q
where
R~ = available strong-axis shear strength from Section 2.2.15.

R.wy = available weak-axis shear strength from Section 2.2.24.
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2.2.27 Panel Zone Shear Strength

The final step of the ConXL-300 moment
connection design process is determining COLLAR CORNER
the Shear Strength of the Panel Zone. COLLAR FLANGE [ TOP CCT300

¢ coL

TOP CFT300

Panel zone shear is resisted by the
column walls and the Collar Corner ‘J
Assemblies. The Collar Corner

Assemblies act as reinforcing plates for WMOMENT) o
the column web. U

5

ES')r WE;/(‘;;'_'%BS BOLT COLLAR CORNER
The Collar Corner Assemblies are welded \ BOTTON CCBs0
along their entire depth to the column, with BOKoR BOTTOM CFB%0
their depth greater than the depth of the
moment beam.

BOX OR
. L . HSS 12x12

In accordance with Specification Section TopeeTan coL

J10.6, the available strength of the web
panel zone for the limit state of shear
yielding shall be determined as follows:

©=0.90 (LRFD) Q =1.67 (ASD)
COLLAR FLANGE

TOP CFT300

In the figure on the right, the shaded

regions represent the area effective in - -

Plan View at Panel Zone.

The nominal strength, R,, shall be determined as follows: when the effect of panel-zone
deformation on frame stability is not considered in the analysis:

For P <04P R =0.60Fdt, (J10-9)

For P >04P R, =0.60Fd. 1, [1.4 —%J (J10-10)

c

where

F,= specified minimum vyield stress of the column web, ksi (MPa)

d.= depth of column, in. (mm)

tw= thickness of column web, in. (mm)

P.= required axial strength using LRFD or ASD load combinations, kips (kN)
P.= P, (LRFD) or 0.60P, (ASD), kips (kN)
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P,= F,A,, axial yield strength of the column, kips (kN)
Ag= gross cross-sectional area of column, in.? (mm?)

The Collar Corner Assemblies contribute to the steel
area resisting the panel zone shear. The properties of
the column and CCAs pertaining to panel zone shear
are shown below:

Apz = 2dctc + 4dcctcc
t- = thickness of column wall, in. (mm)
d.= depth of column, 12 in. (304.8 mm)
d.. = depth of Collar Corner = 2.625 in. (66.7 mm)
; effective thickness of Outer Collar = 0.375 in.
“ (9.525 mm)

6“ ﬁg 6"

COLLAR
CORNER

PLAN

Figure 60: Effective Shear
Areas of Column and CCA.
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The shear strength of the panel zone is as follows:

For P <04P R, =0.60F, (2d.t +4d.1,)

cecce

ccce

For P >04P R, =0.60F, (2d t, +4d,t )(1.4 —%J

c

The design panel zone shear strength, @R,, and the allowable panel zone shear strength,
R./Q, are as follows:

LRFD ASD
= M = M
B, =090R,, Q 1.67

The Demand Capacity Ratio for the panel zone shear strength is shown below:

LRFD ASD
V
_ Viez DCR = —*~Z__
DCR = W (R”P%j
nPZ Q
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2.2.28

Local Yielding of HSS Sidewalls

In accordance with Section J10.2 of the
Specification, the limit state of Web Local
Yielding (i.e., Local Yielding of HSS
Sidewalls) is determined as follows:

R =Ft

ww

(5k+1,) (J10-2)

$®=1.00 (LRFD) Q=1.50 (ASD)

where

F,w= specified minimum vyield
stress of HSS material, ksi

(MPa)

Iy = bearing length, which equals
the depth of the Collar
Flange, dcr.

k= outside HSS corner radius
(O for Box)

F,=50ksi (345 MPa)
Ly = Lies
[, =d.. =50in.
k=1.5t,,

Connection Type

Transverse Plate T- and
Cross-Connections, Under
Plate Axial Load

" I 5]

oo

Note: since HSS members have two
webs, the available strength resulting
from Eq. J10-2 will be multiplied by 2.

Note: Eq. J10-2 only applies when the
concentrated load is applied at a distance
from the member end that is greater than
the nominal depth of the HSS (i.e., 12
in.). If the concentrated load is applied at
a distance from the member end that is
less than or equal to the nominal depth of
the HSS (e.g., if the collar is near the top
of the column), then Eq. J10-3 is used
instead as demonstrated on the following
pages.

The available strength is therefore calculated as follows:

R =F, 1

ww

(5k +1,) %2 walls

= (SOksi) (tdm ) (5 (1 .Stdes) + 5.0in.) x2walls

=(100ksi)t,, (7.5t,, +5.0in.)

CX-ENG-STD-000001
Version: 2

Page 123 of 323



Design of Connections

The design wall local yielding strength, ¢R,, and the allowable wall local yielding strength,

R,/Q, are as follows:

LRFD

ASD

¢®=1.00
@R, =1.00(100 ksi)t,, (7.5t,, +5.0in.)

ENGLISH
@R, =(100 ksi)t,, (7.5, +5.0in.)

METRIC
@R, =(689 MPa)t,, (7.5t,, +127 mm)

Q=1.50

R, _ (100 ksi)t,, (7.5t,, +5.0in.)
1.50

Q

ENGLISH

=

é’ =(66.7 ksi)t,, (7.5t,, +5.0in.)

METRIC

fﬁ' = (460 MPa)t,, (7.5t,,, +127 mm)

When the concentrated force is applied at a distance from the member end that is less
than or equal to the nominal depth of the HSS (i.e., 12 in.), the coefficient on k decreases
to 2.5 (Eq. J10-3); for example, this condition should be checked when the collar is located
near the top of the column. The design wall local yielding strength, ¢R,, and the allowable

wall local yielding strength, R,/Q, are then calculated as follows:

LRFD

ASD

¢®=1.00
@R, =1.00(100 ksi)t,,, (2.5(1.5t,,)+5.0 in.)

ENGLISH
@R, =(100 ksi)1,, (3.75t,,, +5.0in.)

METRIC
@R, =(689 MPa)t,, (3.75t,, +127 mm)

Q=1.50

R (100 ksi)t,, (2.5(1.5¢,, ) +5.0in.)

n

Q 1.50
ENGLISH
1;; =(66.7 ksi)t,, (3.75t,, +5.0in.)
METRIC
R

(; =(460 MPa)1,, (3.75t,, +127 mm)
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The Demand Capacity Ratio for wall local yielding is shown below:
LRFD ASD

P
DCR="7 DCR =72

* (%a)

where

R/: M“X +i
RVER N

with M, and the P, are the required beam moment (X-axis) and the required beam axial
demand, respectively. The term d denotes the depth of the beam and the term # is the
thickness of the beam flange.
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2.2.29

Local Crippling of HSS Sidewalls

In accordance with Section J10.3 of the
Specification, the limit state of Web Local
Yielding (i.e., Local Crippling of HSS
Sidewalls) is determined as follows:

1.5
EF 1
ano.sotw{1+3(l—bJ(iJ J »rg,
d)\t, t

(J10-4)
©=0.75 (LRFD) Q=2.00 (ASD)
where

E = modulus of elasticity of steel
= 29,000 ksi (200,000 MPa)

F) = specified minimum yield
stress of HSS main member
material, ksi (MPa)

Iy = thickness of transverse
plate, which equals the
depth of the Collar Flange,
dCF.

tw = design web thickness of

HSS or Box column
= ldes
tr= design flange thickness of
HSS or Box column

= ldes
d =

depth of web, in. (mm)
= H- 3tdes
Or= chord-stress interaction
parameter

Connection Type

Transverse Plate T- and
Cross-Connections, Under
Plate Axial Load

5]
—-H—rporfn o
N
AN A
—p—
where[!=%’

Note: since HSS members have two
webs, the available strength resulting
from Eq. J10-4 will be multiplied by 2.

Note: Eq. J10-4 only applies when the
concentrated compressive force is applied
at a distance from the member end that is
greater than or equal to d/2. If the
concentrated compressive force is applied
at a distance from the member end that is
less than d/2 (e.g., if the collar is near the
top of the column), then Eq. J10-5a or J10-
5b should be wused instead as
demonstrated on the following pages.

From Specification Table K3.2, Oris determined as follows:

Q, =1 for connecting surface in tension,

Q,=13 —0.4% for connecting surface in compression.

Per Specification Section K3.1, the width ratio, 3, is defined as the ratio of overall branch
width (i.e., Collar Flange length) to chord width (i.e., column width) = B, / B for rectangular
HSS. Since the Collar Flange length is slightly larger than the column width, 3 = 1.0.
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The utilization ratio, U, is determined as follows using Eq. K2-4:

— PV() + MVO
FA, FS

where P,, and M,, are determined on the side of the joint that has the lower compression
stress. P, and M,, refer to required strengths in the HSS.

P,, =P, for LRFD; P, for ASD.
M,, = M, for LRFD; M, for ASD.

The available strength based on the limit state of local crippling is calculated as follows:

F,=50ksi (345MPa)
H=12in. (304.8 mm)
[, =d.,. =50in.

U
=13-04| — |<1.0
9 (1.0]

1.5
EF
R =0.80¢° [1+3(5)£i] J =2 0 %2 walls
d)\t, t,
J 5\ [GR ;
=161, | 143 =2 || e WEro)
A H _3tdes ZLdes ZLdes .

3d
=1.6t, *| 1+—< | [EF
des H _3 tdesj ny

H -3¢, +3d
=1.6t,’ Hd_es3t CF),/EFny
des

12in.-3t,, +3(5.0in.)
12in.-3t,,

=1.6t,°

j\/(29000ksi) (504si)Q,

27 in.—3t
R, =(1,926 ksi)t,, *| = des
= )la (12in.—3tdeJQf
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The design local wall crippling strength, ¢R,, and the allowable local wall crippling
strength, R,/Q, are as follows:

LRFD ASD
0=0.75 Q=2.00
27 in.—3t
n.— 1,926 ksi)t, * | —————ds O,
@R, =0.75(1,926 ksi)z,,’ M 0, R (. )t (12in.—3td )Qf
12in.-3t,, L= =
Q 2.00
ENGLISH ENGLISH
27 in.—3t .
OR, = (1,445 ksi)1,,’ [—def R (963 ksi)y. 2| 27013t |
12 ln._3tdes Q ( ) des 12 in. _3tdes Qf
METRIC METRIC
685.8 mm — 3¢
@R, =(9,962 MPa)tdesz( deszf R, _ 6.639 MPa)7 . 2 685.8 mm -3¢,
304.8 mm_?)tdm 0) ( 4 ) des 304.8 mm_3tdm Qf

If the concentrated compressive force is applied at a distance from the member end that
is less than d/2, then either Eq. J10-5a or J10-5b shall be used instead depending on the
quantity /d.

L, _ d, _ 50
d H-3t, 12.0in.-3,,

The quantity /,/d will always be greater than or equal to 0.2 regardless of t.s; therefore,
Eqg. J10-5b applies and the local wall crippling strength shall be determined as shown on
the following page.
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1.5
EF t,
R, =0.40¢’ 1+(4—lb—0.2j(’—vvj 210 x2walls
d t t,

EF
= 0.801, 7| 1+ e _gg || fae | | [FDla gy
H - 3tdes tdes tdes

=0.80z,,° | 1+ ﬁ -0. 2} JEF,0,
dev

4d,, +0.8(H -3t
=0.80t, | —< . 3t des j,/EF 0,
des

4(50”’1) + 08 (12 ln) - 2'4tdes
12in.=-3t,,

=0.80z,,’ }/(29, 000 ksi) (50 ksi)Q,

, 29.6in.—2.4t,,
Rn:(963ksz)tdes2( i3 : )Q,-
N des

The design local wall crippling strength, ¢R,, and the allowable local wall crippling
strength, R,/Q, are as follows:

LRFD ASD
0=0.75 Q=2.00
o N, o[ 29.6in.-2.4¢,,
QR =0.75(963 ksi)r,.” 29.6 in.~ 2.4t,, 0, . (963 ksi)t,,, [ . 0,
12 in.— 3tdes ’ n = des
Q 2.00
ENGLISH ENGLISH
29.6in.—2.4t
@R, = (722 ksi)t, 2[ desJQf. _ ,(29.6in.-2.4t1,
n es . - = 481]€S es )
12in.-3t,, = =( )’ | 5 o 0,
METRIC METRIC
751.8 mm —2.4¢
@R, =(4,980 MPa)z, 2{ deszf L o 751.8 mm —2.4¢,,
" - =(3,320 MPa)z,,,
304.8 mm = 31,,, ( )la 3048 mm—3, |~
CX-ENG-STD-000001 Page 129 of 323

Version: 2



Design of Connections

The Demand Capacity Ratio for wall local crippling is shown below:

LRFD

ASD

DCR =

by

n

DCR =

CX-ENG-STD-000001
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2.3 ConXR200

2.3.1 Moment Connection Description

The ConXtech ConXR-200 moment
connection is a steel moment-resisting
beam to column connection for
resisting gravity, wind and seismic
forces imposed on a building/non-
building structure. As can be seen in
Figure 61, the collar connection is
designed to join hollow structural
section columns (or built-up box
columns) and wide flange steel beams
at all four sides of the column, although
the connection can be used for as few
as one beam.

Figure 62 shows an isolated view of a
fully assembled moment collar. The
moment collar is comprised of three
main components. These components
are the Inner Collar, the Outer Collar,
and High Strength bolts. Four Outer
Collars are joined to four Inner Collars,
and the entire collar assembly is held
together by sixteen pretensioned high
strength bolts.

Figure 61: ConXR-200 Moment
Connection Assembly.

Figure 62: 3D-Perspective View of a
ConXR-200 Moment Collar Assembly.
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The ConXR-200 connection is only used on columns that are 8 in. (203.2 mm) square
combined with wide flange beams of the sizes shown in Table 3. Note that the connection
can only be used with moment beams from the same nominal depth family.

Table 3: List of Compatible Beam Sizes for the ConXR-200 System.
W12
W12x19
W12x22
W12x26
W12x30
W12x35
W12x40
W12x45
W12x50

The collar connection assembly comprises of four Inner Collar plates (IC) and four Outer
Collar plates (OC). Each of the ICs is attached to the column with vertical fillet welds and
is machined to include a large tapered boss. Each of the OCs is machined to include a
tapered slot contoured to the same shape as the boss on the IC. The OC is also drilled
along the vertical exterior edges to receive Collar Bolts.

Each OC is shop welded to a

oL wide flange beam. Assembly in

5 the field is accomplished by

@ slipping one beam-OC assembly

over the boss on the IC assembly
on each face of the column.

OUTER COLLAR
XR200-0C

INNER COLLAR
XR200-IC

1"@H. S.BOLT

A single horizontal bolt is also
inserted on one side of the beam
web, through a pre-drilled hole in
the OC into a tapped hole in the
IC.

3/4" DIA. SOCKET
HEAD CAP
SCREW (SHCS)

assemblies have been located on
each of the four faces of the
column, high strength Collar Bolts
are inserted into the holes in the
adjoining OCs and pretensioned.

- Once beam-OC (or just OCs)
\;HEAVYHEX

MOMENT
BEAM WASHER NUT

Figure 63: ConXR-200 Moment Connection
Assembly.

The pretensioning in the bolts clamps the OCs to the ICs/column, forming a rigid collar
assembly that surrounds the column.

The proceeding four pages illustrate the ConXR-200 connection in more detail. Standard
details of the Inner Collar, Outer Collar, and perspective images of beams fitted with Outer
Collars are shown.
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2.3.2 Inner Collar Assembly

Figure 64 below shows the Inner Collar

assembly. The Inner Collar assembly

comprises of four Inner Collar plates (IC). As can be seen in the Elevation and 3D-
Perspective Views below, each IC is machined to include a large tapered shear lug and
is attached to the column with vertical fillet welds. The ICs also consist of a bolt that is
inserted through a pre-drilled hole in the Outer Collar into a tapped hole in the IC. This
bolt provides a positive connection for uplift shear forces in the beam.

SEAL T&B

3/4" @ TAPPED HOLE

WITH UNC THREAD | [ i

3/4" RETURN 1/4\ 12" TYP.
T8BTYP.” 1i4 12" — e —f INNER
COLLAR
; XR200-IC
NI IR \\\
o (- iFo
e
3/4" @ TAPPED / 4
HOLE W/ UNC = &: J
THREAD - ARV {
X
PLAN

€ OF COLUMN HSS OR BOX

: | y | / 8x8 COL.

I G |

E gx INNER COLLAR
7 (XR200-IC), TYP.

R
N
| VAN 12" 734" RETURN
J L 1/4] 120 \T&BTYP.

\ \
ELEVATION

Figure 64: Plan and Elevation Views of the ConXR-200 Inner Collar.

Figure 65 on the right shows a 3D-
Perspective View of the ConXR-200 Inner
Collar assembly. Four Inner Collars are
attached to the moment column via fillet
welds (welds not shown for clarity).

Each Inner Collar contains a machined shear
lug that is tapered: The tapered shear lugs
allow the Outer Collars to be lowered into the
Inner Collars, forming Inner and Outer Collar
Assemblies.

B

PN

@@
.

A L

Figure 65: 3D-Perspective View of
ConXR-200 Inner Collars welded
onto a Column.

CX-ENG-STD-000001
Version: 2

Page 133 of 323



Design of Connections

‘--—-’

Inner Collar Plate

I

HSS or Box 8x8

Base Plate

Figure 66: ConXR-200 Moment Column Assembly.

I

HSS

Base Plate

Figure 67: ConXR-200 Gravity Column Assembly.
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2.3.3 Outer Collar Assembly

OUTER COLLAR PLAN (TOP)
Figures on this 1-0"
page show the

complete ;i
Outer  Collar . % % 5

detail plans.

450

| T&B FLANGE,
\ 4 GRIND SMOOTH

e TYP.

Figure 68: Top View of Collar Flange Top.

OUTER COLLAR (8) 1 1/8" @ HOLES
F XR200-0C

B

33/8"
1'-0 3/8"

23/8"

|

N
;

21 N7 Ne=—x
718" @ HOLE

Figure 69: 3D-Perspective View of the Figure 70: Outer Collar
ConXR-200 Outer Collar. (XR200-0C).

OUTER COLLAR PLAN (BOTTOM)
| 1'_0"

gf 8 1/8" Xﬁ«

\
|

Figure 71: Top View of Outer Collar.

2 3/4"
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2.3.4 Beam-To-Outer Collar Assembly

The ConXR-200 Beam-to-Outer Collar )

assembly consists of a wide flange beam g/éc?(?f EAD
attached to the Outer Collar. 'I_'he beam is CAP SCREW (SHCS)
attached to the Outer Collar via welds, as
illustrated in the figures on this page.

C.P. WBEAM
FLANGE TO
COLLAR
FLANGE T&B

MOMENT /

5 BEAM
j\\L OUTER
COLLAR
BOTH SIDES
1,7\ Flane, ve
s Figure 72: 3D-Perspective View of
Figure 73: Beam Flange-To-Outer ConXR-200 Beam-To-Outer Collar
Collar Connection Detail. Assembly.
W MOMENT
OUTER COLLAR BEAM

XR200-0C

[/
I
|
I
|
|
l

718" @

HOLE \

&

Figure 74: Beam-To-Outer Collar
Connection Detail.
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The figures on this
page illustrate the
three types of beam
configurations used
in the ConXR-200
system.

Going from top to

bottom, Beam-
Moment-Moment
(BMM), Beam-

Moment-Gravity
(BMG), and Beam-
Gravity-Gravity
(BGG).

W12x14 through W12x50

W12x14 through W12x50

All W12 Sections

Figure 77: BGG.
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2.3.5 Beam and Moment Collar Assembly

The figure below shows the plan and elevation standard details of the ConXR-200
moment connection.

(8)1"@ H.S. BOLTS
AT EACH SIDE
W X,
% P ——
——
HSS OR BOX 8x8 COL.
OUTER COLLAR % @ INNER COLLAR
XR200-0C XR200-IC
S|%
w|—
23
71/2"
(1) 3/4" @ SOCKET ¢ coL
HEAD CAP SCREW i 1/2"
AT EACH SIDE
OUTER COLLAR 1/4
XR-200-0C \ 30°
S —% ~
4 41 O . WMOMENT
. ail @ BEAM
. P ——
1/4 B
® )
o
1o
8)1" @ H.S. BOLTS /
AT EACH SIDE T<Cp
HSS OR BOX /
A "

Figure 78: Elevation and Plan Views of the ConXR-200 Moment Connection.
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2.3.6 Load Transfer Mechanism
/T

N/

s |

[Trf===""

. .
Figure 79: ConXR-200 Beam-To-

Column Moment Transfer Mechanism.

1 Il

v,
s
L

NN\N

-

== ="’

Moment transfer between the beams and
columns is accomplished through
compressive bearing as illustrated in Figure
79.

Compressive flexural forces in the beam
flange bear directly against the collar
plates, which then transfer the force to the
column through bearing. Tensile forces in
the beam flanges are transferred to the OC
through complete joint penetration groove
welds to these plates.

The OC undergoes flexure from the tensile
forces and transfers the forces to the Collar
Bolts. The Collar Bolts (in tension) transfer
these forces through the orthogonal OCs,
which then transfer the load through the far
set of Collar Bolts to the OC on the opposite
face of the column. The OC on the
opposite face of the column then bears
against far side of the column.

A —n
70! /
/ '
7 4
NN 7| S,

Figure 80: Load Path of Flange Tension Force to Column.

Figure 81: Load Path of Flange Compressive Force to Column.
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2.3.7 Design Requirements

The design requirements detailed in this document for the ConXtech XR-200 moment
connection pertain to the fundamental strength of the moment connection for non-seismic
applications.

This document provides the design formulations for the following:

Collar Flange Connection - Design and Allowable Flexural Strength.
Bolted Connection - X-axis Design and Allowable Flexural Strength.
Bolted Connection - Y-axis Design and Allowable Flexural Strength.

Bolted Connection - Design and Allowable Strength for Combined Flexural,
Shear, & Axial Load.

Weld at Beam Web/Collar Web Extension - Design and Allowable Shear
Strength.

Weld at Collar Web Extension/Collar Flange - Design and Allowable Shear
Strength.

Weld at Collar Corner Assembly/Column - Design and Allowable Shear
Strength.

Friction at Collar Flange/Collar Corner - Design and Allowable Slip Resistance
Strength.

Panel Zone - Design and Allowable Shear Strength.
Local Yielding of HSS/Box Column Sidewalls - Design and Allowable Strength.

Local Crippling of HSS/Box Column Sidewalls - Design and Allowable Strength.
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Connection Design Notes:
The connection design procedure presented below is based on Specification.

The following definitions are used in this procedure:
OC = Outer Collar: The machined plate that is welded to the end of a moment beam.

IC = Inner Collar: An Inner Collar is a machined plate that is welded to a face of
the square tube column. Four Inner Collars for the four faces of a tube or box
column form a collar joint.

Node = A complete assembly of a ConXR-200 Moment Collar: Four Inner Collars
attached to a moment column and surrounded by Four Outer Collars.

Collar Joint = The intersection of moment beams and moment column occurs at a
node/joint. A node will have four Outer Collars and four Inner Collars. A joint
can have one to four moment beams, but it always has four Outer Collars and

four Inner Collars. If a face of a moment column does not have a moment
beam, there will be an Outer Collar without beam, called a blank.

M. = LRFD Load Combinations Required Flexural Strength — Beam X-axis, k-ft (kN-m)
M,, = LRFD Load Combinations Required Flexural Strength — Beam Y-axis, k-ft (kN-m)
P.w = LRFD Load Combinations Required Axial Strength — Beam, kips (kN)

Ve = LRFD Load Combinations Required Shear Strength — Beam X-axis, kips (kN)

Vuw = LRFD Load Combinations Required Shear Strength — Beam Y-axis, kips (kN)
P.. = LRFD Load Combinations Required Axial Strength — Column, kips (kN)
Vurz = LRFD Load Combinations Required Shear Strength — Panel Zone, kips (kN)

w, = LRFD Load Combinations Uniform Applied Load — Beam, k/ft (kKN/m)
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2.3.8 Flexural Strength of Outer Collar

The ConXR-200 moment connection is designed similar to the Four-Bolt Flush
Unstiffened Moment End-Plate Connection presented in the AISC Steel Design Guide 16.
For reference, the table below is a summary of Four-Bolt Flush Unstiffened Moment End-
Plate Analysis, per AISC DG16. The summary table is taken from Table 3-3 of the
aforementioned Design Guide.

Table 4: Summary of Four-Bolt Flush Unstiffened Moment End-Plate Analysis

Geometry Yield-Line Mechanism Bolt Force Model
b, t; ZEE T
1 A
mmir B - 77‘/ ::‘.7_
I ‘) ' % — = 2(P-Q,.)
P, T 0% 2R -Q,,)
hd * .___\:lt/___.:[s
M%
h
tw"* h] q dl dZ
h,
t,—
g
OFﬂ e o D

b, = width of end plate, in. (mm)
tr=thickness of beam flange, in. (mm)
pr= distance from the bolt centerline adjacent the beam tension flange to the
near face of the beam tension flange, in. (mm)
p»= distance from bolt centerline to bolt centerline, in. (mm)
tw=thickness of beam web, in. (mm)
g= bolt gage, in. (mm)
t,= thickness of plate, in. (mm)
h= height of plate, in. (mm)
h1 = distance from the compression side of the beam to the farthest inner load-
carrying bolt line, in. (mm)
h>» = distance from the compression side of the beam to the second farthest
inner load-carrying bolt line, in. (mm)
s = distance from the innermost bolt centerline to the innermost yield line, in.
(mm)
d; = distance from the center of the beam compression flange to the farthest
inner load-carrying bolt line, in. (mm)
distance from the center of the beam compression flange to the second
farthest inner load-carrying bolt line, in. (mm)
P.= Dbolt material ultimate tensile load capacity, proof load = 4, x F,, kips (KN)
Omax= maximum possible prying force, kips (kN)
M, = connection strength for the limit state of bolt fracture with prying action,
kip-in. (KN-m)

d>

CX-ENG-STD-000001 Page 142 of 323
Version: 2



Design of Connections

The figure below shows the ConXR-200 Outer Collar idealized as a flush end-plate. For
calculations, the effective thickness of the Outer Collar is conservatively taken as 1.25 in.

/s g=80in. —
/120560 A

——————— Yield Line

Figure 82: ConXR-200 Outer Collar Under Strong-Axis Flexural Loading.

Definition of Parameters:
b, = width of end plate, in. (mm)
_ distance from the bolt centerline adjacent the beam tension flange to the
P/~ near face of the beam tension flange, in. (mm)
p» = distance from bolt centerline to bolt centerline, in. (mm)
br=width of flange, in. (mm)
tr=thickness of beam flange, in. (mm)
tw= thickness of beam web, in. (mm)
h= height of plate, in. (mm)
distance from the compression side of the beam to the farthest inner load-

=" carrying bolt line, in. (mm)
By = distance from the compression side of the beam to the second farthest
inner load-carrying bolt line, in. (mm)
g = bolt gage, in. (mm)
g = distance from the innermost bolt centerline to the innermost yield line, in.
(mm)
4, = distance from the center of the beam compression flange to the farthest
! inner load-carrying bolt line, in. (mm)
dr = distance from the center of the beam compression flange to the second
2= . . . .
farthest inner load-carrying bolt line, in. (mm)
dp= diameter of bolts = 1.0 in. (25.4 mm)
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From Figure 82 on the previous page,

_d-2t,-2(p, +s)
B 2
h=d=t,=p,
h, =h —p, =h —2.38in.

h =d =beam depth Py

d, = diameter of bolts = 1.0 in.

Note: Usep, =s ifp, >s.

g =distance between bolts = 8.0 in.

b, =10.10 in. i
=d-15t,-p,
p, =2.375in. dl—d P
s=1.69in. 2 =47 P
vy, =125

Chapter 2.5 of the AISC Design Guide 16 states that the threshold when prying action
begins to take place in the bolts is at 90% of the full strength of the plate, or 0.90M,,. This
means that if the applied load is less than 0.90M,,;, the end-plate behaves like a thick plate
and prying action can be neglected in the bolts.

In accordance with Chapter 3 of the AISC Design Guide 16, “for either ASD Type 1 or
LRFD rigid frame construction, the required factored moment, M,, must be increased 25%
to limit the connection rotation at ultimate moment to 10% of the simple span beam
rotation. Therefore, the factor y, = 1.25 is used in the procedure for the flush connection
plate design.

Per AISC Design Guide 16, the required end-plate thickness, , .44, is calculated based
on Equation (2-7) of the Design Guide, shown below:

LRFD ASD

. (1.11) 3, (ov,,) - (1.67)y, (M,
p.reqd (pb prY p.reqd Qh pr Y Q

Y :%”Lh LLJ% (1JJ+3(;11 (p, +0.75p,) +hy (s +0.25pb)) +§

S g

where

For the ConXR-200 Moment Connection, the effective thickness of the Outer Collar is
known and therefore the above equation is re-arranged to obtain the design and the
allowable flexural strength of the plate (Outer Collar), as shown below:

LRFD ASD
2 2
(W - (tp,reqd) (prpyY an — (tp,reqd) QpryY
T (L1n)y, Q (1.67)y,.Q
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The Demand Capacity Ratio for the design and allowable flexural strength of the Outer

Collar is calculated as shown below:

LRFD ASD
M
DCR =
DCR =M R=Tu,
(‘Wnp Q
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2.3.9 Bolted Connection X-Axis Flexural Strength

As stated previously in this
document, the ConXR-200 collar
flanges transfer a beam’s moment
into the moment collar through
pretensioned bolts. Because the size
and number of bolts in the
connection are known, the maximum
moment capacity of the connection
can be determined in terms of the
strength of the bolts.

A moment load in the strong-axis of
the connected beam resolves into
tension and compression forces
within the beam’s flange.

As can be seen in the figures below,
the bolts are oriented 45 degrees
relative to the longitudinal axis of the
connected moment beam.
Therefore, a tensile force from a
beam’s flange can be resolved into a
shear force and a tension force in the
bolt, as shown below.

frcos(45°) =f.=f
N N NG
The following section determines the
maximum  available bolt load,
considering the effects of combined

loading as stipulated in the
Specification.

<=

Mbo\ts

dbo\ls

<

PLAN

rut<_
rut“—

dbo\ts

L

ELEVATION

Figure 83: ConXR-200 Bolted Moment
Connection Under Flexural Load.

AN

Figure 84: Bolt Load Resolved into a
Tensile and Shear Force Components.
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For the formulations that follow, the
definitions below apply:

Ji= required tensile stress, ksi (MPa)
Jv=required shear stress, ksi (MPa)
Ji= f, (bolts are 45° to applied load)
J-= required resultant stress resisting applied load, ksi (MPa)
Fn= nominal tensile stress = 0.75F,, ksi (MPa) (Specification C-J3-2)
Fn= nominal shear stress = 0.563F,, ksi (MPa) (Specification C-J3-3)
F.= specified minimum tensile strength of bolt, ksi (MPa)
®ous = 0.75, resistance factor for bolts
Quons = 2.00, safety factor for bolts
R, = nominal strength of bolt resisting applied load, kips (kN)
A= nominal unthreaded body area of bolt, in.?

Continuing from the previous page,

LRFD ASD
Specification (C-J3-5a) Specification (C-J3-5b)
2 2 2 2
L + L :1 Qbolts‘/; + Qbolts/\‘/ :1
%oltsElt (QDOhSF:’lV Elt Elv
2 2 2 2
f; + f;; =1 (Qballet‘j +( Qboltsf;) j =1
(‘pboltso'75F;'tt (‘pboltso'563F;'tv 0751:; 05631:;
2 2
-f; 2 + .f; ’ :1 (Qbolts-f;j +( Qbolts./; j :1
@, 0.75F, ®,,,, 0.563F 0.75F, 0.563F,
2 2
_/; 1 + 1 :1 Qboltsf; ( 1 - + 1 - :1
0,..F ) 075 0563 F, 0.75*  0.563
2
Lo V(0563 075 | (L 0563 , 075 ),
0. F ) 0750563 05630.75° ) F, 0.75*[0.563* 0.563°[0.75°
£ Y/( 05632 +0.75 _, Q,,./, | [ 0.563 +0.75° -1
0. F ) | (0.563)*(0.75) ) F, (0.563)*(0.75)°
2
(0.563)°(0.75)* 2 (0.563)*(0.75)* [ F
= F - u
) \/ (0.5632+o.752)[q(p””’“ 2 / (0.563% +0.75*) 1 Q,,,
f; = 0.45(([)501;31:;) f; - 0.45( Fu ]
bolts
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The nominal tensile capacity of a bolt is shown below:
R, = f.4, =214, =/2(0.45) F, 4, =0.636F, 4,

The design tension and the allowable tension of a bolt is determined as shown below:

Q,, =200
(gaolts = 075
R, _ fA, _N2£4,
%oltsRn = (gmltsf;Ah = %olts \/Ef;Ab nglts Qbolts Qbolts
Qs R, = (0'75)\/5(0'45)E4Ab =0.477F 4, R, _ \/5(0'45)F”A” =0.318F 4
Qbolts B 200 o o

It follows that the nominal flexural strength of the bolted moment connection is:
_ n,
Mntx - 0636E4Ab ? dbolts

F.= specified minimum tensile strength of bolt, ksi (MPa)
np, = number of bolts in connection = 8
A= nominal unthreaded body area of bolt = 0.785 in.? (506.7 mm?); diameter of

bolt is 1.0 in (25.4 mm)

The average distance between the center of the compression flange and the bolts under
tension is as shown below. Therefore, the design and allowable flexural strength of the
bolted connection is as shown below:

LRFD ASD
B n, M, _0.636F A, ( ", )
(pboltsMntx - (pbolts 0636}7; Ab (?j dbolts Qb()lts Qb()[ts 2 bolts
(pboltsMntx = 0477E4Ab (&] dbolts Man = 0318F Ab E db i
2 Qbom u 2 olts
where _d +d,
bolts — T
and where (from Section 2.3.8) d=d-15t,-p,
d,=d, - p,
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It follows that the Demand Capacity Ratio for the design and allowable flexural strength

of the bolted connection is as shown below:

LRFD ASD
peR=—lu peR= ML
%oltv M ntx ( % j
’ bolts
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2.3.10 Bolted Connection Y-Axis Flexural Strength

This section discusses the weak-axis
flexural mechanics of the ConXR-200
collar connection. The weak-axis flexural
capacity of the bolted connection will be
determined. i

A moment load in a connected beam’s :
weak-axis causes flexure in the Outer S
Collar attached to the beam, as depicted .

in Figure 85. The flexural load in the S )

Outer Collar causes tension on one side

of the Outer Collar and compression on Figure 85: Load Path of Y-Axis
the other side of the Outer Collar. The Bending Moment Through Collars
tensile force in the Outer Collar is and Bolts to Column.

transferred into the Collar Assembly
through the pretensioned bolts.

The compression force causes bearing
between the back of the Outer Collar and
the front of the Inner Collar, as illustrated

in Figure 85 de=1201n.

Where
dic = effective depth of Inner
Collar for Y-Axis bolt moment
bic= effective width of Inner F— nosin —
Collar for Y-Axis bolt moment Figure 86: Cross-Section View
cbop = width of compression block of a ConXR-200 Collar Flange in
for Y-Axis bolt moment, Weak-Axis Flexure.

The width of the compression block in the Collar Flange is calculated by setting the bolt
strength equal to the bearing strength of the Inner Collar. The ConXR-200 system can
accept High Strength or Super High Strength bolts. The depth of the compression block
in the Inner Collar is a function of the bolt strength. The stronger the bolts are, the deeper
the depth of the compression block, and therefore, the smaller the moment arm. Super
High Strength bolts have a specified minimum tensile strength of 200 ksi. Thus, in the
calculations that follow, an ultimate strength £, of 200 ksi (1,379 MPa) is assumed for the
bolts because this is conservative in determining the Y-Axis flexural capacity of the bolted
connection.
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Calculations of the width of the collar compression block are shown below. The bolt

tension load is as follows:

LRFD

ASD

F, =200 ksi (1,379 MPa)
4,=0.785in (506.7 mm)
n, =8

(pboltsR,, = 0477FuAb (n_zb]

=0.477(200 ksi) (0.785 mZ)(%j

=299.6 kips (1,333 kN)

R —0318F 4, (%bj

F, =200 ksi (1,379 MPa)
4,=0.785in” (506.7 mm’)

n, =8

bolts

=0.318(200 &si) (0.785 in? )@j

=199.7 kips (888.3kN)

In accordance with Specification Chapter J7, the nominal bearing strength, R, for finished

(milled) surfaces is as shown below:

R =18F A, (J7-1)

©®=0.75 (LRFD)

where

Q =2.00 (ASD)

F,= specified minimum yield stress, ksi (MPa)
A= projected bearing area, in.2 (mm?2)
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The width of the compression block in the collar is determined by setting the bolt tension

load equal to the bearing strength of the Inner Collar, as shown below.

LRFD

ASD

F, =50 ksi (345MPa)
dep =12.0in. (305 mm)
Apb =d,cchy,

@R, =@l.8F, 4, =299.6 kips
0.751.8(50 ksi) (12.0 in.) cbyy, =299.6 kips

cbyy, =0.370 in. (9.40 mm)

F, =50 ksi (345 MPa)
dep =12.0in. (305 mm)

Apb =d by,

1.8F A4

B 2220 21997 ips
Q Q

1.8(50 ksi) (12.0 in.) b,y =2.00(199.7 kips)

cbyy, =0.370in. (9.40 mm)

Now that the depth of the compression stress block has been determined, the Y-Axis
flexural strength of the bolted connection can be calculated. The design or allowable Y-

Axis flexural strength of the bolted connection is as shown below:

LRFD

ASD

by =6 in. (152.4 mm)
g =8.0in. (203.2 mm)
cbyyy =0.370 in. (9.40 mm)

n\(b, g cb
M =0471F A4 | =L || L+ - 20
(pholts nty u‘1p [ 2 j[ 2 2 2 j

b, =6in. (152.4 mm)
g=8.0in. (203.2 mm)
cbyyy =0.370in. (9.40 mm)

Mo —0318F 4, i) br 18 b
Q u 2 2 2 2

bolts

The Demand Capacity Ratio for the design or allowable Y-Axis flexural strength of the

bolted connection is as shown below:

LRFD ASD
M
Y, - Tw
DCR = —AZ beR (M / j
(pbolts nty Qbolts
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2.3.11 Bolted Connection: Combined Flexural, Shear (X-Axis), and
Axial Loading
Where there is a combined flexural (in both X and Y axes), shear (X-axis only), and axial

load on the bolted moment connection, the Demand Capacity Ratio is determined as
shown below:

LRFD
oM
DCR = MMX + VMX ] + uy + Pub
(‘pbolts M ntx (mncf (‘pbolts Mnty nb (‘pbolts Rn
ASD

2

V

Uux

M M P
ux + + uy + Mb
M / R/ M % an/
Q bolts Q Q bolts Q bolts

DCR =

where
Ve = required strong-axis beam shear load from load combinations.
P., = required beam axial load from load combinations.

Rncf =

available slip resistance from Section 2.3.17.
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2.3.12 X-Axis Shear Transfer from Beam to Moment Collar

In the ConXR-200 moment collar connection, the shear load path involves the beam,
Outer Collar, Inner Collar, and the moment column. Shear force from the moment beam
is transferred into the Outer Collar via fillet welds between the beam web and the Outer
Collar. When the moment collar is fully assembled but before the High Strength bolts have
been pretensioned, downward shear forces from the beam are transferred from the Outer
Collar to the Inner Collar. Upward shear forces are resisted by the 3/4 in. diameter
horizontal bolt that connects the Outer Collar to the Inner Collar. When the moment collar
is fully assembled and all the High Strength bolts have been pretensioned, both upward
and downward shear forces from the beam are resisted by the clamping force between
the Outer Collar and the Inner Collar caused the pretensioning in the bolts.

The strength of the aforementioned welds is calculated in accordance with Specification
Chapter J2.4, as follows:

R=F A, (J2-4)
®=0.75 (LRFD) Q =2.00 (ASD)

For fillet welds,
F,, =0.60Fy, (1.0+0.50sin"* (8)) (J2-5)

nw

where
Fexx=filler metal classification strength, ksi (MPa)
6= angle of loading measured from the weld longitudinal axis, degrees
Awe= effective area of the weld, in.2 (mm?)

The proceeding pages show calculations to determine the strength of the beam web to
Collar Web Extension welds, Collar Web Extension to Collar Flange welds and Collar
Corners to Column welds.
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2.3.13 Weld at Beam Web to Outer Collar

The shear strength of the fillet welds between the Beam Web and the Collar Web
Extension (CWX) is determined as follows:

The ConXR-200 beam web to Outer W MOMENT
Collar connection uses a 1/4 in. (6.35 OUTER COLLAR BEAM
mm) fillet weld on each side of the XR200-0C
beam web, as shown in Figure 87. (

7/8" @

HOLE \

Figure 87: Beam Web-To-Outer Collar
Welds.

The length of the fillet weld is:
1, =2(d —2k) in. (mm)

The size of the fillet weld is:

¢, ZQE]rrin. =0.177 in.
2 4

e

The area of the fillet weld is:

A«ve = twelwb
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The strength of the fillet weld is:

6=0
Fo =70 ksi (483 MPa)

E.

R, =0.60F,, (1.0+0.50sin'* (8)) 4,,
=0.60(70 ksi)(1.0+0.50sin"* (0°))(0.177 in)2(d ~2k)
=0.60(70 ksi)(0.354 in.) (d = 2k)

.

R, = (14.87 @j(d - 2k)

The design and allowable shear strength of the Beam Web to Outer Collar fillet welds is:

LRFD ASD
©=0.75 Q=2.00
oR, =0.75( 14.87 X2 (d -2k) 14.87 1P (d -2k)
! in. R, _ in.
Q 2.00
ENGLISH
: ENGLISH
chn:(uﬂf’—pj(d—zk) » y
in. " :(7.42 —pj(d—Zk)
Q in.
METRIC
METRIC
@R, :(1.94k—Nj(d—2k) R N
mm : =(1.30 —j(d—zk)
Q mm

The Demand Capacity Ratio (DCR) for the design and allowable shear strength of the
Beam Web to Outer Collar fillet welds is calculated as shown below:
LRFD ASD

v DCR =

DCR:E” (R%lj
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2.3.14 Weld at Beam Flange to Outer Collar

The ConXR-200 Beam Flange to Outer
Collar connection is a Complete Joint | cpweean
penetration (CJP) weld from the beam | ™Coue
flange to the Outer Collar, as can be seen | "™

in Figure 88.

WGDGAP

A flexural load from the beam resolves into
a tension and compression force couple
BOTH SIDES

within the beam flanges. OF WEB, T88
], FLANGE, TYP.

The CJP weld transfers the tensile force

from the beam flange to the Outer Collar.  Figure 88: Beam Flange - To - Outer
The CJP weld provides the full strength of Collar Welds.

the connected parts.
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2.3.15 Weld at Inner Collar and Column (X-Axis Shear)

The ConXR-200 Inner Collars are attached to the moment column via a 1/4 in. (6.35 mm)
fillet weld on two sides of the Inner Collar, as illustrated in the two figures below.

€ OF COLUMN HSS OR BOX
. SEAL T&B / 8x8 COL.
a4 RETURNS, 14\ 12 TYP. [ b [
T&B TYP. 1/4‘ 12" f— 4 — INNER
COLLAR f j
\ : a XR200-C q
INNER COLLAR
:/<f\ \\: o (XR200-IC), TYP.
< | 3/4"@TAPPED HOLE ]
- =~ | WITH UNC THREAD Be
= N
3/4" @ TAPPED / 4 N ]
HOLE W/ UNC = &: J { 3/4" RETURN
THREAD _ N L 14| 12" \T&BTYP.
PLAN ELEVATION

Figure 89: Inner Collar-To-Column Welds.

As can be seen in the details above, the total length of each fillet weld is:
[, =12in.
The size of each fillet weld is:
£ =g % in.
The area of the fillet welds is:
4, =t
The strength of the fillet weld is:
0=0

R, =0.60F (1.0+0.50sin'(8)) 4,

=0.60(70 ksi)(1.0+0.50sin"* (0°))2(%5}m)(12 in.)

=178.2 kips

R _=178.2 kips
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The design and allowable shear strength of the fillet welds that join the Inner Collar to the

column is as shown below:

LRFD

ASD

©=0.75

@R, =0.75(178.2 kips)

@R, =133.7 kips (594.7 kN)

Q=2.00

R 178.2 kips

nwx

Q 2.00

% =89.10 kips (396.3kN)

The Demand Capacity Ratio (DCR) for the design and allowable shear strength of the
fillet welds that join the Inner Collar to the column is as shown below:

LRFD ASD
ENGLISH ENGLISH
DCR=—u_ =" DCR = RVM 89 1I:)Mkz'
- - ; nwx : ps
QR = 133.7 kips ( %2)
METRIC METRIC
DCR == Vu v, V.
QOR, _ 594.7kN DCR =

@R 3963kN
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2.3.16 Shear Yielding and Shear Rupture in Inner Collar

In accordance with Specification Chapter G OF COLUMN HSS OR BOX
J4.2, the available shear strength of the 1 8x8 COL.

affected and connecting elements shall be 1
the lower value obtained according to the f
limit states of shear yielding and shear L |
rupture:

INNER COLLAR
(XR200-IC), TYP.

c. For shear yielding of the element:
R =O.60]*;Agv (J4-3)
©=1.00 (LRFD) Q =1.50 (ASD)

3/4" @ TAPPED
HOLE WITH
UNC THREAD

d. For shear rupture of the element: LJ
R =060F 4, (J4-4) |
@=0.75 (LRFD) Q =2.00 (ASD)

In the ConXR-200 connection, a shear
load goes from the moment beam into the
Outer Collar and finally into the Inner
Collar. The Inner Collar has a smaller
shear area than the Outer Collar, and
therefore is the governing element
between the Collars. The Inner and Outer
Collars are made from ASTM A572 Grade
50 material. This material has the following

_—a S

specifications: U
F,= 50 ksi %gé///%
y Si |
Fu.= 65ksi un //////////////, _ L

A,

ELEVATION

The hatched area in the figure on the right
shows the shear area of the Inner Collar. Shear Yielding in the Inner Collar.

The hatched region shown in the Inner
Collar has an area of 37 in.?
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For shear yielding in the gross-section:

d,=d, +i in.=0.69 in.
16

. 2
4 = n@ =0.37 in

4,,=37in? =037 in? =36.6 in

R, =0.60F, A,

=0.60(50 ksi)(36.6 in* ) =1,098 kips

The available design or allowable shear yielding strength is:

ENGLISH
@R, =1,098 kips

METRIC
@R, =4,884 kN

LRFD ASD
Q=1.50
¢=1.00 _
R, _ 1,098 kips _ 732 kips
@R, =1.00(1,098 kips) @130
ENGLISH

R
L =732 kips
0 D

METRIC

R, 3,256 kN
Q

CX-ENG-STD-000001
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The hatched area in the figure on the right
shows the shear plane of the net section.
In conformance with Specification Chapter f
B4.3b, in computing the net area for B
tension and shear, the width of a bolt hole
shall be taken as 1/16 in. (2 mm) greater
than the nominal dimension of the hole.

The length of the shear plane, L, is taken
as the nominal beam depth, dum, for
conservatism. The average thickness of
the CCA was previously calculated to be

1.41 in. (35.8 mm). LJ: :L
For shear rupture in the net-section:
ELEVATION
d  =d +tin =i+ in=081i
hone = Gy T M T LT S RO Shear Rupture in the Inner Collar.
0.81in.)’
= (O8Ln) )53 i
A, =37in’=0.52in’ =36.5in’
R =0.60F A4
=0.60(65 ksi)(36.5 in? ) =1,424 kips
The available design strength or allowable strength is:
LRFD ASD
®=0.75 Q=2.00
@R, =0.75(1,424 kips) =1,068 kips R, _LA24Kps _ 715 pins
Q 2.00
ENGLISH
ENGLISH P
@R, =1,068 kips o =712 kips
METRIC METRIC
@R, =4,750 kN R
L =3,167 kN
Q
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Note: Based on the preceding calculations, shear rupture is the governing limit state of
the two.
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2.3.17 Friction between Outer Collar and Inner Corner (X-Axis
Shear)

The next step in the design process is to
determine the slip resistance of the friction
force at the interface between the Outer
Collar and the Inner Collar. In accordance

B)1"@HS
BOLTS AT
EACH SIDE

with Specification Chapter J3.8, the design ﬁ j I L
slip resistance, ¢R,, and the allowable slip

resistance, R,/Q, shall be determined for ‘ ‘ @

the limit state of slip as follows: S———

HSS OR BOX

OUTER 8x8 COL.
For standard size and short-slotted holes | colar ﬂ
XR200-0C INNER COLLAR

perpendicular to the direction of the load, XR200-C
PLAN

¢®=1.00 (LRFD) Q=1.50 (ASD)

For the limit state of slip resistance, the following definitions apply:
u = mean slip coefficient for Class A or B surfaces. The Inner Collar and Outer
Collar have Class A surfaces and therefore p = 0.30.
D, = 1.13, a multiplier that reflects the ratio of the mean installed bolt pretension
to the specified minimum bolt pretension.
T» = minimum fastener tension given in Specification Table J3.1, kips, or Table
J3.1M, kN. As specified in the ConXR-200 Standard Details, the 1.0 in. ASTM
AS574 bolts are pretensioned to the min. bolt pretension of ASTM A490 bolts.
Per Specification Table J3.1, T, = 64 kips (285 kN).
hr=factor for filler. There are no fillers present, thus, #,=1.0
ns = number of slip planes. For this case, n; = 1.0. Only one slip plane is used for
each bolt because only the side pertaining to one beam is considered.
ny = number bolts. For this case, n, = 8.

Using the information above, the slip resistance is determined as follows:
T, =64 kips
R = (uDuthbnS)nb
R, =0.30(1.13)(1.0)(64 kips)(1.0)(8) =173.6 kips
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The design slip resistance, ¢R,, and the
below:

allowable slip resistance, R,/Q, is as shown

LRFD

ASD

©=1.00

@R, =1.00(173.6 kips)
@R, =173.6 kips (772.2kN)

Q=150

R, 1Q=173.6 kips/1.50
R, /Q=115.7 kips (514.6kN)

The Demand Capacity Ratio (DCR) for the shear strength of the friction force at the
interface between the Outer Collar and the Inner Collar is as shown below:

LRFD ASD
— VM.X
DCR=— pek= Rnc/
ncf Q
ENGLISH ENGLISH
beR= 1732Xk' = o
0 ps 115.7 kips
METRIC METRIC
T2 kN DCR =—tu
' 514.6 kKN
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2.3.18 Y-Axis Shear Transfer from Beam to Column

In the ConXR-200 moment collar connection, weak-axis shear is transferred to the Outer
Collar via CJP welds between the beam flanges and the Outer Collar. The Outer Collar
transfers the shear load via direct bearing against the Inner Collar. Due to the inclined
surface of the shear lug on the Inner Collar, the weak-axis shear will also induce an uplift
force on the connection, which is resisted by clamping force between the Outer Collar
and the Inner Collar. The Inner Collar transfers the shear load to the column via fillet

welds between the Inner Collar and the column.

2.319 Bearing Strength at Inner Collar and Outer Collar

In accordance with Specification Section
J7, the available bearing strength of
surfaces in contact shall be determined for
the limit state of bearing as follows:

R =18FA, (J7-1)
¢®=0.75 (LRFD) Q =2.00 (ASD)

The Inner Collar and Outer Collar are
made from ASTM A572 Grade 50
material. This material has the following
specifications:

F,= 50 ksi

As shown in the figure on the right, one
component of the weak-axis shear is
resisted by bearing of the Outer Collar
against the inclined surface of the shear
lug. The angle of inclination, 6, is 5.68°.

Elevation of Inner Collar showing
orientation of bearing force.

The dimensions of the bearing area are based on the Inner Collar,

where:

Ine = length of bearing along the shear lug

9.00-in. (see figure above).
tg = thickness of the shear lug

= 3/4-in. from Figure 64 (see page 133).
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For bearing at the shear lug:

Ay =11, =(9.00in.)(0.750in.)

brg“brg
=6.750in.
R,=18F A4,
=1.8(50ksi)(6.750in.)
=607.5kips

The available design strength or allowable strength is:

LRFD ASD
Q=2.00
¢=0.75
R,, _607.5kips
@R, =0.75(607.5 kips) @ 200
ENGLISH
ENGLISH »
@R, = 455.6 kips o - J03-8kps
METRIC METRIC
R, = 2,027kN

ﬁ:1,351kN
Q

The Demand Capacity Ratio for the bearing strength of the shear lug is shown below:

LRFD ASD
° v 5.68°
. V., cos(5.68°) DCR = C;S( )
(‘mnb nb Q

where
V. = required weak-axis beam shear load from load combinations.
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2.3.20 Friction between Outer Collar and Inner Collar (Y-Axis
Shear)

The uplift force induced by the weak-axis shear is resisted by friction at the interface
between the Outer Collar and the Inner Collar. The slip resistance was previously
determined in Section 2.3.17; note that the magnitude of slip resistance is the same
regardless of the loading direction.

The Demand Capacity Ratio (DCR) for the shear strength of the friction force at the
interface between the Outer Collar and the Inner Collar is as shown below:

LRFD ASD
. V sin(5.68°)
v 5.68° w7
peg = w668 PER=—"rk
([Rnczf Q
ENGLISH . ENGLISH
DCR = M DCR = V, sin(5.68°)
173.6 kips 115.7 kips
METRIC . METRIC
DCR = M DCR = V,, sin(5.68°)
7722 kN 514.6 kN
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2.3.21 Friction: Combined Shear Loading

Where there is a combined shear load in
both X and Y axes, the net shear load
resisted by friction at the interface
between the Outer Collar and the Inner
Collar is the vector sum of V.. and the uplift
component of V,. Vi is oriented
downward vertically while the uplift
component of V,, is oriented at 5.68° from
the vertical; as such, the uplift component
of V., must be broken into horizontal and
vertical components.

0/~

Vux -V, sinficosd

With the downward direction for vertical components taken as positive, the vector sum of

the forces is determined as follows.

(R,)

<V > <V sme>

uy

<V;y sin’@, ¥, =V, sinBcos G>

<0, Vux> +<(Vuy sin 6) sin®, (—Vuy sin 9) cos 6>

The magnitude of this force is determined as follows:

R} =(VM -V, sinBcos 9)2 +(V sin’ 9)2

=V ?=2V V. sin@cosO+V (sin2 9)(cos2 9) +V,*sin" 0

ux’ uy uy

=V, =V, V, sin(20)+V, ((sin2 9) (cos2 8) + (sin2 9)2)

ux’ uy uy

1—cos (29)

1—cos (29)

=V, 2=V,V, sin(28)+V, (

2

I

2

1+cos(29)]+[

2

1 -cos? (29) .\ 1- 2005(29) +cos’ (26)

=V, =V,V, sin(20)+V,?

4

=V, 2=V,V, sin(28)+V,

ux’ uy

2
=V -V.V s1n(26)+V sin’ 0

ux’ uy

1—cos (29)

R, \/V > =y, ¥, sin(11.36°) +(7, sin(5.68°))

4

|

)
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The Demand Capacity Ratio for the shear strength of the combined friction force at the
interface between the Outer Collar and the Inner Collar is determined as shown below:

LRFD
DCR = \/Vu,c2 -V,V, sin (1 1.360) + (Vuy sin (5.68°))2
(pRncf
ASD
DCR = \/I/uxz _Vuxl/;y Sin(l 1360) +(I/;y Sin(5.680))2
Rncf
Q
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2.3.22 Bolted Connection: Combined Flexural, Shear (both Axes),
and Axial Loading

Where there is a combined flexural (in both X and Y axes), shear (in both axes), and axial
load on the bolted moment connection, the Demand Capacity Ratio is determined as
shown below:

LRFD
. . 2
DCR = Mux + Vux2 - VuxVuy s (29) -: (Vuy SIn (9)) + Muy + Blb
(pholtsMntx ((pRncf ) (pboltsMnty nh (pbolts Rn
ASD
. . 2
DCR - Mux + Vux2 - Vchuy sin (26) + (Vuy sin (e)) + Muy + IDub
M’% Rncf ’ M’% nb]y
Qbolts ( é j Qholts Qbolts

where
Ve = required strong-axis beam shear load from load combinations.
Vw = required weak-axis beam shear from load combinations.
P.,= required beam axial load from load combinations.
R..s= available slip resistance from Section 2.3.17.
0 = angle of inclination of the shear lug bearing surface from Section 2.3.19
= 5.68°.
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2.3.23 Weld at Inner Collar and Column (Y-Axis Shear)

The ConXR-200 Inner Collars are attached to the moment column via a 1/4 in. (6.35 mm)
fillet weld on two sides of the Inner Collar. The weak-axis shear is oriented 90° to the
longitudinal axes of these welds.

The total length of each fillet weld is:
[, =12in.

The size of each fillet weld is:
t,, :g % in.

The area of the fillet welds is:
A =t

The strength of the fillet weld is:

0=0°
R, =0.60F,,, (1.0+0.50sin'* (8))4,,

=0.60(70 ksi)(1.0+0.50sin'* (90°)) 2(? [—)l: in.J (12in.)

=267.3 kips

R, =267.3 kips
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The design and allowable shear strength of the fillet welds that join the Inner Collar to the

column is as shown below:

LRFD

ASD

¢®=0.75

@R, =0.75(267.3 kips)

@R, =200.5 kips (891.7 kN)

Q=2.00

Rnwy _ 267.3 kips
Q 2.00

R,
o = 1336 kips (594.5kN)

The Demand Capacity Ratio (DCR) for the design and allowable shear strength of the
fillet welds that join the Inner Collar to the column is as shown below:

LRFD 25D
ENGLISH ENGLISH
4 |4
DeR=—w =V DCR =t = 'u
TR, 200.5 kips (RW//) 133.6 kips
nwy . Q
METRIC _—
v V
DCR=—% = y v
@, 891.7kN DCR =—% = y

@R, 594.5kN
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2.3.24 Weld at Inner Collar and Column: Combined Shear Loading

Where there is a combined shear load in both X and Y axes, the Demand Capacity Ratio
is determined as shown below:

LRFD ASD
2 2
>y Y % 4
DCR = (V“" J+L DCR = ux + uy
(mnw)( ([:R}’H/Vy RHW/ Rnw/
Q Q

where
Rwx = available strong-axis shear strength from Section 2.3.15.
R.y= available weak-axis shear strength from Section 2.3.23.
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2.3.25 Panel Zone Shear Strength

The final step in the ConXR-200 moment
connection design process is to determine
the shear strength of the Panel Zone.

Panel Zone shear is resisted by the column
walls and the Outer Collars. The Outer
Collars act as reinforcing plates for the
column webs.

In accordance with Specification Section
J10.6, the available strength of the web
panel zone for the limit state of shear
yielding shall be determined as follows:

®=0.90 (LRFD) Q =1.67 (ASD)

In the figure on the right, the cross-hatched
regions represent the area effective in
resisting panel zone shear (in the direction
parallel to the connected beams).

b

OUTER

annoc A

PLAN

(8)1"@HS.
BOLTS
AT EACH SIDE

HSS OR BOX
8x8 COL.

INNER COLLAR
XR200-IC

Figure 90: ConXR-200 Plan View at
Panel Zone.

The nominal strength, R,, shall be determined as follows: when the effect of panel-zone
deformation on frame stability is not considered in the analysis:

For P <04P R =0.60Fdt,

For P >04P R, =0.60F,d.1, (1.4 —%}

where

F, = specified minimum yield stress of the column web, ksi (MPa)

d.= depth of column, in. (mm)

tw=thickness of column web, in. (mm)

c

(J10-9)

(J10-10)

P.= required axial strength using LRFD or ASD load combinations, kips (kN)
P.= P, (LRFD) or 0.60P, (ASD), kips (kN)

P,= F,A,, axial yield strength of the column, kips (kN)
A, = gross cross-sectional area of column, in.2 (mm?2)
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The Outer Collars contribute to the steel
area resisting the panel zone shear. The
properties of the column and the Outer
Collars pertaining to panel zone shear are
shown below:

Apz= 2dctc + 2doctoc
t.= thickness of column wall, in. (mm)
d.= depth of column, 8 in. (203.2 mm)
doc= effective depth of Outer Collar,

OUTER
COLLAR

XR200-0C

8 in. (203.2 mm)
toc= effective thickness of Outer Collar,
2 in. (50.8 mm)

(8)1"@H.S.
A BOLTS
| AT EACH SIDE
HSS OR BOX
= 8x8 COL.
|
INNER COLLAR
XR200-IC
PLAN

Figure 91: Effective Shear Areas of
Column and Collar Corners.

The shear strength of the panel zone is as follows:

For P <04P R, =0.60F, (2d 1, +2d,1,.)

P

For P >04P R, =0.60F, (2d,t, + 2doctoc)(1.4 ——j

c

The design panel zone shear strength, ¢R,, and the allowable panel zone shear strength,
R/Q, are as follows:
LRFD ASD

= E:M
Wz =090, Q 1.67

The Demand Capacity Ratio for the panel zone shear strength is shown below:

LRFD ASD
Vv
_ Vs DCR =—"2—
DCR —F (R"P%j
nPZ Q
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2.3.26

Local Yielding of HSS Sidewalls

In accordance with Section J10.2 of the
Specification, the limit state of Web Local
Yielding (i.e., Local Yielding of HSS
Sidewalls) is determined as follows:

R =Ft

ww

(5k+1,) (J10-2)

$®=1.00 (LRFD) Q=1.50 (ASD)

where

F,w= specified minimum vyield
stress of HSS material, ksi

(MPa)

I» = bearing length perpendicular
to the width of the Inner
Collar

k= outside HSS corner radius
(O for Box)

F,=50ksi (345 MPa)
lw = ldes

l,=d_ =50in.
k=151,

Connection Type

Transverse Plate T- and
Cross-Connections, Under
Plate Axial Load

5]
—-H—rporfn o
N
AN A
—p—
where[!=%’

Note: since HSS members have two
webs, the available strength resulting
from Eq. J10-2 will be multiplied by 2.

Note: Eq. J10-2 only applies when the
concentrated load is applied at a distance
from the member end that is greater than
the nominal depth of the HSS (i.e., 8 in.).
If the concentrated load is applied at a
distance from the member end that is
less than or equal to the nominal depth of
the HSS (e.g., if the collar is near the top
of the column), then Eq. J10-3 is used
instead as demonstrated on the following
pages.

The total bearing area of four bolts at full strength was calculated on page 152; thus, the
bearing length perpendicular to the width of the Inner Collar may be determined as

follows:

A, =dcchyy =(12in.)(0.370in.) = 4.44in’
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The available strength is therefore calculated as follows:

R =F,t, (5k+1,)x2walls
= (50ksi) (2, ) (5(1.5,, ) +0.74in.) x2 walls
=(1004si) 1, (7.5, +0.74in.)

The design wall local yielding strength, ¢R,, and the allowable wall local yielding strength,

R,/Q, are as follows:
LRFD ASD
Q=1.50
©=1.00

R, _ (100 ksi)t,, (7.5t,, +0.74in.)

n

@R, =1.00(100 ksi)t,, (7.5t,, +0.74 in.) 0 1.50
ENGLISH ENGLISH
@R, = (100 ksi) 1, (7.5, +0.74 in.) R, - (66.7 ksi)t,,, (7.5¢,,, +0.74 in.)
Q es es
METRIC
@R, =(689 MPa)z,, (7.5¢,, +18.8 mm) . METRIC

6 =(460 MPa)z,, (7.5¢,, +18.8 mm)
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When the concentrated force is applied at a distance from the member end that is less
than or equal to the nominal depth of the HSS (i.e., 8 in.), the coefficient on k decreases
to 2.5 (Eqg. J10-3); for example, this condition should be checked when the collar is located
near the top of the column. The design wall local yielding strength, ¢R,, and the allowable
wall local yielding strength, R,/Q, are then calculated as follows:

LRFD ASD
Q=150
©=1.00
R, (100 ksi)t,, (2.5(1.5¢,, ) +0.74 in.)
@R, =1.00(100 ksi)t,,, (2.5(1.5¢,,)+0.74 in.) o 150
ENGLISH ENGLISH
(m” = (100 kSl) tdes (3'75tdes +0.74 ln) 1;; = (667 ksl) tdes (3'75tdes +0.74 ll’l)
METRIC

@R, =(689 MPa)t,,, (3.75t,, +18.8 mm) METRIC

1:; =(460 MPa)t,, (3.75¢,, +18.8 mm)

The Demand Capacity Ratio for wall local yielding is shown below:
LRFD ASD

B,
DCR = :

DCR = Ey R
W, (%4)

with M, and the P,; are the required beam moment (X-axis) and the required beam axial
demand, respectively. The term d denotes the depth of the beam and the term ¢ is the
thickness of the beam flange.
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2.3.27

Local Crippling of HSS Sidewalls

In accordance with Section J10.3 of the
Specification, the limit state of Web Local
Yielding (i.e., Local Crippling of HSS
Sidewalls) is determined as follows:

1.5
EF 1
ano.sotw{1+3(l—bJ(t—WJ J »rg,
d)\t, ‘.

(J10-4)
¢®=0.75 (LRFD) Q=2.00 (ASD)
where
E = modulus of elasticity of steel
= 29,000 ksi (200,000 MPa)
F), = specified minimum yield
stress of HSS main member
material, ksi (MPa)
Iy = bearing length perpendicular

to the width of the Inner

Collar

design web thickness of

HSS or Box column

= ldes

tr= design flange thickness of
HSS or Box column

ty =

Ldes
d = depth of web, in. (mm)
= H- 3tdes
Or= chord-stress interaction
parameter

Connection Type

Transverse Plate T- and
Cross-Connections, Under
Plate Axial Load

5]

oo

Note: since HSS members have two
webs, the available strength resulting
from Eq. J10-4 will be multiplied by 2.

Note: Eq. J10-4 only applies when the
concentrated compressive force is applied
at a distance from the member end that is
greater than or equal to d/2. If the
concentrated compressive force is applied
at a distance from the member end that is
less than d/2 (e.g., if the collar is near the
top of the column), then Eq. J10-5a or J10-
5b should be wused instead as
demonstrated on the following pages.

From Specification Table K3.2, Oris determined as follows:

Q, =1 for connecting surface in tension,

Q,=13 —0.4% for connecting surface in compression.
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Per Specification Section K3.1, the width ratio, 3, is defined as the ratio of overall branch
width (i.e., Inner Collar width) to chord width (i.e., column width) = B, / B for rectangular
HSS. Since the Inner Collar width is less than the column width, the width ratio is
calculated as follows:

_Bb

=%
_b _6.0in.
B 8.0in
=0.75

The utilization ratio, U, is determined as follows using Eq. K2-4:

})”0 + MVU
FA, ES

where P,, and M,, are determined on the side of the joint that has the lower compression
stress. P, and M,, refer to required strengths in the HSS.

P,, = P, for LRFD; P, for ASD.
M,, = M, for LRFD; M, for ASD.
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Using the bearing length calculated on page 177, the available strength based on the limit
state of local crippling is calculated as follows:

F, =50 ksi (345MPa)
H =8.0in. (203.2mm)
[, =0.74in.

U
=13-0.4| — |<1.0
o (0.75j

1.5
EF 1,
R :0.80zwz(1+3(l£j[’—wj J 20 x2walls
d)\t, 6

1.5
EF ¢t
=1 '6tdesz 1+3 l—b Lies ﬂQf
H - 3tdes tdes tdes ‘

=1.6t,’ 1+%),/EFny
des

- +
= 1 '6tdes2 }[}[L;:?)ij \/ EF; Qf

des

e 8.0in.—3t,, +3(0.74in.)

des  0in—3 )\/(29000ksi)(50ksi)Q ,

des

10.22 in. =3t
R =(1,926 ksi)t, *| —=———ds |,
= o { 8.0in.—3t,, ij
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The design local wall crippling strength, ¢R,, and the allowable local wall crippling
strength, R,/Q, are as follows:

LRFD ASD
0=0.75 Q=2.00
10.22 in.— 3¢
. 10.22 in.- 3¢, 1,926 ksi)t, | — =10,
@R, =0.75(1,926 ksi)t,,’ [W}Qf R, _ ( )t ( 8.0in.—3t,, JQf
“ Q 2.00
ENGLISH ENGLISH
10.22 in. =3t .
R, = (1,445 ksi) t,> [—desj 0, R, (963 ksi)s. 10.22 in. =3¢, |
8.0in.—3t,. L | <o |2
METRIC METRIC
259.6 mm —3¢
R, = (9,962 MPa)tdwz( des JQJ‘ R, _ 6.639 MPa)7 . 2 259.6 mm -3¢,
2032 mm-3r,, o =(6 )4 20323 )

If the concentrated compressive force is applied at a distance from the member end that
is less than d/2, then either Eq. J10-5a or J10-5b shall be used instead depending on the

quantity ,/d.

! I, _  0.74in.

b =
d H=-3t, 80in.-31,

The quantity /+/d will always be less than 0.2 regardless of t.,; therefore, Eq. J10-5a
applies and the local wall crippling strength shall be determined as follows.

1.5
EF 1,
Rn:0.40zw2(1+3(%j{iJ J 20 x2walls
t t :

A w

1
= ERn,EQ.J10-4

R, =0.50%(1,926 ksi)1,,’ {Mj 0,

8.0in.=3t,,

10.22in.-3t,, 0
8.0in.—3t 4

=(963 ksi)zdesz(

des
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The design local wall crippling strength, ¢R,, and the allowable local wall crippling

strength, R,/Q, are as follows:

259.6 mm -3¢,

=(4,980 MPa)z, *
a®, = )iae (203.2mm—3tdm

k

R

n

Q

LRFD ASD
0=0.75 Q =2.00
10.22 in.—3¢
22in.— 963 ksi)t, *| ——— —des 1O
@R, =0.75(963 ksi)t,,’ M o R (963 ki), ( 8.0in.—3t, ij
8.0in.—3t,, L= =
Q 2.00
ENGLISH ENGLISH
10.22 in.— 3¢ .
0 :(722 ksi)tdm2 (—desjgf R, (481 ksi)s . 2 10.22in. -3¢,
8.0 in. _3tdes Q ( ) des 8.0in. _3tdes Qf
METRIC METRIC

259.6 mm -3¢,
203.2mm-3¢,,

k

(3,320 MPa)z,, (

The Demand Capacity Ratio for wall local crippling is shown below:

LRFD

ASD

By

DCR =

n

L

(%)

DCR =
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3 Gravity Connections

3.1 Installation Sequence

The ConXtech™ structural steel system uses “drop-in” style connections that reduce
erection time while meeting safety regulations. The installation sequence for the beam-
to-gravity-column and beam-to-beam connections is illustrated in the following figures.
Figure 92 shows the incoming beam that is lowered onto a shop-installed dowel
(lowermost bolt). The incoming beam is fabricated with a saddle at the bottom cope to
bear on the dowel. The beam-to-column connection is shown on the left.

INCOMING BEAM SADDLE —|_ ©

R

— INCOMING BEAM SADDLE

O
O
A
o O L§
o O L§
o) O L§
i
3/4"@ A325-N ERECTION BOLT 3/4"@ A325-N ERECTION BOLT
(SHOP INSTALLED) (SHOP INSTALLED)
Figure 92: Gravity Beam Lowered onto Dowel.
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Figure 93 shows the incoming beam web bearing on the dowel. The connection is stable
for construction until the remaining bolts are installed.

Dooo

w rﬁwrﬂ?@nﬁlj

booo
)
-

Figure 93: Gravity Beam Temporarily Bearing on Dowel.

Figure 94 shows the fully assembled double shear tab beam-to-column connection on the
left.

OO

e

p©©@
1 imlisilisillin) (

Figure 94: Gravity Connection with All Bolts Installed.
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3.2 Design Overview

All the gravity connections are designed in accordance with the AISC Steel Construction
Manual and the AISC 360-16 Specification for Structural Steel Buildings. The design
strength, @R,, and the allowable strength, R,/Q, of the connecting elements, connectors
and the affected elements of connected members have been determined in accordance
with the provisions of Chapter B and Chapter J of the Specification. For each type of
connection, the design strength, @R,, and the allowable strength, R,/Q, is taken as the
lowest governing capacity from all the applicable limit states (weld strength, bolt shear
strength, bearing at the bolt holes, block shear, shear yielding, shear rupture, tensile
yielding, tensile rupture, HSS punching shear, and HSS plastification). Unless stated
otherwise, all variables used in the equations herein are as defined in the Specification.
In the welded/bolted double shear tab beam-to-column connections, the distance from
the centerline of the bolts to the face of the column is less than 3 in. Therefore, the effects
of eccentricity are ignored (except for limit states for the HSS walls), in conformance with
the provisions of the Manual.

The calculations to determine the capacity of each connection treat the dowel in the beam
cope saddle as a fastener in a long-slotted hole perpendicular to the direction of the load
without vertical uplift capacity (see Figure 95). Therefore, the dowel behaves as a “roller”
supported fastener for pure shear and pure drag. For combined shear and drag loading,
however, the dowel is sometimes considered effective in resisting horizontal loads
depending on the angle of the resultant (refer to Section 3.3.3, Combined Shear and Drag
Capacity).

FIGURE 95: STRUCTURAL ANALOGY OF THE SADDLE.
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3.3 Beam to Column Gravity Connection

The welded/bolted double shear tab connection to a column consists of two shear tabs
that are welded onto the column and bolted to the incoming beam (not shown for clarity),
as shown in Figure 96, Figyre 97, and Figure 98.

¢ 21/2!

4

(2)R3/8x4xL

-

2 | Z 5/16

Figure 96: Plan View of a Welded/Bolted Double Shear Tab Connection.

¢ COLUMN

In
516 W2 e

W BEAM
T.0S \
%

DJ
1
Lot
— N\ e [ =
I /! L o

| A325-N BOLTS

Figure 97: Elevation View of a Welded/Bolted Double Shear Tab Connection.
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(2)R3/8x4xL

11/4"

©
|
1‘1/2"

"|_"
SEE TABLE
l
4
13/16"
(i

tw + 1/8" ¢

21/2"

21/2" ‘

11/2"

Figure 98: Elevation View and Plan View of Shear Tabs.

Throughout the document, all calculations are based on a 3-bolt configuration with two
PL % in. x 4 in. x 7% in. and a bolt spacing of 2%s in.; other bolt configurations follow
similar formulation.

3.3.1 Shear Capacity

The following calculations determine the capacity of welded/bolted double shear tab
connections in beam-to-colu
welded/bolted double shear tab connections is determined from the limit states below:

Welds
Bolt Shear
Bearing at Bolt Holes
o Inthe Shear tab
o Inthe Beam Web
Block Shear
o Inthe Shear tab
Shear Yielding
o Inthe Shear tab
o Inthe Beam Web
Shear Rupture
o Inthe Shear tab
o Inthe Beam Web
HSS Punching Shear

mn gravity connections. The available strength of
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A table of the available shear strength of welded/bolted double shear tab connections is
provided at the end of this section. The available strength of the beam-to-column gravity
shear connection in the table is determined per the following:

1. Beam web available strength per thickness of web.
2. HSS wall available strength per thickness of wall.
3. Bolt, Weld and Plate available strength for 3 in. thick plates.

3.3.1.1 Minimum Base Metal Thickness for Weld
In accordance with Manual Part 9-5, the base metal should have adequate thickness to
develop the full strength of the weld.

¢ 21/2!

(2R 3/8x4xL

& | 5/16

For fillet welds with Fexxy = 70 ksi on one side of the connection, the minimum base metal
thickness required to match the shear rupture strength of the connecting element to the
shear rupture strength of the base metal is as shown on the following page.
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For a fillet weld on one side of the connection:

0.60F, ﬁ(DJ
2 N1e) _3.09D

mn 0.6F, F

3.09(5/16114.

_ 1/16in.j_025m
- (62ksi) T

Where

D = number of sixteenths of an inch of weld size
F.. = specified minimum tensile strength of the connecting element, ksi

Therefore, an HSS column with a design wall thickness, f.;, of Y4 in. or greater is

adequate. The HSS column to be used in the example has a nominal thickness of Yz in.
The design wall thickness of an HSS for A500 grade steel is ties = 0.93t10m.

3.3.1.2 Weld Strength

In accordance with Specification Section J2.4, ¢ COLUMN
the available strength of welded joints is -
determined as follows: 22"
/H
5116]
R =FA, (2-3)

©®=0.75 (LRFD) Q =2.00 (ASD)

3"

—I<t

1

For fillet welds,

® \@
S
L

F,, =0.60F,, (1.0+0.50sin"*(8)) ~ (J2-5) 3/4" @
AN | O
The length of weld is equal to the length of the BOLTS
shear tab. Using » to denote the number of \L
bolts, the available strength is calculated as ; W BEAM
shown on the following page. (2)Pgx4xL
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The length of the weld is:
n = Number of Bolts =3

L= 2(1%in.)+(n -1)2.3125 in.=2.50in.+ (3 -1)2.3125 in.= 7.125 in.

The size of the weld is:

t, = QGS*IVI =0.22in.
2 16

W

The area of the weld (per shear tab) is:

A4, =t L=(0.22in)(7.125in.) =1.56 in / Plate

The strength of the weld is:
6=0°
R, =0.60F,y, (1.0+0.50sin'* (6)) 4,, x 2 Plates

=0.60(70 ksi)(1.0+0.50sin"* (0°))(1.56 in*) x 2 Plates
=131.04 kips

The available design strength or allowable strength is:

LRFD h
©=0.75 Q=2.00
@R, =0.75(131.04 kips) R, _131.04 kips
_ . Q 2.00
=98.28 kips (437.15kN) 6552 kips (291.43KN)
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3.3.1.3 Bolt Shear Strength

The design shear strength, @R,, and the
allowable shear strength, R./Q, of snug-
tightened or pretension high-strength bolt or
threaded part shall be determined according
to the limit states of shear rupture as follows:

R =F.4 (@3-

®=0.75(LRFD)  Q=2.00 (ASD)
Per Specification Table J3.2, the nominal
shear strength of A325 bolts when threads

are not excluded from shear planes is

F. . =54 ksi

¢ COLUMN

% 5/16]

—I<

(%]

(%]

~

BOLTS |-
1 \ W BEAM
(2)

P 3xdxL

Using » to denote the number of bolts, the available shear strength of % in. diameter

ASTM A325-N bolts in double-shear is:

Number of Fasteners, n =3

R, =3(54ksi)(0.442 in?)x2 =143.21 kips

The available design strength or allowable strength is:

=107.41 kips (477.76 kN)

LRFD ASD
©=0.75 Q=2.00
. R 143.21kips
=0.75(143.21 kips = T
*, ( P ) Q 2.00

=71.61kips (318.52kN)
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3.3.1.4 Bolt Bearing in the Plates

The available bearing strength at bolt holes
shall be determined for the limit state of
bearing as follows:

®=0.75(LRFD)  Q=2.00 (ASD)

For a bolt in a connection with standard,
oversized and short-slotted holes,
independent of the direction of loading, or a
long-slotted hole with the slot parallel to the
direction of the bearing force, when
deformation at the bolt hole at service load is
not a design consideration

R, =15tF, <3.0dtF, (J3-6b)

The ASTM A36 plates have the following
material specifications:

F, =36 ksi
F =58 ksi
Edge Bolt:

d,,, =d, +—in.= é+i in.=—in.
16 4 16 16

¢ COLUMN

~I<t

~I<t

000

NOTE: The incoming beam delivers a
downward force on the shear tabs.

R, =(1)1.5(0.84in.) @ in.jSS ksi =27.41 kips

IN

(1) 3.06 in.) @ m.j58 ksi = 48.94 kips OR, =27.41 kips/ Plate
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Interior Bolts:

13 .
hole — E mn.

I, =23125in. —(E m.j =1.50in.
16
(3. :
R, =(n-1)1.5(1.50 m.)(g m.jsg ksi
(3. : .
=(3-1)1.5(1.50 in.) (g m.jsg ksi =97.88 kips
<(3 —1)3.06 m.j @ m.jsg ksi =97.88 kips R, =97.88 kips / Plate

The available bearing strength (for both plates) at the bolt holes considering the edge and
the interior bolts is as follows:

R, =(27.41 kips / Plate +97.88 kips / Plate)x2 Plates = 250.58 kips

The available design strength or allowable strength is:

LRFD ASD
om 075 Q=2.00
@R, =0.75(250.58 kips) K, B0 Bl
=187.94 kips (835.96 kN ¢ 2%
=187.94 kips (835.96 kN) =12529 kips (55729 kN)
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3.3.1.5 Bolt Bearing in the Beam

The available bearing strength at bolt holes
shall be determined for the limit state of
bearing as follows:

@=0.75(LRFD) Q=2.00(ASD)

For a bolt in a connection with standard,
oversized and  short-slotted  holes,
independent of the direction of loading, or a
long-slotted hole with the slot parallel to the
direction of the bearing force when

deformation at the bolt hole at service load
is not a design consideration

R, =1.5tF, <3.0dtF, ()3-6b)

The ASTM A992 wide flange beam has the

following material specifications:

F, =50 ksi
F =65 ksi

The bearing strength on the bolt holes in the
beam is calculated per inch of beam web
thickness.

OR =1.5LF <3.0dF,

Edge Bolt:

d,.=d, +iin.= E+i in.=£in.
16 4 16

NOTE: The beam reaction is an upward
force on the beam. The distance from the
edge of the shear tab to the T.O.S, “D’, is
1% in. as shown on the plans. Note that D
is constant regardless of beam depth.

[, =1.75 in.+1.25in—l Ez'n. =2.59in.
2\16

R}’l

IN

(1)3.0 (% in.j 65 ksi =146.25 kips / in.

(1)1.5(2.59 in.) 65 ksi =252.52 kips / in.

O R, =146.25 kips / in.
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Interior Bolts:

dh0,€=db+iin.= 3+1 1n.=£in.
16 4 16

1 =23125in.~d,

=2.3125in. —E in.=1.50 in.
16

R, =(n-1)1.5LF,
=(3-1)1.5(1.50 in.) 65 ksi =292.50 kips / in.
<(3-1)3. ( j65 ksi =292.50 kips / in. O R, =292.50 kips / in.

The available bearing strength at the bolt holes considering the edge bolt and the interior
bolts is as follows:

R =14625 kips / in.+292.50 kips / in. = 438.75 kips / in.

The available design strength or allowable strength is:

LRFD ASD
©=0.75 Q=2.00
o R 438.75 kips / in.
=0.75(438.75 kips / in. T 0T PR TR
*, ( ps/in) Q 2.00
= 329,06 1S (57.62ﬁj 51938 KPS (39 40 KN
in. mm in. ‘ mm
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3.3.1.6 Block Shear
The available strength for the limit state of block shear rupture along a shear failure path
or paths and a perpendicular tension failure path shall be taken as

Rn :O6OE4AW +(]])SP;A = O6OF;;Agv +UI)SF1;Ant (J4_5)

nt —

®=0.75(LRFD)  Q=2.00 (ASD)

Cope
Beam Fa.;fur: b{asa;rfng
Failure by fearin LS
< Sﬁm’% ou of shaded * Speq % perkes
area portion area—/ ||~ ~|-Tensile
\~Tensile iy
area

__h_

FIGURE 99: FAILURE SURFACES FOR BLOCK SHEAR RUPTURE LIMIT STATE.

@e |

[

Bolted Angle Welded Angle Welded Angle

ﬂgm ﬁ &

Single=Row Beam
End Connectlons

Angle Ends Gusset Plates

{a) Cases for which Uy, = 1.0

FIGURE 100: BLOCK SHEAR TENSILE STRESS DISTRIBUTIONS (AISC 360-16 COMMENTARY
J4).

The double shear tab connection to a column can be categorized as a case where the
tensile stress for block shear is uniform. Therefore, the reduction factor Ui, = 1.0.

The following calculations determine the block shear strength for the double shear tab
and the beam.
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Block Shear Strength in the Plates
The ASTM A§6 platgl mgterlgl has the (2)E2X4XL
following material specifications:

F, =36 ksi
F =58 ksi

—I<t

SWCWONN
1

The net shear, net tension and gross shear areas (per plate) are calculated as follows:

U, =10

bs

1 1 1
L-1—in.—\n-0.5)|d, +—in.+—in. | |t
4m (n )( b 16m 16mD B
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The block shear strength (per plate) is calculated as follows:
Rn = 060F;4Anv +UbsF;4Ant
=0.60(58 ksi)1.38 in.> +(1.0) (58 ksi) 0.40 in.* =71.22 kips / Plate

<0.60F A, +U, F,A,
=0.60(36 ksi)2.20 in.” +(1.0) (58 ksi) 0.40 in* =70.72 kips / Plate
R, =70.72 kips / Plate

The block shear strength (for both plates) is calculated as follows:

R, = (70.72 kips /Plate)x2 Plates
=141.44 kips

The available design strength or allowable strength is therefore:

LRFD 5D
©=0.75 Q=2.00
@R, =0.75(141.44 kips) R, _141.44 kips
=106.08 kips (471.84 kN Q@ 200
10008 Kips (471.841) =70.72 kips (314.56 kN)

Block Shear Strength in the Beam

The limit state of block shear is not applicable to the beam because of the presence of
the saddle on the beam cope. The failure mechanisms in the beam are shear yielding in
the gross section and shear rupture in the net section; refer to Section 3.3.1.8.
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3.3.1.7 Shear Yielding and Shear Rupture in the Plates

In accordance with Specification Section
J4.2, the available shear strength of the
affected and connecting elements shall be
the lower value obtained according to the
limit states of shear yielding and shear
rupture:

e. For shear yielding of the element:
R =060F A4, (J4-3)
®=1.00 (LRFD) Q=1.50 (ASD)

f. For shear rupture of the element:
R =005 4,  (14-4)

®=0.75(LRFD)  Q=2.00(ASD)

(2)R 3x4xL
e
0=
@ .
AL
rllE

|

11y

The thickened vertical line in the figure on the right shows the shear plane of the gross

section.
For shear yielding in the gross section:

A, =L

gv p

=7.125 m(é in.]
8

=2.67 in* / Plate

R, =0.60F, A, x2 Plates

=0.60(36 ksi)(2.67 in* / Plate) x2 Plates
=115.34 kips
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The available design strength or allowable strength is:

=115.34 kips (513.03kN)

LRFD ASD
=100 Q=150
. R 11534 kips
@R =1.00(115.34 kips n = 11227 HIpS
: s) Q 1.50

=76.89 kips (342.00 kN)
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The thickened vertical lines in the figure on the

right show the shear plane of the net section.

For shear rupture in the net section:

A, Z(L—n(db +éin.Dtﬁ
=|7.125in.—-3 éin.+lin. Ein.
4 8 8

=1.68in.* / Plate

R, =0.60F 4,

= 0.60(58 ksi) (1 68in? /Plate) x2 Plates

=116.92 kips

The available design strength or allowable strength is:

LRFD

ASD

©=0.75

@R, =0.75(116.92 kips)
=87.69 kips (390.04 kN)

Q=2.00

n

Q 2.00
=58.46 kips (260.03 kN)

R, _116.92 kips

Note: Based on the preceding calculations, shear rupture is the governing limit state of

the two.
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3.3.1.8 Shear Yielding and Shear Rupture in the Beam

In accordance with Specification Section J4.2,
the available shear strength of the affected
and connecting elements shall be the lower
value obtained according to the limit states of
shear yielding and shear rupture:

a. For shear yielding of the element:
R =0.60F A4, (J4-3)
®=1.00(LRFD)  Q=1.50 (ASD)

b. For shear rupture of the element:
R =060F4,  (J4-4)

@=0.75(LRFD) Q=2.00(ASD)

%2",4 / W BEAM
©

3" /L

O

N
@%
;
3/4" & A325-N
BOLTS

In the figure above, the thickened vertical line represents the shear plane of the gross

section.

NOTE: The shear yielding strength of the beam is calculated per inch of beam web

thickness.

For shear yielding in the gross section:

A, =((n=1)2.3125in.+1.75in. +1.25m.)(t

. 2
=7.62%
mn.

)
R, =0.60F, 4, =0.60(50 ksi) (7.62 ﬂj

.

= 228.60 XPS
mn.

] =((3-1)2.3125in.+3.00in.)(1.0)
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The available design strength or allowable strength is:

LRFD ASD
©=1.00 Q=1.50
R :1.00(228.60 @j R, _ 228.60 kips / in.
in. Q 1.50
— 798 60 9P (40.03 ﬁj = 152.40 XiPS (26.68 k—Nj
in. mm mn. mm
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In the figure on the right, the thickened vertical
lines represent the shear plane of the net section.

For shear rupture in the net section:

NOTE: The shear rupture strength of the beam is
calculated per inch of beam web thickness.

4, = (7.625in.—(n —0.5)(611, +% mDU_j

= (7.6251’;1. -(3 —0.5)(% in. +% m.D(l.o)

)

%2" , W BEAM
/
N /

&

3/4" @ A325N

=543 BOLTS
in.
R =0.60F A
in?
=0.60(65 ksi) (5.43 —j
in.
= 21177 P8
in.
The available design strength or allowable strength is:
LRFD ASD
. kips
® :0.75[211.77—kfpsj R, T
- Q 2.00
kips kN .
=158.82 X8 [27.81—j —105.88 KPS (18_54k_N)
n. mm in. mm

Note: Based on the preceding calculations, shear rupture is the governing limit state of

the two.
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3.3.1.9 HSS Punching Shear
In accordance with Manual Part 10, the limit Q COLUMN
state for punching shear in the HSS wall shall
be determined as follows:

i’ |
Re< L (10-7a) |
5 e
Re< E'tlpz 10-7b }
€= - |
a SQ ( ) } Q
©®=0.75(LRFD)  Q=2.00 (ASD) | o] =
Where i o
I, = Length of plate. tﬁkf \L
F, = Ultimate stress of HSS. | R orR,
t = Design thickness of HSS wall. 1
e = Eccentricity of bolt group to HSS -

wall.
R. = Required shear strength, LRFD.
R. = Required shear strength, ASD.

Equation 10-7 is rearranged to treat the required shear strength as an available shear
strength.

2
_Ed,
! 5e

The ASTM A500 Gr. C HSS material has the following material specifications:

Fy =50 ksi
F, =62 ksi

The punching shear strength of the beam is calculated per inch of HSS wall thickness.
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NOTE: to use the double shear tab connection, the HSS column wall must be nonslender
for axial compression. Per Specification Table B4.1a, the limiting width-to-thickness ratio,
A, for nonslender HSS walls in compression is calculated as shown below (A500 Gr. C).

A =140 | £ =140 [22000ksi _ 55 5
Fy 50 ksi

The column to be used in the example is an HSS12x12x%%, which has a width-to-thickness
ratio, b/t, of 22.8; thus, the column wall is nonslender for axial compression and the double
shear tab connection may be used.

The punching shear strength is calculated as follows:

e =2.50in.
2
R = E’l”
" Se

(62ksi) (7.125in.)’

5(2.50in.)

=251.79

The available design strength or allowable strength is:

LRFD ASD
(P: 0.75 Q=2.00
kips 251,79 KPS
@R :0.75[251.79 —j R, _BL
o Q 2.00
~ 18884 19PS [33.07 ﬁj — 125 89 KPS (22,04 ﬁj
mn. mm in. mm
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3.3.1.10 Design Aid
Table 5, below, shows the available shear strength of bolted/welded double shear tab

connections. The table is a design aid for all the bolted/welded double shear tab
connections that consist of seven (7) bolts or fewer in a single row.

TABLE 5: AVAILABLE STRENGTH OF BOLTED/WELDED DOUBLE SHEAR TAB CONNECTIONS
(ENGLISH).

Available Shear Strength of Bolted/Welded
Double Shear Tab Connections

A325-N
BOLTS
v
)] Fy= 50 ksi ¢ ;
(2] : i
T Fu= 62ksi I
E |Fy= 50ksi ©
@ |Fu= 65ksi ©
2 Fy= 36 ksi je]
) . N
o F, = 58ksi v
W36, 33, 30, 27, 24,
21,18,16, 14,12
% 1 %1 /\L Beam Web HSS Wall
Al it . ;
2 2 Available Available
| - Number of Length of | Strength per | Strength per | Bolts, Welds, and Plate
E Bolts (Beam . ) -
-O- T Plate, in. Inch of Inch of Available Strength, kips
| o Depth) Thickness, Thickness,
| o kips/in. kips/in
O n L ASD |LRFD| ASD |LRFD ASD LRFD
I
} g 3 (W12) 71 106 | 159 | 125 | 188 58 88
\ ,Q,,% 4 (W14) 94 134 | 201 | 220 | 331 77 116
\ ~ 5(W16) 11.8 162 | 243 | 342 | 513 96 144
T
F—a —F 6 (W18, 21) 14.1 190 | 285 | 490 | 735 115 172
7 (W24, 27, 16.4 218 | 327 | 664 | 997 133 200
5118 30, 33, 36)
Notes:
1. All values have been calculated in accordance with the AISC Steel Construction
% 2 K Manual and the AISC 360-16 Specification. All values tabulated above have
T been rounded down to the nearest whole number.
£ 2. Values are based on one 5/16-in. fillet weld on each plate. The minimum HSS
O- QF design wall thickness, £ 4., to develop the full strength of the welds is 1/4-in.
} o 3. The HSS wall must be nonslender for axial compression.
‘ 4. Limit states include weld strength, bolt shear, bearing, block shear, shear
O-—f . .
! o yielding, shear rupture, and HSS wall punching shear.
i . 5. All values assume A325-N bearing type connections in STD holes. Bolt
7(1 :ﬁ spacing is 2-5/16" for all beam sizes. Distance to top bolt from top of steel is
z assumed to be 3".
T 6. n = Number of bolts in connection.
7. L = Length of Plates, in. Values are based on a plate thickness of %".
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3.3.2 Drag Capacity

When the double shear tab connection is subjected to an axial tensile (drag) load, the
load travels from the beam, through the bolts, into the shear tabs and finally through the
weld and into the HSS column.

The following calculations determine the capacity of double shear tab drag connections
in beam-to-column connections. The available strength of double shear tab drag
connections is determined from the limit states below:

= Weld Strength (Fillet Welds)
= Bolt Shear
= Bearing at Bolt Holes
o Inthe Plate
o Inthe Beam Web
= Block Shear
o Inthe Plate
o Inthe Beam Web
= Tensile Yielding
o Inthe Plate
o Inthe Beam Web
= Tensile Rupture
o Inthe Plate
o Inthe Beam Web
HSS Plastification

NOTE: For all the applicable limit states above, the contribution of the dowel is ignored in
the determination of drag capacity (conservative). Bolt eccentricity to the centerline of the
beam is minimal and thus is ignored.

A table of the available axial tensile strength of bolted/welded double-plate connections
is provided at the end of this section. The available strength of bolted/welded double-plate
connections in the table is provided for the following:

1. Beam web available strength per thickness of web.
2. HSS wall available strength per square of the wall thickness.
3. Bolt, Plate, and Weld available strength for 3% in. thick plates.
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3.3.2.1 Minimum Base Metal Thickness for Weld
In accordance with Manual Part 9-5, the base metal should have adequate thickness to
develop the full strength of a weld.

q; 21/2}

5116

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

i

(2)R3/8x4xL

& 1 /) 5/16

For fillet welds with Frxxy= 70 ksi on one side of the connection, the minimum base metal
thickness required to match the shear rupture strength of the connecting element to the
shear rupture strength of the base metal is as shown below. Though the Manual and the
Specification permit an increase in weld strength due to the loading angle, the increased
strength corresponds with a decrease in weld ductility. For the sake of conservatism, the
increased weld strength will be ignored and the load angle will be set to zero.

For a fillet weld on one side of the connection:

0=0°
: N2 D
060 (1.0+0.50sin"* (0 ))(2 (16)
tmin - 061-7;
309(1.0) 3.09(1.0){?//1166’:”)
== M) = 0.249 in.
E, (62 ksi)

Where

D = number of sixteenths of an inch of weld size
F., = specified minimum tensile strength of the connecting element, ksi.

Therefore, an HSS column with a design wall thickness, f.;, of Y4 in. or greater is
adequate. The HSS column to be used in the example has a nominal thickness of Yz in.
The design wall thickness of an HSS is t4es = 0.93t10m.
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3.3.2.2 Weld Strength

In accordance with Specification Section J2.4,
the available strength of welded joints is
determined as follows:

R=FA, (@123)
®=0.75 (LRFD) Q=2.00 (ASD)

For fillet welds,

€ COLUMN

1II

4& 516]

i~ ~J

111} 2%“ ‘ 2%“ 1%1

34" g
A325N-T|_ O+~
F,, =0.60F,, (1.0+0.50sin"*(6))  (12-5) BOLTS \
, W BEAM
The length of the weld is equal to the length of 2R gxaxTy
the shear tab. Using » to denote the number of
bolts, the available strength is calculated as
shown below.
The length of the weld is:
n = Number of Bolts =3
L= 2(1% in.j +(n=1)2.375in.=2.50in.+(3-1)2.3125 in.= 7.125 in.
The size of the weld is:
.= [QDS— in.] =0.22in.
2 16
The area of the weld (per shear tab) is:
4, =t,L=(022in)(7.125in.) =1.56 in’ / Plate
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The strength of the weld (for both shear tabs) is:
6=0°
R, =0.60F, (1.0+0.50sin"* (6)) 4,, x 2 Plates

=0.60(70 ksi)(1.0+0.50sin"* (0°))(1.56 in.” ) x 2 Plates
=131.04 kips

The available design strength or allowable strength is:

LRFD h
©=0.75 Q=2.00
@R, =0.75(131.04 kips) R, _131.04 kips
- : Q 2.00
=98.28 kips (437.15kN) 6552 kips (29143 k)
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3.3.2.3 Bolt Shear Strength

The design shear strength, @R,, and the ¢ COLUMN
allowable shear strength, R.,/Q, of snug- 3 oIn
tightened or pretension high-strength bolt or 1 @
threaded part shall be determined according ; ; 5”6;
to the limit states of shear rupture as follows: | |
R=F4 (13- i Vo= 1"
@=0.75 (LRFD) Q=2.00 (ASD) | | o
: L © ~
g _ 1 g »
Per Specification Table J3.2, the nominal 3 A325-N—" || @ -
shear strength of A325 bolts when threads BOLTS =
are not excluded from shear planes is | | %
. W BEAM
F. =54si ! ! (2)R gx4xL

Using n to denote the number of bolts and neglecting the contribution of the dowel, the
available shear strength of % in. diameter ASTM A325-N bolts in double-shear is:

Number of Fasteners, =(n —1) = (3 —1) =2
2
=2 =— = in.) =0.442 in’
4

R, =2(54ksi)(0.442 in)x2 =95.47 kips

The available design strength or allowable strength is:

LRFD ASD
0= 075 Q=2.00
@R, =0.75(95.47 kips) R, AT kps
=71.60 kips (318.48 kN ¢ 20
=71.60 kips (318. ) =47.74 kips (212.35kN)
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3.3.2.4 Bolt Bearing in the Plates

The available bearing strength at bolt holes
shall be determined for the limit state of
bearing as follows:

@=0.75(LRFD) Q=2.00(ASD)

For a bolt in a connection with standard,
oversized and short-slotted holes,
independent of the direction of loading, or
a long-slotted hole with the slot parallel to
the direction of the bearing force when

deformation at the bolt hole at service load
is not a design consideration

R =15/tF <3.0dF.  (J3-6b)

The ASTM A36 plates have the following
material specifications:

F, =36 ksi
F =58 ksi

¢ COLUMN

|

) }7/ 2%” %;u

i %ﬁ
| 0%

B

e

P . -/ 1 Bl

Iy

I |

NOTE: The incoming beam delivers an axial
tensile force pulling the shear tabs away
from the column.

The contribution of the dowel (lowermost bolt) to bearing is ignored due to the presence

of the saddle on the beam cope.

Using n to denote the number of bolts, the available bearing strength is as calculated as

follows:
d,.=d, +iin.: E+i in‘:Ein.
16 4 16 16
L =llin.—ldhale 2111'11.—1(E in.} =1.09 in.
2 2 2 216

R = (n —1)(1.5102‘1:; < 3'()th;1)

R, =(3-1)1.5(1.09 in.)@ in.j58 ksi x 2 Plates =142.25 kips

5(3—1)3.0 iin. Ein. 58 ksi x 2 Plates =195.75 kips
4 8

U R, =142.25 kips
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The available design strength or allowable strength is:

=106.69 kips (474.56 kN)

LRFD ASD
¢=0.75 Q=2.00
; R, 142.25 kips
©R, =0.75(142.25 kips 0 —
( " ) Q 2.00

=71.13 kips (316.39kN)
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3.3.2.5 Bolt Bearing in the Beam

The available bearing strength at bolt holes
shall be determined for the limit state of
bearing as follows:

®=0.75(LRFD)  Q=2.00 (ASD)

The nominal bearing strength of the
connected material is determined as
follows:

For a bolt in a connection with standard,
oversized and short-slotted holes,
independent of the direction of loading,
or a long-slotted hole with the slot
parallel to the direction of the bearing
force when deformation at the bolt hole
at service load is not a design
consideration

R, =1.5tF, <3.0dtF,  (J3-6b)

OR, =(n-1)[{1.5/.F, <3.0dF,)

Fy =50 ksi
F, =65 ksi

¢ COLUMN

NOTE: The incoming beam delivers an
axial tensile force pulling the beam away
from the column.

The contribution of the dowel (lowermost bolt) to bearing is ignored due to the presence
of the saddle on the beam cope.

The bearing strength on the bolt holes in the beam is calculated per inch of beam web
thickness.

The ASTM A992 wide flange beam has the following material specifications:
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The available bearing strength is as calculated as follows:
d,, =d +—in= (— +—J in.=—in.
[, =2.00in. —1(2 in.j =1.59in.

216

R

n

(3-1)1.5(1.59 in.) 65 ksi =310.05 kips / in.

<(3-1)3.0 Sin 65 ksi =292.50 kips / in. O R, =292.50 kips / in.
4 n

The available design strength or allowable strength is:

LRFD ASD
0=0.75 Q=2.00
. kips
@R, =0.75 (292.50 @j R 0,
o ) Q 2.00
kips ( N j .
=219.38 2 (3842 — _ kips kN
; =146.25 -2 | 650.52 —
n. mm in ( mmj
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3.3.2.6 Block Shear
The available strength for the limit state of block shear rupture along a shear failure path
or paths and a perpendicular tension failure path shall be taken as

R, =0.60F, A, +U, F, A, <0.60F, A, +U, F, 4, (14-5)
©=0.75(LRFD)  Q=2.00 (ASD)

A\‘
Cope
Jeam Failure by tearing
Failure by fearing out of shaded
< Shear out of shaded  gpeqr portion
e i area Tensile
- Tensile area
area
R

Figure 101: Failure surfaces for block shear rupture limit state.

Bolted Angle Welded Angle Welded Angle

Bl I e

Single=Row Beam
End Connectlons

Angle Ends Gusset Plates

{a) Cases for which Uy, = 1.0
Figure 102: Block shear tensile stress distributions (AISC 360-16 Commentary
J4).

The double shear tab connection to a column can be categorized as a case where the
tensile stress for block shear is uniform. Therefore, the reduction factor U, = 1.0.

The following calculations determine the block shear strength for the double shear tab
and the beam.
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Block Shear Strength in the Plates
The ASTM A36 plates have the following
material specifications: ! [

F, =36 ksi
F, =58 ksi

NOTE: The thickened line on this figure |
represents the block-shear path in the shear |

tab. The contribution of the dowel
(lowermost bolt) to block shear is ignored
due to the presence of the saddle on the
beam cope.

O B
A4

NN
=

N

L (2)R 3x4x7L

Using n to denote the number of bolts, the net shear, net tension and gross shear areas
are calculated as shown below:

=2 llin.—l Zin. éin. x2=1.59in?
2 2\ 8 8

4,=(n —2)(2.3125 in. —% m.}p x2

=(3-2) 23125 in.=Lin. |[ 2 in. | x2=1.07 in?
8 8

A =2 llin. éin.jx2:2.25in.2
& 2 8
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The block shear strength is calculated as follows:

Rn = O6OF:4A}'!V + UbSF;Ant
=0.60(58 ksi)1.59 in.* +(1.0) (58 ksi)1.07 in.* =117.39 kips

<0.60F, 4, +U,F,4,
=0.60(36 ksi)2.25 in.” +(1.0) (58 ksi)1.07 in.* =110.66 kips

R, =110.66 kips

The available design strength or allowable strength is:

LRFD ASD
©®=0.75 Q=2.00
@R, =0.75(110.66 kips) R, _110.66 kips
= - Q 2.00
=82.99 kips (369.14kN) - 5533 kips (24610 k)
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Block Shear Strength in the Beam
The ASTM A992 beam has the following
material specifications:

F, =50 ksi
F =065 ksi

The block shear strength of the beam will be
determined per inch of beam web thickness.

The thickened lines in the figure on the right
represent the block-shear path.

Using n to denote the number of bolts, the
net shear, net tension and gross shear areas
are calculated as shown below:

A =2 200m-L[ B+ L) |
2\16 16)" )7

=2{2.00 m.—l(£+i] in. |(1.0)
2\16 16
. 2

=313
.

4, = (n—2)(2.3125 in.—zm,ji
8 t

w

=(3 —2)(2.3125 m.—% m.j(l.o)

. 2
=143
in.

4, =2(2.00 m.)%
) in?
=2(2.00in.)(1.0) = 4.00 —

mn.

G
WV

NOTE: The contribution

of the dowel

(lowermost bolt) to block shear is
ignored due to the presence of the

saddle on the beam cope.
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The block shear strength is calculated as follows:

U, =1.0

Rn = 060E4Anv + UbsF;tAnt

2

.2
= 0.60(65 ksi)3.13 ™~ + (1.0) (65 ksi)1.43 7 = 215.02 1P
mn. in. in.
<0.60F, 4, +U, F,A,
.2 2
= 0.60(50 ksi) 4.00 - +(1.0)(65 si)1.43 7 =212.95 KPS
. in. in.
R, =212.95 %P8
in.
The available design strength or allowable strength is:
LRFD ASD
0=0.75 Q=2.00
kips
@R 075(212 95 k’psj R, 212957 -
- Q 2.00
~ 159,71 5Ps (27.96 ﬁj —106.47 Kips (18_64 ﬁj
in. mm in. mm
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3.3.2.7 Tensile Yielding and Tensile Rupture in the Plates

The design strength, @R,, and the allowable
strength, R,/Q, of affected and connecting
elements loaded in tension shall be the
lower value obtained according to the limit
states of tensile yielding and tensile rupture.

(a) For tensile yielding of the element:

R =F A4,

n

J4-1)

©=0.90 (LRFD) Q=1.67 (ASD)
(b) For tensile rupture of the element:

R=F A  (142)

®=0.75 (LRFD) Q=2.00 (ASD)

where 4., A, F, and F, are as defined in
Sections D2, D3 and J4.1 of the
Specification.

The effective net area of tension members
shall be determined as follows:

A =AU

where U, the shear lag factor, is determined
using Table D3.1 of the Specification.

¢ COLUMN

|
34" @ U,\'

A325N|L O
BOLTS

NOTE: Specification Commentary D3
states the following: “There is insufficient
data for establishing a value of U if all lines
have only one bolt, but it is probably
conservative to use 4. equal to the net area
of the connected element. The limit states
of block shear (Section J4.3) and bearing
(Section J3.10), which must be checked,
will probably control the design.”
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For tensile yielding in the gross section:

Ag =L Ep x 2 Plates
= (7.125 in.) (tp) x 2 Plates

= (7. 125 in.) (% in.] x 2 Plates

=5.34in’

R, =(36 ksi)(5.34 in”) =192.24 kips

(2)R 3x4xL

¢ COLUMN
| |
| 34" G | N
| | i — |
| A325N R
! BOLTS \% ®
| R i
| T NN
| N N
l l \ )

Note: The thickened line represents the
gross section in the shear tabs. The weld
is not shown for clarity.

The available design strength or allowable strength is:

LRFD

ASD

©=0.90

@R, =0.90(192.24 kips)
=173.01 kips (769.54 kN)

Q=1.67

R, 192.24 kips

Q 1.67
=115.11kips (512.01kN)
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For tensile rupture in the net section:
13 1
=| L—-n|—in.+—in. |||t ) x2 Plates
K ( (16 16 D(‘”)

= (7. 125 in.-(3) G mD @ in.j x 2 Plate

=3.37in’
A=A =337in’

R, =(58 ksi)(3.37in*) =195.46 kips

The available design strength or allowable strength is:

¢ COLUMN
| ol
| %
i 34" Q| =
| A32N . - B
BOLTS | L5
| | \ °F
| | (2)R L

Note: The thickened lines represent the net
section in the shear tabs.

=146.59 kips (652.03 kN)

LRFD ASD
0=075 Q=2.00
. R 195.46 kips
=0.75(195.46 kips n = 22270 PIPS
", ( »s) Q 2.00

=97.73 kips (434.70 kN)

Note: tensile rupture is the governing limit state of the two.

CX-ENG-STD-000001
Version: 2

Page 226 of 323



Design of Connections

3.3.2.8 Tensile Yielding and Tensile Rupture in the Beam
The tensile yielding strength of the beam will be

determined per inch of beam web thickness. € COLUMN o
[
For tensile yielding in the gross section: 3
| 1 &
P NI
4, =((n—1)2.3125in.+1.75in.+1.25in.)[f—WJ | 1 .
w | |
=((3-1)2.3125in.+3.00in.)(1.0) BT ) 7
| 1
=7.62in’/in. i ==
|
|
|
R,=F 4, i
.2 .
= (50 &si)| 7.62 % | =381.00 KPS _ |
in. in. Note: The thickened line represents the

gross section in the beam.

The available design strength or allowable strength is:

LRED ASD
0=0.90 Q=167
. kips
@R, :0.90(381.00@) R, 00,
. . Q 1.67
= 342,90 KPS (60.04 k—Nj _59g 14 KPS [39_95 ﬁj
mn. mm in. mm
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The tensile rupture strength of the beam will be € COLUMN o
determined per inch of beam web thickness. |
For tensile rupture in the net section: i ™
3. 1 ¢ 3 *
=|7.625in.—(n-0.5)| —in.+—in. | || = | -O-—X %
4, ( ( )(16 16 jj[twj ; "
L —k
= 7.6251';1.—(3—0.5)(E i+ in, (1.0) e
16 16 3
.2 ‘ L
=543

.
Note: The thickened lines represent
_ the net section in the beam.
A=A =543"
mn.

. 2
R, =(65 ksi)[5.43 ﬂj =352.95
.

Kips
in.

The available design strength or allowable strength is:

LRFD ASD
©=0.75 Q=2.00
kips
@R, =0. 75(352 95 k’ps) R, PP
- Q 200
kips kN
=264.71= = (46 33 H) =176.47 405 (30.9()&)
in. mm
Note: tensile rupture is the governing limit state of the two.
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3.3.2.9 HSS Plastification

The design strength, @R,, and the allowable
strength, R,/Q, of connections shall be
determined in accordance with the
provisions of Manual Part 9 and
Specification Chapter K.

. (a+b)[4 Tab +Lj
Fy a+b
R = 0

" 2 ab 4

(9-30)
¢®=1.00 (LRFD) Q=1.50 (ASD)
where

T = the width of the HSS wall

(2)R 3x4xL

—> R

o000

—— HSS12x12x1/2

Yield-Line
Mechanism

L = the length over which the load is delivered (i.e., the length of the shear tabs)
a = the distance from the edge of the shear tab to one edge of the HSS wall
b = the distance from the edge of the shear tab to the other edge of the HSS wall

¢ = the width over which the load is delivered

=ty + 18 in. + 21,

Or = the chord-stress interaction parameter

The available strength, R,, is reduced by 50% when the concentrated force is applied at
a distance from the member end that is less than 2,/7ab/(a +b) ; this condition should be

checked when the connection is located near the top of the column (e.g., at the roof)
unless a cap plate is welded to the column to restrain deformations of the column walls.
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From Specification Eq. K2-3, Qris determined as follows:

Q, =1 for connecting surface in tension,

0, =1.0-0.3U (1+U) for connecting surface in compression.

Since the column in question only supports gravity loads, it is assumed that the column
is always in compression; thus, the second formula for Oy applies. U is defined as the
utilization ratio of the column wall; the calculations herein assume that the column wall
has a utilization ratio of 0.90 (conservative). Consequently, the chord-stress interaction
parameter, Q;, is determined as follows:

0,=1.0-03U(1+U)
=1.0-0.3(0.9)(1+0.9)
=0.487

The HSS plastification strength will be determined per square inch of design wall
thickness. The beam with the thinnest web that can be used with this connection is a
W12x14 (¢, = 0.200 in.); this web thickness will be assumed for the following calculations
for conservatism. (Note that changes in the beam web thickness contribute very little to
the available strength; even if the beam web thickness were thrice the assumed value,
the wall strength would only increase by ~2% for this HSS12x12 column.)

For the HSS12x12x'. with two 3& in.
shear tabs:

F, =50 ksi (2)R 3x4xL

t=t, = 0.93(%m.} =0.465in.

T=B=12in.
L=7.125in.

— >R

o0

1
c=t +—in.+2¢t
w 8 p

|
|
|
|
|
|
|
|
|
|
|
|
|
i
L
3
|
|
|
|
|
|
|
|
|
|
|
|
|
|

= 0.200in,+lm,+2(§m,j HSS12x12x1/2
8 8
=1.075in.
T—-c 12in.—-1.075in.
a=b= =
2 2
=5.4625in.
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The available strength for the limit state of HSS plastification is computed below:

| (avp)| 4T 41
2 LE a+b 0 (lJ
D ab I\ g
12in.)(5.4625in.)"
(2x5.4625in.){4\/( lznx)s(4625'm) +7.125in}
. . mn. 2
R =20k i (0.487)(%}
2 (5.4625in.) L des
. .2
2 | 29.84in
R, =133.83 K25
mn.
The available design strength or allowable strength is:
LRFD ASD
®=1.00 Q=1.50
kips R 1 kips
=1.00| 133.83 == n = |133.83
*, ( in’? j Q 1.50( in? J
= 133.83 P8 (0.923 szj = 89.22 KPS (0.615 szj
mn. mm n. mm
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If the connection is located near the top of the column, the available strength, R,, may
need to be reduced by 50%. The critical distance for this case is computed as follows.

=11.45in.

=2

Lcrit a+ b

Tab _, (12in.)(5.4625in.)"
B 2x5.4625in,

If the distance from the centerline of the shear plates to the top of the column is less than
L.ris, then the available design strength or allowable strength is reduced by 50%:

LRFD ASD
®=1.00 Q=150
@R, =1.00[ 133.83 55 )x .50 &, :L(133.83 klpf}xo.So
in. Q 1.50 in.
= 66.92 4115 (0.461 szj = 44.61 175 (0.308 sz]
mn. mm n. mm
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3.3.2.10 Design Aid

Table 6 shows the available axial tensile strength of bolted/welded double shear tab
connections. The table is a design aid for all bolted/welded double shear tab connections
that consist of seven (7) bolts or fewer in a single row.

TABLE 6: AVAILABLE AXIAL TENSILE STRENGTH OF BOLTED/WELDED DOUBLE SHEAR TAB
CONNECTIONS (ENGLISH).

Available Axial Tensile Strength of y Cin
Bolted/Welded Double Shear Tab Connections
to 12-in. wide HSS Columns A325-N
BOLTS
. 4
» F,= 50ksi ; i
(7]
T F,= 62ksi
E Fy= 50 ksi
@ |F.= 65ksi
2 Fy= 36 ksi
5
o F, = 58 ksi ‘
W36, 33, 30, 27, 24, i )
21,18, 16, 14, 12 ! Lert = 11.45 in.
Beam Web *HSS Wall
1n 1u
4 7 Availabl Availabl
2 2 vallable vallable
Number of
| NN BolIJt:' (Beer:m Length of | Strength per Strength per Bolts, Welds, and Plates
-O- fﬁ? Debth Plate, in. Inch of Square of Available Strength, kips
} - epth) Thickness, Thickness,
i w kips/in. kips/sq.in.
Q 1T n L ASD | LRFD [ ASD | LRFD| AsD LRFD
| & 3 (W12) 7.1 106 | 160 89 133 47 71
\ -O-+L 4 (W14) 9.4 153 | 230 96 144 71 107
\ ;‘i 5 (W16) 11.8 200 | 300 | 102 | 154 95 143
e —f 6 (W18, 21) 14.1 246 | 370 | 109 | 164 119 178
7 (W24, 27, 16.4 293 | 440 | 116 | 175 143 214
56 V 30, 33, 36)
Notes:

1. All values have been calculated in accordance with the AISC Steel Construction
Manual and the AISC 360-16 Specification. All values tabulated above have been
rounded down to the nearest whole number.

. Values are based on one 5/16-in fillet weld on each plate. The minimum HSS design
wall thickness, { 45, to develop the full strength of the welds is 1/4-in.

N
N

N

F
—
@ 3. *To obtain the HSS wall capacity for a given design wall thickness, { 4, multiply the
- % tabulated value by the square of 4. If the distance from the centerline of the
] connection to the top of the column is less than L (above), then reduce the HSS
NIN wall capacity by 50%.
g 4. Limit states include weld strength, bolt shear, bearing at the bolt holes, block shear,
= tensile yielding, tensile rupture, and HSS wall plastification (assuming t,, = 0.200-in.).
5. All values assume A325-N bearing type connections in STD holes. Bolt spacing is
2-5/16" for all beam sizes. The saddle on the beam cope is treated as a long-slotted
hole parallel to the load. Distance to top bolt from top of steel is assumed to be 3".

N O )

6. n = Number of bolts in connection.
7. L = Length of plates, in. Values are based on a plate thickness of %".
CXT-ENG-XLS-000010 CONXTECH Release Date: 09 July 2020
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3.3.3 Combined Shear and Drag Capacity

When the connection is subjected to both
shear and drag loads, the available
capacity of the connection depends on ‘ ‘
the angle of the resultant of the applied ]

loads. The available capacity of the |
connection is determined from the limit ' N
states in three independent directions: | | ® /P
the resultant direction, the pure shear 3 | o g
direction, and the pure drag direction. | 1 —F

N\

A LV R

Figure 103: Combined Shear and Drag
Loads.

For the formulations that follow, the following definitions apply:
P = Drag Load, kips or kN
V= Shear Load, kips or kN

R = Resultant of Shear and Drag Loads, kips or kN
0 = Angle that the Resultant Load makes with respect to the Shear Load.

The angle that the Resultant Load makes with respect to the Shear Load is determined
as follows:

0 = arctan (Ej
v

The Resultant Load is determined as follows:

R=~V?+P?
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3.3.3.1 Shear Component

When there is a combined shear and drag
load on the connection, the capacity of the
connection in the pure shear direction is the
governing limit state from the following
applicable limit states for shear:

1. Block Shear
2. Shear Yielding (Shear Tabs and |

5o 0O

<

Beam)

3. Shear Rupture (Shear Tabs and
Beam)

4. HSS Wall Punching Shear

The demand-to-capacity ratio in the shear L A\
direction is V divided by the governing limit ‘
state for the shear component. Note that

the slenderness of the HSS wall was

checked in Section 3.3.1.9

3.3.3.2 Drag Component

When there is a combined shear and drag
load on the connection, the capacity of the
connection in the pure drag direction is the
governing limit state from the following
applicable limit states for drag:

1. Block Shear

2. Tensile Yielding (Shear Tabs and
Beam)

3. Tensile Rupture (Shear Tabs and
Beam)

4. HSS Plastification

The demand-to-capacity ratio in the drag \ Ay
direction is P divided by the governing limit

state for the drag component. Note that

HSS Plastification does not apply to the

resultant load since the drag load is the

component of the resultant load that

induces this failure mechanism.
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3.3.3.3 Resultant Component

When there is a combined shear and drag
load on the connection, the capacity of the ‘ ‘
connection in the resultant direction is the
governing limit state from the following |

applicable limit states for the resultant: |
1. Weld Strength | R >P
2. Bolt Group Shear | | i q
3. Bearing at the Bolt Holes (Shear ] L
Tabs and Beam) | | |
1 1 I
The demand-to-capacity ratio in the shear 3 i LV R

direction is R divided by the governing limit
state for the resultant.

Weld Strength

The strength of the weld, in the direction of the resultant load, is determined in accordance
with Specification Chapter J, as shown below:

R, =0.60F,y (1.0+0.50sin'*(6)) 4, (12-5)

The double shear tab connection consists of a weld on each tab. Therefore, the weld
strength is the strength of both welds. For the sake of conservatism, the increase in weld
strength due to the load angle will be ignored.

Bolt Group Shear Strength
The bolt group shear strength is calculated as follows depending on the drag load:

1. If the drag load is zero, then the bolt group shear strength is calculated based on
all n bolts.

2. Ifthe dragload is smaller than the maximum strength of the saddle (shear rupture),
the shear strength in the direction of the resultant load is the sum of the shear
strengths of all the bolts (including the dowel). Thus, R, = nF,.4s.

3. Ifthe dragload is greater than the maximum strength of the saddle (shear rupture),
the shear strength in the direction of the resultant load is the strength of (n — 1)
bolts: the contribution of the dowel to the bolt group shear strength is ignored.
Thus, R, = (n— 1)FmAbs.
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The contribution of the dowel to the bolt group
shear strength depends on the resultant
angle. To determine the range of 6 where the
dowel is effective in contributing to the bolt

group, the shear rupture strength of the beam i ; /< @
web is equated to the shear strength of the 4
bolt in double shear. The length of the shear
plane is equal to the clear distance from the

edge of the bolt hole to the edge of the beam
web along the direction of the load angle.

Leh dh

sin0) 2

([Rn web = @'6Ettwlc
’ Figure 104: Shear Rupture in Beam
(mn,bolt = 2([}7;1va Web

[ =

The capacities of the beam web and bolt are equated and rearranged as follows to
determine the critical angle at which the beam web strength exceeds the bolt strength
(note that @ = 0.75 for both limit states):

(w6F;twlc = 2(pF;thb
0.6F ¢, .L—eh—ﬂ =2F A,
sin(@) 2
Leh — ZEqva +ﬂ
sin(@) 0.6F¢, 2

. _ L,
sin(0) = F 4, +ﬂ
03Ft 2
- : eh
0, =arcsin Fa d
ny +7
03F¢t, 2

For the double shear tab connection, only the beam web thickness will change the value
of 6. all other values in the equation are constant. When the angle of the resultant is
less than the critical angle, the dowel will be fully effective; otherwise, the contribution of
the dowel is ignored.
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Bearing at the Bolt Holes

The available bearing strength at the bolt holes, in the direction of the resultant load, is
determined in accordance with Specification Chapter J, as shown below.

R, =1.51tF, < 3.0dtF, (J3-6b)
Where

l. = clear distance, in the direction of the force, between the edge of the hole and
the edge of the adjacent hole or edge of the material, in.

For both the plates and the beam web, when

0 < 21° (see Figure 105) the clear distance of ;
the upper bolt encroaches on the bolt below |
it. For such cases, the clear distance, [, is |
limited to the bolt spacing less the diameter |
of one bolt hole, dj. |
|
[.=s—d, \
13 |
- S——1n. ‘
16 |
|
|
|
|
|
L
|
|
| L
\
Figure 105: Clear distance for 0 < 21°.
NOTE: the angle of encroachment will
change based on the bolt spacing.
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Using » to denote the number of bolts in the
connection, for a given angle, 0, the value
of the clear distance, /., is determined as
follows (see Figure 106).

For the upper (n — 1) bolts in the plates, or
all bolts in the beam web (including the
dowel), the clear distance can be
expressed as follows:

(r+1)sin(6) =1L,

And therefore,

Where

L., = Edge distance in the horizontal
direction.

r = Radius of bolt hole.

For % in. diameter ASTM A325-N high
strength bolts,

_d, _13/16in. 13

n
2 2 32

Figure 106: Clear Distance for Bolts in
the Plates and the Beam Web.
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For the dowel in the plates (presuming the dowel contributes to the bolt group shear
strength), the value of the clear distance is dependent on the angle of the resultant load
and corresponding nearest edge. The transition angle, 6,., is the angle at which the
resultant load coincides with the corner of the plate and is determined as follows:

L
@,, = arctan (—e”j
L

ev

1.50in.
= arctan
1.25i

Where

L., = vertical edge distance.
L. = horizontal edge distance.

As can be seen in Figure 107, if 6 < 6, then

(r+1,)cos(0)=1L,
L

j— ey

[, =
cos(0)

Figure 107: Clear Distance at the
Dowel in the Plates when 6 < 9.
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As can be seen in Figure 108, if 6 = 6.,
then

(r+1)sin(8) =L,

— Leh _ %
¢ sin(0)
R
Figure 108: Clear Distance at the
Dowel in the Plates when 0 2 6,..
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3.3.4 Example

The following is an example that illustrates how to determine the demand-to-capacity ratio
(DCR) of a welded/bolted double shear tab connection. The beam is a W12x35 (¢, =
0.300 in.) in a 3-bolt configuration. Given a Shear Load, V, of 22 kips (LRFD) and a Drag
Load, P, of 27.5 kips (LRFD), the DCR for the connection is determined as shown below.

3.3.4.1 Limit States for the Resultant Load
For the resultant load, the load R is compared to the Weld Strength, Bolt Group Shear,
and Bearing at the Bolt Holes.

The resultant load is determined as follows:

R=+V?+P?

= \/(22 kips)2 + (27.5 kips)2
=35.22 kips

The angle that the resultant load makes with respect to the shear load component is
determined as follows:

0 = arctan (Ej
v

27.5 kipsj

= arctan
[ 22 kips

=51.34°
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3.3.4.1.1 Weld Strength
In accordance with Specification Section J2.4,

the available strength of welded joints is & COLUMN

determined as follows: | f; 516l

R?‘l =F:'IWA/V€ (J2_3) | 3 |

®=0.75 (LRFD) Q=2.00 (ASD) o =T
For fillet welds, g i

| A325-N-" |1 “ -
. Ls | BOLTS | =
F =0.60F,,, (1.0 +0.50sin (9)) J2-5) | | %
_— \[V BEAM

The length of weld is equal to the length of the | L PR
shear tab. The available strength is calculated
as shown below.
The length of the weld is:

n = Number of Bolts =3

L= 2(1% in.j+(n ~1)2.375in.= 2.50in.+(3~1)2.3125in.= 7.125 in.
The size of the weld is:

t,. = [QDS— in.] =0.22 in.

2 16

The area of the weld (for both shear tabs) is:

A, =t,L=(022in.)(7.125in.)=1.56 in> / Plate
Ignoring the effect of the load angle, the total strength of the weld is:

6=0°
R, =0.60Fy, (1.0+0.50sin'* (6)) 4,,
=0.60(70 ksi) (1.0 +0.50sin"* (0°))(1.56 in.> / Plate) x 2 Plates
=131.04 kips
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The available design strength or allowable strength is:

LRFD

ASD

©®=0.75

@R, =0.75(131.04 kips)
=98.28 kips (437.15kN)

Q=2.00

R, _131.04 kips

Q 2.00
=65.52 kips (291.43kN)
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3.3.4.1.2 Bolt Group Shear Strength

The design shear strength, @R,, and the
allowable shear strength, R,/Q, of snug-
tightened or pretension high-strength bolt or

¢ COLUMN

threaded part shall be determined according
to the limit states of shear rupture as follows:

R=F A (J31)
©=0.75 (LRFD) Q=2.00 (ASD)

Per Specification Table J3.2, the nominal
shear strength of A325 bolts when threads
are not excluded from shear planes is

34" @

A325NT|

BOLTS

F =54 ksi

The bolts are in standard holes with 2%6 in. spacing and 2 in. horizontal edge distance
on the beam web. The critical angle, 6., for determining the contribution of the dowel is

determined below.

0

= arcsin

crit

2.00in.

= arcsin

(544si)(0442in%) * 13/161n.

0.3(65ksi)(0.300in.) 2
2.00in. ]

= arcsin

4.486in.
=2647°

Since the resultant force angle, 6 = 51.34°, is greater than 6., the contribution of the

dowel is ignored.
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Using n to denote the number of bolts and neglecting the contribution of the dowel, the
available shear strength of % in. diameter ASTM A325-N bolts in double-shear is:

R = (n —1) F A x2 Shear Planes
= (3 —1) ((54 ksi) (0.442 in? )) x 2 Shear Planes
=95.47 kips

The available design strength or allowable strength is:

LRFD ASD
©=0.75 Q=2.00
@R, =0.75(95.47 kips) R, _95.47 kips
, Q 2.00
=71.60 kips (318.48kN) =47 74 kips (212.35KN)

CX-ENG-STD-000001 Page 246 of 323
Version: 2



Design of Connections

3.3.4.1.3 Bearing at the Bolt Holes

As explained in Section 3.3.3.3 regarding
the resultant component, the contribution of
the dowel to the bearing capacity of the
beam is ignored if the angle of the resultant
is greater than ... The resultant force
angle, 8 = 51.34° is greater than 6. and
thus the dowel is ignored in the calculation
of the bearing capacity.

il

| ¢ N
I >P
L@

IR

1Y R

For the Plates

Using n to denote the number of bolts, the available bearing

calculated as follows:

d,

[ =

R

ole _E

13 .
in.

L, _d,_ 150in. _13/16in.

=1.51in.

sin®) 2 sin(5134°) 2

,=(n=1)(1.50¢F, <3.0dtF,)

<(3-1)3.0 3 in [ 2%2 in. |58 ki =195.75 kips
4 8

The available design strength or allowable strength is:

(3-1)1.5(1.51 in.)(2><§ in.jSS ksi =197.05 kips

strength on the plates is

O R, =195.75 kips

LRFD S5
®=0.75 Q=2.00
@R, =0.75(195.75 kips) R, _195.75 kips
=146.81 kips (653.01kN @ 20
68 Tkips (65301KN) =97.88 kips (435.35KkN)
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For the Beam

Using n to denote the number of bolts, the available bearing strength on the beam web is

calculated as follows:

_d, _ 2.00in. _13/16in.

= : =2.15in.
sin(@) 2 sin(51.34°) 2

R

n

(n=1)(1.51¢F, <3.0dtF,)
(3-1)1.5(2.15in.)(0.30 in.) 65 ksi =125.78 kips
<(3-1)3.0(0.75in.)(0.30 in.) 65 ksi =87.75 kips

The available design strength or allowable strength is:

U R, =87.75 kips

LRFD ASD
©=0.75 Q=2.00
@R, =0.75(87.75 kips) R, _87.75 kips
_ . Q 200
=65.81 kips (292.72kN) - 43,88 kips (195.18KN)
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3.3.4.2 DCR for the Resultant Component

The demand-to-capacity ratio (DCR) for the resultant component, R, is determined as
follows. For the resultant component, the limit states are Weld Strength, Bolt Group Shear
Strength, and Bearing at the Bolt Holes.

NOTE: The capacities (LRFD) are typically rounded down to the nearest whole number
(conservative).

Limit State DCR (English Units)
Weld Strength DCR = R _352kips _ 4 <1.0 OOK
@R, 98 kips
Bolt Group Shear :
Strength DCR =R =332 Mp5 _ ¢ 5 <10 Lok
PR, 71 kips
Bearing at the Bolt R 352k
_ _ 2.2 kips _ <1.0 OOK
. DCR = = =0.24
Holes: Plates GR 146 kips
Bearing at the Bolt R 352k
_ _ 2.2 KIpS _ <1.0 OOK
. DCR = = =0.54
Holes: Beam GR 65 kips
The maximum DCR for the Resultant Load, R, is 0.54. <1.0 JOK
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3.3.4.3 DCR for the Shear Component
The DCR for the shear component, V, is determined as follows. For the shear component,
the limit states are Block Shear, Shear Yielding, Shear Rupture, and HSS Punching

Shear.

NOTE: The capacities (LRFD) are those determined in the “Shear Capacity” section of
this document and are typically rounded down to the nearest whole number
(conservative). Also note that the capacities for the beam are multiplied by the beam web
thickness (W12x35 has #, = 0.300 in.).

Limit State DCR (English Units)
Block Shear in
the Plates (inthe | pop = 7 = 22kips _ 5, <1.0 OOK
Shear Direction) 106 kips
Shear Yielding: -
Plates | DCR=— =205 g 19 <10 Dok
@R, 115 kips
Shear Rupture: :
Plates | DCR=——=220%5 = 55 <10 Dok
@R, 87 kips
Shear Yielding: | pcg =/ = 22 kips =228p5 _035 | <10 Dok
Beam R, (228.60@)(0.300 in) 8 Kips
n.
Shear Rupture: DCR = V — 22 klpS — 22 klpS =047 <1.0 0OK
Beam R, (158.82]‘_’”)(0.300 in) 47 kips
mn.
HSS Punching | pcr = = 22 kips _22kips _ i 59 <10 OOK
Shear PR, (188.84’@)(0.300 in) SO Kips
m.
The maximum DCR for the Shear Load, V, is 0.47. <1.0 0OK
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3.3.4.4 Limit State of HSS Plastification (for Drag Component)

The design strength, @R, and the allowable
strength, R,/Q, of connections shall be
determined in accordance with the
provisions of Manual Part 9 and
Specification Chapter K.

| (a+b)| 4 Tab .
tFy a+b
R = 0

" 2 ab 4

(9-30)

@®=1.00 (LRFD) Q=1.50 (ASD)

} T
| 2y
i f(z)PLgx4xL
s IRE
| I ‘ |
A o
Ll QTR
| B
| Lol
L HSS12x12x1/2 Yield-Line
3 Mechanism

The limit state of HSS Plastification for the HSS12x12x1/2 column is computed below
(refer to Section 3.3.2.9 for derivation of the available strength). The connection is not
located near the top of the column and thus the 50% reduction in available strength does

not apply.

t,, =0.465in.

mn.

R, (133 83 k’ps) £,

(133 83 k’psj(o 465in.)’

in.
=28.94 kips

The available design strength or allowable strength is:

LRFD ASD
0=1.00 Q=1.50
_ , R, _ 1
@R, =1.00(28.94 kips) o _m(zs 94 kips)
=28.94 kips (128.7kN) =19.29 kips (85.82kN)
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3.3.4.5 DCR for the Drag Component
The DCR for the drag component, P, is determined as follows. For the drag component,
the limit states are Block Shear, Tensile Yielding, Tensile Rupture, and HSS Plastification.

NOTE: The capacities (LRFD) are those determined in the “Drag Capacity” section of this
document and are typically rounded down to the nearest whole number (conservative).
Also note that the capacities for the beam are multiplied by the beam web thickness
(W12x35 has #, = 0.300 in.) and the capacity for the HSS Plastification limit state was
computed on page 251.

Limit State DCR (English Units)
Block Shear
ir_l the Plates P 27.5kips <10 OOK
(in the Drag | DCR = oR = Fips 0.34
Direction) § P
Block Shear . .
in the Beam | pcR = P _ 2k7..5 kips _ 2:.5kl'aps 057 <10 DOK
(in the Drag O, 15971525 V(0.300in) KPS
Direction) in.
Tensile .
Yielding: DCR = L = 275kips _ ¢ <1.0 OOK
Plates @R, 173 kips
Tensile
Rupture: | per = £ = 27:3Kips _ 19 <10 JOOK
Plates @R, 146 kips
Tensile P 27.5 ki 27.5 ki
Yielding: | DCR=—= o =T PR=027 | <10 DOK
Beam " (342.90 f’j (0.300 in.) Ps
mn.
Tensile P 27.5ki 27.5ki
Rupture: DCR = = . P = k,lps =0 <1.0 OOK
Beam 8, (264.71_17) (0.300in.) P
mn.
HSS _ P _275kips _
DCR = = =0.98 <1.0 OOK
Plastification: @R, 28 kips
The maximum DCR for the Drag Load, P, is 0.98. <1.0 OOK

Based on the preceding DCR computations, the overall DCR for the connection is the
maximum of all the DCRs (DCR = 0.98). This ratio is less than unity and therefore the
connection is adequate to resist the concurrent shear and drag loads.
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Table 7, below, shows the available strength and DCR for bolted/welded double shear
tab connections for the given loads (V' = 22 kips, P = 27.5 kips). Note that the DCR values
that are reported on the table match those previously computed.

Table 7: Available Strength and DCR for Bolted/Welded Double Shear Tab
Connections (V=22 kips, P=27.5 kips).

Available Strength and Demand-To-Capacity Ratio y-m
(DCR) of W12X35 Beam to HSS12X12X1/2 Column A325.5TD
Bolted/Welded Double Shear Tab Connection BOLTS
€
a Fy= 50 ksi / - @
T Fy= 62ksi e i ; P P =27.5 kips
E |F= 50ksi i V = 22 kips
@ | F.= 65ksi D L R = 35.2 kips
£ |Fy= 36ksi \l; 8 =51.3 deg
o F,= 58 ksi (Shear Tabs on Short Side of HSS.)
W36, 33, 30, 27, 24, Vv R
21,18, 16, 14, 12
4 2 A7k o B’\cjalljt?l()gtra::n Lezgth Available Strength, kips DCR, LRFD
| N Depth) Plate, in.
-O- ,ﬁ‘; RESULTANT | PURE SHEAR | PURE DRAG
1 g n L ASD LRFD| ASD LRFD| ASD LRFD| R v P | Max.
(5 ,% 3(W12) 7.1 43 65 | 31 47 | 19 28 | 0.54 | 047 | 0.98 | 0.98
! o 4(W14) 9.4 65 98 | 40 60 | 20 31 | 0.36| 037 | 0.89 | 0.89
é 7:@ 5 (W16) 1.8 87 131 | 48 72 | 22 33 | 027|031 083|083
\_ | :f'— 6 (W18, 21) 14.1 109 164 | 57 85 | 23 35 | 021|026 079|079
o —f 7 (W24, 27, 16.4 131 197 | 65 98 | 25 37 | 018 | 022 074 | 0.74
\ 30, 33, 36)
516 Notes:

1. All values have been calculated in accordance with the AISC Steel Construction Manual and the

% z AISC 360-16 Specification. All values tabulated above have been rounded down to the nearest
whole number.

. Values are based on one 5/16-in fillet weld on each plate. The minimum HSS design wall
thickness, t 4, to develop the full strength of the welds is 1/4-in.

N

. The HSS wall must be nonslender for axial compression.
Limit states include weld strength, bolt shear, bearing at the bolt holes, block shear, tensile
yielding, tensile rupture, shear yielding, shear rupture, HSS wall punching shear, and HSS wall
. plastification (evaluated conservatively with U=0.90 and assuming t,, = 0.200-in.).
— @ 5. All values assume A325-N bearing type connections in STD holes. Bolt spacing is 2-5/16" for all
mw_;; beam sizes. Distance to top bolt from top of steel is assumed to be 3".
n = Number of bolts in connection.

L = Length of plates, in. Values are based on a plate thickness of %".
P = Drag Load, V = Shear Load, R = Resultant of Drag and Shear.

>

® N o

CXT-ENG-XLS-000010 CON XTE CcH Release Date: 09 July 2020
Beam to Column Connections Created by: M. Bosch-Willett
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Checked by: I. You
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3.3.5 Weak-Axis Shear Capacity

The following calculations determine the capacity of welded/bolted double shear tab
connections in beam-to-column gravity connections when there is an applied shear load
in the weak-axis of the beam. The available strength of welded/bolted double shear tab

connections is determined from the limit states below:

= Welds

= Bolt Tension

= Shear Yielding in the Shear Tab
= Shear Rupture in the Shear Tab
= Tensile Yielding in the Shear Tab
= Tensile Rupture in the Shear Tab
= HSS Wall Flexural Yielding

The following calculations are based on the same connection geometry as Section 3.3.1.
The incoming beam is assumed to have sufficient strength to transfer the weak-axis shear

through the beam web.

3.3.5.1 Weld Strength
In accordance with Specification Section J2.4,
the available strength of welded joints is
determined as follows:

R =F A4 (J2-3)

®=0.75 (LRFD)  Q=2.00 (ASD)
For fillet welds,

F,, =0.60F, (1.0+0.50sin*(6))  (12-5)

The length of weld is equal to the length of the
shear tab. Using » to denote the number of
bolts, the available strength is calculated as
shown on the following page.

¢ COLUMN

21||
2
/%

314" @
A325-N-" |
BOLTS

5/16)

= o
~I<t
—

w

(72}

-~

\LW BEAM

(2)R 3x4xL

The weak-axis shear load is eccentric to the column face and thus produces a moment
on the welds through axial forces in the shear tabs. For conservatism and ease of
calculation, the axial forces in the shear tabs will be assumed to act at the centerline of

each shear tab.
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Based on the figure on the right, the axial force ¢1
on one shear tab (and consequently on one ; e, =21/2"
weld) is calculated as follows: d
SM =0
I t u “ %
0=V e —P_||t, 6 +t=in. +2x-L Vuy ~
R 8 2 +
1 3 F)ust v -3
0=V e —P,|t, +t—in.+—in. - =
-y S 8 8 P =
ust
o
Ve =
_wy y
t +/m <z/ 7/
where
e, = the eccentricity of the weak-axis shear to the column wall face
=2.50 in.
The resultant load on one weld is:
2 2 2
R = (Vuyj +P2= (Vuyj I/uyy
u 2 ust t +/ln
Replace R, with @R,, V., with @V, and solve for @V,.
@R, =R,
2 2 2 2
(@8,)" =2+ L]
' t +ym)2 T4 (t +1 m)2
w2 w2
2
_ PR,
Vuyz = ( )
RS S
1
(f * 2’”)
g, =——%
L ey
|
(f ¥ 2’”)
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The formula for @V, is dependent on the beam web thickness, #,, and the eccentricity.

Since the eccentricity remains constant, the relationship between ¢V, and @R, depends
only on the beam web thickness.

e, = 2.50in.

o = @R, _ @R, _ ¢R,

1, (250in) \/1 . 6250’

B T A

1 e’
4 (tw+%in.)2 4 (1, +0.500in.)’

4 (1, +0.500in.)’

While not immediately apparent, the resulting coefficient for @R, varies nearly linearly with
tw. Therefore, to simplify the formulation, a linear approximation is developed for a range
of web thicknesses that may be expected for use with this connection.

if t, =0.200in.

o, = , SH 0.277¢R,
1, 6.25in.” \/ 1,625
4 (0.200in.+0.500in.)" V4 0490
if' £, =0.900in.
o, = 9, S =0.539¢R,
1, 6.25in’ \/ 1,625
4 (0.900in.+0.500in.)" V4 1.96
y=mx+b
_ 8y 053970277 _ 150y
Ax  0.900-0.200
b=y—mx=0.539-0.375%0.900 = 0.201
U coeff =0.374¢, +0.201
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Verify the accuracy of the simplified formula for an intermediate value of #,. As shown
below, the simplified formula is conservative within 1% accuracy.

if't, =0.550in.
o, = *, =% =0.411¢R,
1, 6.25in. \/ 1, 625
4 (0.550in.+0.500in.)" V4 1.1025
coeff =0.374%0.550+0.201 =0.407

error = MXIOO% =-0.97%
0411

Therefore, the relationship between @V, and @R, simplifies to the following formula.

o, =

n

(0'?74 zw +0.201j OR

.

The length of the weld is:

n = Number of Bolts =3
L=2L, +(n-1)s=2(1.25in.)+(3-1)(2.3125in.) =7.125n.

The size of the weld is:

14 =

we

© | &

Els—in. =0.22in.
16

The area of the weld is:

A, =t,,L=(0.22in)(7.125in.) =1.56in

we

The strength of the weld is:
8=90°
R, =0.60F,, (1.0+0.5sin"* 8) 4,

=0.60(70si)(1.0+0.5sin"* (90°))(1.56n.")
=98.28 kips
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The available design strength or allowable strength is:

LRFD ASD
©=0.75 Q=2.00
ENGLISH ENGLISH
0.374
oV, =0.75 ((O 374t +0. 201}98 28 klpsj ( t, +0. 201)98 28 kips
in. V. _in
Q 2.00
(0374t +0201J73 71kips 0.374
mn. ( t, +0. 201)49 14 kips
in.
METRIC
METRIC
o 2(0'0147 t, +0.201j327.8kN % 0.0174
mm —":( : tW+O.201j218.6kN
Q mm

The example beam is a W12x35 with a beam web thickness, ¢, of 0.300 in. The available
design strength or allowable strength is therefore:

LRFD ASD
®=0.75 Q=2.00
4
coeﬁ’—o.?’74t +0.201 coeff = 037
in.
0374><0 300in.+0.201 0374><0 300in.+0.201
in. in.
=0.313 =0.313

oV, =(0.313)73.71kips

0.313)49.14 ki
=23.07kips  (102.6kN) 5 =(0313) pS

DIV

=15.38kips (68.41kN)
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3.3.5.2 Bolt Tensile Strength

The design tensile strength, @R,, and the ¢ COLUMN
allowable tensile strength, R.,/Q, of snug- on
tightened or pretension high-strength bolt or @
threaded part shall be determined according ; N ; 5/16;
to the limit state of tensile rupture as follows:
| ‘ \
R =F. A, (J3-1) | P
| | ol =
@=0.75 (LRFD) Q=2.00 (ASD) i3/4"® O —
A325-N-—T | Of=

Per Specification Table J3.2, the nominal BOLTS
tensile strength of A325 bolts is ] |

\ ‘W BEAM
(2)

F, =90 ksi P 3xdxL

Using n to denote the number of bolts, the available tensile strength of % in. diameter
ASTM A325-N bolts is:

Number of Fasteners, n =3

2 2
4, =T :E(i in.j =0.442 in.
4 4l

R, =3(90ksi)(0.442 in?) =119.34 kips

The available design strength or allowable strength is:

LRFD ASD
©=0.75 Q=2.00
@R, =0.75(119.34 kips) R, _119.34 kips
_ b " Q 2.00
=89.51kips (398.12kN) 5967 kips (265.41KN)

Note: the limit state of prying action is not considered for this connection since the shear
tabs restrain deformations of the beam web in the vicinity of the bolts.
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3.3.5.3 Shear Yielding and Shear Rupture in the Plates
The shear planes for shear yielding and shear rupture in the shear tabs are identical to
those described in Section 3.3.1.7. Therefore, although the loading direction is different,

the shear strengths are the same.

The available design strength or allowable strength for shear yielding is:

LRFD ASD
pa- Q=150
@R, =1.00(115.34 kips) % :%
=115.34 kips (513.03kN) =76.89 kips (342.00 kN)

The available design strength or allowable strength for shear rupture is:

LRFD SD
©=0.75 Q=2.00
@R, =0.75(116.92 kips) R, _116.92 kips
=87.69 kips (390.04 kN Q 200
8769 kips (39004 KN) =58.46 kips (260.03kN)

Note: shear rupture is the governing limit state of the two.
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3.3.5.4 Tensile Yielding and Tensile Rupture in the Plates

The tension planes for tensile yielding and tensile rupture in the shear tabs are identical
to those described in Section 3.3.2.7. For the case of weak-axis shear on the connection,
only one shear tab is in tension; therefore, the available design strengths and allowable
design strengths will be one-half of those computed in Section 3.3.2.7.

The available design strength or allowable strength for tensile yielding is:

LRFD ASD
®=10.90 Q=1.67
. R 192.24 kips
=0.90(192.24 kips)x 1 K, _152.28Kps ., 1
*, ( »s) A Q 1.67 A

The available design strength or allowable strength for tensile rupture is:

LRFD ASD
Q= 0.75 Q=2.00
. R 195.46 kips
=0.75(195.46 kips ) x n = 22O MPS ]
", ( ) A Q 2.00 A
=73.30 kips (326.03kN) =48.87 kips (217.35kN)

Note: tensile rupture is the governing limit state of the two.
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3.3.5.5 HSS Wall Flexural Yielding

As shown in the figure below, the weak-axis shear force is applied eccentrically to the
face of the HSS wall, thereby inducing localized moments in the HSS wall. The HSS wall
strength will be determined in accordance with the yield-line analysis presented in Manual
Part 9. The HSS12x12x1/2 column referenced throughout this document will be used as
an example.

¢ e,=21/2" T

¢ /)

Yield-Line Mechanism

The flexural strength of the HSS wall for out-of-plane moments is determined using
Manual Eq. 9-34.

’F, ( 4 JabcTp +Lp
M =—2 9-34
n 4 ( ab JQ]’ ( )

¢=1.00 (LRFD) Q=1.50 (ASD)
where

T = the width of the HSS wall
L = the length over which the load is delivered (i.e., the length of the shear tabs)
a = the distance from the edge of the shear tab to one edge of the HSS wall
b = the distance from the edge of the shear tab to the other edge of the HSS wall
¢ = the width over which the load is delivered
=ty + 1/8 in. + 2t,
p = 2ab + ac + bc (Manual Eq. 9-36)
QOr = the chord-stress interaction parameter
= 0.487 (see Section 3.3.2.9)
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The available strength, R,, is reduced by 50% when the concentrated force is applied at
a distance from the member end that is less than 2,/7ab/(a +b); this condition should be

checked when the connection is located near the top of the column (e.g., at the roof)
unless a cap plate is welded to the column to restrain deformations of the column walls.

The maximum moment in the HSS wall is:

M, =V e

uy -y
where

e, = the eccentricity of the weak-axis shear to the column wall face
=2.50 in.

Rearrange the formula for M, to treat the required shear strength as an available shear
strength.

M =V e = R =—7¢

n ny~y n

Using the same web thickness, ., as in Section 3.3.2.9 (HSS Plastification), the limit state
of flexural yielding (per square inch of wall thickness) is determined as follows:

T=B=12in.
L=1, =7.125in.

c:@W+%mJ+25:ozmnn+012ﬁn+2W37ﬁn)

=1.075in.
T—-c 12in.—1.075in.
a=b= =
2 2
=5.4625in.
p=2ab+ac+bc =2(5.4625in.)" +(5.4625in.)(1.075in.)x 2
=71.42in?
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+
M = de‘ 4\JabcTp + Lp Qfx 12
4 ab ? s

_ 50ksi| 4(5.4625)° (1.075)(12) (71.42)n +(7.125) (71 42) i

4 (5.4625in.)’

kip —in.

2
in.

=239.1

The available shear strength is therefore:

The available design strength or allowable strength is:

(0.487)

LRFD

ASD

®=1.00

R, = (1.00)(95 64 k’psj

in.
= 9564205 k’ps (
lVl.

kNj
mm

Q=150

R 95.64

n

=63.76

Q 1.50

klps

lVl.

kips

2

(0.440 kN j

in. mm

If the connection is located near the top of the column, the available strength, R,, may
need to be reduced by 50%. The critical distance for this case is computed as follows.

Loy = 2\/ﬁ -2 \/ (12in)(5.4625in.)’
a+h 2x5.4625in.

=11.45in.
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If the distance from the centerline of the shear plates to the top of the column is less than
L, then the available design strength or allowable strength is reduced by 50%:

LRFD ASD

=100 Q=150

klps
ok, = (1.00)[ 95.64 5% |x0.50 R, _ P07
” in’ 2= in x50
Q150
=478 P% klps ( kN j kzps kN

= p— =31.88-10 0220,

The example column used throughout this document has a design wall thickness, tges, of
0.465 in.; considering the connection to be located far from the top of the column (i.e., the
50% reduction in available strength does not apply), the available design strength or

allowable strength is therefore:
LRFD ASD
de& =0.465in. dex =0.465in.
kips R kips
(m ( p J dexz Q ( P J dmz
Vl.
(95 64 k’ps)(o.465 in)’ (63 76 k’f’”}(o.465m.)2
n. mn.
=20.68kips  (91.98kN) =13.79kips (61.32kN)

Note: as was the case for HSS plastification (Section 3.3.2.9), changes in the beam web
thickness contribute very little to the available strength and the above results for flexural
yielding of the HSS wall are therefore conservative for all beams accommodated by the

connection.
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3.4 Beam to Beam Connection

The beam to beam connection consists of two angles that are shop-bolted to the
supporting beam and field-bolted to the supported beam as shown in Figure 109 and
Figure 110.

1w
3/}.““",1'}\“5( @ OF SUPPORTING BEAM
3/4"Q A325-N FIELD BOLTS 11 1" MAX. 1
(SEE BOLT SCHEDULE FOR MIN, A § Tk BEAM WES ANGLE
NUMBER OF BOLTS, "' PERLEG) 2 / TYP. EA. SIDE OF SUPPORTED
j BEAM
=] ‘ 2

3/4'Q A325-N SHOP BOLTS

r
1
SUPPORTED WF BEAM —/ /
3/4"@ A325-N ERECTION BOLT

(SHOP INSTALLED)

Figure 109: Elevation View of a Beam to Beam Connection.

@ OF SUPPORTING BEAM

EDGE OF ANGLE
|
=i

j\ \_ G OF SUPPORTED
BEAM

3/4"@ A325-N BOLTS,

11/4" TYI
21" TYP

ussj

Figure 110: Plan View of a Beam to Beam Connection.
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3.4.1 Connection Properties and Dimensions

The ConXtech beam-to-beam connection has a predefined set of standardized beam web
angle sizes (see Figure 111).

Y. \&%
05 \B-
1 N\
%
2
<
2}
w 334" "
1114 1114
= T %
‘1—- [ ] ® :I
I:- [ ] [ J
s le
RS
o Lo .
[ ] [ ]
= \ =
13/16°0 BOLT HOLES, EA.
(SEE BOLT SCHEDULE FOR MIN. NUMBER

OF BOLTS, "A")

Figure 111: Elevations of Beam Web Angle
The long leg width, W, of the beam web angle is determined by locating the supporting
beam flange width dimension in the left column of Table 8 and retrieving the width in the
right column of the chosen row.

Table 8: Long Leg Width of Beam Web Angle (BWA)

bf of supporting beam (in) W (in)
4 55/8
5-51/4 6 1/4
51/2-6 6 9/16
61/2 67/8
63/4-71/8 71/8
71/2-75/8 7 5/16
8-83/8 711/16
9-91/8 8 1/16
10-101/8 8 9/16
101/4-101/2 8 3/4
11-113/8 91/16
111/2-117/8 9 5/16
12-12 3/8 9 5/8
121/2-125/8 93/4
12 3/4 - 13 97/8
14 - 14 3/8 10 9/16
14 1/2-151/8 10 15/16
151/2-15 3/4 11 3/16
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Table 9 contains the beam web angle length and bolt schedule for the beam to beam

connections.
Table 9: Bolt Schedule
INCOMING "L" CLIP "A" "S" BOLT "D" T.0.S.
W12 71/8 3 2 5/16 13/4
W14 97/16 4 2 5/16 13/4
W16 11 3/4 5 2 5/16 13/4
W18 14 1/16 6 2 5/16 13/4
W21 14 1/16 6 2 5/16 13/4
W24 16 3/8 7 2 5/16 13/4
W27 16 3/8 7 2 5/16 13/4
W30 16 3/8 7 2 5/16 13/4
W33 16 3/8 7 2 5/16 13/4
W36 16 3/8 7 2 5/16 13/4
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3.4.2 Connection Eccentricity

Typically, Table 10-1 of the Manual is used as a design aid for all-bolted double-angle
connections. Due to the “drop-in” style connection, the bolt group in the ConXtech beam-
to-beam connection is outside of the supporting beam flange and thus the eccentricity is
larger than those considered in the aforementioned table. As a result, the effect of the
connection eccentricity must be considered using the plastic stress distribution method in
the capacity calculations as described below.

Free body diagrams similar to Figure 112 are used to determine the vertical, horizontal,
and resultant forces on each bolt; the instantaneous center of rotation is assumed to occur
at the center of the bolts effective at resisting horizontal loads. The eccentrically loaded
bolt group generates force couples; since the dowel is considered to have no horizontal
contribution, however, only the bolts above the dowel are considered in resisting the
horizontal effects of connection eccentricity. Section 3.4.2.1 determines the equations for
the vertical, horizontal, and resultant shear forces using the static equilibrium of the forces
for a range of bolt quantities. The equations use the following variables

n = number of bolts (including the dowel) in the connection.
s = vertical spacing of bolts, in. (mm)
e = connection eccentricity, in. (mm)

1

]

[ —
i}

7 1&"

@V
o \[ SUPPORTING BEAM

SUPPORTED BEAM J

Figure 112: Diagram of the Beam Reaction V, and the Bolt Forces
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3.4.2.1 Eccentricity Equations
The figure on the right shows a free body

diagram of a 3-bolted double-angle
connection. Static equilibrium of the Fiy
double-angle is used to determine the

expressions for the forces on the bolts. s

Using n to denote the number of fasteners

Fv
in the connection, the vertical component of I}@ Fy \Y;

the force on each bolt is determined as
shown below.

!
[

|
/
N

S
n
<

The magnitude of the horizontal component Fy varies depending on the number of bolts
as well as the eccentricity. Therefore, Fy must be determined separately for each value
of n. The expressions for Fy for n = 3 to n = 7 are derived in Sections 3.4.2.1.1 through
3.4.2.1.5. In the figures that accompany the derivations, the girder and the bolts that
connect to the double-angle are not shown for clarity. Furthermore, the counter-clockwise
direction is taken as the positive direction for moments.
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3.4.2.1.1 For n=3

The figure on the right shows a free body
diagram of a 3-bolted double-angle
connection. Static equilibrium of the double-
angle is used to determine the expressions for
the forces on the bolts.

Using n to denote the number of fasteners in
the connection, the horizontal and resultant
forces on the bolts are determined as shown
below.

The sum of moments about the middle fastener
yields the following:

Ve—F,s=0
F=r o v=p%
S e

Ve
e re
= arctan( H ] = arctan | =>—
v
n

e
= arctan| n —
S

H

v

e
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3.4.2.1.2 For n=4

The figure on the right shows a free body
diagram of a 4-bolted double-angle
connection. Static equilibrium of the double-
angle is used to determine the expressions for
the forces on the bolts.

Using n to denote the number of fasteners in
the connection, the horizontal and resultant
forces on the bolts are determined as shown
below.

The sum of moments about the second
fastener from the top yields the following:

Ve=2F,s=0
2
F, =ve or VZFH—S
2s e

V&
0 = arctan F—H = arctan 20
F, 4
n
e
=arctan| n 3—
"55)

a

. (N — - () — - () —

<
ﬂ@
<
n
T

.

@g
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3.4.2.1.3 For n=5
The figure on the right shows a free body diagram

of a 5-bolted double-angle connection. Static
equilibrium of the double-angle is used to
determine the expressions for the forces on the ? Fi
bolts.
S Fy R
Using n to denote the number of fasteners in the
connection, the horizontal and resultant forces on J .
the bolts are determined as shown below. N H
s/2
: . Fy
The sum of moments about the point O yields the S ﬁk e 6% 77777 /\
following: s/2 | /
\ F
> M, = N é@ Sl A
Ve-2F, (ﬁj—zFH (s+fj:0 s ROF
2 2 ¢
e oot L
F= o v=p2 s ROR
4s e ¢
(R) +(,) =F N
(5] (%) = .
i +| — :R
n S .- Q
V = ZR 2
() +(5)
n 4s
ve
0 = arctan [iJ = arctan | 35
FV _
n
e
=arctan| n—
")
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3.4.2.1.4 For n=6

The figure on the right shows a free body
diagram of a 6-bolted double-angle
connection. Static equilibrium of the Fy
double-angle is used to determine the
expressions for the forces on the bolts. S Y R
v
Using n to denote the number of
fasteners in the connection, the Fi
horizontal and resultant forces on the
bolts are determined as shown below. S v R
The sum of moments about the third
fastener from the top yields the following: /
2 M=0 s v v
Ve=2F,s-2F,(25s)=0
Ve=6F,s @—ﬁ
_ Ve _, bs
FH_& or V—FHe . =
(5) +(,) =& |2@—
2 2
V Ve )
— | 4| —| =R
(&) . o
() (&)
n 6s
FV
E e —
0 = arctan Fu = arctan | 05
£, 4
n
e
=arctan| n—
&)
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3.4.2.1.5 For n=7

The figure on the right shows a free body diagram of
a T7-bolted double-angle connection. Static
equilibrium of the double-angle is used to determine
the expressions for the forces on the bolts.

Using n to denote the number of fasteners in the
connection, the horizontal and resultant forces on
the bolts are determined as shown below.

The sum of moments about the point O yields the
following:

> M,=0
Ve-F, sz ~F,(1.55)2-F,(2.55)2=0
Ve=9F,s

9s

F, =re or V=F,—
9s e

Fu
FV

e
= arctan (n —
Os

0= arctan( j = arctan

JE s s
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3.4.3 Connection Limit States

Section 3.4.4 contains example calculations to determine the available strength of the
bolted/bolted double-angle connection. The available strength of the connection is
determined from the limit states below:

» Bolt Shear
» Bearing at the Bolt Holes
o Inthe Beam Web
o Inthe Angles
» Shear Rupture on Effective Area
o Inthe Beam Web
o Inthe Angles
» Block Shear
o Inthe Beam Web
o Inthe Angles
» Shear Yielding and Shear Rupture
o Inthe Beam Web
o Inthe Angles
* Flexural Bending in the Beam (Reduced Tee Section)
* Flexural Bending in the Beam (Net Section)
» Flexural bending in the Double-Angle

Section 3.4.5 contains design tables of the available shear strength of the discrete
number of bolted/bolted double-angle connections. The tables provide two values for the
available strength based on the following limit states:

* Beam web available strength per thickness of web.
» Bolt and Double-Angle available strength for various angle thicknesses.
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3.4.4 Example Calculation

The figure on the right shows a
W12x26 to W12x40 beam-to-beam
shear connection.

The vector arrows on the figure
represent the forces on the bolts.
Fr and Fy are the horizontal and
vertical forces on the bolts,
respectively, and R is the resultant
of Fyand Fy.

The vertical force V represents the
reaction on the double-angle.

Note that the formulations that
follow (and all those in this
example) are only valid for a 3-bolt
beam-to-beam shear connection
with 2 5/16in. bolt spacing.

HORIZONTAL DIRECTION:
Vxe=F,Xs
VERTICAL DIRECTION:

Using n to denote the number of
bolts,

|

It
=

N

: — tw=0.295"

N

—

ﬁﬁ

w
tw=0.230" .
® R
N

—I<t
b

e
v
i

I

Z W12x26

W12x40
yvi

Figure 113: Beam-To-Beam Eccentric Shear

Connection.

NOTE: The contribution of the dowel (lower-most
bolt) to resisting horizontal forces is ignored. The
dowel is only used to resist vertical forces.
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3.4.4.1 Bolt Shear

The design shear strength, @R,, and
the allowable shear strength, R,/Q, of
snug-tightened or pretension high-
strength bolt or threaded part shall be
determined according to the limit
states of shear rupture as follows:

R, =F A, J3-1)
¢=0.75 (LRFD) Q=2.00 (ASD)
Per Table J3.2 of the Specification, the
nominal shear strength of A325 bolts
when threads are not excluded from

shear planes is

F =54 ksi

nvy

o2 % b=8.0" ﬁ
J

wn FV% :

tw=0.230" |
; @Fw
® B Fy

Si<r
K V0295
3

ﬁﬁ

S 1 I
Nl 100 3 g A325-N

~ Fy BOLTS, TYP.

\

/ K 1411"‘ e \ W12x40
W12x26 X

The available shear strength of a single %" diameter ASTM A325-N bolt in double-shear

R, =(54ksi)(0.442 in>)x2 = 47.74 kips

The available design strength or allowable strength of a single bolt in double shear is:

LRFD ASD
®=0.75 Q=2.00
@R, =0.75(47.74 kips) R, _ 47.74 kips
: Q 2.00
=35.81kips (159.28kN) = 23,87 kips (106,17 kN)

CX-ENG-STD-000001
Version: 2

Page 278 of 323



Design of Connections

Calculate the eccentricity e: |

o2 b;=8.0" ‘
The detailing dimension for the beam _‘ | |
width is 8in. Using the ConXtech beam "jﬁ V420295
web angle dimension schedule (Table 8 s ! |
on page 267), the long leg length %@FH M@;\j
dimensions is 7 11/16 in. @ v SR
£,=0.230" ! A
T @_ P v
w11 vRE
e=W —-1—in. | H
4 S ﬁw:‘& 3 3 A325-N
11 1 ) Fy BOLTS, TYP.
=7— in.—1—in.
16 4
\
= 6lin. 1 \
16 ZW12X26 14 e W12x40
y W= il ———
Recall that
y = (@) or (R,/Q)
2 2
e 1
Z | 4 =
(<)
The available design strength or allowable strength is:
LRFD ASD
V - (Mn V = RH/Q
2 2 2 2
5+ (5
| 4+ = R I
A n S n
__ 0.75(47.74 kips) _ 47.74 kips /2.0
6.4375in.) +(1j2 6.4375in.) +(1)2
2.3125in. 3 2.3125 in. 3
=12.77kips (57.78kN) =8.51kips (37.85kN)
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3.4.4.2 Bearing at the Bolt Holes
When the connection is subjected to
eccentric loading, the available bolt
bearing capacity of the connection
depends on the angle of the resultant of
Frand Fy. The contribution of the dowel
to the bearing capacity of the
connection is ignored.

For the formulations that follow, the
following definitions apply:

Fy = Horizontal Component

Fv = Vertical Component

R = Resultant of Fz and Fy

6 = Angle that the resultant load makes
with respect to Fy.

As can be seen on the right, the angle
of the resultant force is measured
clockwise from the downward direction.

The angle that the resultant R makes

with respect to Fy is determined as
follows:

0 = arctan F—H
FV

The resultant load is determined as
follows:

R=\FE} +F}

|

A<t
s

\

N

—

ﬁﬁ

w
tw=0.230"
? R
Eoa

—<
ik

P

/ o
W12x26

/]

-

\ W12x40
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The available bearing strength at the bolt
holes, in the direction of the resultant load,
is determined in accordance with Chapter J
of the Specification, as shown below.

R, =1.511F, < 3.0dtF, (J3-6b)

where

Il = clear distance, in the direction of the
force, between the edge of the hole and
the edge of the adjacent hole or edge of
the material, in. (mm).

Using n to denote the number of fasteners
in the connection the value of the clear
distance, /., is determined as follows for a
given angle 0 (see figure on the right).

For the upper (n-1) fasteners, the clear
distance can be expressed as follows:

(r+1)sin(6) =L,

And therefore,

where

L., = Edge distance in the horizontal
direction.
r = Radius of bolt hole.

For % in. diameter ASTM A325-N high
strength bolts,

_d, _13/16in._13 .

——1n.

2 2 32

o
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As can be seen in the figure on the
right, when the angle 8 < 21°, the
clear distance of the upper bolt
encroaches on the bolt hole below it.

For such cases, the value of the
clear distance, /., is limited to the
bolt spacing less the diameter of one
hole, d.

S

The calculations below determine the angle 6 and the clear distance /..

Determine the angle, 6:

e
O = arctan (— X nj
S

6.4375in. 3]

= arctan
(2.3 125 in.

=83.17°
Determine the clear distance for the beam, /.:

;= 20in__13/16in.
© sin(83.17°) 2
=1.601in.

Determine the clear distance for the angle, /.:
_ 125in.  13/16in.
© sin(83.17°) 2
=0.851in.
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Bolt Bearing in the Beam

The available bearing strength at bolt
holes shall be determined for the limit state
of bearing as follows:

¢=0.75(LRFD) Q=2.00(ASD)

For a bolt in a connection with standard,
oversized and short-slotted holes,
independent of the direction of loading, or
a long-slotted hole with the slot parallel to
the direction of the bearing force when
deformation at the bolt hole at service load
is not a design consideration the nominal
bearing strength of the connected material
is determined as follows.

R, =1.514F, <3.0diF,  (I3-6b)

The ASTM A992 beam has the following
material specifications:

F, =50 ksi
F, =65 ksi

s ﬁ b=8.0" ﬁ
J

\ |
— tv=0.295"

:
v
1]
| \/ W12x40

3.
12

L

€/

O &d

Z 7 1%"‘ e
W12x26

/]

NOTE: Fu bearing for the dowel is ignored,
but Fy bearing is included.

The capacity of a single bolt bearing in the beam is calculated as shown below:

I =1.60in.

R, =1.5(1.60in.)(0.230 in.) 65 ksi =35.88 kips

< 3.0(% in.j(0.230 in.) 65 ksi =33.64 kips O R, =33.64 kips
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The available design strength or allowable strength is:

LRFD

ASD
©=0.75 Q=2.00
. R 33.64 kips
=0.75(33.64 ki n - 2208 Kips
@, ( ps) 0 2.00

=25.23 kips (112.23kN)

(R,)

_ 25.23 kips
64375in.) (1Y
23125in.) |3

=8.99 kips (39.98 kN)

=16.82 kips (74.81kN)

(R,/Q)

IBED)

_ 16.82 kips

= . 2
6.4375in. | (1

2.3125in. 3

=5.99 kips (26.64 kN)

NOTE: THIS IS THE GOVERNING LIMIT STATE OF THE CONNECTION.
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Bolt Bearing in the Double-Angle

The available bearing strength at bolt holes
shall be determined for the limit state of
bearing as follows:

¢=0.75(LRFD) Q=2.00(ASD)

For a bolt in a connection with standard,
oversized and short-slotted holes,
independent of the direction of loading, or a
long-slotted hole with the slot parallel to the
direction of the bearing force when
deformation at the bolt hole at service load
is not a design consideration the nominal
bearing strength of the connected material
is determined as follows:

R, =1.50.4F, <3.0dIF, (J3-6b)

The ASTM A36 angles have the following
material specifications:

F, =36 ksi
F, =58 ksi

11||
/ '4
W12x26

The capacity of a single bolt bearing in the double angle is calculated as shown below:

[, =0.85in.

R, =1.5(0.85in.) G in.j(ss ksi) x2 Angles =36.97 kips

< 3.0(% in.)G in.) (58 ksi) x2 Angles = 65.25 kips

OR, =36.97 kips
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The available design strength or allowable strength is:

LRFD

ASD

©=0.75

@R, =0.75(36.97 kips)
=27.72 kips (123.30kN)

(R,

_ 27.72 kips
64375in.) (1Y
23125in.) |3

=9.88 kips (43.94kN)

Q=2.00

R, _36.97 kips
Q 2.00
=18.48 kips (82.20 kN)

(R,/Q)

IBED)

18.48 kips

6.4375 in. 2+ %
23125in.) \3

=6.59 kips (29.31kN)
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3.4.4.3 Shear Rupture on Effective Area

The connection eccentricity generates
vertical and horizontal component forces
in the bolts. As can be seen in the figures
on the right, the horizontal component,
Fn, could cause shear rupture* through
the effective area of either the beam or
the angles.

*The limit states of shear yielding and
shear rupture through the full beam and
full angle depth are checked in Section
3.4.4.5.

In accordance with Chapter D of the
Specification, the design shear rupture
strength, @P,, and the allowable shear
rupture strength, P,/Q, is determined as
follows:

For shear rupture on the effective area:
Pn = 06 FuAvf (J4-4)

@y=0.75 (LRFD) Q,=2.00 (ASD)

1" THICK ANGLE

/ — tw=0.295"

O
t,=0.230" @ ﬂ@:
B &

3 @ A325-N
BOLT, TYP.

W12x40

< T

Z 7 121‘" E:6 %" A
W12x26 ) i

1" THICK ANGLE

m@— @ 3 @ A325-N
H BOLT, TYP.

iey

/
|
tw=0.230" @_FJ
1

\Y
]
J W12x40

Z — 1%” e=6 5" —
W12x26 .

CX-ENG-STD-000001
Version: 2

Page 287 of 323



Design of Connections

Shear Rupture in the Beam
For shear rupture on the effective area:

AS

f 2(Leh)tBeam
=2(2in.)(0.230in.) =0.92 in’

P, =0.6(65 ksi)(0.92 in) = 35.88 kips

" THICK ANGLE

tw=0.230"

N

tw=0.295"

© |
@‘[J‘J T (U
C\ <ﬂl

14
T & &

37 A325-N
BOLT, TYP.

‘©>
‘

|
S

B
T

W12x40

1, el |
ZW12x26 T4 ° ?116
W=7 ———
S S
Recall that Ve=1F,s N V=F, (_j (_j
e e
The available design strength or allowable strength is:
LRFD ASD
@, =0.75 Q,=2.00

@, P, =0.75(35.88 kips)
=26.91kips (119.7 kN)

e

=26.91 kips
6.4375 in.

=9.66 kips (42.96 kN)

23125 in.}

P 35.88 kips

Q 2.00
=17.94 kips (79.80 kN)

rwo?)
st e

=17.94 kips(

Sf

6.4375 in.
=6.44 kips (28.64 kN)

23125 in.j
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Shear Rupture in the Angles
For shear rupture on the effective area:

Ay =2L,tp,, %2 Angles

1" THICK ANGLE

[
—2(llinj(lin}<2 Angles -
4 \4 g b r oL Tve.
=1.25in? £,=0.230" |
F
: 1M,
P, =0.6(58 ksi)(1.25 in*) = 43.50 kips f*f*ﬂl 2
W12x40
‘ )
A el |
ZW‘|2X26 714 W:zmi/
S A
Recall that Ve=1F,s - V=F, (—j ’ (—j
e e
The available design strength or allowable strength is:
LRFD ASD
9, =075 Q, =2.00
] P 43.50 kips
@, P, =0.75(43.50 kips) o " 500

=32.63 kips (145.14kN)

e

163 kl,p{z.slzs m.J

6.4375 in.
=11.72 kips (52.13kN)

sf
=21.75 kips (96.74 kN)

29
st e

=21.75 kips(

2.31251in.
6.4375 in.

=7.81kips (34.74kN)
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3.4.4.4 Block Shear

The available strength for the limit state of block shear rupture along a shear failure path
and a perpendicular tension failure path shall be taken as

R,=0.60F, 4, +U, F,A, <0.60F A, +U,F,A, (J4-5)
©=0.75 (LRFD) Q=2.00(ASD)

Cope
Beom [ 7 Fafur; b!{a;a’;ﬁng
Failure by tearin pUTRaIES
4 _gb,wg out 'of s.{ad’ed K Shear portion
area portion area Tensile
\-Tensile ]
areg

k

Figure 114: Failure Surfaces for Block Shear Rupture Limit State.

% ¥ |

Bolted Angle Welded Angle Welded Angle

bR

Single=Row Beam
End Connectlons

Angle Ends Gusset Plates

(a) Cases for which Uy = 1.0
Figure 115: Block shear tensile stress distributions.

The double-angle shear connection can be categorized as a case where the tensile stress
for block shear is uniform (see Figure 115). Therefore, the reduction factor Uy, = 1.0.
The following calculations determine the block shear strength of the double-angle and the
beam.
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Block Shear Strength in the Double-Angle
Using n to denote the number of fasteners in the connection, the net shear, net tension
and gross shear areas (for both angles) are calculated as follows:

3 o
4
J

A3

5/16"]
P

S

:"255/:16%
N
}}&j =/
Th &

714

W12x40

E 71111.. e=6 7"
W12x26 "
W=7 ———
U, =10
o3 1 1 T,
d, B =d, +—in+t—in=—in+—in.+—in.=—in.

h_net 16 16 4 16 16

Anv = (L _Lev - (I’l _05) dhinet)tPlale X2 Angles

ny

A = 711'11.—11in.—2.5><zin.j(lin.]XZAngles=1.84in2
8 4 8 4

Ant = Leh _%dhnet]tPlate X 2 Angles
= 1l in. —lxz in. 1 in. | X2 Angles
4 2 8 4
=0.41in’
4, = (L -L, ) toe X2 Angles
= (71 in.— 1l in.) (l in.j x2 Angles
8 4 4
=2.93in?
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The block shear strength (for both angles) is calculated as follows:

Rn = O6OE4Anv + UhsF;Ant

=0.60(58 ksi)1.84 in> +(1.0)(58 ksi)0.41in.> =87.81 kips

<0.60F,4, +U, F,A,

=0.60(36 ksi)2.93 in> +(1.0) (58 ksi) 0.41in.> =87.06 kips

U R, =87.06 kips

The available design strength or allowable strength is:

LRFD ASD
0=075 Q=2.00
) R 87.06 kips
=0.75(87.06 ki P
@, ( ps) Q200
=65.29 kips  (290.42 kN) =43.53 kips (193.63kN)

Block Shear Strength in the Beam

The limit state of block shear is not applicable to the beam because of the presence of
the saddle on the beam cope. The failure mechanisms in the beam are shear yielding in
the gross section and shear rupture in the net section. See Section 3.4.4.5 for Shear

Yielding and Shear Rupture in the beam web.
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3.4.4.5 Shear Yielding and Shear Rupture
The available shear strength of the affected and connecting elements in shear shall be
the lower value obtained according to the limit states of shear yielding and shear rupture:

For shear yielding of the element:
R, =0.60F 4, (J4-3)
¢®=1.00 (LRFD) Q=1.50 (ASD)

For shear rupture of the element:

R =0.60F 4, (J44)
®=0.75 (LRFD)  Q=2.00 (ASD)

Shear Yielding in the Beam
In the figure below, the thickened vertical line represents the shear plane of the gross
section.

T 3
O

s=

5/167F 5/16
O

S

i
f)

Z W12x26
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For shear yielding in the gross section:
Using n to denote the number of fasteners in the connection,
A, =((n=1)s+1.25in.+1.5in)t,,,
=(2%2.3125in.+1.25in.+1.75in.)(0.230 in.)
=1.75in’

R, =0.60F A,
=0.60(50 ksi)(1.75 in.”)
=52.5 kips

The available design strength or allowable strength is:

LRFD ASD
©=1.00 Q=150
@R, =1.00(52.5 kips) 1:; _ 52i551;lps
=52.5kips (233.53kN) =350 kips (155.68KN)
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In the figure below, the thickened vertical line represents the shear plane of the net
section.

25/16"|2 5/16"

Z W12x26

For shear rupture in the net section:
Using n to denote the number of fasteners in the connection,

d

. 3. ) 7
h_net :dh t—in.=—in.+t—in.=—in.
) 8 4 8 8

A, =((n=1)2in.+1.25in.+1.5in.~(n=0.5)d, )50
= (2x2.3125 in.+1.25in.+1.75 in.—2.5><g in.J(O.ZSO in.)
=1.25in?

R, =0.60F,A,,

=0.60(65 ksi)(1.25 in)
=48.75 kips
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The available design strength or allowable strength is:

LRFD ASD
o Q=2.00
@R, =0.75(48.75 kips) % - 48'27;0?”
=36.56 kips (162.62 kN) =24.37 kips (108.42 kN)

Note: Based on the preceding calculations, shear rupture is the governing limit state for

shear in the beam web.

Shear Yielding in the Double-Angle

The thickened vertical line in the figure below shows the shear plane of the gross section.

For shear yielding in the gross section:

A, =Lty %2 Angles

gv
=7.125 m(i in.j X2 Angles
=3.56in’
R, =0.60F 4,

=0.60(36 ksi)(3.56 in)
=76.89 kips

1" THICK ANGLE
/ ‘
\

N
= 3n

% ) . " g A325-N
" © &@, BOLT, TYP.
» 6
2 g6
n
» 15
U
<=

[\

W12x40

o

The available design strength or allowable strength is:

LRFD ASD
©=1.00 Q=150
@R, =1.00(76.89 kips) 1:; _ 76-f95(l)aps
=76.89 kips (342.02kN) 5126 kips (228,01 KN)
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The thickened vertical lines in the figure on the
right show the shear plane of the net section.

For shear rupture in the net section:

Using n to denote the number of fasteners in the
connection,

d

1. 3. 1. .
W o =, T—in.=—in.+—in.=—in.
- 8 4

Anv = (L _ndhinet)tPlate X2 Angle‘s
. 7. 1.
=| 7.125in.—3x—in. || —in. |X2 Angles
8 4
=225in’
R =0.60F 4,

=0.60(58 ksi)(2.25in.?)
=78.30 kips

/

A" THICK ANGLE

1“4
ﬂﬁ

5/16

S

i

5/16

S

1
71ﬁ3

The available design strength or allowable strength is:

m@— 3" @ A325-N
i BOLT, TYP.
W12x40

=58.72 kips (261.19 kN)

LRFD ASD
0= 075 0 =2.00
. R 78.30 kips
= 0.75(78.30 kips R, _ 78.30 kips
@, ( ips) O 2.00

=39.15 kips (174.14 kN)

Note: Based on the preceding calculations, shear rupture is the governing limit state for

shear in the angles.
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3.4.4.6 Flexural Bending in the Beam (Reduced Tee Section)
The beam in the connection experiences
flexural bending due to the eccentricity
of the shear connection. Flexure is
checked based on the cross-section
where the bottom cope begins.

n

3
4

1
4z7h

2 5/16"

Note: For the purpose of this analysis, £,=0.230"
the flange of the incoming beam is
ignored in calculating the section
properties of the cross-section.

L, S

S
‘8 2 5/16"]

1B

W12x40

"/\‘E@@U@

/7 54 Ly 1n
Wi2x26 e

Determine the lever arm ;:
: 1. 5.
j=e+l—in+—in.
4 16
: 1. 5. .
=6.4375in.+1—in.+—in.=8.0 in.
4 16
Determine the length of the beam flange L:
L=s(n—1)+llin.+1§in.+§in.
4 4 8
=2.3125 in.X2+llin.+1§+§in.:8lin.
4 4 8 4

Determine the section modulus S:

(0.23 in.)(8i in.jz

6

S = =2.60in.’

Determine the plastic modulus Z:

(0.23 m.)[si in.)2

4

Z = =3.91in’
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Per Chapter F in the Specification, determine the nominal flexural strength M,:

M,=M,=FZ<16FS  (Fll-1)

M, =F,Z =(50ksi)(3.91in*) =195.50 kip =in.
<1.6F,S =1.6(50 ksi)(2.60 in ) = 208.00 kip —in. 0 M, =195.50 kip —in.

The available design strength or allowable strength is:

LRFD ASD
Q=1.67
®=0.90
M, _195.50kip—in
=0.90(195.50 kip —i L=
@M, =050(155 50kip ~im) Q 1.67
=175.95kip =in =117.06 kip —in
y =, M /Q
=—175'9§_’“”_’” 11706 kip —in
" 8in.
=21.99 kips (97.81kN) )
=14.63 kips (65.07 kN)
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3.4.4.7 Flexural Bending in the Beam (Net Section)
The beam in the connection experiences
flexural bending due to the eccentricity of
the shear connection. Flexure is checked
based on the cross-section through the
centerline of the bolts.

3 b
4

eﬁq
A
\&

%ﬁﬁ
e

5/1

S

Note: For the purpose of this analysis, the tw=0.230"
flange of the incoming beam is ignored in
calculating the section properties of the
cross-section.

i
&

s:
5/16'

1

W12x40

Per AISC 360-16 Specification Chapter F

Z W12x26

- — i
M,=M,=FZ<16FS  (F11-1) g e

Determine the lever arm j:

Jj=e=6.4375in.

The figure below shows the side and cross-section view of the tee-section in the beam.

-

=‘ o tw
N )

tw=0.230" . ;) j

1l
n

s=

5/16"|2 5/16'

[
f

Z W12x26
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CSI ETABS’ Section Designer is used to
determine the cross-sectional properties of
the section to be analyzed.

g | 43 Section Properties x

File Edit View Draw Select Display
QA aeeaaw e Base Material

Rk [ A992Fy50
T QOrientation of 2-Axis forthese Properties
'é- (® Defaut () Principal Axis () User
A Angle from X- to 2-Axis 90 deg
£~

Properties

aIIh

I v Center of Gravity
i 5 #cg in)
o . Yea (i) 29529

4|
io|

~ Analysis Properties
T .25
1.25

AS2(in3

P

I

o 3 o
p: AS3 (i3 1.05
e EE 122 {in*) 0.01
123 (in%) 0
N 133 tn¥) 5.85
J {in%) 0.02
~ Design Properties
R22 (in) 0.0664
EE R33 (in) 2.1628
522 Negative (in) 0.05
EE 522 Postive {iv) 0.05
533 Negative (in) 159
533 Positive {in’) 177
222 (in?) 0.07
Ready 733 (in?) 238
oK Cancel v Principal Axes
| Major (in*) 5.85
| Minar (in#) 0.1
Principal Axes Angle (deg)
v Other
PNA Offset 2 {in) 0.0779

PMNA Offset 3 (in)

Area (in?)
The cross-sectional area.

As can be seen in the figure on the right,

St =1.77in?
Z =2.38in’

Determine M,:

M, =(50 ksi)(2.38 in’) =119 kip —in
<1.6(50 ksi)(1.77 in’ ) =141.6 kip = in
O M, =119 kip—in
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The available design strength or allowable strength is:

LRFD ASD
Q=167
©=0.90
M, _119kip—in
=0.90(119 kip —i e
o, (119 kip=in) Q 167
=107.1kip —in =71.25kip—in
y =2 M,/Q
j V==
:107.lkip—in 71j25kip—in
6.4375in. :W
. m.
=16.63 kips (73.97 kN) .
=11.06 kips (49.19 kN)

3.4.4.8 Flexural Bending in the Double-Angle
The double-angle in the connection experiences
flexural bending due to the eccentricity of the shear
connection.

Per the Specification Chapter F

n ol

3
4

1,
GVFTq

51

S

W12x40

O il
£,=0.230" | @ M@ @
M,=M,=FZ<16FS (F11-1) ij N 'Sl
Determine the lever arm ;: P
' 6.4375i - J
—e=0. mn.
/ ZW12X26
13 e
CX-ENG-STD-000001 Page 302 of 323

Version: 2



Design of Connections

The figure below shows the side and cross-section view of the tee-section in the beam.

N

1"
ﬁz

5/1

S

j@z

S:
5/16

B

—)

‘\R

1ll
— 14ﬁ42
N

N

Determine the section modulus S:

=y

_(025in)((7.025m.)" ~(5.5mn)") (0.25in)((3.75in.)" ~(0.875in.)')

S =

=1.72in}

6(7.125in.)
Determine the plastic modulus Z:
0.25in. ( 7.125in) —(5.5in) +(3.75in.)° —(0.875i .2)
__(0asin)((7.125i)' ~(s5in)' +(3750n)' ~(0875m)')
4
Determine M,:
M, =(36 ksi)(2.11in) =75.96 kip =in.
<1.6(36 ksi)(1.72in*) =99.07 kip — in.
OM, =75.96 kip —in.
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The available design strength or allowable strength is:

LRFD

ASD

©=0.90

@V, =0.90(75.06 kip —in)2
=135.10kip —in

J
_135.10kip —in
 6.4375in,
=20.98 kips (93.32 kN)

Q=1.67

M, _2(75.06kip—in)

Q 1.67
=89.89kip —in
p= Mn/Q
J
_ 89.89kip —in
© 6.43750n.

=13.96 kips (62.09 kN)

The governing limit state of the connection is bolt bearing in the beam per Section
3.4.4.2. Therefore, the maximum shear that can be applied to the example

connection is 8.99 kips.
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3.4.5 Design Aid

The following tables report the available shear strength of bolted/bolted double-angle
beam-to-beam connections that consist of seven (7) bolts or fewer in a single row.
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Table 10: Available Strength of Connection (W = 5.6250 in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf, of

50 ksi
65 ksi

Angle| Beam

36 ksi
58 ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

A325-STD
BOLTS

4 in.

R

5/16 in

i

3/4
5/8

in

in

o = O o
[l
A 00 =N

3/8 in

P
bbb

s
7

1

Number Length of

of Bolts

Angle, in.

Strength per

Beam Web

Available Bolt and Double-Angle Available Strength, kips

Angle Thickness, in.

Vi

Inch of
Thickness,
Kips/in.

%

L

ASD

LRFD LRFD ASD | LRFD

N o o~ W(D

7 1/8
9 7/16
11 3/4
14 1/16
16 3/8

38
74
142

57 7
112
213

14
29
60

12 18
24 36
46 69
190 | 285 69 92 100 66 100
218 | 327 66 100 89 133 93 140 93 140

69

Notes:

1.

[© 204

All values have been calculated in accordance with the AISC Steel
Construction Manual and the AISC 360-10 Specification. All the values
tabulated above have been rounded down to the nearest whole number.
. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
. n = Number of bolts in connection.
. L =Length of Angle, in.
. s = Bolt spacing, in.
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Table 11: Available Strength of Connection (W = 6.2500 in.)

Available Strength of Bolted/Bolted Double-Angle y _in
Connection with Supporting Beam Flange Width, bf, 4

between 5 in. and 5.25 in. A325-STD
BOLTS

Fy = 50 ksi 5/16 in
Fu= 65 ksi 3/4 in

s Wis el

) E O o
I
a o = N

Angle| Beam
L
|

= 36 ksi 1/4 in
) 77777 777772 .
Fu= 58ksi Joal . = in

W36, 33, 30, 27, 24, F w
21,18, 16, 14, 12

Beam Web
Available
Number Length of| Strength per
of Bolts Angle, in. Inch of

e | s Vi As %
L ASD |LRFD| ASD |LRFD| ASD |LRFD| ASD [LRFD| ASD |LRFD
7 1/8 33 50 6 9 8 12 10 16 10 16
9 7116 | 65 98 12 19 17 25 21 32 21 32
11 3/4 | 126 | 190 26 39 35 52 41 62 41 62
= 14 116 | 184 | 276 39 59 53 79 60 90 60 90
a 16 3/8 | 218 | 327 | 61 91 81 | 122 | 85 | 127 | 85 | 127
. Notes: 1. All values have been calculated in accordance with the AISC Steel
Q'TO Construction Manual and the AISC 360-10 Specification. All the values
M tabulated above have been rounded down to the nearest whole number.
2. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
3. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
4. All values assume ASTM A325-N bearing type connections in STD
holes with Lenangle = 1.25 in., Lenbeam =2.0in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
5. n = Number of bolts in connection.
. L = Length of Angle, in.
7. s = Bolt spacing, in.
CXT-SS-001 Release Date: 5 February 2019

Beam to Beam Gravity Connection Spreadsheet CONXTECH Created by: Mary Nunneley
Rev 1.0 N Checked by: Matthew Bosch-Willett

Bolt and Double-Angle Available Strength, kips

Angle Thickness, in.

_O
_O

ittt

N
n
-
N o o b~ w|s

»
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Table 12: Available Strength of Connection (W = 6.5625 in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,

E |F= 50ksi
@ |F.= 65ksi
< |Fy= 36ksi
& |Fu= 58ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

between 5.5 in. and 6 in. A325-STD
BOLTS
! 71‘r i v}
F
o | Ay
in] N —0 | Ej s = 2 5/16in
= P o | af D=1 34 in
L&itH I ~ .
W = 6 9/16in
LV e =5 516in

T
b b0

1
r

1

Number Length of

of Bolts

Angle, in.

Strength per

Beam Web

Available Bolt and Double-Angle Available Strength, kips

Angle Thickness, in.

Y

Inch of
Thickness,
Kips/in.

%

L

ASD

LRFD LRFD ASD | LRFD

N o o bk WS

7 1/8
9 7/16
11 3/4
14 1/16
16 3/8

31
62
120
174
218

47 6 9 8
93
180

12
24
49

10 15
20 30
39 58
262 74 85 57 85
327 57 86 76 114 81 122 81 122

Notes:

1.

~N O O

All values have been calculated in accordance with the AISC Steel
Construction Manual and the AISC 360-10 Specification. All the values
tabulated above have been rounded down to the nearest whole number.
. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
. n = Number of bolts in connection.
. L =Length of Angle, in.
. s = Bolt spacing, in.
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Table 13: Available Strength of Connection (W = 6.8750 in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf, of

50 ksi
65 ksi

Angle| Beam

36 ksi
58 ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

A325-STD
BOLTS

6.5 in.

E

5/16 in

3/4
7/8

in

in

o 2 O o
]
a o = N

5/8 in

T
b b0

1
r

1

Number Length of

of Bolts

Angle, in.

Strength per

Beam Web

Available Bolt and Double-Angle Available Strength, kips

Angle Thickness, in.

Y

Inch of
Thickness,
Kips/in.

%

L

ASD

LRFD LRFD LRFD

N o o bk WS

7 1/8
9 7/16
11 3/4
14 1/16
16 3/8

29
58
114
166 | 250 70 81
218 | 327 53 80 71 107 77 116 77

44 5 8 7
88
171

11 9
22
46

14
28
55
81
116

Notes:

1.

~N O O

All values have been calculated in accordance with the AISC Steel
Construction Manual and the AISC 360-10 Specification. All the values
tabulated above have been rounded down to the nearest whole number.
. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
. n = Number of bolts in connection.
. L =Length of Angle, in.
. s = Bolt spacing, in.
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Table 14: Available Strength of Connection (W =7.1250 in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,

E |F= 50ksi
@ |F.= 65ksi
< |Fy= 36ksi
& |Fu= 58ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

between 6.75 in. and 7.125 in. A325-STD
BOLTS
£
O | gl

ol 9% Ho | dj s = 2 516in
= P L D=1 34 i
a: 0. - .
W=7 1/8 in
LV e =5 738 in

Beam Web ] )
s Available Bolt and Double-Angle Available Strength, kips
Tlo Number Length.of Strength per Angle Thickness, in.
#;@ of Bolts Angle, in. Thl?cci(t:]gls ; 1 S ;
(A‘j@ kips/in. %6 A %6 A
%% 4 n L ASD | LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD
" 3 7 1/8 28 42 5 8 7 10 9 13 9 13
4 9 7/16 | 56 84 10 16 14 21 18 27 18 27
SRS 5 11 3/4 109 | 164 22 33 29 44 35 53 35 53
:; 6 14 1/16| 160 | 241 33 50 44 67 52 78 52 78
a &4 7 16 3/8 | 218 | 327 51 76 68 102 75 113 75 113
. Notes: 1. All values have been calculated in accordance with the AISC Steel
ih@ Construction Manual and the AISC 360-10 Specification. All the values
%%QKL tabulated above have been rounded down to the nearest whole number.
2. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
3. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
4. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
5. n = Number of bolts in connection.
6. L = Length of Angle, in.
7. s = Bolt spacing, in.
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Table 15: Available Strength of Connection (W =7.3125in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,

E |F= 50ksi
@ |F.= 65ksi
< |Fy= 36ksi
& |Fu= 58ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

between 7.5 in. and 7.625 in. A325-STD
BOLTS
.
O | gl

ol 9% Ho | dj s = 2 516in
= P o | af D=1 34 in
L&itH I ~ .
W = 7 516in
L e =6 1/16in

Beam Web ] )
s Available Bolt and Double-Angle Available Strength, kips
Tlo Number Length.of Strength per Angle Thickness, in.
#;@ of Bolts Angle, in. Thl?cci(t:]gls ; 1 S ;
(A‘j@ kips/in. %6 A %6 A
%% 4 n L ASD | LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD
" 3 7 1/8 27 41 5 7 7 10 8 13 9 13
4 9 716 | 54 82 10 15 14 21 17 26 17 26
Tz f 5 11 3/4 106 | 160 21 32 28 42 34 52 34 52
:; 6 14 1/16| 156 | 234 32 48 43 64 50 76 50 76
a &4 7 16 3/8 | 218 | 327 49 74 66 99 73 110 73 110
. Notes: 1. All values have been calculated in accordance with the AISC Steel
ih@ Construction Manual and the AISC 360-10 Specification. All the values
%%QKL tabulated above have been rounded down to the nearest whole number.
2. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
3. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
4. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
5. n = Number of bolts in connection.
6. L = Length of Angle, in.
7. s = Bolt spacing, in.
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Table 16: Available Strength of Connection (W =7.6875 in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,

E |F= 50ksi
@ |F.= 65ksi
< |Fy= 36ksi
& |Fu= 58ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

between 8 in. and 8.375 in. A325-STD
BOLTS
N o
£
O | gl
= S o | i s = 2 516in
= ' o af D=1 34 in
L7 -~ _ .
W = 711/16 in
LV e = 6 7/16in

T

IR

1
r

1

Number Length of

of Bolts

Angle, in.

Strength per

Beam Web

Available Bolt and Double-Angle Available Strength, kips

Inch of Angle Thickness, in.

Thickness,
Kips/in.

%

L

ASD

LRFD LRFD

N o o bk WS

7 1/8
9 7/16
11 3/4
14 1/16
16 3/8

26
51
101
148 | 222 72
214 | 321 46 69 61 92 69 104 69

39 4 7 6 9 8
77 9
151

12
25
49
72
104

Notes:

1.

~N O O

All values have been calculated in accordance with the AISC Steel
Construction Manual and the AISC 360-10 Specification. All the values
tabulated above have been rounded down to the nearest whole number.
. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
. n = Number of bolts in connection.
. L =Length of Angle, in.
. s = Bolt spacing, in.
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Table 17: Available Strength of Connection (W = 8.0625 in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,
between 9 in. and 9.125 in.

50 ksi
65 ksi

Angle| Beam

36 ksi
58 ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

A325-STD
BOLTS

e 2 5/16in

in

1 3/4
8 1/16in

o 2 O o
]

6 13/16 in

T
b b0

1
r

1

Number Length of

of Bolts

Angle, in.

Beam Web
Strength per

Thickness,

Available Bolt and Double-Angle Available Strength, kips

Inch of Angle Thickness, in.

%

Kips/in.

L

ASD

LRFD LRFD

N o o bk WS

7 1/8
9 7/16
11 3/4
14 1/16
16 3/8

140
204

24
48
95

36 4 7 6 9 7
73 9
143
211 68
307 43 65 58 87 66 100 66

12
23
46
68
100

Notes:

1.

)]

]

~

. Limit states include bolt shear, bearing at bolt holes, shear rupture

. Bolt shear strength governs when the angle thickness is greater

. All values assume ASTM A325-N bearing type connections in STD

All values have been calculated in accordance with the AISC Steel
Construction Manual and the AISC 360-10 Specification. All the values
tabulated above have been rounded down to the nearest whole number.

on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.

than 1/4-in. All values assume Grade 36 Angles.

holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.

For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.

n = Number of bolts in connection.

L = Length of Angle, in.

s = Bolt spacing, in.
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Design of Connections

Table 18: Available Strength of Connection (W = 8.5625 in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,

E |F= 50ksi
@ |F.= 65ksi
< |Fy= 36ksi
& |Fu= 58ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

between 10 in. and 10.125 in. A325-STD
BOLTS
£
O | gl

ol 9% Ho | dj s = 2 516in
= P R TN s i D=1 34 in
L7 e ~ .
W = 8 9/16in
LV e =7 516in

Beam Web ] )
s Available Bolt and Double-Angle Available Strength, kips
Tlo Number Length.of Strength per Angle Thickness, in.
#;@ of Bolts Angle, in. Thl?cci(t:]gls ; 1 S ;
(A‘j@ kips/in. %6 A %6 A
%% 4 n L ASD | LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD
" 3 7 1/8 23 34 4 6 5 8 7 10 7 11
4 9 7/16 | 45 68 8 13 11 17 14 21 14 22
SRS 5 11 3/4 89 134 17 26 23 35 29 43 29 43
:; 6 14 1/16| 132 | 198 26 39 35 53 43 64 43 64
a &4 7 16 3/8 192 | 289 40 60 53 80 62 94 62 94
. Notes: 1. All values have been calculated in accordance with the AISC Steel
ih@ Construction Manual and the AISC 360-10 Specification. All the values
%%QKL tabulated above have been rounded down to the nearest whole number.
2. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
3. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
4. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
5. n = Number of bolts in connection.
6. L = Length of Angle, in.
7. s = Bolt spacing, in.
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Design of Connections

Table 19: Available Strength of Connection (W = 8.7500 in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,

E |F= 50ksi
@ |F.= 65ksi
< |Fy= 36ksi
& |Fu= 58ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

between 10.25 in. and 10.5 in. A325-STD
BOLTS
.
O | gl

ol 9% Ho | dj s = 2 516in
= P o | af D=1 34 in
L&itH I ~ .
W = 8 3/4 in
LV e=7 12 in

Beam Web ] )
s Available Bolt and Double-Angle Available Strength, kips
Tlo Number Length.of Strength per Angle Thickness, in.
#;@ of Bolts Angle, in. Thl?cci(t:]gls ; 1 S ;
(A‘j@ kips/in. %6 A %6 A
%% 4 n L ASD | LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD
" 3 7 1/8 22 33 4 6 5 8 7 10 7 10
4 9 716 | 44 66 8 12 11 17 14 21 14 21
SRS 5 11 3/4 87 131 17 25 22 34 28 42 28 42
:; 6 14 1/16| 129 | 193 25 38 34 51 42 63 42 63
a &4 7 16 3/8 188 | 282 39 59 52 79 61 92 61 92
. Notes: 1. All values have been calculated in accordance with the AISC Steel
ih@ Construction Manual and the AISC 360-10 Specification. All the values
%%QKL tabulated above have been rounded down to the nearest whole number.
2. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
3. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
4. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
5. n = Number of bolts in connection.
6. L = Length of Angle, in.
7. s = Bolt spacing, in.
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Design of Connections

Table 20: Available Strength of Connection (W =9.0625 in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,
between 11 in. and 11.375 in.

50 ksi
65 ksi

Angle| Beam

36 ksi
58 ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

A325-STD
BOLTS

e = 2 5/16in

=1 3/4
9 1/16in

in

o 2 O o
]

= 713/16in

T
b b0

1
r

1

Number Length of
of Bolts

Angle, in.

Beam Web
Strength per

Thickness,

Available Bolt and Double-Angle Available Strength, kips

Inch of Angle Thickness, in.

%

Kips/in.

L

ASD

LRFD LRFD

N o o bk WS

7 1/8
9 7/16
11 3/4
14 1/16
16 3/8

124
181

21
42
84

32 4 6 5 8 6
64 8
126
186
272 37 56 50 75 59 89 59

10
20
41
60
89

Notes:

1.

)]

]

~

. Limit states include bolt shear, bearing at bolt holes, shear rupture

. Bolt shear strength governs when the angle thickness is greater

. All values assume ASTM A325-N bearing type connections in STD

All values have been calculated in accordance with the AISC Steel
Construction Manual and the AISC 360-10 Specification. All the values
tabulated above have been rounded down to the nearest whole number.

on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.

than 1/4-in. All values assume Grade 36 Angles.

holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.

For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.

n = Number of bolts in connection.

L = Length of Angle, in.

s = Bolt spacing, in.
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Design of Connections

Table 21: Available Strength of Connection (W =9.3125in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,

E |F= 50ksi
@ |F.= 65ksi
< |Fy= 36ksi
& |Fu= 58ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

between 11.5 in. and 11.875 in. A325-STD
BOLTS
! 71‘r i 7
.
O | gl
ol 9% Ho | dj s = 2 516in
= P o | af D=1 34 in
L&itH I ~ .
W = 9 516in
L e =8 116in

Beam Web ] )
s Available Bolt and Double-Angle Available Strength, kips
Tlo Number Length.of Strength per Angle Thickness, in.
#;@ of Bolts Angle, in. Thl?cci(t:]gls ; 1 S ;
(A‘j@ kips/in. %6 A %6 A
%% 4 n L ASD | LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD
" 3 7 1/8 20 31 3 5 5 7 6 9 6 10
4 9 716 | 41 62 7 11 10 15 13 19 13 20
SRS 5 11 3/4 81 122 16 24 21 32 26 40 26 40
:; 6 14 1/16| 120 | 181 24 36 32 48 39 59 39 59
a &4 7 16 3/8 177 | 265 36 55 48 73 57 86 57 86
. Notes: 1. All values have been calculated in accordance with the AISC Steel
ih@ Construction Manual and the AISC 360-10 Specification. All the values
%%QKL tabulated above have been rounded down to the nearest whole number.
2. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
3. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
4. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
5. n = Number of bolts in connection.
6. L = Length of Angle, in.
7. s = Bolt spacing, in.
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Design of Connections

Table 22: Available Strength of Connection (W =9.625 in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,

E |F= 50ksi
@ |F.= 65ksi
< |Fy= 36ksi
& |Fu= 58ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

between 12 in. and 12.375 in. A325-STD
BOLTS
! 71‘r i v}
.
o | dp
] N —0 | Ej s = 2 5/16in
= P o | af D=1 34 in
L&itH I ~ .
W =9 58 in
L e =8 3/8 in

Beam Web ] )
s Available Bolt and Double-Angle Available Strength, kips
Tlo Number Length.of Strength per Angle Thickness, in.
#;@ of Bolts Angle, in. Thl?cci(t:]gls ; 1 S ;
(A‘j@ kips/in. %6 A %6 A
%% 4 n L ASD | LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD
" 3 7 1/8 20 30 3 5 5 7 6 9 6 9
4 9 7/16 | 40 60 7 11 10 15 12 19 13 19
SRS 5 11 3/4 78 118 15 22 20 30 25 38 25 38
:; 6 14 1/16| 116 | 175 23 34 30 46 38 57 38 57
a &4 7 16 3/8 171 | 256 35 52 46 70 55 83 55 83
. Notes: 1. All values have been calculated in accordance with the AISC Steel
ih@ Construction Manual and the AISC 360-10 Specification. All the values
%%QKL tabulated above have been rounded down to the nearest whole number.
2. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
3. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
4. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
5. n = Number of bolts in connection.
6. L = Length of Angle, in.
7. s = Bolt spacing, in.
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Design of Connections

Table 23: Available Strength of Connection (W =9.7500 in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,

E |F= 50ksi
@ |F.= 65ksi
< |Fy= 36ksi
& |Fu= 58ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

between 12.5 in. and 12.625 in. A325-STD
BOLTS
! 71‘r i 7
.
O | gl
ol 9% Ho | dj s = 2 516in
= P o | af D=1 34 in
L&itH I ~ .
W =9 3/4 in
L e =8 12 in

Beam Web ] )
s Available Bolt and Double-Angle Available Strength, kips
Tlo Number Length.of Strength per Angle Thickness, in.
#;@ of Bolts Angle, in. Thl?cci(t:]gls ; 1 S ;
(A‘j@ kips/in. %6 A %6 A
%% 4 n L ASD | LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD
" 3 7 1/8 19 29 3 5 5 7 6 9 6 9
4 9 716 | 39 59 7 11 10 15 12 18 12 19
SRS 5 11 3/4 77 116 15 22 20 30 25 37 25 38
:; 6 14 1/16| 115 | 172 22 34 30 45 37 56 37 56
a &4 7 16 3/8 168 | 253 34 52 46 69 55 82 55 82
. Notes: 1. All values have been calculated in accordance with the AISC Steel
ih@ Construction Manual and the AISC 360-10 Specification. All the values
%%QKL tabulated above have been rounded down to the nearest whole number.
2. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
3. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
4. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
5. n = Number of bolts in connection.
6. L = Length of Angle, in.
7. s = Bolt spacing, in.
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Design of Connections

Table 24: Available Strength of Connection (W =9.875 in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,

E |F= 50ksi
@ |F.= 65ksi
< |Fy= 36ksi
& |Fu= 58ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

between 12.75 in. and 13 in. A325-STD
BOLTS
ML —
i
O | gl
= S o | i s = 2 516in
— " Mo D=1 3/4 i
ql s O _ "
W=9 7/8 in
LV e =8 58 in

Beam Web ] )
s Available Bolt and Double-Angle Available Strength, kips
Tlo Number Length.of Strength per Angle Thickness, in.
#;@ of Bolts Angle, in. Thl?cci(t:]gls ; 1 S ;
(A‘j@ kips/in. %6 A %6 A
%% 4 n L ASD | LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD
" 3 7 1/8 19 29 3 5 4 7 6 9 6 9
4 9 7/16 | 38 58 7 11 9 14 12 18 12 19
SRS 5 11 3/4 76 114 14 22 19 29 24 37 25 37
:; 6 14 1/16| 113 | 170 22 33 30 45 37 55 37 55
a &4 7 16 3/8 166 | 250 34 51 45 68 54 81 54 81
. Notes: 1. All values have been calculated in accordance with the AISC Steel
ih@ Construction Manual and the AISC 360-10 Specification. All the values
%%QKL tabulated above have been rounded down to the nearest whole number.
2. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
3. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
4. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
5. n = Number of bolts in connection.
6. L = Length of Angle, in.
7. s = Bolt spacing, in.
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Design of Connections

Table 25: Available Strength of Connection (W = 10.5625 in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,

E |F= 50ksi
@ |F.= 65ksi
< |Fy= 36ksi
& |Fu= 58ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

between 14 in. and 14.375 in. A325-STD
BOLTS
.
O | gl

ol 9% Ho | dj s = 2 516in
= P o | af D=1 34 in
L&itH I B .
W= 10 9/16in
LV e =9 516in

Beam Web ] )
s Available Bolt and Double-Angle Available Strength, kips
Tlo Number Length.of Strength per Angle Thickness, in.
#;@ of Bolts Angle, in. Thl?cci(t:]gls ; 1 S ;
(A‘j@ kips/in. %6 A %6 A
%% 4 n L ASD | LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD
" 3 7 1/8 18 27 3 5 4 6 5 8 5 8
4 9 7/16 | 36 54 6 10 9 13 11 17 11 17
SRS 5 11 3/4 71 106 13 20 18 27 23 34 23 34
.; 6 14 1/16| 105 | 158 20 31 27 41 34 51 34 51
a &4 7 16 3/8 155 | 233 31 47 42 63 50 76 50 76
. Notes: 1. All values have been calculated in accordance with the AISC Steel
ih@ Construction Manual and the AISC 360-10 Specification. All the values
%%QKL tabulated above have been rounded down to the nearest whole number.
2. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
3. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
4. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
5. n = Number of bolts in connection.
6. L = Length of Angle, in.
7. s = Bolt spacing, in.
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Design of Connections

Table 26: Available Strength of Connection (W = 10.9375 in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,

E |F= 50ksi
@ |F.= 65ksi
< |Fy= 36ksi
& |Fu= 58ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

between 14.5 in. and 15.125 in. A325-STD
BOLTS
! 71‘r i 7
S
o g
ol 9% Ho | dj s = 2 516in
= P Lo | an D=1 34 in
L&) f B .
W= 1015/16 in
L e = 911/16in

Beam Web ] )
s Available Bolt and Double-Angle Available Strength, kips
Tlo Number Length.of Strength per Angle Thickness, in.
#;@ of Bolts Angle, in. Thl?cci(t:]gls ; 1 S ;
(A‘j@ kips/in. %6 A %6 A
%% 4 n L ASD | LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD
" 3 7 1/8 17 26 3 4 4 6 5 8 5 8
4 9 716 | 34 52 6 9 8 13 10 16 11 16
Tz f 5 11 3/4 68 102 13 19 17 26 22 33 22 33
:; 6 14 1/16| 101 152 20 29 26 39 33 49 33 49
a &4 7 16 3/8 150 | 225 30 45 40 60 48 73 48 73
. Notes: 1. All values have been calculated in accordance with the AISC Steel
ih@ Construction Manual and the AISC 360-10 Specification. All the values
%%QKL tabulated above have been rounded down to the nearest whole number.
2. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
3. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
4. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
5. n = Number of bolts in connection.
6. L = Length of Angle, in.
7. s = Bolt spacing, in.
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Design of Connections

Table 27: Available Strength of Connection (W = 11.1875in.)

Available Strength of Bolted/Bolted Double-Angle
Connection with Supporting Beam Flange Width, bf,

E |F,= 50ksi
@ |F.= 65ksi
< |Fy= 36ksi
& |Fu= 58ksi

W36, 33, 30, 27, 24,
21,18, 16, 14,12

between 15.5 in. and 15.75 in. A325-STD
BOLTS
T
o |

sl 9T o | dj s = 2 5/16in
= P Lo | ap D=1 34 in
L)) el i .
W= 11 3/6in
L e = 91516 in

Beam Web ) )
s Available Bolt and Double-Angle Available Strength, kips
Tlo Number Length.of Strength per Angle Thickness, in.
;ﬁ@ of Bolts Angle, in. Thl?c(:::]is ; 1 S ;
(A‘j@ kips/in. %6 A %6 A
%% 4 n L ASD | LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD| ASD |LRFD
" 3 7 1/8 16 25 3 4 4 6 5 8 5 8
4 9 716 | 33 50 6 9 8 12 10 16 11 16
Tz f 5 11 3/4 66 100 12 19 17 25 21 32 21 32
.ﬁ 6 14 1/16| 99 149 19 29 26 39 32 48 32 48
a &4 7 16 3/8 146 | 220 29 44 39 58 47 71 47 71
. Notes: 1. All values have been calculated in accordance with the AISC Steel
ih@ Construction Manual and the AISC 360-10 Specification. All the values
%%QKL tabulated above have been rounded down to the nearest whole number.
2. Limit states include bolt shear, bearing at bolt holes, shear rupture
on the effective area, block shear, shear yielding, shear rupture,
bending at reduced tee section, and bending of the angles.
3. Bolt shear strength governs when the angle thickness is greater
than 1/4-in. All values assume Grade 36 Angles.
4. All values assume ASTM A325-N bearing type connections in STD
holes with Len-ange = 1.25 in., Lenbeam = 2.0 in., and Ley = 1.25in.
For the values tabulated above, the saddle on the beam cope is treated
as a long-slotted hole perpendicular to the direction of the load.
5. n = Number of bolts in connection.
6. L = Length of Angle, in.
7. s = Bolt spacing, in.
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